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Empowering Teachers in Challenging times for Saesred Environmental Education:

Uses for scenarios and microworlds as boundaryctdbje

Abstract:

Science education has been going through a protessnge and transition through
continual questioning of both its practice andithelved teacher pedagogies. The
opportunities provided by the integration of digtechnologies and the arguments for
extending science teaching and learning processesds addressing more socio-
environmental issues, create new expectationsregards to the role of the science
teacher. Teacher education needs to contributeefmapng science teachers to respond
to these on-going challenges. In this paper weddie the rationale and analyse the
technique we employed in a training course forremeeacher educators to empower
them to redefine their roles as ‘co-designers’ ‘@oeldiscussants’ of innovations based
on the integration of digital technologies in schemence education. Our approach
consists of designing sets of paired artefact®(fados’ and ‘half-baked microworlds’)
to play the role of ‘boundary objects’ with the dionfacilitate meaning-generation
processes among science teachers by means ofuwamiboundary-crossing. We
suggest that processes of this kind can have @dimg’ function not only among
different communities within science education &igb between science education and
environmental education, whose epistemology andgegly could greatly benefit
current science education to reform towards moceafg-oriented and interdisciplinary

approaches to meaningfully understanding reality.

Keywords: science education, environmental education, &rataining, scenarios,

microworlds, boundary objects



Introduction

Since as far back as the sixties science educasisieen going through a
process of change and transition through contiquaktioning of both its practice and
the involved teacher pedagogies (Osborne & Dilf11,0). Developments in terms of
approaching science per se, defining what conesitiappropriate’ scientific knowledge
for compulsory education, understanding how le@y@wolves in relation to various
types of knowledge, and adjusting curriculum accwlg, have triggered discussion
about pedagogy in science education and createwjicttpexpectations with regards to
the role of the science teacher. Science teachmatédn was affected accordingly both

at the pre-service and the in-service level.

Among the developments that have considerablyealttre view and practice of
current science education is the potential forude of digital technologies for added
pedagogical value, and the arguments for extergtirence teaching and learning
processes from the basic concepts and ideas oicgciewards more meaningful and
socially-oriented approaches to understanding ssetithe current socio-environmental
reality (Dillon & Scott, 2002). As suggested byIbi and Manning (2010) these new
developments and innovations in science educatieed to be understood by science
teachers if they are to keep abreast of their stibjplace in the curriculum” (p. 13).
Science teachers’ education, both at the pre-seand the in-service level, should
contribute significantly to this direction by prejey teachers to be able to respond to
the on-going challenges to their profession and taler the expected new roles
(Supovitz & Turner, 2000). However, what kinds ek@jn and methods for teacher
education can facilitate such deep changes in seiggachers as professionals so that

they become integral members of this continual kgweent? In this paper we discuss



issues which we saw as pertinent for the designaufurse to train science teacher
educators to induce reform in classroom practicetd@n added value uses of digital
media. The course was part of a longitudinal systemtiative to generate uses of

digital technologies in primary and secondary eidcan Greece.

As part of this initiative, the Greek Ministry ofiEcation funded a nation-wide
project engaging University-based centres to pesfacher educators who would
subsequently provide 96 hours-courses to colleagitbshe objective to integrate
digital technology in their subject teaching. Tlase discussed in this paper involved
the training of a group of five experienced scieteaehers. These teachers participated
in a 350 hours-course designed to address the derafphysics, chemistry, biology,
geography and environmental education so that¢bald then act as teacher educators
for other science teachers. The course startedap 2011 and lasted until February
2012. It took place at the Educational Technologp (ETL) in the School of

Philosophy at the University of Athens.

