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| think the classroom can help. It is up to schopknd to all
initiatives that can educate, including reliable tarnet sites, to
ensure that young people gradually acquire the cart
understanding of scientific procedure. A most ddtilt task, because
even knowledge transmitted by schools is often déed in the
memory like a sequence of miraculous episodes: MaéaCurie who
come home one evening and discovers radioactiignks to a mark
on a sheet of paper, ...... Galileo who sees a lawpying and
suddenly discovers everything, even that the wodthtes...It is the
duty of a man of learning not only to do scrupuloussearch but also
to present his knowledge effectively. Scientististimes still feel it's
not dignified to take an interest in popularizatipalthough masters
in the field include Einstein and Heisenberg. Butwe are to teach a
nonmagical view of science, we cannot expect icéone from the
mass media. The scientific community itself muststruct it bit by
bit in the collective awareness, starting with tiieung.

Uberto Eco, Turning Back the Clock, 2008
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SUMMARY

Information communication technology (ICT) nowadaysvides innovative learning

systems which although routinely available needigstishent to real educational
environments. Due to the complexity of the taslkappropriate integration into everyday
classrooms is an important global research chadlefgcusing on its utilization and effects in
both, classroom and non-classroom settings. Byaigocollecting data on teaching methods,
classroom characteristics and students’ learnifegsf needs analysis by concentrating on
selected variables that may determine effectiveassgell as teachers characteristics such as
teachers’ preparation and professional developni¢wmtrefore, the aim of the four presented
research papers focuses on envision the scienssr@tan of the future, by constructing a
framework for improving current educational prae@nd learning processes in science and
mathematics through the effective implementatioadfanced technological tools and

applications.

Overall this work presents a vision for the sciedlessroom of the future: It will not be an
island, a self-contained campus, a counter-worek dlassroom of the future will be able to
emit and absorb along different wavelengths, beénsed in contemporary culture, be open
to the emotions, facts and news of its time. It adl permeated by society, but not
unprotected: the relationship between school anggowill be one of osmosis, where the
pedagogical tools and applications act as a merataad interface. For this purpose, four
empirical studies were carried out in real schawir®nments, based on the use of advanced

educational systems.

(i) The first system under study is the COSMOS &pwthich is an educational repository
that offers access to a network of robotic telees@rross the world. At the same time it
offers access to more than 85,000 educational ressuTl he behaviour of the teachers who
are using this system was mapped through the llieg) df the system database for a period of

one year.

(i) The second system, called Lab of Tomorrovg isearable device that allows high school
students to use their every day life as the figheéng they will conduct sophisticated

experiments and thus will deepen their understandirthe science concepts involved in the
activities. The impact of the system on studerdsnlieg and to the lesson profile was studied

for a period of one school year.

(i) The third system, called CONNECT, is also easable device that includes an advanced
visualization system that augments additional imftion to the optical view of the user. The

system is used in the framework of educationatsisi science centres and museums



enriching the experiences of the visitors. Theatiffeness of the system in supporting the

students’ conceptual change was studied in this.cas

(iv) The fourth system, called EXPLOAR, evolvedrfréhe described CONNECT system to
a much more user-friendly handheld device. Taking &ccount the school curriculum we
have designed a series of scenarios of use of thelse The scenarios of use include
classroom activities, field trips in science cesmad museums, informal learning activities,

professional development opportunities and communitliding.

In all four studies, students’ cognitive learnisganalysed as well as selected teachers’ tasks
on the job. By applying different assessment methaod tools (questionnaires, video
captures of lessons, log files and web based degaonitored the implementation procedure
across different European countries. Our workingdtigesis is that amending the traditional
scientific methodology for experimentation withwadization applications and model

building tools will help students to articulate thmental models, make better predictions,
and reflect more effectively. Additionally, working reconcile the gaps and inconsistencies
within their mental models, system models, predittiand results, will provide the learners
with a powerful, explicit representation of theiisgonceptions and a means to repair them.
Additionally our aim is to support teachers’ prafienal development. Apart from the purely
technical training, in order for teachers to introe ICT-enhanced learning methods into their
everyday practice, they will have to perform a @eim behaviour and to adapt a new culture
and philosophy. The use of the new tools asksyfstesatic and detailed lesson planning
procedures and use of student centred approachest ivork we are demonstrating methods

for involving teachers in this process but alsdgd@o monitor this behavioural change.
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1 Rational and Background: Improving educational practices
in science education

1.1 Science Education Now: A renewed Pedagogy for the Future of
Europe
The publication of the "Science Education Now: Aewed Pedagogy for the Future of
Europe" report (Rocard, 200Blought science education to the top of educatigoals of
Europe (following similar actions in the US; NR@QZ). The authors argue that school
science teaching needs to become more engagiref basnquiry-based and problem-
solving methods and designed to meet the inteoéstsung people. According to the report,
the origins of the alarming decline in young petpieterest for key science studies and
mathematics can be found, among other causes; mdhfashioned way science is taught at
schools. Although the crucial role of positive @wis with science at early stage in the
subsequent formation of attitudes toward sciendggeistified (PISA, 2006), traditional formal
science education too often stifles this interest, gherefore, may negatively interact with the

development of adolescents’ attitudes towards iegrscience.

More specifically, according to the report, the mgiiorities for the science education at

school level are:

« Areversal of school science-teaching pedagogy fraimly deductive to inquiry-based

(inductive) methods provides the means to incredeeest in science.

* Improvements in science education should be broalgbiit through the new forms of
pedagogy: The introduction of the inquiry-basedrapphes in schools and the

development of teachers’ networks should activelptbmoted and supported.

* Renewed school’s science-teaching pedagogy basiESénprovides increased

opportunities for cooperation between actors inftinemal and informal arenas.

« Specific attention should be given to raising tadtipipation of girls in key school

science subject, and to increasing their self-camice in science.

» Teachers are key players in the renewal of sciedoeation. Among other methods,
being part of a network allows them to improve dl@lity of their teaching and supports

their motivation.

To begin shifting toward a more inquiry-orientedsgroom, five essential features need

specific consideration:

a) Learners engage in scientifically oriented question
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b) Learners give priority to evidence in respondinguestions.
c) Learners formulate explanations from evidence.
d) Learners connect explanations to scientific knogted

e) Learners communicate and justify explanations.

Ad a) Learners engage in scientifically oriented oestions

Scientifically oriented questions centre on objectganisms, and events in the natural world;
they connect to the science concepts describdgeiadhool curriculum. They are questions
that lend themselves to empirical investigation iadl to gathering and using data to
develop explanations for scientific phenomena. i8@ts recognize two primary kinds of
scientific questions. Existence questions probgimsiand include many why-questions: Why
do objects fall toward Earth? Why do some rockgaarcrystals? Why do humans have
chambered hearts? Many why-questions cannot bessklf in science. In addition, there are
causal and functional questions, which probe mash@nand include most of the how-
questions: How does sunlight help plants grow? tdosvcrystals formed? Students often ask
why-guestions. In the context of school sciencenyra these questions can be changed into
how questions and thus lend themselves to scieintifjuiry. Such change narrows and
sharpens the inquiry and contributes to its beaigrific. In the classroom, a question robust
and fruitful enough to drive an inquiry generatesad to know in students, stimulating
additional questions of how and why a phenomenanirsc The initial question may

originate from the learner, the teacher, the ims$itbnal materials, the World Wide Web,

some other source, or some combination. The teqtfigs a critical role in guiding the
identification of questions, particularly when thayme from students. Fruitful inquiries
evolve from questions that are meaningful and seléto students, but they also must be
answerable by student observations and the saetekitibwledge they obtain from reliable
sources. The knowledge and procedures students asswer the questions must be
accessible and manageable, as well as approprittie students' developmental level.

Skilful teachers help students focus their questemthat they can experience both in-

teresting and productive investigations.

Ad b) Learner give priority to evidence in respondng to guestions

Science distinguishes itself from other ways ofimg through the use of empirical
evidence as the basis for explanations about hewadkural world works. Scientists

concentrate on getting accurate data from obsenatf phenomena. They obtain evidence
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from observations and measurements taken in naettithgs such as oceans, or in contrived
settings such as laboratories. They use their seimstruments, such as telescopes,
microscopes or accelerators, to enhance their seasé instruments that measure character-
istics that humans cannot sense, such as magisdtis. fin some instances, scientists can
control conditions to obtain their evidence; inatinstances, they cannot control the
conditions since control would distort the phenoajeso they gather data over a wide range
of naturally occurring conditions and over a lomgegh period of time so that they can infer
what the influence of different factors might béaeTaccuracy of the evidence gathered is
verified by checking measurements, repeating tisemfations, or gathering different kinds
of data related to the same phenomena. The evidesoéject to questioning and further
investigation. In their classroom inquiries, studamse evidence to develop explanations for
scientific phenomena. They observe plants, aninaald,rocks and carefully describe their
characteristics. They take measurements of temperatistance, and time and carefully

record them. They observe chemical reactions arehrmpbases, and chart their progress.

Ad c) Learner formulate explanations from evidence

Although similar to the previous feature, this adp# inquiry emphasizes the path from
evidence to explanation, rather than the critesiaahd characteristics of the evidence.
Scientific explanations are based on reason. Thayige causes for effects and establish
relationships based on evidence and logical argturiiéiey must be consistent with
experimental and observational evidence about @alirey respect rules of evidence, are
open to criticism, and require the use of varicagnitive processes generally associated with
science— for example, classification, analysisgiiehce, and prediction—and general
processes such as critical reasoning and logidaBapons are ways to learn about what is
unfamiliar by relating what is observed to whatli®ady known. So explanations go beyond
current knowledge and propose new understandingsdtence, this means building on the
existing knowledge base. For students, this meaiditng new ideas on their current
understandings. In both cases, the result is pegppnew knowledge. For example, students
may use observational and other evidence to praposxplanation for the phases of the
moon, for why plants die under certain conditiond thrive in others, and for the

relationship of diet to health.

Ad d) Learners connect explanations to scientific kiowledge

Evaluation, and possible elimination or revisioregplanations, is one feature that

distinguishes scientific inquiry from other forminquiry and subsequent explanations. One
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can ask questions such as: "Does the evidence supp@roposed explanation?”, "Does the
explanation adequately answer the questions?", the any apparent biases or flaws in the
reasoning connecting evidence and explanationd',@an other reasonable explanations be
derived from the evidence?" Alternative explanatiamy be reviewed as students engage in
dialogues, compare results, or check their resuittsthose proposed by the teacher or in-
structional materials. An essential component i3f tharacteristic is ensuring that students
make the connection between their results and tdfaeeknowledge appropriate in their level
of development. That is, student explanations ghaoliimately be consistent with currently

accepted scientific knowledge.

Ad e) Learners communicate and justify explanations

Scientists communicate their explanations in sualayathat their results can be reproduced.
This requires clear articulation of the questiamcpdures, evidence, and proposed
explanation and a review of alternative explanatidnprovides for further sceptical review
and the opportunity for other scientists to usegkanation in work on new questions.
Having students share their explanations providlesrs the opportunity to ask questions,
examine evidence, identify faulty reasoning, pot statements that go beyond the
evidence, and suggest alternative explanationghésame observations. Sharing expla-
nations can bring into question or fortify the ceations students have made among the
evidence, existing scientific knowledge, and tipegposed explanations. As a result, students

can resolve contradictions and solidify an empllydaased argument.

This approach does not culminate with the charietiéon of inquiry learning and teaching
outlined in this section. It is also necessargtaracterize the learning environments (in and
outside school) that provide suitable contexts@ppubrtunities for ISBE (for learners and for
teachers) and the professional development progifzehgan support the desired change in
teachers' practice towards ISBE. Kinchin (2004hteal out that the tension created between
objectivism (the objective teacher-centred pedapagy constructivism (the constructive
and student-centred pedagogy) represents a colagsroom issue to influence teaching and
learning. The TIMSS (Third International Mathematand Science Study) 2003
International Science Report (Martin et al., 20§ghcifically documented that
internationally, the three most predominant agésiaccounting for 57 percent of class time
were teacher lecture (24%), teacher guided stymtawtice (19%), and students working on
problems on their own (14%) in science classebérBuropean countries participating in the

study. In practice it appears that the currentnegieclassroom learning environment is often a
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mixture of divergent pedagogies and diverse st@denientations or preferences (Chang &
Tsai, 2005; Chang, Hsiao, & Barufaldi, 2006). Thetfis that there is a major mismatch
between opportunity and action in most educati@tesys today. It revolves around what is
meant by "science education," a term that is irextly defined in current usage. Rather than
learning how to think scientifically, students gemerally being told about science and asked
to remember facts (Alberts, 2009). This disturlsitgation must be corrected if science
education is to have any hope of taking its prgb&ce as an essential part of the education of

students everywhere.

In addition to the aforementioned issues, scieeaming environment (classroom and lab)
seems to have not gone through any significantgdwsfor the past decades. Recent research
on learning and instruction has substantially adedrour understanding of the processes of
knowledge and skill acquisition (Bybee, 2008). Hoere school practices have not been
innovated and improved in ways that reflect thisgoess in the development of a theory of
learning from instruction. School practices in alistic sense are cantered on school learning
environment. It is generally recognized among ftianers that our school science learning
environment has neither been innovated nor refonmeeflect these new knowledge on
learning and teaching. Moreover, modern technokobeyond just the use of computers and
internet in the school have not fully integrateddirporated in current science learning

environment.

According to the recent report “Science Educatiokurope: Critical Reflections” (Osborn &
Dillon, 2008)the deeper problem in science education is onerafdmental purpose.
Schools, the authors argue, haeger provided a satisfactory education in sciefamethe
majority. Now the evidence is that it is failingiig original purpose, to provide a route into
science for future scientists. The challenge tloeegfis to re imagingcience education: to
consider how it can be made fit for the modern drarid how it can meet theeds of all
students; those who will go on to work in scientdind technical subjects, and those who will
not (Kali & Linn, 2009).

Most of the recent calls for educational reformu®on the need for curricula emphasizing
conceptual learning that is integrated acrossttoadil subject areg®©sborn & Dillon , 2008).
Interdisciplinary instruction links various conteareas and is organized around questions,
themes, problems, or projects rather than alorditivaal subject-matter boundaries. Such
instruction is said to be responsive to childrenigosity and questions about real life and to
result in productive learning and positive attitsid@ward school and teachers. Classroom

strategies for learning become more student-centvithl learning of content increasingly
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embedded in real-world contexts, separation betveademic curriculum areas becomes less
defined. Problem-oriented learning that is conrgetbereal-world problems draws from many
disciplines to find solutions. When a powerful idgarelevant problem is presented in a
learning context, students are motivated to colatay explore the idea, and find solutions. In

their quest, it becomes apparent that
e Communication skills are necessary.
» Historical perspective may provide clues to thel@sgtion or solutions.

« Mathematical principles and skills can help in meawgy, graphing, calculating, and

analyzing the problem.

* Technology tools can assist in researching thelpnajcollecting and organizing

information, and presenting results.

Learning through such interdisciplinary and stuettirécted learning activities was proved
effective and long lasting. New learning environtsemust provide students with experiences
in which they draw upon knowledge from several igigees, apply a variety of strategies to
get at the intended learning, and choose fromhaaticay of learning tools to examine,

publish, illustrate, and communicate their resutesrhaps our greatest challenge in applying
interdisciplinary learning exists at the secondgmade levels. Many high schools have yet to
adjust their schedules, strategies, or educatjgmblisophies to accommodate the need to
connect learning to real-world contexts and prolsleimformation technology cuts across all
disciplines. It is a powerful aid to addressingearld multidisciplinary problems. The

ability to access and store digitized informatitiovas the student to research, collect, and
share on a level hitherto unparalleled. Collaboratind consultation with other students and
experts is fast becoming an everyday experienceedsingly powerful computers provide
students with real-world problem-solving tools. ¥inelp students overcome handicaps,
choose among learning strategies, perceive anteaneav relationships among subjects, and
demonstrate their knowledge in words, pictures,ingpimages, and sound. The experience of
these changes allows us to preconceive the higtostgarning environment where

disciplines cross-pollinate and students’ learngguly integrated.

1.2 Developing the Science Classroom of the Future

In this framework, the science classroom of tharkishould providenore challenging,
authentic and higher-order learning experiencesemgportunities for students to participate

into scientific practices and task embediesdocial interaction using the discourse of saéenc
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and work with scientific representations and toltlshould enrich and transform the
students’ concepts and initial ideas. These ideakide both resources abdrriers to
emerging ideas. The science classroom of the fgtuwald offer opportunities for teaching
tailored tothe students’ particular needs while it should ptexcontinuous measures of
competence, integral to thearning process that can help teachers work nfteetiwely with
individuals and leave a record@impetence that is compelling to students. In taméwork
of our work we are presenting how advanced teclyncdb solutions like the COSMOS
Network of Robotic telescopes, the Lab of Tomorgystem, the CONNECT and the
EXPLOAR devices could support the development fdative links between formal (school,
lab) and informal (science centres, museums, hégaeding settings. The systems that we
have studied in the framework of the current redehring into the classroom activities that
are based on real-world problems and involve stisderfinding their own problems, testing
ideas, receiving feedback, and working collaboedyiwvith other students or practitioners
beyond the school classroom, provide tools andadafthat enhance learning, support
thinking and problem solving, model activities andde practice, represent data in different
ways, and are part of a coherent and systemic édoahapproach. Additionally these
systems give students and teachers more oppoesyriiticluding those where students
evaluate the quality of their own thinking and prot, for feedback, reflection, and revision
give students and teachers the opportunity todoterith working scientists, receive
feedback from multiple sources including their gesnd experienced cognitive tutors, and
coach in areas where improvement is needed. Fitledlyse of these systems facilitate the
development of local and global communities wheeehers, parents, students, practicing
scientists, and other interested community pea@éneluded in order to expand the learning
environment beyond the school walls, and expanaidppities for teachers’ professional
development which includes helping teachers tcktHifferently about learners and learning,
reduces the barriers between students and teaah&Farners, creates new partnerships
among students and parents, and expands commuwfitegrners that support ongoing

communication and professional development of texsch

The objective of the educational scenarios whictareepresenting is not to detail blueprints
of an unalterable future, but instead to show #mge of possibilities enabled by emerging
interactive media and the consequences — desaablendesirable — that may follow from
their application at high school settings. Suclovis suggest decisions that researchers
should make today to explore the potential of thesknologies while minimizing unintended

and negative outcomes of their use.
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2 Methods for involving teachers

As mentioned before, teachers have a key roleatpiplthe implementation of innovation in
the classroom. In order for them to fully realike potential of new technologies, the design
of the new tools has to address all potential faatsnegative preconceptions related to the
use of technology adequately and assist them iryetep of the process. There is plenty of
evidence pointing to the difficulty of incentivigimand empowering teachers to engage in
innovation, especially in tightly accountable syssebased on performance targets. In
education there is no shortage of energy and @gpednd certainly no lack of commitment
or moral purpose amongst teachers. How could wpastithem, and give them the creative
space and incentives they need to be innovative® Wit of interventions could both release
professional imagination, whilst encouraging wdréttis disciplined and system relevant?
How can the system learn from the resultant innokadnd its process characteristics so that
these can be taken to scale? How can busy, penfiaerdriven teachers become aware of
approaches and techniques which are emerging @r edttors - private and voluntary, as
well as across public services more widely? Itnisrenously difficult in practice to be fully
alert to developments and methods outside oneise‘zd operation” (and sometimes even
within it) which offer improvement potential. Soraehool leaders do manage to scan other
horizons for ideas with transfer potential. Howdan this be done on their behalf, to shortcut
the investment of time, and also optimize the sdopadaptation? As it is analytically

described in our study there are two key pointsrevinge need to focus our full attention:

¢ Using ICT enhanced methodsAlbeit very effective, ICT methods in education
constitute a major paradigm shift for teachersy theed to acquire new skills, abandon
long standing practices and move away from theifgasional “comfort zone”, therefore

exposing them to perceived, or real, risks.

* Assisting behavioural changeapart from the purely technical training, in oréar
teachers to introduce ICT-enhanced learning methmtdgheir everyday routine, they will
have to perform a change in behaviour and to aalaptv culture and philosophy. The use
of the new tools asks for systematic and detadeddn planning procedures and use of

student centred approaches.

In the following paragraphs we are describing thenework that was adopted in all cases for

the effective introduction of the teachers to the af these advanced technological tools.
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2.1 A new role for the teachers

When talking about the use of ICT in the classroong should consider the specific
conditions that can act as constraints in the siiin and successful implementation of such an
innovation. These conditions are related to thetawg curriculum, managerial issues, range of
resources available, level of competency and d#itf the teacher. In fact, the teacher is a
key player in the implementation of the innovatiéhthe centre of effective use of
instructional technology is the teacher. For stislembecome comfortable and effective users
of various technologies, teachers must be ablealenwise, informed decisions about
technology. All teachers should be confident inlgipg technology when and where

appropriate.

As quoted in McCombs & Miller (2007), the more pofuetechnology becomes the more
indispensable good teachers are expected. Fromdhisof view, teachers who are
pedagogical design experts and facilitators offliegrare needed. Technology may change
some of the traditional teacher roles but it wilaarequire them to engage more powerful
roles - roles that include not only using technglagpropriately that opens new pathways to
learning not previously available but also requé&chers to find ways to build on meaning,
purpose, connections and relationships to the lavged and community outside the school
building. The use of the COSMOS Portal supportsttees in the design of educational
activities that are based on well defined pedagbgipproaches (e.g. Guided Research Model,
Learning Cycle, Problem-Based Approach). Effeclidgson planning is also necessary in the
interdisciplinary approach of the Lab of Tomorroygtem. The use of the system supports the

effective introduction of Inquiry Based Approachtire science lessons.

According to our findings from the implementatiardahe use of the different technological
tools the role of the teacher in the new technoiady instructional paradigm involves the

following

* becoming the creator of an effective external le@renvironment that stimulates the

environment within the classroom,

« mentoring and counselling to ensure that learnergmacouraged to pursue their learning
in an appropriate and meaningful direction usingrapaches best suited to them as

individuals,
« facilitating students' inquiry, guiding student wamnd offering individual help,

e coaching, observing students, offering hints amdmders, providing feedback,

scaffolding and fading, modelling.
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However, there are a number of teacher-relatedfatihat should be carefully considered so
that appropriate support and professional developgportunities are provided. These

teacher-related factors that can act as barrietgda the following:

« Established patterns and limited exposure to nedefso This issue was mainly studies in
the framework of the COSMOS related activitiesacteers had to design educational
activities according to specific pedagogical mode#nd during the implementation of the
Lab of Tomorrow activities where their approached geaching methods were compared
to the Inquiry Based Approach. According to Caol®ollis, 1996), teachers may have
developed patterns and styles of teaching and stsid#eraction that fit their own
circumstances and can be managed. Previous practicieles them security. Many prefer
replicating traditional chalk and talk instructiand “safe”, teacher-led and controlled
learning activities. Changing what they think aprapriate pedagogy for the learners,
themselves and their subject area may be diffid¢llis can be even harder when teachers

act in isolation from one another and are not egde innovative models of learning.

