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I.Dudek, JY Blaise, CNRS
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Abstract

A common task when trying to understand piecegdfitecture inside a site is to spot, document and
depict changes over time. Quite often successtatesof an artefact are then represented using
emergent, screen-based computer technologies @/irbality, Augmented reality, haptic interfaces,
etc.). In this contribution we wish to investigathether some tasks — both communication in
workgroups or reasoning tasks — would not be betsiekled once freed from the screen as unique
interface. We introduce a proof-of-concept protetypalled “tangible chronology” developed in order
to represent changes that occurred on Krakow's etaduare over a period of 750 years. The paper
presents the development and its evaluation, befis@issing in what tangible models could serve
content holders or academispecificallyin historic sciencesand in what their makinghere calls
specific attention and methods.

Keywords
Architecture, Interfaces, Reasoning, Edutainmeapi®prototyping

1 Introduction

A common task when trying to understand piecesrofiigecture inside a site, whatever scale you
choose to privilege, is to spot, document and depir changes over time. This task pulls together
different actors, with different agendas, and cevarrather heterogeneous set of challenges. For
instance, from the point of view of scholars intbii sciences, the identification of a chronology
means inputs, and inputs mean uncertainties, cpntfx. On the contrary, content holders,
magnetized by what they suppose are the expectatitihe wide public; rather tend to minor doubts
and to focus on communication tasks. But beyondelhmossible conflicts, there is a common issue:
finding appropriate means to represent somethiagdbcurs, develops, and changes in time, and in
space.

Ever since XIXth century pioneering works like Mid& figurative cartography, or Marey’s graphic
method, we are entitled to believe that depictiggaanics of change requires specific means and
devices - in other words that the analysis of ckanigplies rethinking traditional visual tools like
cartography, plans and sectioetc In the “information age” too, notably iwmisual analytics
innovative graphic solutions are put to the forat ttenew our capacity to analyse and make decisions
on spatio-temporal data sets (see for instance keah2011).

However, when talking specifically about architeetifocus is still usually put on representingtate
(“my building in 1605"), rather than changes. Reada&obably came through historic edifices, sites,
museums, exhibiting either coloured plans or virtugangible models showing various stages of
development of the edifice. Naturally tangible misdenay now appear as “communication old
timers”. And it is true that the development of gauter applications (GIS, CAD, VR, the internet)
and related technologies (LIDAR, laser scanninD [d&plays), have driven most actors to adapt their
work methodologies. Seemingly, a time came (twaades ago?) when actors stopped thinking “what
can you do with a virtual model that you can’t attg do with a tangible plaster or wooden model”.
Numerous investments in computer-based solutiotes, l& might appear rather absurd to consider
there can be an alternative to screen-based corpatiom.

Yet, our claim is that, with mature computer tedbges and related devices (touch screens,
smartphonesgtc), with records of successes and failures, it migghtime today to re-think this over
calmly. In this contribution we intend to turn tijgestion around: “what can we do with a tangible
model that we can’t do with a virtual model”? Ither words, we wish to demonstrate that maybe
there are tasks — including reasoning tasks -afeabest tackled once freed from the screen asieniq



interface. This paper therefore focuses on a cesmarch question: can physical models over-perform
traditional screen-based virtual models (and n#dyuirawhich conditions, for which tasks)?

Our contribution introduces a proof-of-concept ptgpe, called “tangible chronology”, developed in
order to represent changes that occurred on Krakavérket square over a period of 750 years. The
prototype combines a master board, 3D physical feodethe artefacts, with a coding of their
position on the board and in ordinal time, andrgitale timeline for each artefact.
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Figure 1 tangible chronology components: experimenting a enditom CAD-based virtual
environments to tangibility.

Naturally our aim is not to question the usefulneEsomputers in general: the tangible models we
present come out of a fully computer-operated aeaigd production process. Furthermore, tangible
interfaces have become a hot research topic witiercomputer science discipline itself, and linoits

the now traditional HCI devices (“mouse/keyboartéen”) have long been discussed (and exceeded
in the gaming industry). We shall therefore notd#s ergonomics on a general ground, but analyse in
what tangible models can serve content holdersademicsin historic sciencesand in what their
makingtherecalls specific attention and methods. In this pape shall first comment on this global
issue, present the prototype, and conclude witkiplesfuture directions.