In this paper we discuss the approach we took sgydehe science teachers’
training. Our main concern was to avoid simplytsiply up the course into the
constituent objectives of technical, pedagogical émmain knowledge in a fragmented
way. Instead, we wanted to perceive these teaesesigents of a profession ‘under
challenge’ and to play a role in empowering thergenerate a life-long learning
culture in their future courses with their colleaguThis was a result of both a tradition
in training teacher educators in other subjeciTat (Kynigos, 2001) and of our
reflections on a relevant design approach for seieducation. Our course design
aimed to engage them in a quest for empowering tiodleagues to meet the challenges

posed by the questioning of epistemologies in s&@emd in pedagogy, the realization



of issues of relevance in science content causieagtudents’ disenchantment with
science, and the frequently poorly defined authdeh requests for reform with
problematic support for its implementation. We saw role as facilitators for them to
cross their ‘boundaries’ both at a pedagogicalamdpistemological level. Namely, our
aim was to empower them to become creative desgrigredagogical interventions
and generators of reflection in school practitiertarough exploring innovative uses of
the digital technologies in the teaching of scieMe also aimed to encourage them to
consider the potential of opening their repertoiréaught topics to more real-life and
socially relevant issues and their pedagogiesterdisciplinary fields of study, such is
the case of environmental education, and by ddiigy to re-address the role of science,

that of science education and their related cudture

Teaching and learning with digital technologies foradded pedagogical value in

science

Learning about science involves developing an wstdeding of the scientific
content, i.e. the concepts and formal relationsbfgsow the world works, and the
scientific approach to inquiry, both of which am@ easy for students to grasp.
Furthermore, the phenomenological characterisfitBeodiscipline give central stage to
the students’ experiences with the physical wortcv often lead to deeply ingrained
misconceptions with respect to the concepts, melatand behaviors inherent in these
phenomena (diSessa, 1982, 1983; Vosniadou & Brel@82). In science education,
models and modeling play a significant role in &vajing students’ undertandings of
difficult concepts and relationships and in fanmiiang them with scientific approaches
of inquiry in the study of abstract, complex phemma of the physical world (Dede,

Salzman, Loftin, & Sprague, 1999; diSessa, 2000jr8gBarnett, Grant &



Higginbotham, 2004). Digital models embody impottadded value to this learning
process since they afford limitless experimentatéowealth of representations,
measurements temporally connected with the modphethomenon, extension of the
range of phenomena which can be modelled, incluttiagimpossible’ (“how hard do |
kick a ball to send it beyond the Earth’s gravaaél pull?”), the ‘expensive’ (“when
does gold melt?”), the ‘dangerous’ (i.e., chemrealctions), etc. They also afford
experimentations with abstract phenomena or sgoatinvolving societal issues (such

as in SimCity-like games).

Models can play the role of tools with which studeran question scientific
rules and relations, become engineers of modemsgélres and engage in ‘what if’
guestions involving the nature and specifics oséhriles (Kynigos, 2007; Kynigos,
Yiannoutsou, Alexopoulou & Kontogiannis, 2006; She2001). Such activity with
digital media enables the students to get ‘immeéirsea worlds whose behaviour is
either according or against the established séierdiws and principles (Smyrnaiou,
Moustaki & Kynigos, 2011). For instance, digitalaraworlds can be designed to
represent a physical world that works based omMN#wtonian laws or allow students to
experiment with and alter these laws. They can geenp to defining new rules upon
which to base the function of an unreal or imagirraality. The students can therefore
not only get involved into learning experience®tiyh which they can better
understand the scientific models having been affeseacknowledged scientists to
explain the world. They can even become scientigisiselves and attempt to
creatively construct and test their own models tanihg upon previous scientific

content knowledge and using their intuitive thirgkbo interpret and construct new



realities within an appropriately constructed meoold environment (Healy &

Kynigos, 2010).