« Accessing technology for lesson preparation but falsinstructional purposes plays a
significant role. The availability and operabiliy technologies influences the extent to
which they are used. The extended data from thetuS®SMOS Portal for lesson
preparation demonstrate in a unique way the homifgignt is for lesson planning the easy
access to high quality content. We have to note tiet the content organisation according

to the school curriculum was a very crucial fact@t supported the work of the teachers.

» Teachers’ workload and lack of flexibility in tingand in the curriculum are also

considerable constraints.
* The school's culture.

Drawing from various interpretations, Stoll andk{@996) define school culture as follows;
various formal and informal elements, the beliggg tolleagues share, the dominant values
and the school vision as well as the organisatiofas and policies that regulate the life of
the school. We should not forget that the teachpart of a whole, is a member of an
organisation with which he/she interacts. If a kemavorks in isolation from peers, without
collegial support and in a stagnant environmerisheeis likely to be influenced by it and
remain static. On the other hand, an organisatiouniaiire that is characterised by teacher
collegiality and formal or informal collaborativeovk, both supports and facilitates the
development of the organisation’s members. Teackerking in an environment where they
feel safe, give and receive support from their peed/or from the head, exchange ideas and
innovative practices and share the same value$ikalgto respond positively to an

innovation and embrace it.
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What teachers need in order to respond to theirronare skills in ICT which can be
classified into a range of competences. These ctampes act as a useful framework for
teacher professional development and should bepertas integrated elements of a teacher's

professional role and activities.

The “Pathway to High Quality Science Teaching” RegSotiriou & Bogner, 2005) lists

seven elements

e positive attitudes to ICT,

« understanding of the educational potential of ICT,
« ability to use ICT effectively in the curriculum,

« ability to manage ICT use in the classroom,

« ability to evaluate ICT use,

« ability to ensure differentiation and progression,

» technical capability to use an appropriate rang€dfresources and to update these skills.

In order to develop these skills and overcome Hreidrs mentioned above, teachers need

 sufficient professional development opportunitiesider to (1) learn how technology
works and how it is integrated into the curriculy@), develop new skills, and (3) change

attitudes, and

* support both on pedagogical and on technologisakis in order to sustain the use of new
technologies in the instruction and to help teaglhespond to the demands of their new

multifaceted role.

However, changing roles and adopting a new modelstfuction which involves the use of
ICT is a lengthy process. Teachers go through icepteases before they fully adopt and
commit themselves to using ICTs for instructionadgmses. Riel and Fulton (Riel & Fulton,
1998) adopt the stages that describe teacher'gehiamelation to technology intensive
environments or projects, i.e., the entry leved, dldoption level, the adaptation level and the
appropriation level, identified by ACOT (Apple C&soms of Tomorrow research project)

researchers.

e Entry level: much frustration and anxiety, with a focus on iegilng traditional

instruction and learning activities.
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« Adoption level: beginning to move from concern with connectingdbmputers to using
them, but with much of the attention on how they sapport established instructional

formats and teacher presented lectures and présesta

« Adaptation level: greater focus on ways student involvement may ghaand teaching
style may differ (e.g. giving students more resjility, encouraging students to use and

create activity modules similar to those the teeshee creating).

e Appropriation level: new instructional patterns start to emerge bujdiround
interdisciplinary project based approaches, mdteaton on teaching and recognizing the

need for alternate models of assessment and abesstoucturing.

Only when teachers adopt innovation and commit #edves to using technology for
instructional purposes, can we ensure that stuaelhtse prepared for the challenges they
will face in the future. Simply providing sufficieaccess to technology for teaching and
learning is not enough. The preparation of newreescshould be improved, including their
knowledge of how to use technology for effectivacteng and learning; the quantity, quality
and coherence of technology-focused activities diatghe professional development of
teachers should be increased; and the instructsugdort available to teachers who use

technology should be improved.

2.2 Training for teachers to use ICT enhanced educational methods

Seeking maximum efficiency in training teachers,resorted to a blended learning delivery
model. This is arguably the optimal model for pesienal training since it allows for
flexibility without sacrificing efficiency. The tiaing program for teachers encompassed

three components:

*  Workshops and Summer SchoolsA number of training workshops were carried out in
order to familiarize teachers with the necessampaer skills that the teachers needed to
use the systems, the structure and functionabfi¢ise tools. Furthermore, the workshops
elaborated on the proposed scenarios and gavasieduidelines for teachers to prepare
their own scenarios and adopt the use of the todtseir own classrooms in order to meet

their own needs.

e E-learning modules:After the initial training workshops, teachers lztess to a number
of e-learning modules (web seminars, digital matedocumentation) that allowed them
for dive deeply into the material briefly presentkating the workshops and enhance their

relevant skill set. Furthermore, community buildingls that helped teachers community
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development with one another and establish sefidemce in the use of the newly
presented technologies and methods. Developingteffecommunities of practice is one

of the most prominent ways of introducing teactiensew technologies.

Twinning: In all of the cases under study we have invohaebsls who participate in the
activities into an exchange to present their adn@nts and discuss the challenges. This
was done in a twinning approach of two schools wébh other. The twinning process
had a virtual component and — in some cases, aksal aomponent of face-to-face

meetings.

2.3 Assisting behavioural change and professional development of

teachers

Asking teachers to follow advanced ICT methodsairteveryday teaching practice

constitutes a major behavioural change and ataime @ significant development opportunity

for them. The task at hand is to manage this changeainiform way, allowing teachers to

realize the potential of the opportunity offeredtbg tools that are studied in this work, take

ownership of their contribution and maximize thépot for both the project and themselves.

In a review paper (Lawson & Price, 2003), McKinsagnagement experts identify four key

prerequisites for accelerating and establishingngba

A purpose to believe in:*l will change if | believe | should” The first,nal most

important, condition for change is identifying arpose to believe in. In our case, we must
persuade teachers of the importance of scienitiiature in terms of social value,
importance to their students and personal achienetheough learning and teaching these
important subjects. We must carefully craft a “aastory” underlining the benefits that
the project can offer to all the involved actorsrtRermore, we must cultivate a sense of
community, making the teacher feel part of a colgesiulti-national team. This sense of
belonging was proved very important for motivatitagchers and asking them to take then

next, possibly “painful” steps, of learning newlski

Reinforcement systems:| will change if | have something to win”. Fromparre Skinner
behaviouristic point of view, changing is only pibés if formal and informal conditioning
mechanisms are in place. These mechanisms caonagrthe new behaviour, penalize the
old one or, preferably do both. In our case, weehased informal reinforcement patterns

in order to make teachers commit more to implenteattivities. A short list of such
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methods could include competitions, challengesnptong the best teacher created

content, offering summer schools as rewards, etc.

The skills required for change:“l will change if | have the right skills”. A chaegs only
possible if all the involved actors have the right of skills. In the case of the scenarios
implemented, our training program was designediahn s way that teachers acquire all
the skills they needed, both technical and pedagabgi

Consistent role modelsl will change if other people change”. A number‘ohange
champions” will need to be established, actingotes models for the community of
teachers. These very active and competent teaalilblbe a proof of concept for their
colleagues that the change is indeed feasibleptaitle and beneficial for them. To
achieve that we had to identify the high flyers amthe participating teachers and pay

special attention into motivating them, supportamgl encouraging them.

All four aspects were specifically addressed irhaafdhe participating schools. Additionally

we have collaborated closely with teachers to agwalset of support services which help

teachers to implement the necessary changes mstténgs.

2.4 Creation of learning communities

Advocates of the use of ICTs in the classroom ckhiait universal access to the Internet

mainly will (i) expand the resources for teachimgl &arning in schools and classrooms, (ii)

provide more challenging, authentic and higher-otel@ning experiences for students.

Technology can support learning in five ways (Bfards Brown & Cocking 1999)

bring into the classroom activities that are basedn real-world problems and that
involves students in finding their own problemstiteg ideas, receiving feedback, and
working collaboratively with other students or graoners beyond the school classroom,
provide tools and scaffolds that enhance learrgngport thinking and problem solving,
model activities and guide practice, represent mlatifferent ways, and are part of a

coherent and systemic educational approach,

give students and teachers more opportunitiesncluding those where students evaluate

the quality of their own thinking and products, feedback, reflection, and revision,

give students and teachers the opportunity to intexct with working scientists receive
feedback from multiple sources including their jgesmnd experienced cognitive tutors, and

coach in areas where improvement is needed,
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« build local and global communitieswhere teachers, administrators, parents, students,
practicing scientists, and other interested comtgypeople are included in order to

expand the learning environment beyond the schatéwand

* expand opportunities for teachers’ educatiorwhich includes helping teachers to think
differently about learners and learning, reducedarriers between students and teachers
as learners, creates new partnerships among ssualgthiparents, and expands
communities of learners that support ongoing conication and professional

development of teachers.

One of the most quoted reasons why ICT should tegiiated into teaching is that it
contributes to enhance the quality of teachinglaaching. One aspiration is the more
effective achievement of existing educational goaiwother aspiration is that ICT should act
to liberate learners. The central issue is to engpdiae students’ autonomy over the pace and
content of his/her own learning. Choosing to usesl@ the classroom demands changes in
the way the instruction is organised. Teachergudihal changes concerning classroom

practice play a fundamental role in realising tbeeptial of ICTs in education.

3 ICT-based innovation for quality learning and teaching

The main missing link in a science learning processlly is that students do not learn
sufficiently through experience but through a systemodel based approach, which should
be the culmination of learning efforts and notithigation. A particularly disturbing
phenomenon is that students fail to see the inte@ctions between closely linked
phenomena or fail to understand the links of tkeowledge to everyday applications. The
educational experiences should be authentic arydhidnee to encourage students to become
active learners, discover and construct knowle@gbdrfenberg et al. 2007) Authentic
educational experiences are those that reflectifealvhich is multifaceted rather than

divided into neat subject-matter packages.

The implementation of a series of innovations dn&ir tsystematic evaluation will highlight
and promote best practices in expanding the liofitee school science instruction. Such a
process will help to chart the course into thereitdy building on the best of current
practice, our approach aims to take us beyonddhstiints of present structures of
schooling toward a shared vision of excellence.aféepresenting a series of exemplary
teaching practices, resources and applicationgtbatde teachers and students with
experiences that enable them to achieve sciehtéracy, criteria for assessing and analysing

students’ attainments in science and learning dppibies that school programmes afford.
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This could be the window onto live scientific exipggnts and phenomena, ongoing research,

and the personalities and stories of working sigenacross Europe.

The science classroom of the future features ad@h of interconnected e-systems and
Web-enabled services to facilitate teaching, legy@ind assessment. All these new systems
will require interfacing with key existing legacystems that are characterized by different
organizational structures. Creating an IT infractinee plan for the school of the future isn’t

just about plugging in the latest and greatest’s-aibout balancing competing forces.

According to our view, as it is described in thisdy, three complementary interfaces will

shape the technological infrastructure of the smsartassroom of the future:

* The familiar “world to the desk top” interface, providing access to distant experts and
archives, enabling collaborations, mentoring retahips, and virtual communities-of
practice. This interface is evolving through iritras such as Web 2.0he work will focus
on the support of learning communiti®gere teachers and learners are helping each
other, or work together on certain problems. Ineotdmonitor, analyze and support
those learning communities we need to implemeris twbich captureisage and
interaction. We also need personal and digital &gt help to build up a learning

contextbased on content in order to support teacherstadergs.

« Interfaces for “ubiquitous computing”, in which portable wireless devices infuse
virtual resources as we move through the real w@tdin, 2009). The early stages of
“augmented reality” interfaces are characterizeddsgarch on the role of “smart
objects” and “intelligent contexts” in learning adding. Those interfaces are intended to
provide the freedom to learn “on site” — get inteeal problem context and learn on
virtual data. Therefore we need mixed reality cqgasform devices, to create interfaces
that seem to inhabit the users’ environment. Thosks should be seamlessly integrated
into the users’ world. The interfaces should bhtligeight and least intrusive. The users
have to be able to interact within their augmemtiedronment in a most possible
intuitive way. In order to create such a ubiquitensironment interfaces should be
available at any time and any place where theasgbe. Thus one has to build on
mobile devices and visible (e.g. QR-Tags, Semacade ubiquitous tracking techniques,
such as GPS or NFC (near field communication) timldracking and a complementary
computer vision tracking. One major aspect of thimdces will be interactivity that
allows users intuitive interaction with real andwal elements of their augmented world.
Also personal data security and privacy will bestanto account. Furthermore, there has

to be an underlying knowledge and context systararder to make objects smart and to
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allow for better interactivity. The context systaitso provides learner analysis and

evaluation functionality.

* Immersive and multi-user virtual environments interfaces in which users and
participants’ avatars interact with computer basgeints and digital artifacts in virtual
contexts. The initial stages of studies on shangdal environments are characterized by
advances in Internet games and work in virtualaumgimented reality. In order to
implement “Virtual Labs” and multi user environmemte demand a VR interface, an
underlying context system, a high bandwidth netwamtimunication, as well as a
hypermedia database. The most important part ofuialenvironment is the interface
through which users are able to enter the virtu@ldv Immersion plays a key role, thus
all senses need to be stimulated properly. Moredvisrfundamental for the effect of
immersion that the system should behave in a wayisier expects it to behave. This is,
interaction has to be intuitive, user tracking dtddae accurate, this is, the system output

should be realistic if necessary.

In this framework, four systems were studied iradeThe COSMOS Portal (a“world to the
desk top” interface)he Lab of Tomorrow system(interfaces for “ubiquitous computing” that
is based on wearable technolpgiie CONNECT andthe EXPLOAR systems(two

immersive and multi-user virtual environment inéexds that are also based on augmented

reality applications The outcomes of the research effort are presentiedir papers.

Thefirst paper analyses the COSMOS Portal (www.cosmosporta(®atiriou, 2008), an

advanced Educational Repository for Science Tegcliimas been designed to facilitate
science teachers’ search, retrieval, access anof liggh scientific and educational resources.
It introduces teachers to an innovative methodofogylesigning, expressing and
representing educational practices in a commontietstandable way through the use of
user-friendly authoring tools. COSMOS materialdude images, videos, animations,

simulations, lesson plans, students projects aamhezs guides.

The COSMOS Portal is in operation for one yeariaollides more than 85,000 educational
objects while it is supported from a very activencounity of 1500 science teachers from
many European Countries. The content of the COSIMQ®l is available in English,
German, Greek, Finnish, Swedish and Turkish. Thediour work was a) to design and
deploy a systematic approach for measuring thetafmess of the COSMOS Portal
educational design and b) to prove the significamtribution of the COSMOS Portal to the
introduction to the teachers’ communities of aundtof sharing and re-use of educational
resources. The data from the COSMOS Portal use eadliexted through the Google
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Analytics monitoring system. For the analysis @& tiata and the mapping of the COSMOS
Portal users behaviour we have use as referencegsbarch work of Ochoa & Duval (2009),
who are presenting an quantitative analysis obthe and contributor base growth of
educational repositories and the research workulifefiman et al. (1998) who described with

the “law of surfing” a common pattern of surfingha@iour of the users of digital repositories
(Eq. 1).

P(L) = ‘/27/;_3 exp{_)lg;lz_l_’u ) j (@D)

According to the findings the exponential growthlwd contributors to the COSMOS Portal is

followed from an exponential growth for the uplodd®ntent. The COSMOS users are
contributing numerous educational materials (aB@uearning objects per contributor) while
they are visiting the COSMOS Portal again and adaiorder to study further these very
promising results a series of additional parametere examined during the initial operation
of the COSMOS Portal. These parameters comprige®thl number of the COSMOS portal
visits; all, new, and returning unique visits; pagews; pages/visit; and a series of
parameters that could demonstrate the visitor tpyikie the average time on site per visit;
the depth of each single visit (number of page$edy According to our data a significant
behavioural change is identified as the returnisgysiare using more and more frequently the
COSMOS Portal in the after-school hours, namelynduthe preparation of the lessons as it
was expected from the educational design of theNdOS Portal. Additionally we are
presenting the results from a quantitative analysisrms of the power law distribution,
parameterized &&(L) [7L*? whereP(L)dL is the probability for a web-page to be visited by
L anddL users. Although its new users follow a typicalffisigr pattern, returning users
outperform this pattern, “foraging” frequently, gee and longer for the science education

content offered by the portal.

Thesecond studymonitored the use of the Lab of Tomorrow system.ea.gr/ep/
laboftomorrovy (Orfanakis et al., 2005, Arvanitis et al., 20@9high school science
classrooms in Germany, Austria, Greece and Itdtg Jpecific system provides more
challenging, authentic and higher-order learningeglences, more opportunities for students
to participate into scientific practices and tastbedded in social interaction using the
discourse of science and work with scientific repreations and tools. It enriches and
transforms the students’ concepts and initial idEasthermore the use of the system offers
opportunities for teaching tailored to the studepasticular needs while it provides

continuous measures of competence, integral tietlraing process that can help teachers
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work more effectively with individuals and leaveezord of competence that is compelling to

students.

Wearable computers and intelligent sensors weresdddd in everyday objects (e.g. t-shirts,
balls) and used during students’ usual activiflé®e sensors, which called “axions” were
capable to record the acceleration of the bodpf{tine ball), the temperature of the body and
the heart beat rate or the wearer. The recordedvaate utilised by a specially designed user
Interface in order to graph trends and patternsarektigate the laws of physics. The
students had the opportunity to collect data fromardety of sensors, compare their
measurements and design new experimental actigitigbeir own. In this way, teaching
offers as many links as possible between the riada@nces and daily life. In order to obtain
the maximum of flexibility regarding both the lessglans that were designed to support the
system’s introduction in the schools and the sttglarning processes, the system was
designed by adopting a modular approach: Smalkcdswollected data during students’
experimental activities. Therefore, students wesgbted to easily quantify these
observations, identify schemes or patterns andeégpotheses and theories. A series of
lessons, designed and implemented in real schegiomments, were full in line with the
science curricula of the participating classroorhderthey were provide the necessary links
with everyday activities of the students. When bess and students were familiarized with
the approach, they were asked to design and detleapown experiments using the Lab of
Tomorrow system and use different activities assamof experimentation. In the framework
of the implementation of the proposed activities ldssons were classified in three different
categories, according to the different phasesetthassroom implementation: (i) Lesson type
A: Introductory lesson, in which the teacher présdrand explained the functionalities the
Lab of Tomorrow system. (ii) Lesson type B: Lessgth simple experiments, in which
students performed experiments with the Lab of Twawe system initiated by the teacher,
based on the scenarios developed by the reseanth (@) Lesson type C: Lesson with
complex experiments, in which students performgeearents with the Lab of Tomorrow
system initiated by them. In the presented studyresults from different classrooms in
different countries that have been involved inlthb of Tomorrow activities during a whole
school year, demonstrate that there is significaptovement of the learning outcomes for
the students in all cases in both physics and maties. Additionally the outcomes of the
extended lesson video capturing study are also dsirade that the Lab of Tomorrow system
is offering a great opportunity to the teacheradopt inquiry based methods in their lessons,
that have proved their efficacy in increasing stuglanterest and attainments level while at
the same time stimulating teacher motivation. Thtothe analysis of 200 lesson hours we

mapped the science lessons’ profile with the ugbet.ab of Tomorrow system and
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demonstrated that a) it supports a reversal ohseitstruction from mainly deductive to
inquiry based approach, b) the lessons with theotidee system include all the essential
features of inquiry and c) the use of the systefiectfely introduces the teachers in the
adaptation of inquiry based methods that simulaestientific methodology in the school

classroom or laboratory.

Thethird paper describes and analyses the educational use GfANNECT wearable
system (www.ea.gr/ep/conng¢Sotiriou et al., 2006). The CONNECT system cssist

users to better contextualize and reinforce tleairring in school and in other settings where
people learn (i.e. science centres, science pakg:xhibitions). The CONNECT concept and
associated technologies encourage users to Jvisiicgccentres and perform experiments that
are not possible in school. They can also builthese experiences back at school with visual
augmentations that they are communicated throudfib@sed streaming technology. The
system offers unique opportunities to the scienasaum and the science centre visitor. A
series of augmentations of physical phenomenayngist video and text are presented to
his/her optical view explaining the physical lawslgphenomena under investigation. Our
study was realized in Greece, at the Eugenidesi&eigxhibition. 119 high school students
(15-16 years old) took part in the study. Our firg$i suggest that the CONNECT approach,
which focuses on the use of AR technology durisgiance center— school program,
provides added value to science learning. We belileat our findings allow the presumption
that this value added contribution of the CONNE@praach derives from two central
factors: (@) increased student experimentation(anihcreased student interest. In other
words, we argue that, under the conditions idettiind described above, the AR technology
can function to provide a stronger context for efudnvestigations and for the development
of student interest than the traditional field thijde suggest that the AR-related features that
are responsible for these differences include pgpodunity for students to make more
precise measurements, a deeper personal expewihdbe scientific phenomenon (as a
result of increased experimentation), and AR graptsualizations of the unseen but vital
factors. Our data support the argument that legrimvolves (a) student knowledge gain, (b)
increased student motivation and attitudes, anah{g)oved student investigation skills.
These three aspects were mentioned as the threedmas of learning’ by the participating
science teachers and they also represent therigritesuccess’ for successful science center—
school partnerships. In the framework of the stiidg,schools were able to devote more time
to the first goal (knowledge gain). Owing to thetentic context of the exhibits and AR
technology, the science center experience consibatgreat deal to the achievement of the

third goal (increased motivation and positive attés). In addition, by focusing on the
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achievement of the second goal (student investigakills), via the AR-mediated
visualizations and measurements, the proposed aqipielped to provide a ‘common
agenda’ for the student work in the two contexmmnBining school science with students’
activities in a science center, as well as intradiyadvanced visualizations to a physical

phenomenon, appears to make a difference.

