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Using a Semiotic Classification to Characterise Olects Involved in Collaborative
Design

Abstract: This paper addresses the problem of expressiostaarihg of domain-specific constraints and
knowledge in engineering design. Pierce’s theorgigis allows understanding why purely graphical 3D
CAD systems partially fail to support design teamasing design review meetings and more generally
during collaborative design episodes. This theaap belp us to go further in analysing annotation
systems as symbolic systems of signs and we drparallel with the 2D standard drawing system, as
they have the same semiotic nature. We show thadrsic annotations can be considered to improve the
semiotic richness in 3D CAD representations. A cisdy illustrates the need for co-operation suptmor
multi disciplinary design teams. In this paper weort the idea that future design tools shouldgrdte
both symbolic and iconic types of representationstlsat the designers could freely build shared
representations taking advantage of the whole shmimonic spectrum. We propose future
developments reconciling the graphical precision3Df digital models with the semantic richness of
symbolic systems of signs.

Key words: Semantic annotation, design communication, secsicasynchronous collaboration,

engineering design

1- Introduction

Digital 3D product representations are widely usshy in engineering for purpose of communication
during design meetings and serve as a common piatfor the participants in their effort to reach a
mutual understanding of the situation they arenigciThese 3D representations are supported by
visualisation tools that provide very sophisticafieactionalities for the manipulation of the georgethe
extraction of measurements, and sometimes the diegprof textual notes via mark-ups. Recent
technologies provide holographic viewers to degigifier a better rendering of the realistic chanaofe
the digital object. Over the time the representatiools tend to provide more and more sophisticated
effects that allow a visual experience of the dbjkat is as close as possible to the visual egpee one
could have of the real object. If we use the matapi map and territory, we can argue that thiedrean

be compared with a situation where a traveller @auhnt his map to look like the territory as clgsas
possible. But the map is obviously not the teritiself. Its function is to help the traveller fimding

his/her way in the real world by reflection, infece, deduction, etc. Moreover, the map can help two



travellers build an agreement on the safest rontéoltow. The map then becomes a communication
media, just like 3D representations of the prodisst become communication media in design review

meetings.

Depending on their domains of expertise, habits, stakeholders have different design practices an
different ways to represent the output of theiriglesvork. However, common ways to represent the
design are also required in co-operative desigrasins, where discussions, debates and argunantati
can occur, and where design participants can shanmeknowledge about the current design situaiod
discuss the design solutions. Co-operative desigk wccurs in synchronous situations, for example i
design meetings, where participants discuss fadae® or via videoconferencing tools. There is @&so

increasing need for asynchronous co-operation tatdlag/ to the geographic distribution of design team

Similarly to maps that contain additional infornoatithat cannot be derived from the pure geometry,
there is a need to provide a richer semantic suppatesigners. The geometry will never be suffitia
itself to convey complex meanings related to compheiltidisciplinary design problems and contexts. |
this paper we propose to analyse the design repieggms as signs and consider the symbolic/iconic

nature of these signs depending on the naturesakgbresentation.

One way to introduce some richer and complex cantea design representations is to go back to the
traditional, yet poorly studied, annotation pragsicAnnotations and their use for supporting kndgée
elicitation are not new. According to Wolfe (200&)edieval scholars annotated margins of manuscripts
to create a sort of forum for sharing knowledgehalimg readings of a text, and illuminating diffetre
reading strategies. Annotations were such importargading practices that books were often trabedr
along with their annotations. The main enabler laft tpractice was the fact that the same copy of a
document was shared by multiple readers. Wolfe Zp@Ben demonstrates that there is a similarity
between that practice and modern computer-supp@menbtation practices. Today, the collaborative
document sharing tools offer multiple participatite possibility to collaborate through annotatiagne
virtual documents. That situation offers major adeges to virtual communities, such as supporting
collaboration between members of distributed teé@Baberet al. 2005), collective annotation of textual
documents to improve reading time (Marshetllal. 1999), or stimulating decision making processes
(Guibertet al.2005).

The emergence of digital documents has also chaaigeaotation practices in engineering design. Virtua
documents are very frequently used today betwesigmlers to support design work, thanks to network-
based systems that offer some functionality forriglgaand annotating these documents. The positive

effect of annotations on knowledge elicitation aeam co-ordination have been already reported (Bou;



2003).