By being supported to represent scientific congeptationships and
phenomena with the use of digital games teachersrigger the students’ motivation to
understand them and at the same time foster daegenore critical learning with
regards to science (Gee, 2003; Squire et al., 200%) same applies also to the
students’ inquiry skills (Cuevas, Lee, Hart, Deak&905; Lee, 2002) and modeling
competences (Smyrnaiou & Dimitracopoulou, 2007; 8rapu & Weil-Barais, 2005)
which can be also developed with the use of digitals. What is anticipated is that by
following processes similar to those of formal sgigc inquiry, students will address
the problems under study more deeply and theyooilsequently learn both the content

of scientific knowledge and the method of scieatifinowledge building.

Expanding the scope of science education towardsapsulating a socio-

environmental education perspective

Among the key debates in science education isaf@atjuestioning the
traditional paradigm of focusing exclusively onestific concepts and ideas as isolated
from the broader phenomena and social contexthiohithey become relevant, and
without highlighting the relevance and value oftknowledge to the students’ life and
society in general. Within this paradigm, sciendaeaation seems to reproduce the false
myth of science as objective and value-free disegp(Osborne, 2000), which by
consequence makes it appear alienated from cueality and the challenging issues
and dilemmas societies are confronted with. Csitits of this genre are supported by

evidence from many countries indicating that scloooficula give preponderant



emphasis on foundationalist approaches of learalryit science, science content over
process and pedagogies advancing the transmisktg cientific facts’ (Hacker &
Rowe, 1997), as if all students were being preptoduetcome the scientists of
tomorrow. However, there are serious doubts abdetier such science curricula can
succeed to trigger in students any meaningful eeigagts with science (Dillon &

Scott, 2002; Osborne & Collins, 2000; Osborne, Bri& Simon, 1996).

Actually, quite a few recent studies document aesptead lack of student
interest in school science education (Dekkers & Beter 1997; Sjgberg & Schreiner
2005; Gough, 2007; Littledyke, 2008). Many studemtsldwide abstain from
considering scientific knowledge as capable of nmegully explaining current reality
and as relevant both to the society and to thesopetly. Research evidence is
supported by the decreasing numbers in studenineants and student participation in
science courses. Instead, several studies ascartgiowing interest among students of
all levels in issues involving societal and envir@ntal concerns (Chatzifotiou,
Liarakou & Daskolia, 2006; Daskolia, Flogaitis, takou, 2007; Daskolia, Flogaitis &
Papageorgiou, 2006; Flogaitis, Daskolia, Chataio® Liarakou, 2005) and in
educational practices that allow them to developmmegful understandings of the
world (Gough, 2005; Gough & Sharpley, 2005). A ssjgn so that current science
education becomes appropriate and meaningful tmle@rwange of students is to
‘bridge’ it with educational domains which are meeially-oriented and centred to

real-life problems, such is the case of environmleeducation (Dillon & Scott, 2002).

The opportunities for developing a beneficial relaship between science
education and environmental education have beentifiéel by many scholars. Gough

(2002, 2007) argues that science education haaimoagot in motivating students to get



more actively involved with science content ifutris to address some of the most
challenging socio-scientific and sustainabilityuies which are also relevant to the
students’ interests. The experience gained fronintieenational ROSE research project

(http://roseproject.Noconfirms this assertion (Sjgberg & Schreiner,%00

Environmental and sustainability issues can bdddeas learning themes from which to
draw and study several concepts and aspects stibece curriculum. By opening to a
new agenda of topics which are more personally @pmeto students, science
education can retain the students’ interest whde eedirecting its school practice to
address real-life problems. At the same time ibb&es more relevant to societal needs
by contributing to the creation of a scientificdilgrate citizenry, better equipped to

ensure environmental sustainability (Fensham, 1&M8igh, 2007; Lucas, 1980).