Thefourth paper presents the educational use of the EXPLOAR hdddfevice

(www.ea.gr/ep/exploduwhich consists the evolution of the CONNECT systBuilding on
the findings from our work with the CONNECT systenGreece we have tested the
approach with the EXPLOAR system in Finland in lteureka Science Center. 308 high
school students and 182 teachers took part inttitly SOur study has demonstrated
encouraging empirical effects related to intrinsigtivation and cognitive learning of
students. The implementation of AR technology m¢bntext of the “Hot Air Balloon”
exhibit unveiled also encouraging results: While tiigh achievers again did best in the post-
knowledge test, low achievers again were clearighiag up with the others. The difference
to between the treatment and the control groupohess. It seems like that visualising a very
theoretical scientific phenomenon increased thvigidal understanding substantially
especially for those students who otherwise hadreedifficulties. This is an essential result
which needs further analysis. The “new educatiomadel & paradigms” was monitored for
182 teachers. The main focus, however, pointedféedback of in-service teachers and
teacher students since they act as key playeheinge and acceptance of any new
educational technology or curriculum renewal. Tre@mobjectives were to map the process
from a teacher-controlled learning towards a stttdeientated approach and to identify

changes in roles and responsibilities of studemtisteachers.
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ABSTRACT

A gquantitative method of mapping the web usagerokducational portal is presented and
applied to analyze the behavior of the users ofGBSMOS Science Education Portal. As a
new science education portal, COSMOS Portal eneosinthe well-known “new
product/service challenge”: the major risk in ciggta new product/service is getting the
service to the users, summarized in the questioneibuild it, will they come?” To provide
answers to this challenge, the COSMOS Portal opesranplemented a validation process by
analyzing the web usage data of the portal astezgis by the Google Analytics service in the
time-period spanning January-October 2009. The wstalistics data comprised the total
number of all portal visitors (new as well as ratng unique visitors) and visitor loyalty
parameters (page-views; pages/visit; average timgite; depth of visit; length of visit). The
temporal evolution of the number of contributorsl dhe content uploaded to the COSMOS
Portal was also analyzed. The quantitative resndisate that the exponential growth of the
contributors to the COSMOS Portal is followed byexponential growth for the uploaded
content. New COSMOS users follow the “law of sugfirbehavior, a common pattern of
surfing behavior in portals. However, new usersirretto the COSMOS Portal again and
again: returning users comprise more than 50%I| &@@5MOS visits, stay longer on site and
visit more pages. Returning visitors are benchnwarigainst the “law of surfing” and
outperform it substantially. These quantitativeulissbenchmark the web usage of the portal
and provide its operators with maps of value-adogiterns of the portal’s offer to the users
in the science education community.

Keywords: Science Education Repository, Digital Content, MagpUsers’ Behavior,
Teachers Professional Development
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1. Introduction

The World Wide Web (WWW, Web) has become the stahdsformation system for the
world's science education community. From e-leayn information and edutainment, the
Web allows inexpensive and fast access to noveluaetul services provided by individuals
and institutions from all over the world. At thenga time, the current availability of digital
records has made it much easier for researchepsaatitatively investigate various aspects of
human behavior and human activity of accessingrinédion in the World Wide Web
(Clauset et al. 2007; Chessa et al. 2004; Dezab2806; Eckmann et al 2004; Johansen and
Sornette 2000; Johansen 2004; Stouffer et al 2088guez et al 2006; Willinger et al. 2002;
Barabasi 2005) or other communication media (Caed#. 2007).

In spite of the advantages of this ubiquitous melithere are a number of ways in which the
Web still does not adequately serve the needseafammmunities. Surveys of Web users in
the educational communities reveal, as the two nesfuently reported problems, slow
access and the inability to find relevant inforroatithese problems will be discussed in more
detail in Section 2. As a science education potta, COSMOS Portal (Sotiriou 2008)
attempts to solve these problems by designing factefe and efficient classification scheme,
organizing the available content according to cutim needs, offering structured learning
materials for classroom use based on the most popehching strategies, and at the same
time seeking regularities in user patterns thatlmamaken as a basis for the development of
strategies for increasing the suitability of relevdata for the users.

The COSMOS Portal contains educational materiathi@ form of educational content
(photos, videos, animations, exercises, graphs,-lwkf) and of learning activities
(structured lesson plans organized according toisp@edagogical models). The main target
groups of the COSMOS Portal are science teachevsawéhlooking for high quality materials
to enrich the learning opportunities of their stude

As a new portal, COSMOS encounters the “new prdsgemstice challenge”. In the past, the
major risk in creating a new product/service wasfaasibility of the technology. Nowadays,
the product/service development cycle is more ptabie, thanks to the greater availability
of subcomponents and robust development tools. [0 Higgest risk for most new
products/services has shifted from getting the petdervice to work, to getting it to the
users.

To provide an answer to this challenge, the COSM®@Btal operators implemented a
validation process by analyzing the web usage ofatae portal as registered by the Google
Analytics service in the time-period spanning Jayn@ctober 2009. The web statistics data
comprised the total number of all portal visitangewW as well as returning unique visitors) and
visitor loyalty parameters (page-views; pages/visierage time on site; depth of visit; length
of visit). The temporal evolution of the numberaahtributors and the content uploaded to
the COSMOS Portal was analyzed.

This paper is structured as follows: Section 2 ¢mes the issues and the challenges
underlying the re-use of digital educational resesrin the classroom. Section 3 presents the
educational design and the content of the COSMQ&Pand Learning Repository. Section
4 measures quantitatively the web usage of the COSNPortal focusing mainly on its
content and contributor base growth. Section 5gmissthe COSMOS users’ web usage
statistics and reveals distinct daily usage pastdretween the initial phase of the portal’s
operation and a later phase. Section 6 introducesthod of benchmarking COSMOS usage
by “new” and “returning” users, applies the mettzod compares users’ behavior to the “law
of surfing”, and finally discusses the implicationd these findings. Based on these
gquantitative results, Section 7 concludes the phpatiscussing the overall implications and
answers the research questions.
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2. Introducing a culture of sharing and re-use of ducational resources

2.1 Digital learning resources

Digital learning resources were initially conceivasla tool to make distance education more
efficient by facilitating the teachers’ re-use effscontained modules of educational material
(learning objects) for course instruction. They evaubsequently recognized to have the
potential to be helpful for education in generabyiding teachers with innovative proposals
to improve their educational practice (e.g. edaceti materials to carry out problem-based
activities), as well as simple information techgyldools (e.g. Java applets for simulating
complex scientific phenomena) whose implementattondevelopment might have been
beyond the individual teacher’s reach. However diffesion of digital learning resources has
not grown sufficiently fast due to a number of ast such as the fact that computers, despite
having been available to the schools since the, 80d& not yet deeply integrated into school
activity and curriculum. Moreover, research hashjgted a number of difficulties that still
hinder teachers’ appreciation and actual use dfalliearning resources in the classroom,
such as the scarcity of information on the resairgeality and the limited congruence of the
metadata standards with the current implicationleafing theories. There is also a problem
of context: an educational resource suitable fachég in UK schools may be unsuitable for
supporting the teaching of the national curricultna school in Greece. Recent approaches
to e-learning have largely focused on the re-useesdurces in order to develop economies-
of-scale and social dynamics effects and thusariaddress the low usage of information
technology (IT) in the classroom. One problem ioufsing on educational resource re-use is
that teachers tend to plan their IT-based acts/iaeound “instructivist” learning models,
which focus on single learners accessing contemiveiter, this does not help bridge the gap
between modern pedagogical theory and IT implentienta Recent developments in
educational technology allow us not only to go beyaesource re-use but also support
implementation of recent pedagogy, in particulaciaeconstructivist learning processes.
Interoperable, networked technologies have thenpialeto support students’ collaborative
activities, allowing them to source, create, adegpegrate and store resources in a variety of
formats. These new possibilities and the availghdf e-learning tools make it easier to use
technology to support social-constructivist methoflearning, such as collaborative learning
through learning communities (Koper 2004). Theserlmg methods focus on the process of
learning and on the learning activities studentsycaut in order to acquire knowledge of
concepts.

2.2 Constraints on the development of re-usablehirg resources
There are factors constraining the developmentafsable learning activities and sharable
teaching resources, the most significant of whiehthe following:

a) Teachers frequently do not possess the skilldetelop activities based on a range of
educational models. This results in a gap betweenapplication of pedagogy and the
effective use of tools and resources. Often, taacied learners view technology in terms
of how it will help them manage resources rathantbupporting learning (Timmis et al.
2004).

b) The inability to engage with educational taxormesr(e.g. because of unfamiliarity with the
relevant metadata and vocabularies) make it diffifar teachers to search for learning
activities from various subject disciplines. Teashavould have to browse through
resources and activities, accessing and viewinf eae of them in order to understand
their potential for supporting effective learning/hile browsing could be an effective
strategy for a single collection of a small humbéractivities, it would be difficult to
apply for wider searching.

c) e-Learning practice is moving towards the re-oS@enerative resources (e.g. resources
developed during learning tasks). This means ti@bttputs of learning activities should
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also be considered for re-use. However, teacheysnoapossess the required e-literacy
skills (for example, to archive activities) to alldor effective re-use of learning resources
and activities.

d) The development of ‘definitive resources' caadl¢o the production of materials that do
not cater for individual learning contexts. Thesaineed for tools that allow the teacher to
customize generic components in order to provitllared learning experience (Thomas
and Milligan 2004). However, there are currently fmols available to allow teachers to
support learning activity sharing and sequencinitdi® 2004).

e) Efforts for collecting teaching & learning resoes in learning repositories have long been
performed (Ochoa and Duval 2009) but school teachave yet to take advantage of their
full potential. Recently, a European initiative &ign at the creation of a common
European virtual space for resource sharing andirgg has been deployed (and adopted
by Ministries of Education around Europe), namdig tearning Resource Exchange
(LRE, http://lre.eun.orh of EUN (European School Network). The potential o
interconnecting various school repositories in otdefacilitate the formulation of teacher
communities around Europe, and the uploading, sgaand re-using of teaching &
learning resources, needs to be exploited.

Overall, schools and classrooms, both real andalirimust have teachers who are equipped
with technology resources and skills, and who déactvely teach their subject matter while
incorporating technology concepts and skills. latéive computer simulations, digital and
open educational resources, and sophisticatedgdalt@ring and analysis tools are only a few
of the resources that enable teachers to provideiqusly unimaginable opportunities for
their students’ conceptual understanding.

3. The COSMOS Portal and Learning Repository

3.1 Educational Design

The COSMOS Portah(tp://www.cosmosportal.@aims at improving science instruction by
expanding the resources for teaching and learnmgadhools and universities and by
providing more challenging and effective learning experientas students. COSMOS
comprises a web-based repository of educationateabrusing multilingual vocabularies,
which aim to facilitate the end-users’ search,iegtl, access and use of both scientific and
educational resources. It implements a methodolégly designing, expressing and
representing educational practices in a commontietstandable way for all science teachers.
The COSMOS Portal builds upon state-of-the-art tigpraents regarding the interoperability
architectures and metadata standards and the dakestces in learning technologies.

During the first year of operation of the COSMOStRIp a community of more than 1500
systematic users has been established. This cortynsapports the content enrichment
approach by uploading regularly additional materfar classroom practice. The educational
materials are certified by the COSMOS Label. TheS®S Portal uses an IEEE LOM
Science Education Application Profile that is ueadtagging science education resources. To
this end, the guidelines for building applicatiomofiies in e-Learning, provided by
CEN/ISSS-LTW, have been applied. More specificaligsed on the characteristics of the
science curriculum, COSMOS has identified conttbNecabularies that indicate possible
extensions to the IEEE LOM Standard concerningneeecurriculum properties (Sampson
2008). Using the COSMOS system, students and temadbecome capable of directly
applying the theories learned and taught in thescteom to real, hands-on research. They
directly experience the procedures involved inseaech project and thereby gain a far better
understanding of science and engineering. The COSMftiative contributes toward
changing the present situation in science teaclind learning by implementing the
following: (i) teaching science through the use afnetwork of advanced scientific
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instruments; (i) reinforcing interdisciplinary amaches; (iii) promoting inquiry-based
learning.

[Fig. 1]

Fig. 1 The COSMOS Portal interface allows for easy searachaccess to science education
materials. The information about the resourcese (tilescription, keywords, IPRs, author,
educational level, expected duration in the classjois indicated with red color on the

figure.

Detailed guidelines have been developed by settinghe conditions and protocols for the
submission of content to be posted to the COSMO®&PRPaomprising: (i) templates for the
development of learning activities (based on aetgrof pedagogical models, such as the
Inquiry-Based, Guided-Research, Learning-Cycle nr®)de (i) guidelines for the
development of science education content; (iii)dglines for the development of science
education learning activities.

3.2 COSMOS Educational Content
The COSMOS educational repository currently (end2009) includes more than 80,000
science education learning objects and activitiesnected to the science curriculum. It
provides easy access to data and tools (e.g. d&tmlmd numerous observatories across the
world, simulations of physical phenomena), teaalesiources (e.g. learning scenarios and
lesson plans, professional development materiadgms), student-centered materials (e.qg.
data library, communication area, student works)eetpplications for observations and
collaborative activities. Additionally, the COSMO8&pository includes high quality applets
simulating important astrophysical phenomena sgchctipsing binaries, stellar evolution on
the H-R diagram, lunar phases, planetary orbitangthry motion, and planetary
obliquity. Instructions, simulations, and explovas are offered for both the student and
instructor, including assessment. A series of noysblar and lunar eclipses, meteoroids
collapses on lunar surface) are also part of tileatmn. Table 1 presents the profile of the
science education content currently stored in tBSRIOS Repository.

Table 1: COSMOS Educational Content and Learning Activi{ees of 30/09/2009).

Content Type Current Population
Science Education Content |Educational Scenarios, Lesson Plans 566
Presentations
Images/Graphs 79,847
Movies and Simulations 205
COSMOS Learning Activities 322
COSMOS Learning Activities 46 (in English and German)
(for Mobile Devices)

The educational materials of the portal offer aelfand interact” user experience, allowing
for learning “anytime, anywhere” by employing adead and highly interactive visualization
technologies and also personalized ubiquitous legrparadigms in order to enhance the
effectiveness and quality of the teaching and legrprocess.

[Fig. 2]
Fig. 2 The COSMOS Repository is populated with more thay®@0 images of astronomical
objects, such as those presented.

[Fig. 3]
Fig. 3 Two of the educational movies populating the COSVREpository: the first is filmed
from the Earth, during the Total Solar Eclipse ineBia on the ¥ of August 2008, the second
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is filmed from a weather satellite (EUMETSAT) anegents the impact of the asteroid 2008
TC3 over Sudan on thd'bf October 2008.

[Fig. 4]
Fig. 4 The COSMOS Learning Activities Authoring Tool fliteites the organization of the
Educational Content according to specific teachapgproaches that are used in science
education. The screenshot above demonstrates gamipation of a lesson plan for the
Parallax Method according to the Learning Cycleragph. Images, graphs, presentations,
explanations are organized and presented as astdd earning Activity.

The COSMOS Learning Activities span a wide rangelider to cover the various users’
needs. For example, an individual teacher's contee¢ds and objectives can vary
considerably from day to day. A teacher may se#&orcleontent for classroom use, for lesson
planning, for home study or for supporting a vigit a science museum. Each of these
scenarios requires customized content with distharacteristics. The selected materials are
linked to the school curriculum, include guidelirsesd sample worksheets for the students, as
well as references and additional information.

Example of a COSMOS Learning Activity: Measuring the Asteroids Rotation Periods
Asteroids present an excellent case for short timgervations. Some of them are rotating
very quickly (one full turn in less than 24h) giginnique opportunities for observations. The
specific activity is introduced in the science @uium in the framework of the study of
periodic motions (at high school or university Ipv@he students select the suitable for the
season asteroid and the request from the telesasbpee COSMOS network of robotic
telescopes to conduct the continuous observatmre ¢ertain period. After the completion of
the observations, series of images of the astevitlithe available on the COSMOS repository
for further use. By processing the images, theesttedfind out that the brightness of the
asteroid is changing periodically (see Figure 5).nBeasuring the light that it is reflected on
the asteroids’ surface as it turns the studentsraaing a graph indicating the minimum and
maximum values of brightness. From these graphssthéent may compute the rotation
period of the asteroid

[Fig. 5]

Fig. 5 The Sun’s light is reflected on the asteroid'sfate as it turns and captured by the
CCD camera of the robotic telescope which is follmmhe asteroid for a specific period of
time requested by the user. In the images abowvell adtation of the asteroid has been
captured in ten frames. By measuring the light ithiatreflected on the asteroid’s surface as it
turns the students are creating a graph indicatmegminimum and maximum values of

brightness (picture in the right). The numbers Tt graph represent the 10 frames shown in
picture on the left. From these graphs the student compute the rotation period of the
asteroid.

4. Measuring the usage of the COSMOS Portal

4.1 Content and Contributor Base Growth

During the time period under study (January-Octob@09), the number of the content
(learning objects) uploaded and the number of dmurttsrs were analyzed. For this initial 10-
month period of operation, 80,000 learning objettse uploaded to the COSMOS Portal
from 1500 contributors.

[Fig. 6]




45

Fig. 6 Size and Contributor Base Growth for the COSMOStdPoin a log-linear graph,
which depicts more clearly th¥=a+be™ functional relationship underlying the temporal
evolution of the uploaded content size and therdmribr base growth.

The graph in Figure 6 presents the growth of thetett uploaded and the number of
contributors for the period under study. Ochoa &nhdral (2009), who have analyzed
numerous educational repositories, have found répadsitories mostly grow linearly (even
the popular and currently active repositories gtim@arly). According to these authors, the
main reason for this effect is contributor “desmnti Even if the repository is able to attract
contributors exponentially, it is not able to raetdahem long enough to substantiate high
growth rates. Another interesting finding (Ochoa Buval 2009) is that the typical
educational repository has a base of 500 to 15@G@eacontributors contributing on average
10 learning objects each. Our analysis of the COSMi@ta demonstrates a higher level of
effectiveness: the exponential growth of the cbotdrs is followed from an exponential
growth for the uploaded content. COSMOS users itarter numerous educational materials
(about 50 learning objects per contributor) whileyt visiting the COSMOS Portal again and
again. In order to study further COSMOS usage patfeve have quantitatively analyzed a
series of additional parameters, comprising thal ttamber of the COSMOS Portal visits (of
all, new, and returning unique visitors); page-\8ewages/visit; and a series of parameters
that demonstrate visitors’ loyalty, such as therage time on site per visit; and the depth of
each visit (number of pages visited). The resulthe quantitative analysis are presented in
the following chapters.

4.2 Mapping the behavior of the COSMOS Portal users

In this paper, we study the behavior of “new” \isit to the COSMOS Portal in comparison
with “returning” visitors. This type of informatiois very important because it will not only
help to identify the COSMOS portal’s user pattelng, also to benchmark the effectiveness
of the portal with respect to theoretical expeotadi In particular, we have compared the
surfing depth (depth of visit) of the COSMOS userth the surfing depth of the “law of
surfing” (Huberman et al. 1998), which has beereaded as an average pattern of surfing
behavior. The “law of surfing” is theoretically lason a model that assumes that users make
a sequence of decisions before proceeding to anp#ye, continuing as long as the value of
the current page exceeds some threshold, andldsytbe probability distribution for the
number of pages, or depth, that a user visits withivebsite. The findings of this model have
been confirmed by empirical studies (Huberman .€1208).

5. Data Analysis

The web usage pattern of the COSMOS Portal, fortitne period spanning January —
October 2009, was studied. For each day in thie pariod, the Google Analytics free service
records an anonymous but unique user identifier]éhgth of the visit (time of the stay), the
depth of the visit (number of pages visited), ahd tequested pages. A user who starts
surfing at a particular page of the COSMOS Podaktorded as stopping surfing COSMOS
afterL links (page-views, clicks) as soon as he/she wtquepage from a different web site.
If the user later returns to COSMOS, a new lengthinc L is started. Users have no
constraints on the COSMOS web pages they visitinvite COSMOS portal.

An overview of the aggregate COSMOS web statistats for “all visitors” and “returning
visitors” for the time-period under study is pretsehon Table 2:

Table 2: Overview of the aggregate COSMOS web usage data

COSMOS Portal Statistics (January 1, 2009 — Octobe31, 2009); All Users

Registered Users

1,580 (in October 31, 2009)

Page Views

81,548 (total)
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Time on Site

8.2 minutes (for returning visitord:2 minutes)

Pages per Visit

7.9 (for returning visitors: 10 psiyisit)

Available Digital Content

85,000 Learning Objedts Qctober 31, 2009)

COSMOS Portal Statistics (January 2009 — June 2009) corresponding to School Year 2004

2009

3

Registered Users

1,356 (in June 30, 2009)

Page Views

43,155 (total, for the specific period)

Time on Site

8.4 minutes (for returning visitat4d: minutes)

Pages per Visit

8.5 (Returning Visitors 10.4 pagsi)

Available Digital Content

55,000 Learning Objedts June 30, 2009)

COSMOS Portal Statistics (September 2009 — Octobe2009) —corresponding to School Yea

2009 - 2010

Registered Users

1,580 (in October 31, 2009)

Page Views

20,916 (total, for the specific period)

Time on Site

7.6 minutes (for returning visitor8:3 minutes)

Pages per Visit

7.4 (for returning visitors 11.2@slvisit)

Available Digital Content

85,000 Learning Objedts Qctober 31, 2009)

Aggregate web usage results of the COSMOS Pownahte¢hat the portal’'s users stay longer,
show more loyalty (number of visits), and make nyuage visits (surfing depth) compared to
the “law of surfing” surfing depth (analyzed in madetail and presented in the next section).
Although this characteristic reveals increased ckitiess” it might also suggest that
COSMOS users need more clicks to find the inforomathey require, that is the portal's
users have a hard time finding the information. ldeer, this is not the case regarding the
COSMOS portal. A more detailed analysis, based egmenting the COSMOS users into
“new” and “returning” users, reveals that the nesers exhibit the “law of surfing” behavior,

a typical pattern for casually surfing a portal wéwer the data indicates that new users return

to the COSMOS portal again and again, with retyrnisers comprising more than 50% of all
COSMOS visits. Returning users show high levellwélty, longer times of stay, and much

deeper surfing patterns. In particular, we comgheadepth of visits (surfing depth) of the

COSMOS returning users with that of the “law offgg”; their surfing depth outperforms

the “law of surfing” depth significantly. As the tdaon Table 2 demonstrates, returning
visitors spend more time, and performing more peaigevs as time passes (11 minutes
average time and 10.4 pages/visit on average inpém®d January — June 2009 to 13.5
minutes average time and 11.2 pages/visit on agaratiie period September 2009 — October
2009. Furthermore, the web usage statistics dematestignificant changes in the behavior of
the users during the period under study, with refgy visitors using more and more often the

COSMOS Portal for lesson planning and preparaiiothgé afternoon hours).