2 Research context

Over the past 20 years, we have seen the develomhamumber of technologies that have impacted
the way we try to explicit architectural changegrmtime (changes inside an edifice, changes irsside
site). (Mazuryk and Gervautz 1996) or (Novak-Ma&oinet al. 2009) give successive overviews of
the some of the most commonly used technologiesCaid-based virtual environments such as VR
(virtual reality) and AR (Augmented Reality). Althgh at start focused on design and analysis tasks,
computer-based geometric modelling tools littlelitie integrated a concern for the visual quabfy
outputs, with realistic rendering layers introdueeithin many software packages. In short, what we
have seen, notably in applications to historicarsmes, is the focus progressively shifting fromf8b
analysis to 3D for communication. This is particlyjaobvious when looking back today on
contributions dating of the nineties like (Alkhov&893) : her analysis of the evolution of Heusden'’s
urban fabric, with a consistent classification dffgsheds light on geometric rules & knowledge fin a
analytical approach that has little to do with sarnexmunication-oriented approaches that the rise of
technologies has made possible since then.

Under the influence of computer graphics — reldiglds, of mobile technologies, and of the gaming
industry, new ways to deliver the same “virtual ldbcontent have also been introduced — immersive
platforms, haptic technology, touchscreen + stydotutions, mobile devices, etc. It would be
irrelevant here to draw the whole history of thesghnologies, but it appears to us important ttesta
that seemingly, little by little, an idea has mateway inside many circles (wide public, content
holders, funding agencies, some scientists, ettyau want to illustrate how an artefact might eav



been at time t, how it might have been at time {efc.) , you need comprehensive 3D modelling, and
virtual environments (the more the bettéBut what if you want to understand time, readdnpare
densities of changes, durations, overlapping, taicgies? What if you're interested not only in the
effects of time on architectural shapes, but in fllewvhole story developed over time?
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Figure 2 . Correlating pieces of information in time : the @hographs experiment (Dudek and Blaise
2010) combines variograms (parallel reading of rohpgical/structural/functional changes), a
diachrogram (positions typed states and transitadinglong the object’s lifeline) and chronologiafs
features.

As food for thinking and debate, let us take asitaexample: virtual reality.

Is it that virtual? From the point of view of degg; gloves, helmets, captors are certainly notiairt
Now about the content — so-called virtual worldse Aoftware, hardware, files virtual? Well in fact
preserving such content on the long run is a reatiissue, and not at all a virtual one. And sthat
end of the day what is virtual in a virtual worlfIl what is shown is virtual — pieces of architeet
reconstructed or not, i.girtual pieces of knowledge about an artefact’s evolutisrthis the goal of
science?

And what has virtual reality to do with reality?t#iking about realism in graphics, well then VRags
difficult to understand as reality itself. Furthemra, the actual reality analysts face when prodyoin
processing historical data is partial indicatidmsterogeneity, uneven distribution of clues in tiamel
space, etc. Is this the information virtual reahsips delivering? (Raposo and al 2008) commest thi
recurrent issue with this adroitly imprecise qufsten (Devine, 2007) “tension between authenticity
and completeness” (sic.) Virtual reality might bE@0oSe to a reality”, but hardly to the reality afro
knowledge on the evolution of artefacts. Our rgalt packed with doubts, and therefore one should
be cautious with what words like “VR technologiesiertly introduce in our practices.

Now we do acknowledge these arguments are a bieémhed. But we believe technologies and
corresponding practices are now mature enougly tangl weigh cold-bloodedly their actual cost — no
offence in that, | suppose. Our position is thatt8Ehnologies in general — not only VR — not only a
rendering time neither - invite us to say too mubbo much 3D, too many details, too many choices,
too much rendering. And at the same time they doaflow us to say enough: not enough temporal
aspects, not enough support for uncertainty amdreitives, not enough context. In other words these
technologies, although convincing by many ways,hhigpt be fully suited to the kind of pieces of
knowledge and info we would like to communicatesythmight not be least the only instrument we
should use. And when indeed this instrument needbet used, we then in return should better
understand its cost in terms of relevance, reatlaldhd faithfulness in the context of historical
analysis, and in terms of cognition for the end use



3 Background and related issues

Naturally, our intent is not to question the impantl potential benefits of emergent “virtual wotlds
technologies, in particular since we also use thetmes (Blaise and Dudek, 2009). Our intent is to
discuss if for some purposes — workgroup discussiabstract reasoning tasks, acceptability and
usability for visually impaired people — we shoulot put more efforts on alternative solutions.

A full range of approaches do exist, in particuhathe fields ofinfovis, positioned by (Friendly 2006),

in terms of legacy, at the intersection of cartpgsa and statistics.