Furthermore, science education can benefit a ¢éoh fthe conceptual and
methodological richness of environmental educagiot the application of multiple
perspectives in studying reality, to challenge igigtary orthodoxies and deeply-rooted
myths of science as the one and only, objectivevahte-free field of knowledge. Like
any other social practice and its products, sciemeesocially and culturally situated
activity (Delia, 1977) and so is all teaching aedrhing processes addressing scientific
knowledge. By recognising that there are some kouiaral, and political
underpinnings in our understanding of the ‘sciermmghponent of any current
environmental and sustainability issue and thaibuarconflicting interests intervene
when applying, interpreting and ‘using’ scientikisowledge in addressing these issues,
it is an important advancement for science educdfllon & Scott, 2002). On the
other hand, environmental education can gain fitsmelationship with a reformed

science education curriculum by widening its realavgards scientific knowledge and



how to incorporate it into all processes of underding and dealing with current
environmental realities (Hodson, 2002; LittledyR808), and by being challenged to
reconsider its long-standing critical stance towdta role of science in environmental

discourse (Hajer, 1995).

This debate is also inherent in the Greek acadsaomrnce and environmental
education community discourse, although not yetieitly articulated in systemic or
local initiatives of curricular change. What is@ksvident is that, internationally and in
Greece, the very act of reforming the school cuhdim to become better attuned to the
specifications of a more socially-oriented and smvinentally-focused science
education has a number of barriers to transcendmynthose are the dominant culture
of science teaching, the traditional norms of stipoactice and the teachers’
inappropriate preparation to respond to the demahttgs new role (Osborne, 2000).
In designing this training course we thus felt #sapertinent to invite Greek science
teachers to engage with this debate and contrtbutemmmunicating it to their

colleagues.

In search of appropriate teacher education framewdks for teaching science with

digital technologies

Among the factors that inhibit the effective intagon of digital technologies in
classroom teaching and learning is that of teaphe#fessional development. In our
view, this situation cannot be adequately addrebgeattributing failure to rigid teacher
mindsets and practices nor to the specifics ofgasibnal development courses. We see
such problems as symptoms of a lack of generali®ylsocietal and institutional,

concerning the profile of the teacher professigaifiing courses cannot assume
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authoritarian stances aiming to just fill in whiagir designers presume as ‘holes’ in the
teachers’ competency or knowledge. In our viewy tieed to engage teachers in
emergent communities of practice affording themrtie of ‘co-discussants and co-
designers of reform’ in participatory contexts weheacher educators facilitate, inspire

and challenge mutually growing ideas and practiggaigos, 2007).

Seen through this lens, one of the shorcomingewipetence-based teacher
training courses could be identified in their pregerance mainly at improving the
teachers’ technology competency levels with thelicri@im that this will
automatically lead to more lasting changes in tegchnd learning processes and
finally to a restructuring of the existing currionh. However, these interventions have a
rather limited scope. Teaching a disciplinary fiefcknowldge is a fairly complex
process in itself, as teachers need to combine k& of the subject-matter with
pedagogical knowledge to be able to teach effdgtivea classroom-based context. The
potential of integrating technology in teachinguéject has added one more challenge
to teachers, how to successfully combine technosddinowledge with pedagogical
and content knowledge. This task becomes even coonglicated from the fact that
there is no “one best way” to integrate technoliodg the curriculum (Koehler &

Mishra, 2009).

If fundamental changes are to be put forward oadarcational level, new
approaches to professional development have toumghs for (Watson, 2001).
Although our understanding of what constitutes fappiate’knowledge’ for the
teachers to meaningfully and effectively get engagith the use of digital technologies
in the teaching of their subject domain is stithyimg, there are some theoretical

models already present in the literature that noenitattention. One of them which we
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found useful is the Technological Pedagogical Curkenowledge (TPCK) framework
(Koehler & Mishra 2008; Mishra & Koehler 2006; Kdeh& Mishra 2009; Mishra,
Koehler & Kereluik 2009), a theoretical model popd$or conceptualizing teachers’
professional knowledge base needed for integraligital technologies into teaching

practice.

TPCK is based on Shulman’s (1986) model of Pedagb@iontent Knowledge
(PCK). However, it expands it towards incorporatieghnology as an equal constituent
part of the teachers’ knowledge base and buildsesnconstructs arising from the
interplays between content knowledge, pedagogy ledye, and technology

knowledge. (Figure 1 provides a representatiomefltPCK framework).