The quantitative results described indicate tha @OSMOS portal exhibits patterns of
offering substantial and systematic value to itersian the science education community.
Direct “traffic” during the whole period from Jamya2009 to the end of October 2009
comprises 7,441 visits (71.94% of total, whereasityvivia search engines are 1,556
comprising 15.04% of total, and visits from refegisites are 1346, 13.01% of total). The
surfing depth of the users was registered for igits/for the duration of the study. The data
for all users has a mean number of clicks of 7a@@g/visit) and an average stay on site of 8.2
minutes. The COSMOS web usage data also providéletbiprofiles of depth of visit (up to
19 page-views [clicks]), length of visit, and vgitoyalty, for the three categories of visitors
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(users), namely, all, new and return visitors. Tl number of visitors and page views
varies over the week. On Saturdays and Sundays #rerabout 57% fewer visitors per day
(8.25) than during working days (19.2). Similarules can be found for page views. On
Saturdays and Sundays there are on average 8ledviggs per day, while during working
days there are 199.4 page views, i.e. a reducfipage views at the weekends of nearly 60%
as compared to working days. A closer look intotthee of day when most of the activities
on the portal take place (see Figure 7) suppodsagsumption that teachers are using the
COSMOS Portal for preparation of their lessonswas anticipated in the initial design
considerations of the COSMOS Portal. Figure 6 showamparatively, the temporal
characteristics of page views as accessed daibamuary 2009 and in September 2009. In
January, the peak time for COSMOS Portal use i;mguschool hours (10:00-13:00). This
suggests that teachers are mainly using the COSM@l during their morning lessons.
The distribution of September data varies signifita As teachers get used to the
functionalities of the COSMOS Portal and become arfamiliarized with the educational
activities authoring tools, they start to use #oatluring their lesson preparation time in the
afternoon. As shown in the graph (Figure 7), int&eer 2009 the number of page views in
the afternoon hours (15:00-19:00) increased sicamtily, peaking at more than 800 page
views at 17:00, while a significant number of paggws occur during school hours, with a
peak of about 600 page views at 12:00.

[Fig. 7]

Fig. 7 Comparison of daily COSMOS use between the lawmgcphase (January 2009) and a
later phase (September 2009) of the COSMOS Péxtalgnificant behavioral change was

observed with users in the later phase using th&NIOS Portal mainly in the afternoon

hours (peak at 5pm). This effect indicates thatsiaee becoming more familiarized with the
tools and the available materials that are designesupport lesson planning and lesson
preparation activities.

[Fig. 8]
Fig. 8 Length of visits (time on site) for returning \ais of the COSMOS Portal.

Figure 8 presents the length of visits (time om)dibr the returning visitors of the COSMOS
Portal. The percentage of staying 3 minutes is tless 50%, with the percentage of staying
more than 10 minutes being 33%.

6. Benchmarking the COSMOS portal

In this section, we compare (by regression anadlykis surfing depth (depth of visit) of the
COSMOS users with the surfing depth of the “lawsoffing”. The “law of surfing” is
theoretically based on a model that assumes that usake a sequence of decisions to
proceed to another page, continuing as long avdhee of the current page exceeds some
threshold, and yields the probability distributiimn the number of pages, or depth, that a user
visits within a web site. This model has been coméd with actual data (Huberman et al.
1998).

The law of surfing determines the probability dimition P(L) of the number of pagds a
user visits within a web site, by considering acess, in which there is valu¥| (;) in each
web-page a user visits, and that clicking on th& page the user assumes that it will be
valuable as well. Since the value of the next watepl/, ) is not certain, the process assumes
that it is stochastically related to the previong.oln other words, the value of the web-page
V_ is the value of the previous olg; plus a random term. Thus, the web-page valuesean b
written as
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Vi=Viut+tsa (1)

where the values are independent and identically distributed Gaussaindom variables. A
particular sequence of page valuations is congidasea realization of a random process and
so is different for each user. Within this formwat an individual will continue to surf until
the expected cost of continuing is perceived ttabger than the discounted expected value of
the information to be found in the future. This d@nthought of as a real option in financial
economics (Dixit and Pindyck 1994). Note that eviethe value of the current page is
negative, it may be worthwhile to proceed, sin@®léection of high value pages may still be
found. If the value is sufficiently negative, howeythen it is no longer worth the risk of
continuing. That is, whe¥_ falls below some threshold value, it is optimastop.

The number of links a user follows before the pegjee first reaches the stopping threshold
is a random variablé. For the random walk of Eq. 1 the probability disition of first-

passage times to a threshold is given asymptotitsilthe two parameter inverse Gaussian
distribution (Seshardri 1993)

P(L) = /27/;_ y exp{_/]g;l;L/”’) j )

with meanE(L) = and varianc&/ar(L) = p® /\.

By taking logarithms on both sides, Equation 2 bees:

3 A(L = u)? A
logP(L) = ——logL -————+log| ,|— 3
gP(L) > 109 2L 925 ®3)

That is, on a log-log plot one observes a strdigbtwhose slope approximates 3/2 for small
values ofL and large values of the variance. Agyets larger, the second term provides a
downward correction. Thus Equation 3 implies th@tto a constant given by the third term,
the probability of finding a group surfing at a givlevel scales inversely in proportion to its
depth,

P(L) ZL*? or, logP(L) = constant - 3/2 logL (4)

This Pareto-type scaling relation (Huberman et1898; Perline 2005) was verified by
plotting the available data on a logarithmic scd&lgure 9 shows that for the range of
COSMOS users' visit lengths (according to the Gedghalytics detailed registration of 1 up
to 20 clicks) the inverse proportionality of Eghdlds well.

[Fig. 9]

Fig. 9 Comparing the law of surfing tthe aggregate demand curve of the number of
COSMOS returning users as a function of the nunobgrages visited (clicks), based on the
data collected from the COSMOS Portal for the tipsgiod spanning January — October
2009.The fitted inverse Gaussian distribution has a nian= 4 and\. = 3.6.

In order to benchmark the web usage of the COSM@falpagainst the validity of Equation
2, we performed a log-log regression analysis efdata collected in the time period January
1, 2009 through October 31, 2009, by means of théai(which corresponds to the terms in
Equation 3), namely:
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logP(L) =C, +C,logL+C,L+C,(I/L) (5)

The detailed regression results will be presenteal gompanion paper. Because of the low t-
statistic values of coefficients; andC, , the third and fourth term in the right hand sade
Equation (5) are not statistically significant asigobuld be omitted. This can be explained
because of the small valueslofup to 20) and the large values of the variance.

Therefore we perform regression analysis (OLS)qudie model
logP(L) =C, +C,logL (6)

which corresponds to the terms of Equation (4). Thefficient C, corresponds to the
exponent the numerical value of which is —3/2 Far law of surfing (inverse Gaussian)

As can be seen in Table 3, comparison of the COSM@I$ usage exponents (that is, the
values of the coefficient, of the Equation 6 against the exponent of thersedsaussian
distribution) indicates that:

a) new COSMOS users conform closely to a typicaiv-bf-surfing” behavior (the value of
the coefficientC, is very close to the value of —-3/2). We argue that value of the
coefficientC, could in reality be closer to the value of —3/@wever the COSMOS Portal
does not monitor the user’s origin by sending aisp@urpose cookie, but, instead, relies
on the Google Analytics data, which may identifyngoreturning users as new users due to
a randomized IP address assignment.

b) returning COSMOS users’ surfing depth outperfothe “law of surfing” - the COSMOS
Portal’s returning users exhibit a deeper surfiabdvior.

Table 3: Comparison of COSMOS regression results (Equa@pragainst the inverse
Gaussian (“law of surfing”) exponent.

COSMOS users Value ofC, Standard error
All visitors -1.160 0.052
New -1.369 0.075
Return -0.997 0.065
Law of surfing -1.500 (= -3/2)

(inverse Gaussian distribution)

The COSMOS portal is thus benchmarked against #ive dof surfing. As the results
demonstrate, new users follow a typical surfingtgrat while, however, returning users
outperform this pattern, “foraging” frequently (Edrds et al. 2007), deeper and longer for the
science education content offered by the COSMO®Por

7. Conclusions

The COSMOS Portal has been designed to facilitiemee teachers’ search, retrieval, access
and use of both scientific and educational resauritantroduces teachers to an innovative
methodology for designing, expressing and repra@sgeiducational practices in a commonly
understandable way through the use of user-frieadtioring tools. The COSMOS Portal in
its first year of operation collected more than080, educational objects, and was supported
by a very active community of 1500 science teaclen® many European countries. The
content of the COSMOS Portal is available in EfgliSerman, Greek, Finnish, Swedish and
Turkish. The aim of the work described in this pajgeto design and deploy a systematic
approach for measuring the web usage effectiveakss educational portal, such as the
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COSMOS Portal. Data from the COSMOS Portal use weliected via the Google Analytics
monitoring system.

According to our findings, the exponential growthtlte contributors to the COSMOS Portal
is followed by an exponential growth of the uploddmntent. COSMOS users contribute
numerous educational materials (about 50 learnibpgpcts per contributor) while they
repeatedly visit the COSMOS Portal. In order todgtdurther these results, a series of
additional parameters were studied, comparing tligali phase of the operation of the
COSMOS Portal with a subsequent phase. These pa@e®mprise the total number of the
COSMOS portal visitors (all, new, and returningque visitors); page-views,; pages/Vvisit;
and a series of parameters that demonstrate @isityalty such as the average time on site
per visit and the depth of each single visit (nundfepages visited). According to the data, a
significant behavioral change has been identifisdreturning users access the COSMOS
Portal more and more frequently in after-schoolreppresumably during the preparation of
lessons, as the educational design of the COSM@&IPad expected.

Furthermore, we benchmarked the COSMOS web usagesaghe law of surfing. As the
quantitative results demonstrate, new users followtypical surfing pattern. However,
returning users (who comprise more than 50% ofC&ISMOS visitors) outperform this
pattern, “foraging” frequently, deeper and longarthe science education content offered by
the COSMOS Portal.

This method can also be used for a number of istieige web applications. Because of the
web’s digital nature and great use, it is relativehsy to obtain online data that could reveal
more novel patterns of information foraging, ane& @ould extend the method to determine
the distinct characteristics of different user camities.

As the world becomes increasingly connected byiriternet and the web, the discovery of
new patterns in web usage can support the desrgmtly and development of effective
science education portals.
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Abstract

Numerous studies of science teaching have showwiahould revise the way that science
IS taught in our schools, and promote pedagogicaitiges based on inquiry-based methods.
Inquiry-based science education has proved itgieffcy at both primary and secondary
levels in increasing students’ interest and attaim® levels while at the same time
stimulating teacher motivation. This paper presamtsnnovative way to introduce inquiry-
based methods into science classrooms using adVéextenological applications. The Lab of
Tomorrow system consists of a series of tiny, paognable devices that are embedded in
clothing, footballs and other items. The system ihoos the wearer’'s running pace, body
temperature, heart rate or the acceleration of la Bhis practical information can be
translated into examples of science theory, raigigrest and motivation among students,
and improving the learning process. In this wayrgday activities of the students become the
subject of experimentation. They personally expmege the procedures involved in an
authentic research project and thereby gain adt#ebunderstanding of science. This paper
describes the systematic procedure that was addptedonitor students’ and teachers’
activities while using the Lab of Tomorrow systedf0 students from 18 schools from
Greece, Germany, Austria and Italy were involvethia study for a period of 8 months (one

school year) during their science lessons. Quainttand qualitative data were collected and
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analyzed in detail. The analysis of the findingandastrates that there is significant
improvement of learning outcomes for the studemtsall cases in both physics and
mathematics. Additionally the results of the exexhdesson video capturing study also
demonstrate that the Lab of Tomorrow system oféegseat opportunity to teachers to adopt
inquiry-based methods in their lessons and to implg teaching strategies that can facilitate
learning about scientific inquiry, developing thbeilides of inquiry, and understanding

scientific concepts and principles.

Key words: ICT, wearable computer, video analysiggnce education, inquiry

1. Introduction

Understanding science is essential in today's gocie public's understanding of science is
largely influenced by its experiences in sciencassiooms. It is therefore important that
science teachers understand science and give amasecrepresentation of it in their
classrooms (Bybee et al., 2008). Science is defasd body of knowledge, a process of
inquiry, and the people involved in the scientignterprise. Science teachers usually
concentrate on the body of knowledge that formsr thescipline. Students should also
understand the process of scientific inquiry; thatlerstanding should come through their
experiences with the process in the science classend outside school. Different models of
scientific inquiry have been developed and extestgiwalidated over the last years. The
accumulation of valid reliable knowledge was shdwbe the aim of all the models (Bybee et
al., 2008). Science teachers should understandtitbiegths and weaknesses, the procedures,
and the logical problems of the different modelsr@fuiry. In the science classroom there
should be a balance in emphasis on science asyadbéahowledge, a process, and a human

enterprise.
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The publication of the "Science Education Now: énewed Pedagogy for the Future of
Europe" report (Rocard et al., 2007) brought saesnod mathematics education to the top of
the educational goals of the member states (foligveimilar actions in US, NRC 2007). The
authors argue that school science teaching nedasctime more engaging, based on inquiry
and problem solving methods and designed to arhgsiterest of young people. According
to the report, the origins of the alarming declineyoung people’s interest in key science
studies and mathematics can be found, among o#tuses, in the old fashioned way science
is taught at schools. Although the crucial roleositive contacts with science at early stage
in the subsequent formation of attitudes towareérsm has been identified (PISA, 2006),
traditional formal science education too often lesif this interest and, therefore, may
negatively interact with the development of adodess’ attitudes towards learning science.
Kinchin (2004) pointed out that the tension creabeiween objectivism (the objective
teacher-centered pedagogy) and constructivism {tbestructive and student-centered
pedagogy) represents a crucial classroom issugeimfing teaching and learning. The TIMSS
(Third International Mathematics and Science Stug9P3 International Science Report
(Martin et al., 2004) specifically documented thérnationally, the three most predominant
activities accounting for 57 percent of class twere teacher lecture (24%), teacher guided
student practice (19%), and students working orblpros on their own (14%) in science

classes in the European countries participatirigarstudy.

Therefore, it appears that the current sciencesiams learning environment is often a
mixture of divergent pedagogies and diverse studeentations or preferences (Chang &
Tsai, 2005; Chang, Hsiao, & Barufaldi, 2006). Tlaetfis that there is a major mismatch
between opportunity and action in most educatistesys today. It revolves around what is
meant by "science education," a term that is irexdly defined in current usage. Rather than
learning how to think scientifically, students ayenerally told about science and asked to
remember facts (Alberts, 2009). This disturbinguaion must be corrected if science
education is to have any hope of taking its prqgp&ce as an essential part of the education of

students everywhere.
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In addition to the these issues, the science legremnvironment (classroom and lab) seems to
undergone no significant changes for the past dscaBRecent research on learning and
instruction has substantially advanced our undedstg of the processes of knowledge and
skill acquisition (Bybee et al., 2008). Howevemaal practices have not been innovated and
improved in ways that reflect this progress in dewelopment of a theory of learning from

instruction. School practices in a realistic serse centered on the school learning
environment. It is generally recognized among [tiaoers that our school science learning
environment has neither been innovative nor redoimo reflect this new knowledge with

respect to learning and teaching. Moreover, motiainologies beyond the use of computers
and internet in the school have not been fully graged/incorporated in current science

learning environment.

According to the recent report “Science Educatioiurope: Critical Reflections” (Osborn &
Dilon, 2008) the deeper problem in science edusdtimne of fundamental purpose. Schools,
the authors argue, have never provided a satisfaetiucation in sciences for the majority.
Now the evidence is that it is failing in its ongil purpose, to provide a route into science for
future scientists. The challenge therefore, isetthink science education: to consider how it
can be made fit for the modern world and how it caet the needs of all students including
those who will go on to work in scientific and tedatal subjects, and those who will not (Kali

& Linn, 2009).

In this framework the Lab of Tomorrow systemmwfw.inlot.edy (Orfanakis et al., 2005)
provides more challenging, authentic and higheeordearning experiences, more
opportunities for students to participate in sdfenpractices embedded in social interaction
using the discourse of science and work with sifiemepresentations and tools. It enriches
and transforms the students’ concepts and initiehs. Furthermore the use of the system
offers opportunities for teaching tailored to thadents’ particular needs while it provides
continuous measures of competence, integral tdetmming process that can help teachers

work more effectively with individual students.
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INCLUDEPICTURE "http://www.laboftomorrow.org/imagédome?2.gif" \*
MERGEFORMATINET

Figure 1: “Kick — life into the classroom” throughe Lab of Tomorrow system: Everyday
activities of the students become the subject pearmentation through the use of wearable

sensors embedded in their cloths and their equipmen

2. Materials and Methods

2.1. Description of the Lab of Tomorrow system

Wearable computers and intelligent sensors wereedddd in everyday objects (e.g. t-shirts,
balls) and used during students’ usual activitigse sensors, called “axions”, were able to
record the acceleration of the body (or of the)btle temperature of the body and the heart
rate or the wearer. The recorded data were used $fyecially designed user Interface to
graph trends and patterns and investigate the dapwhysics. Students had the opportunity to
collect data from a variety of sensors, comparer theeasurements and design new
experimental activities on their own. In this wagaching offers as many links as possible
between the natural sciences and daily life. Ineprtb obtain the maximum flexibility
regarding both the lesson plans that were desitmedpport the system’s introduction in the
schools and the students’ learning processes, ysiens was designed using a modular
approach: Small devices collected data during sitstiexperimental activities. Students were
thus enabled to easily quantify these observatimestify schemes or patterns and derive

hypotheses and theories.

Figure 2: The Lab of Tomorrow system demonstrategswor the re-engineering of the high
school science laboratory into an engaging, thepgiwoking, and challenging environment,
a pathway to the real scientific world. Through trs® of embedded sensors, data collected
during a series of experiments were transmitted @edented to the students in real time,

demonstrating the basic laws of the physical phemamaking place.
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A combination of the axions forms the integrated oA Tomorrow system. It consists of the
following modules: a wearable system called Sens\&sbedded in a t-shirt, the Leg and
Arm Accelerometer, the Ball Accelerometer, embeddeal ball, the Base Station for the data
collection and organisation and a user interfage data presentation and analysis. The
SensVest is a t-shirt designed to carry compongetismeasure and transmit physiological
data to the base station. It is equipped with werisensors. A temperature sensor located
under the armpit is used to record the body tentperaf the user; a pulse sensor — attached
to the user’'s chest— records the heart rate. Awditly, accelerometers embedded in the
SensVest allow for the measurement of the acceeraf the body and a leg or an arm. The
SensVest offers the opportunity to add additioraksrs to expand experimental possibilities.
The data from all sensors is collected and procdebgea microprocessor unit. An integrated
communication unit transfers the processed dathedase station. Both units are located in
the back of the t-shirt. The placements of thesuaitd the sensors were selected on the basis
of an ergonomic study, so that the confoundingaldeis are reduced to a minimum. The leg
accelerometer is a small device attached to thdtlegables measurement of the acceleration
of a foot while for example kicking a ball. A smaénsor collects the data which were
processed immediately by a microprocessor andridiiesl to a receiving unit located at the
hip which is connected in turn to the SensVest'srapirocessor unit. One of the key axions
of the system is the ball accelerometer. An acogieter measuring three dimensions and a
communication unit was embedded inside a ball. aumh the accelerometer in the ball a
foam type material was used in order to keep tlrelamometer and communication units in
the centre of the ball: the ball was filled withstimaterial and the accelerometer — placed in a
plastic tube — can be inserted through a hole.l8y dpproach possible impacts of external
forces and extreme mechanical stress could be edold addition the device can easily be
accessed. The Base Station is responsible fonttiglization of the system, collection of all
transmitted data and the proper formatting of tidita and subsequent dispatch to the system
workstation. The Lab of Tomorrow user interfaceasisidered the central component of the
system. It is the interconnection between the teahnvorld of the axions and the students’
activities within the experimental setting. The usgerface uses a database in which all the

received data is stored synchronously. The migeedlas sensors’ data can later be analyzed
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and processed by the students. Apart from stomgorganizing the incoming data, the user
interface serves another most valuable functionaAsedagogical tool it provides the links

between science teaching in classroom environmahttee phenomenon. The user interface
software has been designed with the pedagogicalefrgrk in mind. The user interface

enables various students’ actions like data aaegsgilotting data on a graph, creating a
mathematical model to fit the data and combiningpgs of different sources. The user
interface software is intended to support studentecognizing scientific methods and it can

be used to solve problems or to study phenometigineveryday lives.

2.2. The Lab of Tomorrow Educational Design

Any learning process is challenged by the increpsomplexity in science. That is a growing
process of finding intrinsic structures of the @it area and rules. This provides a
theoretically guided model based on a part of tyeaind features of scientific inquiry. The
necessary systemization of long term planned antutative learning contributes to a well-
arranged, internally and vertically (in time) limkadaptive knowledge which can be applied
flexibly and in different situations. Teaching aledrning in science is successful, if it is
possible to realize a sequence of topics that lgoifirantee systematic learning (vertical
knowledge transfer) and situation orientated legynivith everyday tasks and problems
(horizontal knowledge transfer). The orientatiomethods of scientific research provides the
possibility for the students to learn about thejectband cross-subject methods of reasoning
and working. In the learning groups there shouldj@ortunities for dialogues, at first guided
by the teacher, but becoming more and more autousrand aimed at the development of
scientifically orientated conceptions and conceftsidents should have the possibility to
describe their individual learning pathways andirthiedividual solutions of a problem.
Creativity, effort and flexibility must be acknowdged. A teaching method contains the
teaching sequences, teaching methods and thewsaletements of methods of teaching and
learning and has to refer to research on teachiddemarning. Therefore in the case of the Lab
of Tomorrow approach the proposed lessons werenaga into tasks according to two

levels of understanding as two sequences of taskagport conceptual growth. In addition,
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two alternative pathways with different learningnai were offered providing individual

experiences for small groups of students.

A “Lab of Tomorrow” curriculum was set up takingtanaccount the national curricula. A
series of lesson plans was developed corresponalitigs curriculum always containing two
main parts: (i) General information concerning tlesson, its curriculum relationship,
implementation, instruction for teachers, lessomation, and required materials. It also
specified the educational aims and derived edutatiand didactical objectives for the
respective lesson. Finally, common students’ miseptions on the teaching subject are
discussed to provide the teacher with a betteronatif students’ initial conceptions before
instruction. (i) The second part provided substninformation about the educational
phases, proposing ideas on how to stimulate thdesta and describing experimental
activities. A variety of possible observations,adahalysis and conclusions were listed. To
support consolidation of the respective contergsraes of exercises and questions and further

activities is suggested in form of a students’ vgbeet.