In cartography (Rad 2000) proposes a brilliant ysialof reality and its representatiorquoting for
instance Muercke: “the features on the map reptesanbolic versions of reality, not reality itself’
And so a distance with reality would be welcome®l@Dnay 1995) says it in a clear-cut manner: the
power of evocation of maps can be found in thepacity to reduce. To this day, at the scale of
architecture, what this author calls a reductiarcpss remains ill-formalised.

Moreover, when talking about historical sciencesgtobviously plays a major role. But here again, a
the scale of architecture, time plays a secondaley+ with most often a series of states positioned
along a timeline. The focus is usually put on “wHat my artefact look like at this period of histpr
and then 200 years later” in a synchronic appro@ther aspects of the time parameter like densities
durations, and rhythms remain poorly dealt with. @wtrast, key contributions have emerged in the
visual analytics field on how to handle the paranéine in general terms (Aigner et al 2008), or in
the specific context of uncertain data sets (Matket al 2007)(Blaise and Dudek, 2011).

4 Motivation and challenges:

Basically our motivation when this research staed to get closer to the reality we handle, and to
find some media that, as an end-product, wouldcetaively free of unevenly mastered technological
layers. Tangibility was for us only a track at stded by experiences showing physical models,
provided that they are adapted to the public, ¢ay @ major role in communicating digital contemt i

a more friendly way, as shown for instance by tierANTARCTICA interactive museum
installation presented by (de Bérigny Wall and Wa0g9) or in (Thuvander et al 2008). And indeed,
the recent development of rapid prototyping techegy along with the adoption of de-facto
geometrical standards stemming from the industpgne unprecedented opportunities to rethink the
role and impact of physical models. In additionress communication technologies now enable
easier interaction between physical models andtadigiontent. It is also important to state that
tangibility opens real opportunities for 3D conteziise — a challenge in itself (see Bilasco 2086)

in particular when looking back on what remain20fyears of geometric modelling in and around
historic architecture.

Accordingly, hot research is today emerging on italegnterfaces for all (for the able-bodied asIwel
as for the disabled people — see braillenet.orgirietance) in cultural applications, but also in
education (Scarlatos 2002), and more generallgtaraction with multimedia content (Hirabashi et al
2008).

And so at the end of the day tangibility appears gsomising solution, well suited for workgroup
activities, relatively technology-free (as far asers are concerned), and what is more bringing in
visually impaired people, and people with learriigabilities.

Yet in historical sciences time is key to underdiag dynamics of change - and making time tangible
is a challenge. Time to time transfers (transfgriine 750 years evolution of an artefact into 750
seconds) are theoretically possible, but as showmWbAigner (Aigner et al 2008) ill- suited to
analytical reasoning since no comparison is pasdigitween events separated in time, or between
large numbers of sequences. Furthermore, the riiadads such a transfer for the wide public
remains to be evaluated.

So to which extent is tangibility compatible witbnstraints one faces in historical sciences, namely
reasoning on the parameter time, and handling taiogr? A physical model can hardly represent the
whole evolution of an artefact, and is by defimticather well-determined (at least in terms of

geometry). This is precisely the issue behind #mgible chronology prototype: representing through
physical models notions like changes (including-narphological changes), durations and intervals,
doubts. From this issue derive the experimentsriigs:



one product - several possible audiences,

one product - several possible uses,

communicate on temporal aspects,

handle uncertainty in dating,

support workgroup discussions,

exhaustive spatial & temporal coverage on a tesd.ca

The development and test of the prototype, asheildescribed in the following section, focuses on
these specific challenges.

OUTHWN R

5 The tangible chronology prototype

The prototype combines four elementsnasterboardon which3D physical modelsf the various
evolutions of edifices are positionazhronocordeghat act as a physical equivalent to timelines, @n
carvedvariable valuesdice Its specificity lies in tangible codifications ads for various purposes,
from positioning 3D physical models on the mastartoto confidence assessments. The initial
concept, applied to Krakow’s medieval market squasas to offer users means to analyse visually
and tangibly the site’s architectural composititam,any time slot of their choice inside the 75@nge
covered. To do so users combine on the masterl®@@rghysical modelgorresponding to each
edifice’s evolution at the period chosen. In otlrds, users are supposed to be given enough
information to combine physically on the masterbpand to analyseall possible market squares
between 1257 and toddthis naturally implies working in discrete timeith a reasonable chronon -
here one year - 754 combinations). Both spatiarméation (where was this edifice?) and temporal
information (did it exist at the date | am invesatigg?, if it did exist, which evolution did it refa?)
have to be conveyed. Corresponding tangible cadifins are at the heart of the prototype: in this
section we first describe each code one by oneréefresenting possible scenarios of use it finally
comes in, and the test case.