Insert Figure 1 about here

TPCK foresees three new types of knowledge whietganerated in the
intersections of the three circles in Figure 1:gmgmbical content knowledge,
technological content knowledge, and technologiealagogical knowledge.
Pedagogical Content Knowledge (PCK) is the amalghoontent knowledge and
pedagogy needed for teachers to consider how ¢t tbair particular subject-matter.
Technological Content Knowledge (TCK) refers to ewrstianding how the subject-
matter (or the types of representations that ailedmuit) is transformed from the use of
technology, and to developing the criteria on whicklecide about the appropriateness
of tools. Technological Pedagogical Knowledge (TPRers to knowledge about the
pedagogical affordances and constraints of a yaoigtiechnological tools within the

context of particular pedagogical designs and esgias.
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However, what lies at the heart of the teacherdinelogical literacy is a fourth
new type of knowledge that comes from the intecachietween content knowledge,
pedagogical knowledge, and technology knowledges iBrHtechnological pedagogical
content knowledge’ (TPCK) which encapsulates adogrtb Koehler & Mishra (2008)
the essence of the teachers’ competence of teaaliingligital technologies. In other
words, it denotes that a teacher is capable ofgreéng how these three domains of
knowledge interrelate and that s/he is ready tpaed with flexibility to any particular

learning situation s/he faces every time s/he tesch

The model by Koehler & Mishra (2008) emphasisedriteractive and
relational nature of teacher knowledge which encsaps content, pedagogy and
technology. It furthermore suggests that intelligegdagogical uses of technology

require the development of complex and situatesh$onf knowledge.

So, in designing our course, we used this backgt@asra base to think of the
kinds of issues around which our trainee educatordd be interested in discussing
and gaining expertise. However, we addressed paatits as members of a professional
community that require empowerment with respecthéorole assigned to them by the
educational system and society at large and thponsgbility and initiative this may
carry on their part. We thus negotiated a norntofdesign’ and ‘co-formation’ of this
systemic reform where they themselves would joimusarious types of design and
would subsequently invite their collegues to creéle&r own designs. It is through this
activity of design and development of educatiomedfacts and activity plans that we
endeavoured to generate reflection and communitk wmund TPCK issues. We
thought of two specific artefacts to engage sci¢aaehers in: a) mutually negotiated

activity plans which we call ‘scenarios’ and b) gtienable and malleable digital
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artefacts which we call ‘half-baked microworlds’yigos, 2007). In fact we saw these
artefacts as pairs, each unit of curriculum desgbeing consisted of a scenario

accompanied by a half-baked microworld.

Using scenarios and half-baked microworlds as bouray objects

The concept of ‘boundary object’ was originallyroed by Star and Griesemer
(1989) to define entities (of an abstract or cotecferm) which are at the same time
‘plastic’ enough to be interpreted and employedvixy or more communities in ways
that make sense to them, and ‘robust’ enough tafesira common identity across all
communities. Although loosely structured in shaned, boundary objects acquire
specific meanings and functions within the conteh@ach community. What is of
prime importance is that by being commonly recogghigy the various intersecting
actors, boundary objects can ensure coherencerantfe collaboration amongst the
communities involved (Wenger, 1998) as well asdoaegotiation across them (Lee,
2007). By this process they enable the ‘crossingooidaries’ (Suchman, 1994) within

and amongst the communities involved and theirgetbyge practices and cultures.