2.3. The Lab of Tomorrow: Scenarios of Use

Using the Lab of Tomorrow system teachers and stsdeere be able to conduct their own

experiments using everyday objects. In this way tliere be able to observe and thus better
understand the relevant physical laws. As a resiidince was brought closer to high school
students in a more motivating way. The way students teachers will experience science
through the Lab of Tomorrow is expected to haveasting positive impact on students’

attitudes towards science and experimentation.

The participating students were able either toguerfreal life experiments themselves or to
select materials for experimentation from the L& @morrow educational Repository. The
data were collected and analyzed by the studeimg tgols fully compatible with existing

and commonly used programs [the spelling “progrésmnised internationally, not just in the

US, to designate a computer program]like MS Ex&tlidents personally experience the
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procedures involved in an authentic research propgad thereby gain a far better

understanding of science.

2.4. Research targets

The primary target of our research work was to ssstudents’ performance after they
attended the Lab of Tomorrow lessons. Another nt@md aspect in the evaluation of

students’ learning is the course of the studergarring processes. Since the learning
processes, using an advanced technological systerthe Lab of Tomorrow, mainly depend

on the students’ abilities in the usage of the netdgical equipment, it is important to

evaluate the students’ attitude and aptitude usiadern technology. Therefore the following

research targets can be formulated as to the diaiwz the Lab of Tomorrow approach:

« Students’ performance before and after attendatgof Tomorrow lessons
« Students’ learning processes
* Students’ attitude and aptitude regarding modgechnology

» Lesson implementation and teaching approaches

2.5. Methodology and Evaluation Instruments

The evaluation of students’ performance requiredssessment tool capable of coping with
the different national conditions of the participgt countries; namely language, school
curricula and culture. A reliable questionnaireamplishing these qualities has been used in
the scope of TIMSS (Martin et al., 2004). The TIM&Sns are Rasch-scaled which allows
the comparison of different topics and countries arlarge scale related to students’
performance. The TIMSS project collected educati@thievement data at the fourth and
eighth grades to provide information about trendgérformance over time together with
extensive background information to address cormscabiout the quantity, quality, and content
of instruction (Martin et al., 2004). To inform emional policy in the participating
countries, this world-wide assessment and resqaxjbct also routinely collected extensive
background information about the quantity, qualégd content of instruction. For example,

TIMSS 2007 (Martin et al., 2008) collected detailieflormation about mathematics and
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science curriculum coverage and implementationwel as teacher preparation, resource
availability, and the use of technology. To allowattribution of the actual test results to the
specific Lab of Tomorrow lessons the evaluation weganized as a pre-, post-evaluation
with treatment and control groups. The results WSS (Martin et al., 2004) served as an
additional control group with particular focus dodents’ performance. Table 1 presents the
main research targets of our study and the instntengsed. Table 2 presents the evaluation

sample.

Table 1: Assessment tools concerning the researghts as specified.

Students performance TIMSS Questionnaire
after attending Lab of

Tomorrow lessons

Students learning Video Documentation
processes
Students attitude and Video Documentation

aptitude regarding

modern technological

equipment
Lesson characteristics Video Documentation
Lesson implementation Video Documentation

Table 2: Evaluation Sample. Our study was conduatd® high schools in Greece,

Germany, Austria and Italy. Some 400 students @$ehrs old) participated in this study.

Country Number of Schoo's Type Number of Age (Years)
Students
Greece 5 Treatment 102 15-16

Germany 4 Treatment 108 15-16
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Austria 6 Treatment 98 15-16

Italy 3 Treatment 89 15-16

For the needs of the Lab of Tomorrow evaluation“ti®SS population Il test” was used. It

is designed for 15 years old students, its conteatches that of the curriculum of the
participating countries and the content of the gobjln pre- and post-test different booklets
were used to avoid recognition effects. Becaus@fTIMSS international studies’ rotation
design pre- and post-tests are comparable. Theati@ of the pedagogical framework was
strongly connected with the analysis of the impletaton of the lessons. To obtain
information about major characteristics of the dessmplementation, we video-captured
lessons while the Lab of Tomorrow system was in iusehe classroom. Additional

information like for example the lessons’ struciusudents’ time-on task or the teachers’

educational aims was obtained by analyzing theoviticeumentation.

2.6. Evaluation Plan

The implementation process was realized in two @hak the first phase teachers had to
adopt specific lesson plans (prepared by the relse@am) appropriate to the use of the
system in their classrooms. Then, during the sedaomementation phase teachers and
students had the opportunity to use the systererfomn self-initiated and —planned activities
and experiments. Just before the first phase tihdSHI pre-tests were administered. Both
phases were accompanied by video documentatiorrdingato the video guidelines. After
the end of the second phase of implementation tMS$ post-test were administered. The
duration of the two phases of implementation wdsllaschool year (8 months). The time

interval between the applications of the TIMSS tes$ about 9 months.



69

Figure 3:Time line and main phases of the evaluation plae. Jiaph indicates the timing of
the various instruments that were applied durirgithplementation of the classroom centred

activities.

In the framework of the implementation of the pregd activities, the lessons were classified
into three different categories, according to thiéferent phases of the classroom
implementation: (i) Lesson type A: Introductoryden, in which the teacher presented and
explained the functionalities of the Lab of Tomavreystem. (ii) Lesson type B: Lesson with
simple experiments, in which students performedegrments with the Lab of Tomorrow
system initiated by the teacher, based on the sosndeveloped by the research team. (iii)
Lesson type C: Lesson with complex experimentsyhich students performed experiments
with the Lab of Tomorrow system initiated by thefrhe first phase of implementation
included lessons of type A and B, while the seqoimalse of implementation included lessons

of type B and type C.

3. Results and Discussion

3.1 Data Analysis from the TIMSS questionnaires

TIMSS used item response theory (IRT) methods tonsarize the achievement of each
grade on a scale with a mean of 500 and standasidtid® of 100. The TIMSS science
scales for the fourth and eighth grades were éskedal based on the 1995 assessments, and
the methodology enables comparable trend meastoesdssessment to assessment within
each grade. It should be noted that, while theesctdr the fourth and eighth grades are
expressed in the same numerical units, they ardireattly comparable in terms of comparing
the achievement or learning at one grade to thahefother. That is, achievement on the
TIMSS scales cannot be described in absolute téikesall such scales developed using IRT
technology). Comparisons can only be made in tesmeelative performance (higher or

lower), for example, among countries and populatjayups as well as between assessments.
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Table 3 presents the mean average values of théegireand post-test along with the

differences and standard deviations per countripétin science and mathematics results.

Table 3: The mean average values of the TIMSSqsts-ind post-tests.

Science Results

Country Type
Greece Treatment
Germany Treatment
Austria Treatment
Italy Treatment

Mathematics Results

Country Type
Greece Treatment
Germany Treatment
Austria Treatment
Italy Treatment

102

108

98

89

102

108

98

89

Pre-Test (SD) N

585 (44) 102
576 (42) 108
592 (35) 98
580 (46) 89

Pre-Test (SD) N

590 (41) 102
609 (38) 108
586 (51) 08
582 (56) 89

Post-Test = Difference
(SD)
621 (33) 36
625 (40) 49
628 (32) 36
610 (42) 30
Post-Test = Difference
(SD)
632 (33) 42
635 (32) 36
612 (42) 26
610 (52) 28

The data demonstrate that in all cases a subdtanteease occurred in the students’

performance in both science and mathematics. Dama the participating schools in Greece

and in Germany showed an increased impact of the dfaTomorrow intervention on

students’ achievement in comparison with the datanf Austria and Italy. [consider

commenting on the markedly higher SDs in the cdiskustria and Italy]The fact is that the

implementation in Greece and in Germany was redliBeteachers quite experienced in the

methodology, as they have been working with theesys for a long period. In all cases the



71

teachers also had long experience in using advateethological applications in their

classrooms.

3.2 Video Analysis

The findings from the quantitative study are vemsllvgupported by the analysis of the video
results. Our study examined classroom teachingtipesc through in-depth analysis of
videotapes of eighth-grade lessons in mathematidssaience. The study provides a rich
descriptions of mathematics and science teachinigj\eas actually experienced by eighth-
grade students in the participating countries. e @resenting a comparative analysis
between the Lab of Tomorrow approach and InquirgeBamodels that are proposed in the
framework of current reform efforts in many couesriin Europe (Rocard, 2007, Osborn,
2008). The videos of the lessons were classifitul timree different categories, according to

the different phases of the classroom implementgtiesson type A, B and C).

For the purpose of the analysis of the recordesblesa set of main lesson sub-activities were
identified and agreed by the evaluation team, andl@o workshop was held to permit the
video analysis process to be conducted locallyhéncourse of the workshop coders from the
participating countries were trained systematicatiythe use of the category system and
subsequently coded the videos from their respectiumtries. As the detailed description of
the category system for the description of thedessub-activities for the video analysis is
presented in Sotiriou et al. (2004), only a rougkrgiew will be provided here: Concerning
the analysis of the actual lesson implementatiog, teaching methods used, a set of
categories regarding the superficial charactessticlessons (Category Set A) was compiled
from the extensive category system developed byeRey al. (2004) for the analysis of
apparent and deep structure of lessons. To obtlormiation about the ICT related activities
of students, a set of categories regarding compusgerand learning physics was developed
(Category Set B). For the analysis concerning etlutal aims and content-related actions
two more category sets were created based on thie afdReyer et al. (2004): Categories
regarding learning physics and modelling (Categ&st C) and categories regarding

application and transfer of the acquired knowlefgategory Set D). The video documented
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lessons were split into coding intervals of 20 sglso Each interval was coded using the
category sets outlined above. The analysis of iieovdocumented lessons according to these

category sets are described in the following paigs.

Students Time on Task

One of the main issues explored in the frameworkhef video analysis was the students’
involvement in the proposed activities. Scienceldedth the study of nature and the world
around us, so teaching science cannot be sepdrateddaily experiences resulting from

student’s interaction with the physical phenomdrtee connection between tangible physical
phenomena and scientific problems provides studertis the ability to apply science

everywhere, not only in specially designed expeni®iainder the laboratory’s controlled

conditions.

Figure 4: The profile of the lessons distributedhe different students’ tasks for the three
different types of lessons. The graph presentgaifgiant decrease in teacher instruction
along with a significant increase of the studemsgblvement as we move from lessons type

A to lessons type C.

Teachers’ Action

To retrieve information about the actual teachirghods in use, the video data were coded
into categories in order to validate the implemeoraof the proposed approach in real
situations. Figure 5 presents the profile of thdewid lessons. As the Lab of Tomorrow
system is introduced in the classroom and bothesiisdand teachers are getting familiarized
with the approach, average “Lecturing” time decesaqfrom 35% to 10%) while
“Discussion/ Dialogue” and “Testing/Inquiry” timendreased, as is expected in a learner

centred approach.

Figure 5: The profile of the lessons assigned éodifferent teachers’ activities for the three

different types of lessons. The graph presents gaifgiant decrease in the teacher’s
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presentation time, along with a significant inceeasthe students’ involvement as we move

from lessons type A to lessons type C.

3.3 Introducing Inquiry Based Science approacheshm classroom using the Lab of

Tomorrow system

Inquiry based learning has been officially promoteda pedagogy for improving science
learning in many countries (Rocard et al., 200He key features of teaching science by

inquiry are the following:

. Learner engages in scientifically oriented quesi

. Learner gives priority to evidence in respondimgjuestions.
. Learner formulates explanations from evidence.

. Learner connects explanations to scientific krealgke.

. Learner communicates and justifies explanations.

Inquiry can be defined as "the intentional proce$sdiagnosing problems, critiquing

experiments, and distinguishing alternatives, plagnimvestigations, researching conjectures,
searching for information, constructing models, ali#ty with peers, and forming coherent
arguments" (Linn, Davis, & Bell, 2004). Our study this stage was based on the
characterization of the video documentation to gieghe exact profile of the lesson and
demonstrate [do you mean “examine”, or “examineetfiects of”? Unclear]the appearance of
the specific features of inquiry in the frameworktloe Lab of Tomorrow lessons. Figure 6
presents the sequence of appearance of the maimeeaf inquiry in the lessons of type B
and C. About 200 lesson hours of video capture® werlyzed to produce this graph, that
demonstrates that the key features of inquiry aesgnted with a frequency of about 90% in

lessons of type C where the Lab of Tomorrow systeeffectively used in the classroom.

Figure 6: The profile of the lessons assigned toetbeential features of inquiry for
lessons of type B and C. The graph presents thathallessential features are
presented frequently in the proposed Lab of Tomotessons (Type C).
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4. Conclusions

The Lab of Tomorrow approach brings into the classr activities that are based on real-
world problems and involves students in findingirteevn problems, testing ideas, receiving
feedback, and working collaboratively with othaxdsnts or practitioners beyond the school
classroom; provides tools and scaffolds that erdéaerning; supports thinking and problem
solving, model activities and guide practice; repras data in different ways, and is part of a
coherent and systemic educational approach. A ssesfe lessons were designed and
implemented in real school environments. Theseiéie8 were fully in line with the science
curricula of the participating classrooms as well they were linked with the students’
everyday activities. When the teachers and theestsdvere familiarized with the approach,
they were asked to design and develop their owrmeraxents using the Lab of Tomorrow
system and use different activities as a mean pémxentation. In the present study, our
results from different classrooms in different coigs been involved in the Lab of Tomorrow
activities during a whole school year demonstrage there is significant improvement in the
learning outcomes in both, physics and mathematicKlitionally the outcomes of the
extended lesson video capturing also demonstratetite Lab of Tomorrow system offers a
great opportunity to teachers to adopt inquiry Hasethods in their lessons, methods that
have proved their efficacy in increasing studemtrest and attainments level while at the
same time stimulating teacher motivation. Through analysis of 200 lesson hours we
mapped the science lessons’ profile with the usehef Lab of Tomorrow system and
demonstrated that a) it supports a reversal ohseienstruction from mainly deductive to
inquiry based approach, b) the lessons using thesyinclude all the essential features of
inquiry and c) the use of the system effectivelfrdduces teachers to the adaptation of
inquiry based methods that simulate scientific mdthogy in the school classroom or

laboratory.
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An innovative approach (which we labeled CONNECT) presents a pedagogical and technological mode cross-
cutting the boundaries between schools and science centers as well as involving both students and teachers as
playful learners. Learning pathways are offered to facilitate in situ learning by implementing an innovative educa-
tional environment provided by an augmenting technology mode (AR). This paper describes the educational and
technical pathway setting and its implementation at a selected museum site as well as its relevant evaluation
figures. The specific theme maintains the issue of a typical physics school content (of friction). Participation in
the proposed activities positively influences students’ intrinsic motivation as well as cognitive learning. Combin-
ing school science with students’ activities in a science museum, as well as introducing advanced visualizations
to a physical phenomenon, seems to make a substantial difference.

1. INTRODUCTION

Collaboration between schools and the informal learning sector is
increasingly required when lifelong learning is emphasized. The
value and utility of digital resources increasingly is discussed
as contributing to an access to and a sharing with advanced
tools, services, and learning resources by offering unique infor-
mal learning opportunities through the demonstration of a new
method of interaction between visitor and exhibition.! lasting
recent years, digital media have increasingly entered the science
education field with the promise of adding substantial value.>?
Traditional media such as illustrated charts and audio guides
together with interactive exhibits may take cognitive knowledge
transfer to a new level of experience. Novel possibilities for the
audience to experience conventional knowledge in an attractive
way are arising out of this fusion. Therefore, the old-fashioned
but still innovative vision of ‘Museums of the Future’ focusing
on simple facts rather than on artifacts seems to come closer
to reality.* Traditional science museums, with permanent col-
lections, displayed in a historical context and thematic exhi-
bitions, and new educational, interactive ‘science centers’ are
encouraging a more diverse range of people to explore the vari-
ous fields of scientific knowledge and their applications. Muse-
ums play an important role in facilitating lifelong learning, in
terms of creative, cultural, and intercultural activity beyond any
merely vocational aspects.!*> Lifelong learning, museums, and
digital technologies share many of the same attributes, with the

*Author to whom correspondence should be addressed.
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emphasis on learning from objects (rather than about objects) and
on strategies from discovering information (rather than the infor-
mation itself). The number of virtual visitors to many museums’
websites had already overtaken the number of physical visitors
on-site. These developments, both within the walls of an institu-
tion and outside, provide a number of challenges for educators
and curators, at the heart of which lie the following questions:
What is distinctive about learning in science museums and sci-
ence centers? How might this specific change or evolve through
the increasing use of digital technologies? These questions go to
the heart of significant debates in this sector—how does learn-
ing in museums differ from or complement learning in schools?
How can museums fulfill their potential to support lifelong learn-
ing? Should effort and money be spent primarily on the visitors
who will enter into the institution or those who will virtually
explore the site through the web? What is the role of objects
in the process of learning with digital technologies? How does
the relationship between museum educator and learner change as
technologies are developed?

Augmented reality (AR) is about to join these developments.
AR is characterized to simultaneously twin both virtual reality
(VR) and real-world elements,® which makes it possible to com-
bine real objects with virtual ones and to place information into
real surroundings. Especially the possibility of AR to achieve
convergence of education and entertainment is becoming more
and more challenging as the technology is optimized and expands
to other areas. Natural or historical events and characters, or
to name a field outside of the strict science education recon-
structed archaeological sites, could be simulated and augmented

doi:10.1166/as1.2008.012 1
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to the real world. AR is a booming technology attracting more
and more attention from HCI (human computer interaction)
researchers and designers. This allows the creation of meaningful
educational experiences. As these experiences are grounded in a
substantive subject area of knowledge, focusing on the intellec-
tual and emotional development of the viewer, these AR learn-
ing environments possess both educational and entertainment
value.

The CONNECT approach could provide a framework for a
closer and more effective collaboration between science centers
and schools. Our detailed approach has the science education
school classroom as the point of reference. It is not aiming to
bring the science center to school but to connect the different
educational environments, keeping alive their strengths. In this
framework the central research question of our study was the fol-
lowing: Under what conditions, if any, does the AR technology
add value to science learning within the context of a school—
museum program? In other words, under what conditions will an
augmented field trip experience be better than a similar field trip
experience without the advanced technology linking classrooms
and science centers? To answer this question, we compared stu-
dents who engaged with the AR versus students who did not, at
each interactive exhibit. Experimental and comparison groups of
students were studied. Students from both groups were exposed
to previsit, visit, and postvisit activities, focusing on the par-
ticular interactive science exhibit. The only difference between
these groups was that the experimental group used the AR, while
the comparison groups did not. A variety of student outcomes
were measured for both groups (using relevant quantitative and
qualitative measures): student cognitive knowledge (specific site-
specific knowledge tests) and student intrinsic motivation.

2. DESIGN AND PROCEDURES

2.1. Pedagogical Considerations

Amending the traditional scientific methodology for experi-
mentation with selected visualization applications and specific
model building tools will help a learner, in general, to articulate
her/his mental models, make better predictions and reflect more
effectively.” In addition, working to reconcile the gaps and incon-
sistencies within their mental models, system models, predictions
and results will provide the learners with a powerful, explicit rep-
resentation of their misconceptions and a means to repair them.
Everyday experience suggests that students are eager to learn in
informal settings such as outreach excursions to museums and
science centers.’ This positive attitude is believed to have two
main roots: the freedom of leaving the framed formal setting of
a conventional classroom and the students’ positive motivation
towards informal learning beyond the school to a real life set-
ting where contextual knowledge 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 enquiry and inventive exploration.
Our aim is to demonstrate an innovative approach that cross-
cuts 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
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virtual venue. Our work aimed to develop, test and evaluate learn-
ing schemes to be implemented in ambient, always available edu-
cational environments developed upon emerging technology in
order to facilitate in sifu learning, by maximizing the impact of
information that is provided when the motivation of the student
is highest.

While there is good reason to believe that informal learning
experiences can enrich school science lessons relatively mod-
estly, these experiences have been shown to add substantial value
if specific conditions are provided, such as a sufficient integra-
tion into a school curriculum.® Supplementary research in science
education should focus on how to effectively blend informal and
formal learning experiences in order to significantly enhance the
actual learning of science.!® The CONNECT project bordered
exactly on this area, by studying the twinning of school sci-
ence education with science museum settings when acting as a
catalyst for the professional development and enhancement of
science teachers. It may substantially provide a framework for
taking responsibility to ‘bridge the gap’ between science learn-
ing in science museums and in the school, through the use of
CONNECT’s technology and its ‘connection’ approach. Further-
more, the science teacher is an active member of the design team
and plays a crucial role by using state-of-the-art technologies
for science teaching. Also, the teacher is supported in the ven-
ture to create links with other schools and other science muse-
ums that are nearby or far away and hard to access. In addition,
the CONNECT technology and approach (a) may help teach-
ers to evolve from more traditional to more innovative teach-
ing methods, (b) may use real-time visualizations to ‘make the
invisible visible’ regarding the scientific phenomena which take
place in interactive science exhibits, and (c) may ‘bridge the gap’
between the pedagogical and organizational frameworks of infor-
mal (museum) and formal (school) learning environments.

2.2. CONNECT Technology

In the framework of the CONNECT project, a personalized
museum-wearable system along with a long series of informal
educational scenarios was developed and simultaneously imple-
mented, tested, and evaluated in science centers in selected
museum sites all over Europe. The potential of such a system
was shown by demonstrating that unique experiences to the visi-
tors are offered, while at the same time the repertoire of learning
opportunities is enriched and the blending introduced is help-
ing to meet the challenge of ‘science for all, i.e., providing
science education opportunities tailored to diverse and hetero-
geneous populations of citizens. These populations vary both in
their interest in learning science and in their abilities to learn
science. In parallel, it supports the provision of key skills to
the future citizens and scientists (collaborative work, creativity,
adaptability, and intercultural communication).

The innovative system, in extended episodes of playful learn-
ing, allowed a reasonable chance to learn and, upon informal
education, to transcend from traditional museum visits to a ‘feel
and interact’ user experience, allowing for learning ‘anytime,
anywhere,” open to societal changes and at the same time
feeling culturally conscious (see also Fig. 1). These pedagog-
ical concepts and learning practices address the implementa-
tion of a set of demonstrators (learning scenarios), employing
advanced and highly interactive visualization technologies and
also personalized ubiquitous learning paradigms in order to
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Fig. 1. System offers unique opportunities to a science museum and a sci-
ence center visitor. A series of augmentations of physical phenomena, pic-
tures, video, and text presents selected optical views, for instance, explaining
the physical laws and phenomena under investigation.

enhance the effectiveness and quality of the learning process. In
this way, the proposed service demonstrates the potential of the
AR technology to cover the emerging need for continuous update,
innovation, and development of new exhibitions, new educational
materials, new programs, and methods in the approach to visitors.