5.1 Code 1: positioning edifices in space on the starboard

The first thing needed is to position edifices pase, on thenasterboardrepresenting the market
place. Each edifice is localised through a univecal tangibleyeocodecarved in positive beneath the
physical model. The geocode is a simple 3 X 3 gatbining flat squares and thick cylinders,
measuring approximately 1érallowing 2 combinations. In addition to the grid, the geocotudes

a small rectangle, 1cm long, that acts as a paosigppin at assembly time (in order to avoid mirror
effects). For each edifice a corresponding geo@®darved in negative on the masterboard, allowing
a univocal and fully tangible assembly.

B
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Figure 3 .Concept and implementation of the geocode.

For almost each edifice, and therefore for almashegeocode, there are several 3D physical models,
corresponding to the successive morphological ¢wis of the edifice. There are for instance nine



different 3D physical models for the town’s halllfbe — one of the three structures that remain
standing up to now (the average number of physitalel per edifice is between 3 and 4). And so we
needed yet another code to distinguish the ed#ifiest evolution from the second, the second from

the third,etc.

Figure 4 : a number of physical models for each edifice, testd to be ordered in time

5.2 Code 2 : dating evolutions of edifices in orded time

Each evolution of each edifice is localised in oedetime {.e. first, secondetc.) thanks to ordonators
(cylindrical pins), a tangible codification carvesh positive beneath the physical model.
Corresponding slots are carved in negative on thsterboard, allowing users to check at a glance the
overall number of known evolutions for each edifice

O @
§ o
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Figure 5 : tangible codification of ordered time



Taken together, geocode and ordonators are a wahj\tone + space, patented assembly system. Yet
evolutions of edifices are at this stage only aedemot dated — no direct relation from edifice to
edifice is possible, no mean is given to say whdgblution was present at this or that year. A third
codification was introduced to deliver more in-dephformation on temporal aspects of each
artefact’s lifeline.

5.3 Code 3: localising changes inside edifices irsdrete time

For each edifice a sort of tangible timeline caliddonocordepositions what happens and when in
discrete time (chronon 1 year). A chronocorde festiangible codifications of dates, durations, key
dates, uncertainty in dating, and differentiatesicfional transformations from morphological
transformations. It is composed (Figure below) ldges meaning time (square - turn of the century
[a]; cylinder — decadégb]) and of shapes meaning events & processes (tlylagkders - functional
transformationdc]; plates - dating of a morphological transformatjdp). In the case of events &
processes, the position of the shape says “whie@'width of the shape says “for how long”.

Figure 6 : Chronocordes - basically a tangible equivalenh&édoncept of timeline

Morphological transformations are dated by a timeerival (2 dates in YYYY format). Plates
representing these transformations combine thessepiof information:

e The actual numerical dating (YYYY) is coded througfall hemispherical shapes on both
sides of the plate if the transformation lastedertban the one-year chronon, on one side only
if it lasted less than one year.

» The top surface of the plates is engraved withegighaped carvings so as to identify the
order of appearance (ordered time) thereby allowidgect relation of the plate to a given 3D
physical model through ordonators (three ordonaterthree carvings) .

« Finally, the foremost side surfaces of plates isvaxh with different iconic-like tangible
shapes that represent a qualitative evaluationhef dating’s credibility (data stored as
numerical scale).



uncertainty |

Figure 7: Codification of plates corresponding to morpholagiitansformations

5.4 Code 4 : learning to say less, yet say it all.

At this stage we now can position edifices in spacder then in time, date their changes with, to
some extent, an uncertainty assessment. Yet, velfidng about uncertainty, besides temporal aspects
the morphology has to be taken into consideratwith(unknowns of its own). In some cases, the
information we have can help state “what kind afie€’ it was in terms of structure and usage but
not exactly how many windows it had, or how stelep toof was. And so if we are to question the
relevance of tangibility as a media, in the contfxiveak data sets, we need to learn saying not too
much about edifices, with tangible means. Still, aasesult of our first evaluation campaign, it
appeared clearly that in the case of visually imgghpeople infos like “how many storeys”, “on which
side was the entrance” or “what material” could \mry useful to deliver in order to foster
comparisons. Accordingly, we introduced codificatidhat say, broadly speaking, “all we know is...”
and thereby help us get closer to sayatigve know, anchothing more This clearly calls for further
development — and is a challenging issue not antixé context of tangible models.