In a teacher education context, we perceive ‘seesiaand ‘half-baked
microwrolds’ as artefacts that can play the rolébofindary objects’ in cases where
they are purposefully designed and employed byhezaeducators as to facilitate
meaning-generation processes among learners (jgtogper in-service teachers) by
means of continuous boundary crossing (Kynigos &H#eria, in press). A rather
generic use of the term ‘scenario’ in the contdxteaching and learning with digital
technologies is centred around the idea of a writigcument which delineates with as

much precision as possible a situation where aileguintervention is either envisaged
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or might be required to be designed and implemenitdthe aim to meet specific
educational needs. In some cases the conceptesfdso’ is also used to denote a
description of the intervention itself or is iddi@tl with a (teaching or lesson) plan
which results from an explicit effort to addresedfic educational needs. In any case, a
‘scenario’ can be defined as a conceptual artgfantiding detailed description of a
‘way’ to reach specific educational goals for aegiypopulation of learners. The word
‘way’ covers a variety of aspects including notyothle activity to be implemented and
how it will be socially orchestrated, but also trexlagogical/epistemological

framework within which it is based, plans of théhaty, a description of the digital and

other resources required and of the setting in kvl@arning will take place.

The author of a scenario (be it a teacher or dnexamducator or a researcher) is
asked to explicitly recognize and address aspddtedearning situation that is to be
designed based on the use of digital technologikgh are pedagogically pertinent.
Such aspects are the ways in which s/he expedisipants in a learning situation to
approach concepts and issues of the subject-ntlattergh the use of particular digital
tools, how they envisage learning through this bheey they anticipate the social
orchestration of the activity in terms of timingimber and synthesis of the groups of
learners, what types of outcomes are expected poduiced by them, kinds of digital
representations and the ways in which they areséae to be manipulated, and more.

Furthermore, scenarios specially refer to the adaletational value of the
planned activity, to the nature of the innovatiowl &0 the learning problems it may

address.

Within the context of this training course we amioed ‘scenarios’ as artefacts

constructed to be employed in the following modegse:
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- as training resourses created by the researchairgns to be used by the

participants within the context of the training ceey

- as activity plans meant to be developed or addpgdgtie course participants to
be used by them within the context of their tea¢ta@ning or classroom

practice,

- as ‘boundary objects’, that is artefacts especidisigned by the researchers/
trainers to assist the course participants to ggaged in collaborative design,
reflection and discussion on alternative choiceb wegards to matters of
science content, pedagogy and use of technologyekss the underlying

norms of each choice.

In the present paper we focus on the third use@iarios as ‘boundary objects’.
To this end, scenarios are viewed as malleablestgurable and improvable objects by
design, in the sense that they call teachers tibecige them, change them and adapt
them to their theories and practical needs. By im#cg objects of discussion,
negotiation and shared understanding amongst tesaahd their trainers on issues of
subject-matter, pedagogy and technology, scenerthge the crossing of boundaries
from all parts. At the same time, they fulfil aithging’ function by bringing together

both communities and domains of knowledge and hgliiem borrow from each other.

Our second type of boundary objects, ‘half-bakedraworlds’, are defined and
mediated as digital artefacts also purposefullygiesl to be used by participants in a
learning situation (Kynigos, 2007). They are albaracterized as incomplete or buggy
and are given to learners to study their behalook for bugs or unsatisfactory features

and change them. In doing so, they will notice praips, relations, concepts with which
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these artefacts operate. They are expected tagimtgroups, negotiate meanings and
actions and also come up with collective produdiddy being characterized as
questionable, malleable and improvable objectsraniorlds can also operate as
boundary objects, and so they did within the candéxur training course with the

science teacher educators.

Examples of scenarios and microworlds used in theacher training course

In designing the training course we gave a keytmkhe engagement of the
science teachers either with the design of scemand microworlds from scratch or
with the use of ones we had specially designethiem to de-construct and make
changes to. We viewed each of the participants@ssawithin the boundaries of both
their disciplinary community and their teacher pitaaner community. Our course
design aimed to encourage and facilitate themdsscthese boundaries in order to
communicate with the academic community and p@diei in the structuring of a ‘new’
teacher educator community. Namely, our pedagogieapective was to engage them
in processes of challenging the boundaries of eatese communities through
discussion and actions of re-constructing scenamalsmicroworlds at hand. For
example, one of the learning situations the teacivere provided for in the course was
when they were asked to enact the scenarios designie researchers/ trainers by
them taking the role of the students. Following thizey were asked to jointly address
aspects of the learning situation that were pedagthg technologically and content
pertinent to them and to think subsequently as\&rar teachers, and teacher educators.
In doing so, they were able to notice and discosgradictions to their practice and

reflect on their ways of thinking about sciencetemhand science education. They
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were also allowed to fully question the scenarios microworlds and make changes in

them according to mutually agreed criteria.