The CONNECT project may take advantage of the fact that
students enjoy visits to museums tremendously and that a result-
ing increased interest and enjoyment of science activities may
constitute extremely valuable learning outcomes that actually
may persist over time. The role of technology in bridging the still
existing gap between formal and informal learning environments
could be summarized in delivering scientific visualization and
multimedia systems in the areas of virtual reality (VR) and AR.
The possibility of AR and VR to achieve convergence of educa-
tion and entertainment is becoming more and more challenging
as the technology is continuously optimized and expanded to
a wide area of applications. The CONNECT project may push
the current boundaries further by providing a platform that inte-
grates contextual information into classroom settings, employing
advanced, highly interactive visualization technologies, embed-
ded systems, and wearable computing. It has introduced new
activities and personalized learning paradigms that fluidly link
the use of, for instance, physical materials with digital technol-
ogy in creative inquiry and inventive exploration.

The CONNECT project has developed an active learning envi-
ronment, the virtual science thematic park (VSTP), functioning
in two distinct and equally important modes from a pedagogical
point of view: the museum mode and the school mode (Fig. 2).
The VSTP allows for ubiquitous access to educational and scien-
tific resources and incorporates all the innovative use of technol-
ogy for educational purposes. The VSTP serves as a distributor
of information, giving access to large databases, an organizer
of suitable didactical activities such as conventional or virtual
exhibit visits and/or participation to live scientific experiments,
and interconnects all the members of the network, allowing for
ubiquitous access to educational and scientific resources to stu-
dents, teachers, and independent users.

The partnership is able to provide students with a variety
of learning methods that incorporate experimental, theoretical,
and multidisciplinary skills that will eventually enable them to
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Fig. 2. CONNECT science thematic park. The CONNECT experience
could be realized by adding to the visitor’s view a series of augmentations,
advanced or simple. The advanced augmentations (e.g., forces, fields, micro-
scopic view of the matter) are created by the museum team. Through an
authoring tool the museum educator or the teacher can upload additional
simple content in order to create more personalized scenarios.

become independent learners. The developed educational scenar-
ios include field trips (virtual and conventional visits to science
museums) that are tangential to the curriculum, pre- and postvisit
curricular activities (including the use of internet resources),
‘minds-on’ experiments, and models of different kinds in every-
day coursework heavily involving ‘real’ remotely controlled
experiments in the ‘student-friendly’ and engaging environment
of a thematic park or a museum.

The VSTP is able to provide single user and multiuser (for
groups as large as a school classroom) support and includes two
major components: (a) the mobile AR system which the visitor
will wear during his/her real visit to a museum/science park and
(b) the CONNECT platform which will facilitate the virtual visits
of a remote classroom/visitor to a museum/science park (Fig. 3).

The mobile AR system is designed to provide 3D graph-
ics superimposed on the user’s field of vision together with
other multimedia information, thus allowing ‘extending’ 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, molec-
ular movements, etc.). Furthermore, it allows remote classes to
observe, either on-line or off-line, the activities during the visit
to the science museum/park (see Fig. 4). The mobile AR system
consists of several hardware devices. These include a wearable
processing unit (heart of the system), personal display units (opti-
cal see-through glasses) to project/embed virtual 3D objects onto
the real exhibit environment, tracking sensors to determine the
visitors’ exact location and orientation (six degrees of freedom),
video cameras for recording the students’ learning activities and
the exhibit augmentation, human interface devices (microphone
and headphones for real-time interaction with the exhibit and the
remote classroom), and the transmission module to the main-
frame computer in order to stream the augmented view to the
CONNECT platform.

Furthermore, the mobile AR system is supported by a mul-
tiplicity of software tools, such as recognition (tracing and
identification) of individuals, groups and objects, a user friendly
audiovisual interface to allow interaction with virtual objects and
to interpret the learning scenario descriptions, natural language
and speech interfaces for audio communication, reflexive learning
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Fig. 3. General architecture of the CONNECT system.

systems (adaptable and customizable) for reviewing experiences,
content design facilities, simulation, and visualization aids.

2.3. CONNECT Platform

The purpose of the CONNECT platform is to provide

(i) teachers with tools in order to facilitate students’ learn-
ing through managing third-party objects, thus making relevant
instructional materials accessible in order to enhance the museum
exhibits. As such, the platform is a content management system,
(i) students with a web site which will support innovative learn-
ing using the AR system,

(iii) the AR system with a structured file containing objects and
applications to be displayed during the real visit to the museum,

e \MUSEUM MODE

Fig. 4. Two modes of operation of the CONNECT system. The system sup-
ports both on-site learning and on-line learning, giving access to a variety
of resources and collections even to communities well beyond the walls of
the science museum, who for geographical, social, or historical reasons will
never enter the hallowed halls.

4

(iv) schools with the means to communicate and to observe
museum visits, either real-time or recorded, and

(v) museums and science centers with the means to manage their
exhibit augmentations.

The CONNECT platform thus composed of several compo-
nents includes specialized and generalized web services, brows-
ing and content creation tools, and a multimedia knowledge
database. The role of a content creator is to provide educational
presentations (scenarios) of the pathways that different students
can follow. These presentations can be thought of as interactive
films where the part of the film that is presented to the student
depends on where the student is located and on what their inter-
actions with the system are. In order to facilitate the content
creator in entering, editing, or assembling and dissembling new
media objects into meaningful presentations, knowledge manage-
ment tools enable a knowledge database to be built and managed,
which provides for persistency, coherence, and data integrity.
Archiving, cataloguing, and indexing tools are employed for the
creation of the knowledge repository contents. The CONNECT
platform maps the design artifacts into code in an object-oriented
language, supporting the mobile’s AR system specifications and
functionalities. The standards and the information that the mobile
AR system uses to transact with the CONNECT platform specify
the types of ‘data objects’ which will be stored in the database.
These ‘objects’ provide the communication and interaction of
the CONNECT platform with the users of the mobile AR sys-
tem. Furthermore, the developed system guarantees the required
efficiency in terms of access speed (for real-time scheduling of
the application processes) and available bandwidth (for real-time
video—audio communication between the AR user and the remote
classroom).

2.4. Implementing CONNECT

Besides other implementations, the CONNECT approach and
technology has been used in different phases of work for
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AirTrack

Fig. 5. Visualizing the invisible: example of visual augmentation (see both inserts).

evaluation purposes (technological and pedagogical), so that
teachers, students, and museum educators receive direction about
the project and its technological and pedagogical results. In the
framework of this paper, we focus on the specific activities with
the AirTrack. The CONNECT approach included three main sets
of activities for the participating teachers and students.

Pre-visit phase: The teacher presented to the students the phys-
ical phenomenon issue under study. This was seen as an impor-
tant piece of implementation, since any cognitive achievement
builds better upon prepared minds.

Visit phase: The teacher demonstrated the phenomenon
through the use of AR. Students interacted with the exhibit by
conducting the selected experiments, e.g., the effect of airflow on
the moving object (see Fig. 5).

Post-visit phase: Back in the classroom, the teacher and stu-
dents discussed and analyzed their experiences in depth and the
teacher carried out the lesson according to the curriculum plan.
The actual exhibit demonstrated that friction is present when two
surfaces are in contact, thus realizing a common occurrence in
our everyday lives. For example, it allows us to walk or run and
is necessary for the motion of wheeled vehicles. Experimentally,
we can find friction as being proportional to normal force. It
takes a greater force to start an object moving than it does to
keep it going once it has started sliding. Therefore, static friction
is greater than kinetic friction. The concept of friction is a com-
pulsory national curriculum topic in science education in most
countries. The exhibit can also be further incorporated into a
broader thematic area of learning about forces, such as Newton’s
laws, elastic/inelastic collisions, or mechanical oscillations. 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 to reduce
friction and thus facilitate the cart’s motion. Carts of different
weight are available. By experimenting with this exhibit, students
learn about the laws of motion, investigate the nature of frictional
forces, and can deduce the law of friction. The AirTrack is a
regular exhibit of a science and technology museum.

Two groups of students participated in the implementation: in
the experimental group, classes interacted with a visually aug-
mented exhibit, and in the comparison group, classes interacted
with the same exhibit but without any advanced visualizations.
Both groups used the same learning scenario, demonstrating bal-
anced and unbalanced forces on an object combined with the
effect of airflow on friction. The research questions in our survey

focused on the extent that the CONNECT technology adds value
to the science museum visit experience. Altogether, 119 stu-
dents (15-16 years old) from conventional schools participated
in the implementation. The concept of friction was the main
theme of the implementation. Teachers were familiarized with
the CONNECT platform before the museum visit; they were
also aware of the approach of developing pathways for their stu-
dents. All students were questioned twice, with the same item
set. However, they never were aware of any monitoring schedules
in advance in order to avoid any specific preparation or hidden
learning effects.!!

The concept under study (friction) is part of the school curricu-
lum of the participating students. Before the actual implementa-
tion phase at the exhibit, an introductory lesson in the classroom
provided the teaching about the laws of friction and the concept
of friction. Usually, the class work began with a question given to
the students that required an individual answer in their notebook
before discussing this issue with their peers. After the group dis-
cussion, the students had to agree to a common group response
and to prepare a class presentation for general discussion. Class
discussions were common and all students could participate. Stu-
dents asked questions to a group representative or made com-
ments in order to clarify or challenge the answer proposed by
his/her group. The discussions focused on an answer to the initial
question accepted by all. However, often there were unresolved
disagreements among peers and, thus, an experiment to provide
an objective answer to the problem being investigated. Students’
prior knowledge and their particular difficulties in understand-
ing the different concepts and explanations of phenomena guided
both the selection of the content and the instructional interven-
tions. We have argued that students operate on the principle of a
naive theory of physics constructed on the basis of their every-
day experience and acting as a constraint in the acquisition of
scientific knowledge. In the case of phenomena of mechanics,
recent research unveiled high school students’ beliefs about force
as an acquired property of inanimate objects when explaining
movements.'>"!5 According to this acquired force model, also
known as the impetus misconception in the literature, force is the
agent that causes an inanimate object to move. The object stops
when this ‘acquired force’ dissipates in the environment. These
characteristics of force very often make students conflate force
with energy, and this makes it difficult for them to understand
the scientific explanation of motion. Some common misconcep-
tions about friction are the following: Friction cannot act in the
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direction of motion. Friction always hinders motion, therefore,
a reduction of friction is always desired. Friction always con-
verts mechanical energy to thermal. A force applied, by, say, a
hand, acts on an object even after the object leaves the hand. The
force of gravity or weight is what keeps things stationary or what
decelerates moving objects. We can have friction even if objects
are not in contact.

In order to help students construct the scientific representation
of the concept of friction force, the ‘friction model’ was intro-
duced in class before the visit. This model was introduced after
the students had already experienced how the hardness of differ-
ent surfaces affects the motion of the objects that slide on them.
At this point the teacher asked the students to explain the fact that
even the polished smooth surface of the top of a table hinders the
motion of the objects moving on it. Then, the teacher presented
to them slides with photographs of glass surfaces magnified by an
electronic microscope as a proof that even the smoothest surface
has anomalies that cause the appearance of friction forces. After
a short discussion at class level about how these anomalies of the
surfaces can hinder the motion of objects, the teacher presented
to the students the ‘friction model.” A situation of cognitive con-
flict was used in certain situations to make the students realize
that their explanatory framework could not explain some empiri-
cal results. The teacher challenged students’ beliefs that in order
to make an object slide on the ground a force must be exerted on
the object that is greater than its weight. In this model, weight
is considered as an inborn asset of an object and not as an inter-
action between the earth and the object. Students were asked to
test their predictions using different objects and dynamometers
to compare the weight of the objects and the magnitude of the
force that makes the objects slide on different surfaces. Students
were surprised to see that the forces exerted were always smaller
than the weight of the objects. This created a strong motivation
for them to seek the scientific answer. Through carefully selected
activities the students realized that the motion of the object is
affected by the hardness of the surface on which the object slides,
and thus they approached the concept of friction force.

3. RESULTS AND DISCUSSION

In the cognitive knowledge test (see Fig. 6) students in the exper-
imental group significantly outperformed students in the com-
parison group. Specifically, the AR visualizations were shown to
help students in the experimental group to correct some common
misconceptions. There are several studies that refer to students’
alternative ideas about the concept of friction.!®!” The data from
all surveys demonstrate that the majority of students believe that
“friction does not occur if there is no movement between sur-
faces’ and that ‘friction is a constant force.” The current survey
verifies these results (Fig. 7). Of the students who participated in
the CONNECT survey, 73% selected the graph on the left as the
correct answer to question 2 in the pretest, as they believed that
there is no friction as there in no motion. Their ideas changed
dramatically after the AR demonstration. Of the students who
participated in the experimental group, 91% correctly answered
the same question in the posttest. In addition, it can be seen that
the deviations from the average score were minimized after the
experience of the AR-enriched field trip due to the fact that the
innovative character of the technology, as well as the visualiza-
tion techniques used, have increased the students’ interest and
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Fig. 6. Knowledge achievement in the experimental and comparison group.
Students in the experimental group significantly outperformed students in the
comparison group.

motivation to focus on the phenomena under investigation. This
result could be combined with the motivation measurements pre-
sented in Figure 8.

Motivation was measured by using the intrinsic motivation
inventory.?®-2! This established questionnaire battery targeted the
learning activity directly and, hence, was administered shortly
after the students’ museum visit. The selected subscales are
enjoyment/interest (7 items), competence (7 items), and effort
(5 items). To ensure reliability of the translated questionnaires,
reliability tests have been conducted and a rigid translation pro-
cedure has been followed. Regarding motivation, students in the
experimental group showed significantly higher scores for inter-
est and enjoyment; they also gave the AR-enhanced exhibit a
higher value on usefulness and value than the comparison stu-
dents (see Fig. 8). In particular, after an interaction with the AR
approach, the experimental group found the augmented exhibit
to be more important, more essential, and more encouraging of
student teamwork than the comparison group. Hence, we may
tentatively argue that, based on these data, the students feel that
the technology adds a dimension of importance and seriousness
to the exhibit and to the science center visit. It is also very impor-
tant to state that the students seemed to recognize the intercon-
nections between the issues discussed and presented during the
field trip and the relevant issues of their normal lesson.

The subscale of Effort/Importance did not differ between the
two groups. The students appeared to recognize the importance
of the proposed educational activities (both with and without
the use of technology), while the fact that the students in the
experimental group did not consider that extra effort is needed
to work with the AR system possibly demonstrates that it is
a rather user-friendly tool. It is also interesting to note that
twice as many students in the experimental group asked ques-
tions than in the comparison group and over 30% of these stu-
dents asked advanced questions (e.g., “Would the glider move
and stop, if we turn on and off the airflow?’). The students were
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2. Pull the object horizontally by means of a string. The object remains immobile. Which
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4. Which of the following drawings shows the correct forces acting on the object when it is

accelerating to the right?
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5. An object was at rest. We increased the pulling force until the object starts to move. Which
of the following diagrams represents the friction against the pulling force?
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Fig. 7. Of the students who participated in the CONNECT survey, 73% selected the graph on the left as the correct answer to question 2 in the pre-test as
they believed that there is no friction as there in no motion. Their ideas changed dramatically after the AR demonstration. Of the students who participated in
the experimental group, 91% correctly answered the same question in the posttest. In addition, the results from questions 4 and 5 demonstrate that the initial
belief that friction is a constant force changed dramatically after the AR demonstration.

particularly intrigued with the ‘dynamic visual graphics’ of the
AR technology. The teachers were also very positive about the
AR technology.

A similar study based on the same AR technology, recently
presented by Sturm and Bogner,? investigated the effect of an
augmented reality approach on an aerofoil exhibit using the
same measurement instrument approach. Multiple choice tests
implemented a week before and immediately after experiment-
ing with the aerofoil exhibit monitored the learning outcome of
the students: Surprisingly, only the hands-on group with no AR-
appliance added significantly new knowledge but the experimen-
tal group using the AR-technique did not. However, the students
in the experimental group reported an overall higher motivation
than the comparison group. The authors explained their results
in terms of the cognitive load theory, which is, a consistent
overloading the involved students prevented any learning. Edu-
cational implications drawn out of this study clearly highlighted
the implementation of the new technology in science education
but cautioned the risks especially when low achieving students
are involved.

The fundamental question that arises from these results is:
Under what conditions did AR technology make a difference?
In discussing this question, based on the evaluation findings

reported above, we can conclude that these conditions are con-
nected to four related domains:

(i) the AR technology, graphics and scenarios,

(ii) curriculum integration,

(iii) the teacher’s role and perspective, and

(iv) the students’ experience of the AR.

Our findings suggest that the CONNECT approach, which
focuses on the use of AR technology during a science center—
school program, provides added value to science learning. We
believe that our findings allow the presumption that this value-
added contribution of the CONNECT approach derives from
two central factors: (a) increased student experimentation and
(b) increased student interest. In other words, we argue that,
under the conditions identified and described above, the AR tech-
nology can function to provide a stronger context for student
investigations and for the development of student interest than
the traditional field trip. We suggest that the AR-related features
that are responsible for these differences include the opportu-
nity for students to make more precise measurements, a deeper
personal experience with the scientific phenomenon (as a result
of increased experimentation), and AR graphic visualizations of
the unseen but vital factors. Our data support the argument that

7
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Fig. 8. Regarding motivation, students in the experimental group showed
significantly higher scores for interest and enjoyment; they also gave
the AR-enhanced exhibit a higher value on usefulness and value than
the comparison students. The subscale of effort/importance did not differ
between the two groups, demonstrating the user friendliness of the proposed
approach.

learning involves (a) student knowledge gain, (b) increased stu-
dent motivation and attitudes, and (c) improved student investi-
gation skills. These three aspects were mentioned as the three
basic ‘goals of learning’ by the participating science teachers
and they also represent the ‘criteria of success’ for success-
ful science center—school partnerships. In the framework of the
study, the schools were able to devote more time to the first goal
(knowledge gain). Owing to the authentic context of the exhibits
and AR technology, the science center experience contributed a
great deal to the achievement of the third goal (increased moti-
vation and positive attitudes). In addition, by focusing on the
achievement of the second goal (student investigation skills),
via the AR-mediated visualizations and measurements, the pro-
posed approach helped to provide a ‘common agenda’ for the
student work in the two contexts. Combining school science
with students’ activities in a science center, as well as introduc-
ing advanced visualizations to a physical phenomenon, appears
to make a difference. Students have the chance to relate their
actions on the exhibit to the changes of forces applied on the
cart. As they manipulate the cart, the representations of forces are
updated accordingly to support their understanding and scaffold
their thinking. Therefore, visualizing the applied forces provides
students with links between real-life exploration of the AirTrack
exhibit and abstract representations of the physical phenomena it
presents.

4. OUTLOOK

By making the invisible visible, the CONNECT intervention
helped students to face contradictions between their own beliefs
and their science textbooks. Informal education remains an
indispensable extension of school activities, which undoubtedly
helps to advance a student’s sparkling coefficient. Students may
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transcend traditional classroom-based teaching to a ‘feel and
interact’ student experience that allows for learning ‘anytime,
anywhere.” Furthermore, through the CONNECT experience, the
teacher is creating links between the students’ own experiences
and the learning content; they add value to the conventional
field trips through the previsit and postvisit activities held in
the classroom. In more detail, the teacher has a specific role to
play in this ‘bridging the formal with the informal’: they are
the decision maker in what type of advanced visualization is to
be presented when and where in the student’s view, through the
teacher’s authoring tool (CVD). Such a decision can be based on
the library that exists in the authoring tool or in additional types
of simple content (e.g., texts, photos, videos, audios) that can
be uploaded by the teacher. In such a way, the teacher becomes
an active designer of a state-of-the-art learning environment that
they can shape according to their own and their class’s needs.
Furthermore, such decisions make them a valuable contributor to
the shaping of the student’s experiences: they not only rely on
information provided fo them but rely on information provided
by themselves. Therefore, the teacher can put effort into tailoring
the environment to their lesson and satisfy students’ curiosity for
understanding the world around them.
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ABSTRACT

This chapter presents an implementation of augmentedreality (AR) technology in science education, While this

technology up to now mainly was used by very special users such as the military and high-tech companies it
gradually converts intowider educational use. Specific research programmes such as CONNECTand EXPLOAR
applied this technology with a specific focus on selected learning scenarios by a close co-operation of formal
education and informal learning. Empirical effects related to intrinsic motivation and cognitive learning of
students (n: 308) were encouraging. The implementation of augmented reality in the context of the “Hot Air
Balloon” exhibit at Heureka science centre in Finland wnveiled encouraging results. While the high achiev-
ers again did best in the post-knowledge test, low achievers again were clearly catching up with the others.

The difference to between the treatment and the control group was clear. It seems like that visualising a very
theoretical scientific phenomenon increased the individual understanding substantially especially for those

students who otherwise had severe difficulties. This is an essential result which needs Surther analysis. The

“new educational model & paradigms " was monitored for 182 teachers. The main focus, however; pointed to
afeed-back of in-service teachers and teacher students since they act as key players in the use and acceptance
of any new educational technology or curriculum renewal. The main objectives were as follows: (i) From a
teacher-controlled learning towards a pupil-orientated learning; (ii) connecting of ICT-AR with and between
existing learning environments; and (iii) changes in roles and responsibilities of students and teachers.
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INTRODUCTION

Museums of the past sought artifacts, museums
of the future will show facts

Otto Neurath
Museums of the future
Survey Graphic, 1933

Schools and the informal learning sector increas-
ingly collaborate and provide an increasing value
for lifelong learning combined as well as they
contribute to the debate over values and utilities
of digital resources. This debate includes an ac-
cess to and a sharing of advanced tools, services
and learning resources, whether it offers unique
informal learning opportunities to visitors of
science museums and science centers through
its demonstration of a new method of interaction
between a visitor and an exhibition. Over the last
years digital media has increasingly entered the
field of museums and science centers. Traditional
media such as illustrated charts and audio guides
together with interactive exhibits take the knowl-
edge transfer to a complete new level of experi-
ence. The “Museums of the Future” of Neurath &
Cohen (1973) focusing on facts rather on artifacts
seems to come very close to this view. In their
different ways, traditional science museums - with
permanent collections, displayed in a historical
context, and thematic exhibitions - and educa-
tional, interactive “science centres” are encourag-
ing a more diverse range of people to explore the
various fields of scientific knowledge - and their
applications. Museums have an important role to
play in facilitating lifelong learning, in terms of
creative, cultural and intercultural activity beyond
any merely vocational aspects. Lifelong learning,
museums and digital technologies share many of
the same attributes, with emphasis on learning
from objects (rather than about objects) and on
strategies from discovering information (rather
than the information itself).
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Since a few years, the number of virtual
visitors to many museums’ websites had already
overtaken the number of physical visitors on-site
(Hin, Subramaniam & Meng, 2005; ASTC 2009).
These developments, both within the walls of the
institution and outside, provide a number of chal-
lenges for educators and curators, at the heart of
which lie the questions — what is distinctive about
learning in science museums and science centres,
and how might this change or evolve through
the increasing use of digital technologies? These
questions go to the heart of significant debates
in this sector — how does learning in museums
differ from or complement learing in schools?
How can museums fulfil their potential to sup-
port lifelong learning? Should effort and money
be spent primarily on the visitors who will enter
the walls of the institution or those who will vir-
tually explore the site through the web? What is
the role of objects in the process of learning with
digital technologies? How does the relationship
between museum educator and learner change as
technologies are developed?