Figure 8: Information delivering through tangible codifications (material, levels, entrance
orientation).

5.5 Scenarios of use

Although some issues it raises do call the reseaichttention, the tangible chronology prototype i
primarily targeted at use for the wide public, re tcontext of museums and/or education. It was
initialled developed to serve in the context of ertgguided pedagogical activities planned by the
MHK (historical museum of the city of Krakow) asrpaf its extension.

Elements presented here above can be combinedrée @renarios of use: guided interactive
workshops, standalone presentation, board game.

In the guided interactive workshops (museum amdetocation) mode, users are invited to recompose
the market square for any tintesince 1257 under the guidance of an expert whavetes to
comment on the context of the period, the reasongtanges, the historical sources available, the
doubts that remain. In this mode all the 3D physicadels are laid out on an assembly table, along
with their chronocordes. As will be discussed i@ d#valuation section, the whole installation ig pér



the educational benefit of the prototype. It fawuwvhat ininfovis is known ascontext + focus
approach (giving an interactive access, in the sgpaee, to an overall view the chronology of all
edifices and to a detailed view on each evolutibaazh edifice). It has proven to perform extremely
well in terms of support for workgroup discussiomnr-aspect we had absolutely not anticipated, by
the way. Furthermore, unlike one-user computetredn installations, it clearly encourages
collaborative group interactions, and is suitedrmups of various sizes. But naturally there igst t0

this benefit: such a use requires guidance. Acoghgi there might be more perspectives of
applications in the educational field, as parthaf pedagogical material through which the teacking
done, than in traditional museums.

a

Figure 9: guided workshops use - recomposing the market scatararious periods.

The prototype can be also laid out as a standgloesentation: 3D models are then positioned with
regards to the morphological transformation platésthe chronocorde. Focus is here put on
comparative reading, combining temporal + morphiclalgaspects edifice by edifice.

Figure 10: standalone presentation — a visual comp;érisorieﬁfriés underling densities and durations
of changes.

Tangible chronology is clearly an edutainment atitie, allowing users not only to perform data

mining tasks by touch and vision, but also to panfantuitive assembling tasks (category 3 of the
ESAR classification — Exercise play , Symbolic plagsembly, games with Rules, see Garon et al
2002) that are particularly fruitful for people thare emotionally vulnerable, or have learning

disabilities. Accordingly, we tried to evaluate whehe idea oplayingwith the prototype could lead.

A board game was designed for which a dice withalde values was created. The baseline of the
game’s scenario is to have gamers get hold ofoedifiin relation with dice-dependent time slots] an



build an “impossible city” (putting together thingsat did not coexist in time). This application
however goes a bit beyond the scope of this papkne therefore do not detail it further.

5.6 Test case and Production process

As mentioned, our experiment was carried out onddaelopment of Krakow’s market square over
the past 750 years. Up to 40 structures coexidstedeamoment in time or another during that period
inside the 200m x 200m market square — yet onlgetlof them remain up to now. Moreover, most of
these structures are known to have changed repgatealy it be changes in terms of morphology or
in terms of usage.

The documentation, the morphology of each evolutswell as well as the chronology resulted from
comprehensive architectural analyses we carriedaadt published in the past years, with ad-hoc
contributions from our colleagues W.Komorowski and.Weclawowicz. This input comprised
dynamic VRML models, formerly used as interfacearnonline documentation platform (Blaise and
Dudek, 2005), and a structured description of charigat occurred on each and every edifice during
their lifeline (Dudek and Blaise, 2010). Naturalgvels of knowledge, and levels of confidence,
strongly vary from edifice to edifice, both in tegnof morphology and in terms of dating.
Furthermore, inside one edifice’s chronology, dsubkist here and there, and by the way not
necessarily for the oldest period, as demonstiaté8laise and Dudek, 2011).

We transferred the VRML models into physical shapith some additional CAD modelling needed
to integrate the prototype’s codification (geocautglonators).

The actual physical models produced cover 25 stresf and 90 evolutions : we chose in a first stage
to leave aside structures that are too weakly deoted — their very existence as independent edifice
being even questioned. Accordingly we do not claienmanaged to transfer the whole indications we
have gathered throughout the years to physical lmodenve did get closer to the reality of the
knowledge we handle, but not exactly to it.