Following, we outline two scenarios that were desjby us (researchers/
trainers) to be implemented as starting pointsheytéachers (participants) in the
training course. The first focuses on a physics\pheenon and the second on a key
environmental education concept, while each of theskes use of an appropriately
designed domain-microworld. What they have in commsahat they both attempt to
‘transcend the borders’ of established scienceaducand bridge school practice with

more meaningful and socially-oriented approachestterstanding current reality.

The physics scenario: ‘The 3d Juggler

This is a scenario developed to engage sciencbkdeam addressing a classic
physics topic, ‘motion in 3d space’, and some sglatoncepts (the azimuth shot, the
altitude shot, the wind direction, mass, velodityces, collision, etc.) through digital
game play and design. The scenario is based amsthef the ‘3d Juggler’ digital
authoring system, a game microworld template thetsgthe users the possibility to
insert objects and observe the simulation of phemaevery time they change the
properties or behaviours of the objects by manimdesliders or vectors. The users can
also engage in Logo programming activities to cleamgt only specific parameters of
the existing model but the model itself. The addedagogical value of the 3d Juggler
microworld is that it allows users to create 3d gdike microworlds to simulate
phenomena either defined by the Newtonian Lawsh(ssdhe basketball shooting
game, the enemy shooting game) or not. The sceaian®to motivate and familiarise

teachers (and students) with some innovative waysiag technology in teaching and
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learning processes centred on challenge-basedsiasdereal-life phenomena, with
view to make school science more relevant to theéesits’ interests. Many teachers are
reluctant to teach about issues of this kind bex#usy are open to more than one
explanation. The scenario foresees that the teaemet learners will play with a “3d
Juggler” half-baked microworld as a starting pointorder to interact with the objects
and their properties, the variables and formal g#gas which are embedded in this
microworld. Later on, they are expected to worledity on the microworld, a fact that
will give them the opportunity to act both as emgirs and as scientists in trying to
interpret concepts and formal equations, and asdnge time to collaborate, argue,
negotiate, and discuss with each other while expdahe microworld. Their final goal

is to arrive at the construction of new game mobglmaking use of the available
functionalities of the microworld and by intervegidirectly on the game’s underlying
mechanism. In these new games the teachers haeppbeunity to express their
personal and collective representations of the goinaf ‘motion in 3d space’. Among
the objectives of the proposed activity are to ém#ie teachers to critically reflect on
new physics concepts and topics, realise the cotplef physical reality and discuss
about the role of phenomenology in understandin@tier objectives of the activity are
to familiarise participants with the constructidndaital games as boundary objects for
teaching complex phenomena. The scenario foreBaethe activity is implemented in

3 face-to-face training sessions of 5 hours eacloyarall duration of 15 hours).