Augmented Reality (AR) is about to join the
described developments. With AR it is possible
to combine real objects with virtual ones and to
place suitable information intoreal surroundings.
The possibility of AR to make convergence of
education and entertainment is becoming more
and more challenging as the technology optimises
and expands to other areas. Natural or historical
events and characters, reconstructed monuments
or archaeological sites could be simulated and
augmented to the real world. AR is a booming
technology which attracts more and more atten-
tion from HCI (Human Computer Interaction)
researchers and designers. This allows the cre-
ation of meaningful educational experiences. As
these experiences are grounded in a substantive
subject area of knowledge, they focus on the
intellectual and emotional development of the
viewer; therefore, AR learning environments
have possession of both, educational and enter-
tainment value.
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The EXPLOAR service is the main outcome
of the European CONNECT (www.ea.gr/ep/con-
nect) which developed a personalized museum
wearable system along with a long series of
informal educational scenarios. The system was
implemented in science centres in UK, Sweden,
Greece and Finland (Sotiriou et al. 2007) which
demonstrated the potential of such a system to
offer unique experiences to the visitors. Similarly,
the enrichment of the repertoire of learning op-
portunities as well as the blending helped to meet
the challenge of “science for all”, i.e., it provided
science education opportunities tailored to diverse
and heterogeneous populations of users. These
populations vary both in their interest in learning
science and in their abilities to learn science. In
parallel it supports the provision of key skills to
the future citizens and scientists (collaborative
work, creativity, adaptability, intercultural com-
munication),

The EXPLOAR service demonstrates a suit-
able example of an innovative approach involving
visitors in extended episodes of playful learning.
The EXPLOAR service specifically uses informal
education as an opportunity to transcend from
traditional museum visits, to a “feel and interact”
user experience, by allowing alearning “anytime,
anywhere”, an openness to societal changes and
at the same time a feeling culturally conscious.
These pedagogical concepts and learning practices
would address implementing a set of demonstra-
tors (learning scenarios), employing advanced and
highly interactive visualization technologies and
also personalised ubiquitous learning paradigms
in order to enhance the effectiveness and quality
of the learning process. In this way, EXPLOAR
demonstrates the potential of the AR technology
to cover the emerging need of continuous update,
innovate and development of new exhibits, new
exhibitions, new educational materials, new pro-
grammes and methods to approach the visitors.

The CONNECT system provided the starting
pointto the EXPLAR approach. It consisted of an
joint initiative of pedagogical, cognitive science

and technological experts, museum educators
and psychologists who searched for possibilities
of using advanced technologies for educational
purposes. The Virtual Science Thematic Park was
It was developed as an active learning environ-
ment that functions in two distinct and equally
important, from a pedagogical point of view,
modes: the museum mode and the school mode.
It allows for ubiquitous access to educational
and scientific resources and incorporates all the
innovative use of technology for educational
purposes. The partnership has provided a variety
of learning methods incorporating experimental,
theoretical and multidisciplinary skills that will
eventually may produce independentlearners. The
developed educational scenarios included field
trips (virtual and conventional visits to science
museums and parks) that are tangential to existing
curricula, to pre- and post-visit curricular activi-

Figure 1. The EXPLOAR service offers unique
opportunities to a science museum and a sci-
ence cenire visitor. A series of augmentations of
physical phenomena, pictures, video and text are
presented to the optical view of a user while ex-
plaining the physical laws and phenomena under
investigation. The system also supports the work
of the exhibition design and development team of
a museum as it allows for enrichment of current
exhibits with numerous applications and gadgets
providing an easy way to update and to renovate
each exhibition.
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Figure 2. Visualizing the invisible: The CONNECT Science Thematic Park.The CONNECT experience
may add to a visitor 5 view a series of augmentations, both, advanced or poor and simple. The advanced
augmentations (E/M fields, molecular motions, microscopic view of the matter) were created by the
CONNECT team. Through an authoring tool the museum educator or the teacher can upload additional
simple content in order to create more personalized scenarios.

ties (including internet resources), to ‘minds-on’
experiments and models of different everyday
coursework involving ‘real’ remotely controlled
experiments. Altogether a “student-friendly”
and engaging environment of thematic parks or
museum are provided.

The working hypothesis of the CONNECT
project was that the amendment of the traditional
scientific methodology for experimentation with
visualizationapplications and model building tools
will help a learner to generally articulate mental
models, to make better predictions and to reflect
more effectively. The project took advantage of
the fact that students enjoy tremendous ly visits to
museums which often increases individual inter-
est scores and enjoyment of science activities as
well as constitute to valuable long-term learning
outcomes (Ayres & Melear, 1998). The role of
technology in bridging the gap between formal
and informal learning environments may sum
up to the delivery of scientific visualization and
multimedia systems in the areas of virtual (VR)
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and augmented reality (AR). The possibility of
AR and VR to make convergence of education
and entertainment is becoming more and more
challenging as the technology is continuously opti-
mised and expands to a wide area of applications.
The CONNECT project has pushed the current
boundaries further by providing a platform that
integrates contextual information into classroom
settings, by employing advanced, highly interac-
tive visualization technologies embedded systems
and wearable computing. Simultaneously it has
introduced new activities and personalized learn-
ing paradigms that fluidly link the use of physi-
cal materials with digital technology in creative
inquiry and inventive exploration.

The main technological innovation of CON-
NECT consisted in the development of an ad-
vanced learning environment, the Virtual Science
Thematic Park (VSTP). It was supposed to act
as a main “hub” of all available resources within
the existing network of science parks, science
museums and research centres, The VSTP serves
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Figure 3. The general architecture of the CONNECT system.
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as distributor of information giving access to large
databases, organizer of suitable didactical activi-
ties such as conventional or virtual exhibit visits
or/and participation to live scientific experiments.
Additionally it interconnects all the members of
the network, by allowing for ubiquitous access to
educational and scientific resources to students,
teachers and users in general from all around
Europe.

The Virtual Science Thematic Park provides
support for single and multi-user (for groups as
large as a school classroom) and it includes two
major components (a) the mobile AR system
which the visitor used during his/her real visit to
a museum/science park and (b) the CONNECT
platform which facilitated the virtual visits of a
remote classroom to a museum/science park.

The Mobile AR System

The mobile AR system (figure 4) was designed to
provide 3D graphics superimposed on the user’s
field of vision together with other multimedia
information. Thus, it allowed to “extend” a real

exhibit with virtual objects. This is regarded as
a particularly powerful tool for visualizing com-
plex concepts in physics that are fundamental
yet imperceptible (such as electric or magnetic
fields, forces, etc). Furthermore, it allowed for
remote classes to interact, either on-line or off-
line, with a visit to a science museum/park. The
mobile AR system consisted of several hardware
devices, including: a wearable processing unit
(heart of the system), personal display units (opti-
cal see-through glasses) to project/embed virtual
3-D objects onto the real exhibit environment,
tracking sensors to determine the visitors’ exact
location and orientation (six degrees of freedom),
video cameras for recording the students’ learning
activities and the exhibit augmentation, human
interface devices (microphone and headphones
for real-time interaction with the exhibit and the
remote classroom) and the transmission module
to the mainframe computer in order to stream the
augmented view to the CONNECT platform.
Furthermore, the mobile AR system was sup-
ported by a multiplicity of sofiware tools, such as
recognition (tracing and identification) of individu-
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Figure 4. The mobile AR system. © 2007 Heureka,
Used with Permission.

als, groups and objects, a user friendly audio-visual
interface toallow interaction with virtual objectsand
tointerpretthe leaming scenario descriptions, natural
language and speech interfaces for audio commu-
nication, reflexive learning systems (adaptable and
customizable) for reviewing experiences, content
design facilities, simulation and visualization aids.
The purpose of the CONNECT platform.
Teachers could implement tools for facilitatin g
a student’s learning through managing third party
objects. Thus, he/she made relevant instructional
materials accessible in orderto enhance the museum
exhibits. The mediator within this networking was
the platform of the Content Management System.
Students were supported by an innovative learning
using the AR system which contained objects and
applications to be displayed during the real visit
to the museum. Schools could communicate and
observe museum visits, eitherreal-time orrecorded.
Museums and Science centres were in charge to
manage the specitic exhibit augmentations.
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The CONNECT platform was composed by
several components, including specialized and
generalized web-services, browsing and content
creation tools and a multimedia knowledge data-
base. The role of the content creator of the system
consisted of the provision ofeducational presenta-
tions (scenarios) where different pathways could
be followed. These presentations could consist of
interactive movies, where the part of the movie
that is presented to the student depends on where
the student is located, on what his/her interactions
with the system are. In order to facilitate the con-
tent creator in entering, editing or assembling and
dissembling new-media objects into meaningful
presentations, knowledge management tools al-
low to build and manage a knowledge database,
allowing for persistency, coherence and data in-
tegrity. Archiving, cataloguing and index ingtools
were employed for the creation of the knowledge
repository contents.

The CONNECT platform maps the design
artefacts into an object-oriented language code,
supporting the mobile’s AR system specifica-
tions and functionalities. The standards and the
information that the mobile AR system uses to
transact with the CONNECT platform specify
the types of “data objects” which were stored in
the database. These “objects” provided the com-
munication and interaction of the CONNECT
platform with the users of the mobile AR system.
Furthermore, the developed system guaranteed
the required efficiency in terms of access speed
(for real-time scheduling of the application pro-
cesses) and available bandwidth (for real-time
video-audio communication between AR user
and remote classroom).

Learning in Science Museums
and Science Centres:

Need for Interactivity and
Learner Participation

Objects are the unique attributes ofa museum, yet
many museums and science centres apparently
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Figure 5. The two modes of operation of the CONNECT system. The system supports both on-site learn-
ing and on-line learning giving access to a variety of resources and collections even to communities
well beyond the wall of the science museum, who for geographical, social or historical reasons will

never entered the hallowed halls.

SCHOOL MODE summmp

seek combination of objects and interactivity.
Most of the learning issues were similar either
mechanical or digital, either on-site or online. In
any case, poor examples, of whatever type, do not
substantially contribute to a learning potential of
interactives. While many researchers and exhibit
designers question the compatibility of objects
and interactives, some key principles are emerg-
ing. Beyond the naive assumption that digital
technologies are inevitably interactive, there are
strident demands for clear learning objectives, for
learner choice and initiative,

After interactivity, the goal of many museums
is learner participation. This may involveasimple
feedback (often digital voting), digital storage of
images and ideas (for subsequent remote retrieval)
oreven contributing directly to the museum’s own
exhibits and interpretation. Digital technologies
facilitate many kinds of collaboration — between
museum and a learner, between different institu-
tions and among a learner. Exciting examples
include those between real and virtual learners

G MUSEUM MODE

and of learners creating their own associations
within and between collections. In many ways,
the opposite of collaboration, digital technolo-
gies also facilitate personalisation. Freed from
constraints, both physical and interpretative, of
the curator and exhibition designer, any learner
may appropriately use technologies to provide a
dedicated and personal mentor. A new set of re-
lationships is emerging, between objects, learners
and digital technology, in which museums are,
above all, places of exploration and discovery. In
the museum ofthe future, distinctions between real
and virtual, already blurred, will matter even less
as both museums and learners better understand
the processes of inquiry and of learning itself.
The real key to future development is likely to be
personalisation: of interpretation to significantly
enhance social and intellectual inclusion; of tech-
nology to free both museums and learners from
many of the current constraints; of learning to
finally facilitate an escape from the deficit models
so prevalent in educational institutions and release
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untold potential, as the individual learner is able
to use technologies to exercise choice and to take
responsibility for his’her own learning.

POTENTIAL IMPACT OF
THE EXPLOAR SERVICE
ON EXHIBIT DESIGN

Potential changes and improvements that the
EXPLOAR service can produce for the science
centres that participated to the CONNECT project
became obvious in the course of the implementa-
tion ofthe trials. At the current exhibits the posters
and labels occupy half of the available exhibit
space, and while they certainly provide useful
information, they require long stops for reading,
take useful space away from other interesting
objects which could be displayed in their stead,
and are notnearly as compelling and entertaining
as a human narrator (a museum guide) or a video
documentary about the displayed phenomenon.
The tracking data and the observation of the
visitors also revealed that people (especially
youngsters) do not spend sufficient time to read
all of what is described in the posters to absorb
the corresponding information. A great deal of
the space occupied by the posters and text labels
is therefore wasted, as most people don’t take
advantage of information provided in a textual
form. The video stations, in many cases, com-
plete the narration about the described phenom-
ena and physical laws by showing animations,
educational and explanatory videos. While the
video stations provide compelling narrative seg-
ments, they are not always located next to the
object or exhibit described, and therefore the
visitor needs to spend some time locating the
described objects in the surrounding space in
order to associate the object to the correspond-
ing narrative segment. The video stations detract
attention from the actual objects on display, and
are so much the center of attention for the exhibit
that the displayed objects seem to be more of a
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decoration around the video stations than being
the actual exhibit.

The potential improvements to the exhibit
layout offered by EXPLOAR system are sum-
marized as follows:

There is no more need to have so many
posters and text labels, as the corresponding
information is provided in a more appealing au-
diovisual form, in a video documentary style by
the EXPLOAR service. Typically most exhibits
have to discard many interesting objects as there
is not enough physical space available in the sci-
ence museum or centre galleries for all objects.
The space now made available by eliminating the
large posters, can be used to display more exhibits,
which are the true protagonists of the museum or
the science centre. Figure 6 show how the post-
ers at the exhibition area of EF in Athens can be
replaced by more objects and phenomena to be
seenand appreciated by the public, taking also into
account that the visualizations could be different
according to the profile of the visitor.

Visitors are betterinformed, as the informa-
tion currently provided by the posters is mostly
neglected by the public. The same information
would instead become part of the overall narra-
tion provided by the EXPLOAR system, and it
would be better absorbed and appreciated by the
public.

The video kiosks are no longer be necessary
because the same material would be presented
by the EXPLOAR service. The exhibits would
be again the center of attention for visitors, as the
wearable’s display allows both the real world and
the augmented audiovisual informationto be seen
at the same time as part of the wearer’s real sur-
round view. This would again make more space
available for additional objects to be displayed.

The fact that the EXPLOAR system presents
audiovisual material together with the correspond-
ing object, rather than separately in space and
time, and within the same field of view of the
visitor, thanks to the private-eye display, is also
of great importance.
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Figure 6. The EXPLOAR service offers unique opportunities to the exhibit design and development team of
the science museums and centres as it gives them the opportunity to personalise the information available
fo each visitor according to his/her profile and interest and at the same time it eliminates the need for
long explanatory texts, pictures and labels by offering visualization of the real physical phenomena.

BENEFITS FOR THE USERS:
SCENARIOS OF USE

The EXPLOAR service aims to contribute towards
this direction by:

. Engage visitors of science museums and
science centres in learning as construc-
tive dialogue rather than as a passive pro-
cess of transmission.

. Facilitate lifelong learning by provid-
ing a free-choice learning environment
that permits a plethora of pathways and
possibilities.

. Highlighting key trends in the adoption
of digital technologies for learning with-
in and beyond the walls of museums.

. Providing pointers for potential future de-
velopments for curators and developers of
digital technologies for museum learning.

Additionally the EXPLOAR service is rais-
ing the wider public’s interest and awareness on
science. As reflected in many surveys realized
in the recent years there is a falling interest on
behalf of the wider public concerning science,
even if individuals in general have a positive
perception of science. The main reason behind
this attitude is the lack of attractiveness of sci-
ence matters as well as the lack of relevance
to the everyday life. The EXPLOAR service
gives to the users a different insight in physical
phenomena and physical laws. In this way they
are able to observe and thus better understand
the world they live, work, play, perform. As a
resultscience is brought closer to the individuals.
The way individuals experience science through
the EXPLOAR service is expected to have a
lasting positive impact on the general public
attitude towards science in general. The aim
of the EXPLOAR service is to demonstrate
an innovative approach that involves visitors
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in extended episodes of playful learning. The
EXPLOAR service offers a “feel and interact”
userexperience, allowing for learning “anytime,
anywhere”, open to societal changes and at the
same time feeling culturally conscious. These
pedagogical concepts and learning practices
would address implementing a set of demonstra-
tors (informal learning scenarios), employing
advanced and highly interactive visualization
technologies and also personalised ubiquitous
learning paradigms in order to enhance the ef-
fectiveness and quality of the learning process.
Asthe EXPLOAR service is expected to be used
from a quite heterogeneous group of people
(youngsters, adults, professionals, educators,
school groups, families), the scenarios of use
have to vary significantly in order to cover the
different users needs and their objectives. These
scenarios are the basic vehicles for the promo-
tion and the dissemination of the service to the
user communities.

Each scenario is accompanied with support-
ive material for the users in an effort to create a
communication channel between the visitor and

the museum after the visit. The material includes
links to references and additional information
from the specific field of interest orrelative fields.
The content and the proposed activities vary
significantly taking into account the needs of the
users. The content of the scenarios is presented in
an open and modular way allowing for additions
and improvements at any time, giving to the user
the possibility to get involved according to her/
his wish. The EXPLOAR scenarios have been
implemented and validated in real conditions
initially in two science centres in Greece and in
Finland. During the implementation and valida-
tion phase of the project the developed scenarios
have been also validated in the framework of
specific events with the use of the EXPLOAR
showcase mobile exhibit in additional science
museums and centres (e.g. Deutches Museum,
LaCite, CosmoCaixa, Technology Park of Thes-
saloniki). Some indicative examples are given
below that will be tested during the market
validation phase.

Figure 7. The EXPLOAR service aims to contribute to the access to and sharing of advanced tools,
services and learning resources, by offering unique informal learning opportunities to the visitors of
science museums and science centers through the demonstration of a new method of interaction between
the visitor and the exhibition. The three main axes of the proposed intervention to the science museum
visits and their interrelationship is presented schematically above.
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Scenarios for the General Public

In the science museums and science centres, the
exhibits and the related phenomena are embedded
in rich real world contexts where visitors can see
anddirectly experience thereal world’s connections
ofthese phenomena. The add-on ofthe EXPLOAR
visit (compared to a conventional museum tour)
is that the visitors with the support of the system
will have in their disposal an additional wealth of
information. The real exhibits are mixed in their
optical view with the 3-D visual objects and rep-
resentations that the AR system is producing and
embedding into thisaugmented world through their
glasses. By this way many “invisible™ parameters
in physical phenomena (e.g. forces, fields) will be
visualised and presented in the eyes of the visitors
augmented on the real experiments. For example,
a visitor could investigate the question “why do
planes fly?” In this case an Aerofoil exhibit could
demonstrate the application of physical laws on an
airplane wing and their effects on it. To “make the
invisible visible,” dynamic representations of air
movement and the resultant forces can be created.
It will also be possible to plot the wing’s attack
angles vs. lift force. Additionally the airflow could
be represented with virtual lines moving towards
the wing. These airflow lines could be superim-

Figure &,

posed on the top and the bottom of the real wing
in the exhibit.

Scenarios for School Visits: Creating
Links with the School Curriculum

Bearing in mind that around 40% of the visitors
of the science museum are pupils with their
teachers, a series of school subjects (from phys-
ics, chemistry, biology, geology, environmental
education, to history and language learning) will
be selected and presented in form of multidisci-
plinary educational scenarios. For example quite
complex physical phenomena (e.g. visualization
of the E/M waves emitted by the dipole, to ob-
serve this experiment will be able to observe the
emission ofelectromagnetic waves by the dipole
element, the oscillation of stored energy near
the dipole and outgoing waves will be visual-
ized through the augmented reality technique)
which usually cause significant difficulties to
students will be included. The 3-D visualiza-
tion of a physical quantity (in this case a force
acting on moving charged particles inside a real
3 dimensional magnetic field) which depends
on two other independent quantities, is a vital
concept in understanding the physical laws and
their applications to real life situations. Figure
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Figure 9. (lefi) Real hands on experiment (right) Augmented Reality version of the same experiment
wearing the device. The real exhibits are mixed in their optical view with the 3-D visual objects and
representations that the system is producing and embedding into this augmented world through their

glasses.

8 at the left shows a real experiment which is
accompanied by explanatory text only. In the
picture at the right the same experiment is shown
to the student wearing the AR system with the
addition of a virtual object which in this case is
a 3-D hand, serving as “a rule of thumb” show-
ing the geometric and physical connection of
the three physical parameters involved (q, B,
F). Depending upon orientation of the magnetic
field (B) the electron beam is diverted upward
or downward. For this change of direction the
so-called “Lorentz Force” (F) is responsible. It
affects all charged particles, which move in a
magnetic field, thus also the negatively charged
electrons. The force - and so the diversion - is
larger, the stronger the magnetic field is and the
faster the particle moves.

ADAPTING NEW CONTENT
ON EXISTING EXHIBITS AND
RENEWING THE EXHIBITION

The EXPLOAR service could support the work
of the science museum design and development
team to innovate the exhibition by adding new
content to the optical view of the visitors when
this is necessary.
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The explanatory and additional materials
currently accompany the exhibits are produced
for general used and they are presented to all the
different visitors categories. By introducing the
EXPLOAR service the design team will have the
chance to develop different content according to
the needs of the visitors (families, school groups,
experts, tourists) and in that way to make their
visit more interesting and effective. The interac-
tion with the exhibit and the learning objectives
would be different since the available informa-
tion is different. As the exhibit augmentations
are easily updated, the information provided by
the EXPLOAR service could not only present
exhibit relations to everyday life but also current
news on topical subjects. With this service cura-
tors would be able to present a larger variety and
more connected material in an engaging manner
within the limited physical space available for
the exhibit. Furthermore, inexpensive changes
and improvements of the exhibit are greatly sup-
ported by the EXPLOAR service. Altering the
information provided by the service corresponds
to a renewed exhibit with much less resources
than a usual renovation.