The prototype was produced using a rapid prototy@D printer from ZCorp. The codification was
integrated inside the initial dynamic VRML 3D mosledo as to avoid dependence to the 3D printer
technology. Models were translated into STL formaproduction time in order to allow geometric
checking in the printer-specific software (consiste checking, accuracy, etc.). Tlbronocorde
element however remains “hand-modelled” at thigestaa transitory and unsatisfactory situation.

6 Evaluation

At mid-development we carried out a first feastpili readability check with visually impaired peepl
blind people, people with learning disabilitiesanks to the cooperation of an association speedlis
on these issues in Krakéw. The idea was to evathatevhole concept and the tangible codifications
through informal discussions. A number of positpeints were made on the acceptability and
accessibility of the prototype, which apparentlysveareal help for testers to verbalize questiorms an
concern.

However the readability of the architecture itse#fs questioned at two levels: the size of the eshfi
“in the real world” {.e. readability of scale), and a frustration that “ycan’t touch what'’s inside the
edifice”. To the first concern we did react by puejmg additional codifications (see section 5.4i}, b
the second obviously requires a change of scatamething we are currently working on, and testing.
More generally speaking, this first evaluation lgiouus to re-think the way we should try and make
space sensible for blind people (typically for amste, direct geometric scaling and transfer from
reality to 3D physical models can be totally inagptate since they imply an a-priori knowledge of
architectural spaces not necessarily part of fhaisonal experience).

In a second round, we carried out a more structeseduation with various age groups in a High
school in Krakéw (VIII PLO). Testers from three s$&s (ages 14 to 17) were first presented the
various components of the prototype (masterbodbghgsical models, chronocordes) and then left,
unguided, with precise questions on the developmoktite market square. Questions required a clear
understanding of the information conveyed by thevabcomponents. A typical exercise of the
evaluation was for instance, given a painting, dtedt by its architectural content using the thlegi
chronology prototype’s components.



Figure 11: Testing how the protbtype supports mining tasks.

Finally, written comments on the overall system eveompiled and discussed informally. Lessons
from this evaluation can be summed up as follows:
« the prototype clearly favours questioning and atévity from the audience,
e at this stage an initial guidance is needed,
« the prototype helps shedding light on the prociggsrpretation of historical clues) rather than
on the results (some set of 3D shapes),
* it helps going backwards, back to hints, clues, hod$, have them understood by the
audience, raises the audience’s awareness ofib&tseciences,
« it uncovers differences in levels of knowledge kEdw various elements in a data set, in our
experiment an urban ensemble,
e It puts temporal aspects on equal terms with dpadjgects.
Additionally, and surprisingly in a way at a timé@&n computer gaming is so strong, the board game
use raised high interest. More generally, the extado proved that saying less, and in a tangible
manner, through objects, means leaving more sparcénteraction and questioning, means more
understanding, even fragmental, of what it looke lio face historical data sets — and therefore in
what it is challenging, interesting.

7 Conclusion

This contribution was not about reaching to genexiclusions on communicating science, but
simply about reporting on an experiment throughclvhive have tried to make the evolution of a site
tangible. The tangible chronology prototype, itiiadesigned as an edutainment platform in the
context of museum activities, does however undediome more general issues:

e Scientists from the Humanities fields are not comded to be stamp givers for tech
developers blinkered by computation capacitiesgraghic realism.

* In some cases, and in particular in workgroup disimms, traditional “3D Modelling + Virtual
environment” solutions are over-verbose solutiomkjch besides inadequacy to our data
prevent users from an appropriation of the chakertgehind historical sciences.

In short, what the tangible chronology experimend @s evaluation show is that consistency with the
underlying data’s specificity (temporal aspects,cartainty) does not undermine scientific
communicationit helps it

It has to be said at this stage that for most ofet could have reached this conclusion without
experimenting physical models. The prototype shavgsiccession of discrete states, and emphasizes
time / uncertainty parameters — and this can nigusso be done through visual means. IT is not said
though that the demonstration ththere is more to Historic Sciences than still I8® my it be
(interactive or, animatedprobably would not have been as radical. In addittbe experiment has
not yet come to its end. In a next step we needntegrate technologies for object-computer
interaction (e. 3D physical models / chronocordes as tangiblerfaxtes) in order to deliver
multimedia digital content. But for this step totaken (a step at hand in terms of technology)rigee
oneself from the screen’s attraction is requirednfimany...
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