Insert Figure 2 about here

The environmental education scenario: ‘From Perfecfille to MySusCity’
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The general idea behind the environmental educatienario is to involve the
science teachers in addressing some core condepis aurrent environmental
discourse (those of ‘sustainability’, ‘quality Idk’, ‘sustainable lifestyles’, ‘sustainable
urban living’, etc) through digital game play aresa@jn. More particularly, the scenario
aims to engage teachers in dealing with the comgbeiksystemic nature of their
everyday activities as well as with identifying ardically approaching the
sustainability parameters of human practices withéwurban environment. Participants
are expected first to play “PerfectVille”, a halited game microworld which was
deliberately built by the researchers/ teacher &idus on some contested ‘axioms’
about what sustainable living in a city means (lggsi & Daskolia, 2011). By playing
the game the teachers are expected to challenge #xéoms and get engaged in
discussion, negotiation and argumentation processast how they define
‘sustainability’ and in which practices of theiregyday life they identify it. This
discussion is to be used as a new conceptual basihich the teachers would then be
called to design a new game by employing the Sysfaitne microworld template.
SusCity is a digital authoring system for SimCikelgames which leaves open to user
manipulation, construction and de-constructiongag of the mechanism that contains
the ‘model of sustainability’ upon which the garséuilt, while keeping away the
syntax and the information that might be noisetfierusers. The users are therefore able
to incorporate their own sustainability criteriatie new games they create. The added
pedagogical value of the SusCity microworld is thatlows teachers (and students) to
integrate ‘a sustainability model’ in the digitarge they construct as opposed to just
discussing a theoretical model. They can also et@land further reflect on this model

during game play which is a motivating activityested towards examining how the
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model works. Among the objectives of the propossivisy are to enable the teachers
to critically examine some core sustainability cgpts, understand the multi-faceted
character of certain sustainability issues andaephlternative frames of viewing them
in relation to their everyday practices that suppasustainable ways of living in the
city. Other objectives of the activity are to faiamiise teachers with the construction of
digital games as boundary objects for teachingleahing complex concepts. The
scenario foresees that the activity is implemeimeiface-to-face training sessions of 5

hours each (an overall duration of 10 hours).

Insert Figure 3 about here

Some concluding remarks

In this paper we aimed to contribute to the disicumsef instructional design
principles and methods for reform-based interverstimvolving added value uses of
digital technologies in science education. Ourgtesimed to integrate a) the
pedagogical challenges of addressing conceptualudifes and relevance-related
shortcomings of current school science practicditegpto students’ disenchantment
with it, with b) teacher education challenges opemering a teaching profession under
challenge. The method we conceived to apply wasaffacilitating various types of
‘boundary-crossings’ with view to generate charigdabe ways science teacher
educators and science teachers perceive their @legpedagogical intention was to
empower them to re-define their roles as ‘co-desigjrand ‘co-discussants’ of
innovations based on the integration of digital med school science education. By
viewing teachers in teacher education contexte@®sentatives of different

communities and sub-cultures our aim as academiiteits was to enable them first to
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identify their ‘boundaries’ in terms of their owortent, pedagogical and technological
knowledge and then to support them in crossingethesindaries. As the course
developed, our reflections on these design priesiphhanced our view that we need to
better understand this process by shedding mdnetligghe challenges the teachers face
and the changes they have to undergo when askeghtrend boundaries of this kind,

both in their subject domain and teaching practice.

In this paper we articulated the rationale andyaeal the technique we
employed in training course for science teachecautus, which is that of designing
artefacts to play the role of ‘boundary objectsfanilitating teachers in boundary-
crossing processes. We suggest that artefactsasustenarios and microworlds can
potentially fulfil a ‘bridging’ function not only mongst science teachers from different
communities (trainees, practitioners, teacher eduspor disciplinary cultures (i.e.
physicists, chemists, biologists, etc), but alstwveen science education and other
educational domains. This is particularly pertineith environmental education, an
educational domain whose epistemology and pedagogig greatly benefit current
science education to reform towards more sociailgpted and interdisciplinary
approaches to meaningfully understanding realitjweler, more research is needed to
shed light into the processes with which thesertiegles are put to use. We are about to
complete the collection of data from various atiéa we designed and conducted
within the context of this training course. Our tistep is to submit these data into
research analysis and critically discuss the figslim light of the proposed theoretical

constructs we presented in this paper.
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Figure 1. The TPACK model and its core components (Koehler & Mishra, 2008)
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Figure 2: The ‘3d Juggler’ microworld
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Figure 3: The ‘SusCity’ microworld
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