Finally the museum team would have valuable
information to their disposal regarding visitor’s
preferences and behaviour. Based on the amount
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Figure 10. The drawing represents the area of an exhibition hall in a museum and specific data collected
during a visit. The conical areas represent the area in which specific information is being available to
the visitor for a specific exhibit. The EXPLOAR system is able to track the path of the visitor between
the exhibit and to deliver a specific record about the timing and the interactions with the exhibits. In
this way a total graph presenting the paths and the interactions with the exhibits for all visitors during
a specific period of time can be produced offering excellent data for the evaluation of the design and

the approach introduced by each exhibition.

of data downloaded they could calculate the time
spent on each exhibit, the trail that they followed,
what exhibits provoked visitors to come back,
etc. In this way the EXPLOAR service could be
used as a supportive tool in the redesign of the
exhibition, in the development of new materi-
als and programmes, in the reallocation and the
repositioning of specific exhibits.

TOWARDS AN OPEN LEARNING
ENVIRONMENT (CLASSROOM
AND SCIENCE CENTRE AS WELL)
VIA AUGMENTED REALITY (AR)

Computer and communication technologies have
profoundly altered our every-day lives. Since
more thana decade, great promises for improving
education arised, too. However, clear qualitative
or quantitative results are still missing. Making
a Science of Education demands a great deal of
high-quality research by focussing on the utilisa-
tion and effects of the new technologies in both,
school and informal learning environments as
well. Only by careful monitoring students’ learning
outcomes we may narrow the numerous variable
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spectrum in order to specifically determine the
effectiveness of different technologies and new
learning methods. (Alberts, B. 2009, 15).

Iloméki (2008, 33-37) has been mapping a
list of teachers® problems when implementing
ICT scenarios into educational practices. The au-
thor’s focus was limited to a teacher’s individual
characteristic such as individual pedagogical
conceptions and problems they experience while
preparing the lessons as well. Very often, teachers
with coherent ICT skills use more ICT solutions
in their teaching and they do it in a more multi-
faceted and student-oriented way (Moseley &
al. 1999; Hakkarainen 2001 ; Kankaanranta &
Puhakka 2008). Even more, meta-studies related
to immersive learning environments seem to
provide a clear evidence for a specific efficiency
of this type of educational technology: “The
more a virtual immersive experience is based on
designstrategies that combine actional, symbolic,
and sensory factors, the greater the participant’s
suspension of disbelief that she or he is “inside” a
digitally enhanced setting” (Dede 2009, 66). The
immersive interfaces utilising the visual reasoning
ability gives an opportunity to transfer educational
experience from classroom to (other) real-world,
open learning environments.

COMBINING REAL HANDS-
ON LEARNING INTO VISUAL
AND AUGMENTED REALITY

Hot dir Balloon is a classical science centre
exhibit example provided in several institutes
around the world, too. That was one of the reasons
why it was chosen as a case within the described
CONNECT/EXPLOAR learning scenario. The
basic approach was to gain more educational value
from the exhibitby using Augmented Reality—tech-
nology added to this classical exhibit. The main
pedagogical goal was to teach the skills of doing
observations. This was possible because bythe AR-
solutions certain invisible phenomenon could be
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done visible by animations and demonstrations. In
this case the main phenomenon was temperatureand
molecule movement, i.e. Bolzmann constant.

Testing

Very often in the field, just paper-and-pencil tests
are applied to monitor cognitive knowledge and
achievement. However, science and technology
has become more and more visual, and many
of the skills trained and taught are not textual.
Therefore, “there may be a mismatch between the
structure of the knowledge and the structure of the
print and oral language media traditionally used
both impart and test that knowledge (Greenfield
2009, 71)”. Consequently, testing in this study
contained also non-text based tests.

Tests for the Students

First of all, we applied a visual reasoning ability
-test, in detail, the VRA-Visual Reasoning Abil-
ity test published by Raven (2000). With regard
to the virtual and visual nature of the topic, three
major issues supported our choice: 1. the test is
standardised, approved and used in many countries
and cultures; 2. no translations are needed; and
last but not least; 3. young people tend to like to
administrate this type of test which they don’t
perceive as formal education type of task.
Secondly, for measuring the motivation (in-
trinsic, instrumental, and situation motivation)
we administered two measures, the one of Deci
& Ryan (1993) called IMI (Intrinsic Motivation
Inventory) and the one of Salmi (1993; 2003)
on our pre-test schedule. Thirdly, the cognitive
knowledge based on 13 items was monitored
on two different schedules, before and after the
AR-intervention and science centre visit. Forth,
we classified our participants with regard to their
school grades given by their teachers in science,
mathematics, and native language into three cat-
egories: A+=Above average (25 %), A=Average
(50%); A- = Below average (25%).Finally, we
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Figure 11. Raven Test. An example of the standardised test item. Raven 2000; Series 3.

monitored the usability by applying the so called
HCl-evaluation method which provides aspecific
feed-back with regard to the subjective feelings
related to the technical usability, psychological
usability, and the learning experience.

RESULTS AND DISCUSSION
Usability

A major character of any virtual and especially
Augmented Reality technology lies in its’ over-
whelming effect as visual experience . Especially
for a first time, user mostly find the tool effec-
tive and exiting, but may also feel fri ghtened or
physically unpleasant. A usability evaluation by
a questionnaire and interviews (n: 78 students)
revealed the following details:

The students experienced the Combination
of Real & Augmented reality fascinating (mean
5,23; scale 1-7). However, the feed-back could
have been even higher. The teenagers did not feel
it “very cool™.

The Technical usability did receive high scores
(mean 8,44; scale 1-10). The best score {9,2) was
by the item “dryness in eyes” and even the lowest
“visual fatigue” was as high as 7.9.

The Psychological usability (mean 6.92; scale
1-10) was not as advantaged as the technical so-
lutions. The lowest score (6.6) was received by
the item frustrating — satisfying. Meanwhile the
best feed-back was given to the item ferrible —
wonderful (7.2).

The overall results indicated that the students
liked the experience and their situation motivation
was positive to start the testing of the equipment.
Especially the technological comfort was at least
adequate.

Inall the tests above the younger students (aged
11-13 y) gave clearly higher scores about the AR-
effect than the older students (aged 14-15y). The
difference was in all aspect—Real & Augmented:;
Technical; Psychological - statistically significant
(p< .05). No statistically significant gender dif-
ferences were found. This is an important result
because very often the high-tech or ICT-solutions
are classified as male activities.
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Knowledge Learning: Pre-test

High achieving students (who where above the
average with their school grades, i.e. A+) unsur-
prisingly performed better in the pre-knowledge
test (see the figure below) compared to average
and below-average peers. Therefore, strong cor-
relations applied.

The differences between the groups (A- ;
Average; A +) were even clearer inside the
test group as can be seen from the following
figure:

The same trend was visible also in the control
group as shown in the results in the next figure:

Knowledge Learning by AR-
technology: Post-Test

Again, highachiever performed clearly best in the
post-knowledge test, too (see figure below)

However, low achievers were clearly catching
up with the others. The difference to their higher
achieving peers decreased substantially.

The implementation of Augmented Reality in
the contextofthe Hot Air Balloon exhibit unveiled
similar results: While the high achiever again did
bestinthe post-knowledge test, low achieveragain

were clearly catching up with the others. This was
especially true for the girls who also managed well
inthe VRA-Visual Reasoning Ability test. It seems
like that visualising very theoretical scientific
phenomenon of molecule movement) increased
the understanding substantially for pupils who
otherwise had severe difficulties.

Knowledge Learning: Control
Group without AR-Technology

The control group attended the science centre
exhibition implementation with the same kind
of pre- and post-lesson in the school. However,
they studied the Hot Air Balloon content in the
exhibition in the traditional way (with the text,
label, and guide). The results were quite different
from the AR-test group (see next figure) since low
achievers were nor catching up with the others.

The following figure confirms that gap between
the low-achievers and the students with the higher
school grades remained:

This is an essential result which needs further
analysis. It seems evident that the use and applica-
tion of the Augmented Reality might give certain
advantaged for some of the less-than —average
school-success students. Especially the girls were

Figure 12. School success vs. Knowledge learning pre-test [scale from 0 to 13]

Interaction Line Plot for Pre-Knowledge Sum
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Error Bars: 95% Confidence Interval
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Figure 13.
Unpaired t-test for Pre-Knowledge Sum
Grouping Variable: School success
Hypothesized Difference =0
Mean Diff. DF t-Value P-Value
1 Below Average, 2 Average -1,121]1 158 | -2,945 ,0037
1 Below Average, 3 Over Average -2,845| 102 -6,428 <,0001
2 Average, 3 Over Average -1,724 1 160 | -4,350| <,0001
Figure 14.
Unpaired t-test for Pre-Knowledge Sum
Grouping Variable: School success
Hypothesized Difference =0
Mean Diff. DF t-Value P-Value
1 Below Average, 2 Average -2,172| 56| -2,991 ,0041
1 Below Average, 3 Over Average -3,050| 41 -3,943 ,0003
2 Average, 3 Over Average -878| 69 -1,681 ,0974

Figure 15. School success vs. Knowledge learning post-test (after AR-use) [scale from 0 to 13]

Interaction Line Plot for Post-Knowledge Sum

Effect: School success
Error Bars: 95% Confidence Interval

10,5
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Figure 16.

Unpaired t-test for Post-Knowledge Sum
Grouping Variable: School success
Hypothesized Difference =0

1 Below Average 2 Average 3 Over Average

Mean Diff. DF t-Value P-Value
1 Below Average, 2 Average -,345] 150 -,823 4119
1 Below Average, 3 Over Average -1,667| 95 -3,764 ,0003
2 Average, 3 Over Average -1,221| 147 | -2,826 .0054
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Figure 17, School success vs. Knowledge learning post-test (control without AR) [scale from 0 to 13]

Interaction Line Plot for Post-Knowledge Sum

Effect: School success
Error Bars: 95% Confidence Interval

Cell Mean
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receiving better learning results. This is maybe
related to the fact that they also managed well in
the VRA-Visual Reasoning Ability test. It seems
like that visualising very theoretical scientific phe-
nomenon like the moleculemovementmade it much
more understandable for students who otherwise
had severe difficulties in understanding it.

TEACHER SURVEY
AND EVALUATION

The recent Rocard-report [Science education
now. A renewed pedagogy for the future of Eu-
rope] (2006)is describing the situation mostly in
the pre-schools, primary and secondary schools
while we also see the trends around the formal
education. The role of informal learning is in-
creasing in the modern societies — meaning the
countries which are developing their societies by
investing and creating opportunities for research,
innovations, and education. The phenomenon is
closely related to the growing impact of science
and technology in our everyday lives. Lifelong
learning needs new practical forms and the
formal education can learn something from the
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informal, open learning environments like the
science centres.

The Rocard report specifically underlines the
term Inquiry-Based Science Education. One of
the weaknesses of school’s science teaching has
been that the studies and lessons at school are
mainly deductive. There are some exceptions in
some schools, but, historically the main trend
in the European science teaching pedagogy has
applied “Deductive approach”. In this approach,
the teacher presents the concepts, their logical —
deductive — implications and gives examples of
applications. This method is also referred to as
‘top-down transmission”.

“Hands-on learning” is the main pedagogical
principle of the science centres. On opposite to
“Deductive”, itrepresents the “Inductive method™.
This classical “learning by doing” method is
something that the science centres have been
pioneering in Europe during the last decades.
The multidiscipline contents of modern science
centre exhibitions form a unique and reliable
learning source for inductive, Inquiry-Based Sci-
ence Education.

Similarly, the Rocard-report (p.7) requests
new forms of teacher training, too: “Teachers
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are the key players in the renewal of science
education. Among other methods, being part of
the network allows them to improve the quality
of their teaching and supports their motivation. —
Networks can be used as an effective component
of teachers’ professional development, and they
are complementary to more traditional forms of
in-service teacher training and stimulate morale
and motivation.”

Background

The presentation of the “Hot Air Balloon” is a
classical science centre exhibit in several institutes
around the world. That was one of the reasons
why it was chosen as a CONNECT-case for the
research and development. The idea was to gain
more educational value from the exhibit by using
Augmented Reality —technology added to this
classical exhibit.

The main pedagogical goal was to improve
skills for individual observation. This was
possible because by the AR-solutions certain
invisible phenomenon could made visible by
animations and demonstrations. In this case, the
main phenomenon was the content of tempera-
ture and molecule movement. During the very
first test of the Augmented Reality —equipment
with the Hot Air Balloon seemed to work and
give practical results, but at the same time,
using the computer aided pre-lecture material
(VSTP=Virtual Science Thematic Park) caused
several difficulties.

Even teachers with clearly better than average
knowledge and skills related to computers, ict,
and e-learning had severe difficulties in using the
pre- and post-learning solutions. After the pre-
testing periods and teachers training workshop it
became evident that the computeraided pre-lecture
system (VSTP) was all too complicated to use for
individual teachers — even for them with a long
experience of ICT-pedagogy! The system had
typical proto-type difficulties in reliability and
usability. Therefore, an intensive training seminar

for teachers was offered in order to learn both, the
technical use of the system and the application of
relevant contents. These experiences, inputs and
results were utilised in the final test runs.

TEACHER EVALUATION
TOOL: THE ROLE OF ICT IN
TEACHING AND LEARNING

Asthe pedagogical context for the development of
AR-system the “NEW EDUCATIONAL MODEL
OR PARADIGMS” (Hermant 2003) was used to
receive the feed-back from the teachers. (Figure 18.
below; original the EU-Minerva programme)

The teachers’ (n:182) opinions and visions
concerning the AR-technology were monitored
by interviews and a tool called “New Educational
Models or Paradigms”, which is 1) describing the
e-learning process by the terms Role of ICT, 2) show-
ing the actual Changes in learning environment,
and 3) defining Innovative learning activities.

The educators and teachers as well underlined
the main characteristics of the model as following
features and ranking order which differ clearly
from their opinions about the ICT based education
in the classroom setting.

Innovative Learning Approaches: (i) Inte-
gration of other learning environments than the
school; (ii) differentiated learning depending
on different ways of perception; from teacher-
controlled learning to pupil orientated learning;
context-related knowledgeRole of ICT:

ICT as connection between learning envi-
ronments; (ii) ICT as instruction tool; ICT as
communication forum; ICT as mediaChanges in
Learning Environments:

Technological innovation; (ii) new physical
space; (iii) changes in roles and responsibilities
of pupils; (iv) changes in roles and responsibili-
ties of teachers

As the result of this inquiry, the pedagogical
experts and teachers attending the process un-
derlined as the main characteristics: innovative
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Figure 18.
Unpaired t-test for Post-Knowledge Sum
Grouping Variable: School success
Hypothesized Difference =0
Mean Diff. DF 1-Value P-Value
1 Below Average, 2 Average -2,095| 54| -2855 ,0061
1 Below Average, 3 Over Average -2876| 39| -4453| <0001
2 Average, 3 Over Average -780| 67| -1.411 1629
Figure 19.
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learning approaches, integration of other learning
environments than the school, differentiated learn-
ing depending on different ways of perception.
The main element was, however, moving from
teacher-controlled learning to pupil orientated
learning with context-related knowledge. It was
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alsoimportant thatthe teachers were no impressed
about the technology itself but seeing ICT as con-
nection between learning environment, an instruc-
tiontool. This can lead in best case— according the
teachers’ interviews — into changes in roles and
responsibilities of pupils —and teachers.
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Pre-Visit Stage: Teacher Feedback

The subject matter of the exhibit was part of the
teaching of the school for all the teachers, and
the timing did not cause any problems — mainly
because in the school system of Finland the
teachers are pedagogical experts who have the
right and obligation to apply the curriculum and
its timing during the school year. The teachers
were informed about the opportunity to visit the
exhibit in August when the school year started so
they did not have difficulties scheduling the visit
in October-Novemberaccording their curriculum.
— This process reflects also the ordinary visits to
the science centre in Finland: the teachers make
their plans normally 2-3 months before their visit
to ensure the content of the visit to their ordinary
school schema.

As the main objectives for the visit to the
science centre motivation and learning by doing
werementioned. Specific content of the one single
exhibit (Hot Air Balloon) was not so essential, but
mentioned. Also the AR-technology was focus of
visit for some teachers.

As supplementing reasons for a visit in a sci-
ence centre the teachers mentioned a) the other
exhibitions content as an entity and b) having an
opportunity to utilise varying learning methods.

As a pre-visit activity the groups did use the
computer aided (VSTP) lesson which lasted about
one to two class periods (mainly more than one
because of the technical complexity of starting
the computer, connecting to platform, and getting
instructions, and help for usability).

The help of the pre-visit —activities: all the
teachers replied that the main effect of the VSTP-
computer aided pre-lecture was for the orienta-
tion for the visit itself, and the focus of the visit
to the Hot Air Balloon single exhibit. Of course
the teachers mentioned also the cognitive learn-
ing effects, and but they did on see this time as
the central objective of the project, but more the
learning to learn —process.

Visit Stage: Teacher Feedback

All the teachers and classes had basically the
same post ICT-learning activities (CONNECT-
EXPLOAR platform) by repeating the main
cognitive content of aspecific topic. Most classes
spent one to two class periods for a selected
module. Teachers used a visit as an “integra-
tive science learning” by forming links to other
topics (such as Maths, English, and also visual
arts lesson). Some teachers integrated the tests
(knowledge, motivation, etc.) into their teach-
ing by rating them as a support for their pupils’
learning process.

The teachers did not totally agree that learn-
ing objectives they had set for the visit were
fulfilled. The main reason was that the teachers
expected the Hot Air Balloon experiment with
the AR-equipment would have been longer than
20-30 minutes, because many other “demonstra-
tions” at science centres last approximately 30-45
minutes. However, the teachers felt that the visit
was clearly positive for the learning objectives
especially learning to make observations.

The co-operative learning nature of the visit
was found important by the teachers - although the
very basic nature of the use of the AR-equipment
is individual: only one person can use it at the
same time. The reasons why the teachers felt that
it was encouraging the students for co-operation
related to the facts that a) they had prepared the
visit together with at the classroom (typically
two pupils per computer) and b) the students
visited the exhibit in pairs discussing about the
topic although only one student could use the
equipment.

According the teachers, the students were using
the AR-exhibit on their own, freely and by their
on conditions. This is very natural because the
AR-technique is based on self-centred orientation
excluding the outer world or dominance by other
people. It captures the user inside the intensive
AR-world.
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The teachers felt that the visit to the science
centre was improving the attitudes of the students
both towards the science in general and the specific
subject matter.

Post-Visit Stage: Teacher Feedback

All the teachers and classes had basically the
same post ICT-learning activities (CONNECT-
EXPLOAR platform) by repeating the main cogni-
tive content ofa specific topic. Most classes spent
one to two class periods for a selected module.
Teachers used a visit as an “integrative science
learning” by forming links to other topics (such as
Maths, English, and also visual arts lesson). Some
teachers integrated the tests (knowledge, motiva-
tion, etc.) into their teaching by rating them as a
support for their pupils’ learning process.

Halfof'the teachers were sceptical as their first
experience about the cognitive learning results,
However, there where not negative, but more
curious to hear the research results. The other
half of the teachers were convinced that the main
principle of the phenomenon became clear for the
pupils during the process.

For the subject matter, the most important
element according the teachers was “learning by
doing” and the opportunity to apply a method
“to make observations”. However, the teachers
also replied that the AR-exhibit was only one
part (lasting 10-15 min) of the whole science
centre visit (lasting 3 hours 30 min) with many
motivating elements. The teachers appreciated the
entity: Pre-lecture + Visit + Post-lecture, because
it gave back added-value for their work (while the
teachers had invested a lot of their — especially
mental — resources for the process).

All participating teachers felt that the new
AR-technology provides better opportunities
for learning and teaching. The limitations of the
stage of the technology were clearly seen and
recognised by the teachers. The technology was
still on demonstration or proto-type level. Some
teachers were comparing it to the period when the
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first pc-computers came to schools: ms-dos ver-
sions where demanding specific and often purely
technical skills from the teacher who could not
concentrate into the pedagogy and content topic.
This was exactly the case of the AR-technology
now, but it was fruitful to use. As the strongest
side of the AR-solution the visualisation was
named most often.

CONCLUSION

Open learning environments provide an holistic
and integrated learning environment. There is an
intention and a need as well to provide opportuni-
ties to lifelong learning and individual study: A
learning environment is a place or a community
where people can draw upon resources to make
sense out of things and construct meaningful
solutions to problems.

The main principles of planning open learn-
ing environment are based on learner’s active
learning and interaction. Learning is seen as an
active process in network environment through
information and communication technologies.
Information technology can be an active part of
the open learning environment or just a device to
helpinoccasional learning situations. Byusingthe
moderntechnology possibilities arise to emphasis
flexibility and mobility in study situations.

According the written and oral monitoring
with the teachers and educators, the structural
factors of an open learning environment related
to combination of Augmented Reality, classroom,
and hands-on exhibit can be categorised into four
groups (see Sariola 1998; Salmi 2005; Ilola 2008;
Maydas et. al 2009; Dede 2009): (i) Physical
openness points out the accessible of facilities to
be used for flexible teaching and learning situa-
tions. (ii) Didactic openness concentrates on the
construction of a group experience, The learners
should have enough opportunities for decision-
making in their studies from the teacher, other-
wise psychological and virtual aspects cannot be
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actualised. (iii) Psychological openness consists
of a feeling of independence of space and time.
This individual feeling, that a learner can influ-
ence own learning success substantially promotes
motivation for learning. (iv) Virtual openness is
made by using information and communication
technology in teaching and learning process.
Open learning environments useable at school
(and at home for informal learning!) need inde-
pendence from platforms. They need scalability,
multi-user capability, based on an open stan-
dard, in order to support a hypermedia structure
which allows a working with free or inexpensive
software, use client/server architecture, support
communication via a network, integrate other
interactive media and support working with real
time applications. In summary, to support self-
organised a learning within a computer medi-
ated learning environment, three principles need
discussion. Students specifically need to (1)
create their own documents and construct links
between documents (2) communicate with each
other to (3) cooperate and collaborate on their
work/learning. In order to create a appropriate
combination of school classroom, exhibition
and the web, science centres need to meet the
challenge. This has been pointed out earlier in
literature (Jones 2005; Salmi 2005: Piazzalunga
& Barretto 2005; Ilola 2008), and it was also the
main message of the feed-back of the teachers at-
tending the CONNECT-EXPLOAR —Augmented
Reality project. However, ICT based education
needs content. To create learning objects with
the structure of a pre-lecture — visit — post-lecture
design with the specific help of ICT-methods, the
combination of VSTP (Virtual Thematic Science
Park) and AR-Augmented Reality approach at
an exhibition will support a work in-between the
classroom and exhibition also during the visit.
The open learning environment consists typically
of a combination of real physical environments
and Augmented Reality ICT-based learning. This
type of activities do need further research as new
source of learning bridging the gap between formal

education and informal learning. Latest signals
show that AR-technology is moving from the
high-tech and military solutions into everyday
educational use with valid content.
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