Based on the classification of Pierce’s semioterants, the aim of this paper is to show that tteah
trend of CAD systems, that is to rely almost exelely on 3D graphic geometry, does not fulfil the
requirements for a good communication among dessgri&e are looking here for some paths that
reunify semantic contents (especially for suppgrtime argumentative side of design activity) expees
under various forms, from textual (or conceptua) pure iconic representations. We discuss how
annotations should be used in 3D digital worldsnder to support design communication. We willtfirs
introduce Pierce’s semiotic elements and show hoesd semiotic elements can be found in various
representations used by engineers. We conclude #aesions by a classification of the classicaksypf
representations used in engineering design withrcetp their semiotic characteristics. In a secpad

we introduce a case study that illustrates theofisextual elements as addition to graphical elesena
design team for supporting decision making andedissation of decisions in the design team. We then
extend this to a more general category of annataditd introduce the concept of semantic annotation.
We discuss this concept in the context of engingedesign and support the idea that the concept of
semantic annotation can be used to integrate tegtements into graphical semiotic elements inradki

of symbolic/iconic continuity. Design teams coulten benefit of a wider communication support for

expressing their ideas, recording decisions oitielicsome underlying rationale.

2- On the use of icons and symbols in engineering@sign

2.1- Introduction to Pierce’s semiotic elements

The philosopher and mathematician Charles Sanderee(1839-1914) proposed a three-level typology
of signs that is distinguished by a phenomenoldgoedegorisation based on the way the sign (or
signifier) denotes the object (signified, which gign refers to): icons, symbols and indexes. Rerce
“sighhood” is a way of being in relatibnin our engineering design context this allows shedy of the
systems of representations (i.e. technical drawiagdards, specific technical languages, etcglasans
between objects, people and objects, or peoplgaaple through objects, etc. For our purposes hare,
will stress on the differences between icons andbgys as particularly relevant for analysing design
representations and the role they play in an eeging process.

For Pierce, ancon is a sign where the signifier is perceived asmdsimg or imitating the signified

(looking, sounding, feeling, tasting or smellinggliit), in other words being similar in possessoge of

! For a more accessible presentation of Pierce’sadienelements refer to : “Semiotic elements arassés of signs:
http://en.wikipedia.org/wiki/Semiotic_elements_anlhsses of signs#cite ref*42n extensive part of piece’s work has
been published by Harvard University Press (Pi2888).




its qualities. A photograph of an apple, for ins&@nis iconic, as it refers to it by having the sam
dimensional proportions, shapes, rendering anducokhus the relationship between these two objscts

physical and natural rather than intellectual amtlcal.

On the other hand, symbolis a sign where the signifier does not resembéesignified; it is, on the

contrary, fundamentally arbitrary or purely convenal so that the relationship must be learnt. The
language is the most typical example of symbobmsi Words defined in a given language do generally
not have any resemblance with the objects that iyeresent (except may be for the Chinese or Japane
alphabet). For example, the word ‘apple’ does roott@in any physical characteristic of the object of

apple. And obviously, one should learn the sigaifice of that word in order to make the relationship

Pierce adds that a signifier is never purely symehdr iconic. It is always a mix of these charaistecs

with different proportions. For example, even atpgeaph can contain some conventions required to be
correctly interpreted. A sign can also be a contimnaof several signs of different types. The ‘no
smoking’ sign is a typical example of this. Theregentation is composed of a drawing representing a
cigarette (which is rather iconic), circled andssed out by a red line, which is a very conventiorey

to represent an interdiction (see Figure 1).

Figure 1: A typical no smoking sign combiningsymbolic and iconic type ofsign

In addition, Pierce stresses that a sign is aduieile triadic relation between tbggn, theobjectand the
interpretant(piece of knowledge that allows recognition of sign-object relationship). One cannot
reduce the relationship to pairwise links. For eglanthere cannot be a correspondence sign-object
irrespectively from the interpretant or a correspence sign-interpretant irrespectively to the ofogea
so on. Therefore, if one considers that in engingeadesign the external representations (i.e. CAD
models) act as signs, the object stands for ttad firoduct and the interpretant refers to the nreani

embedded in the designers’ minds. Then it appé&atghe implicit premise underlying the modern CAD



tools is that the interpretant should exclusivelffier to the qualities of the object itself (e.g.dimension,
weight etc.). In that case, following Pierce’s thggyy, the sign’s way of denoting the object is imon
However, in the past, other graphical languagesdidake this premise as granted and therefose the

were conveying richer meanings. This is what wé pvié$sent in the next section.

2.2- Drawings and standard notations as symbolic @inents
The emergence of a standard 2D projection systememfesentation (thanks to Monge’s descriptive
geometry (Monge and Heather 1851)) is a consequehtike development of the industry (Lavoisy
2000). This was triggered by several evolutiongnegles include an increasing complexity of products
lower tolerances and therefore an increased qualftyproducts, emergence of new production
technologies, or segmentation of expertises reladedesign and manufacturing (formalised later by
Taylor (1911)). These changes have requested thefuwore accurate representations, containing more
information (e.g. about tolerances or manufactutieghnologies), which could be an effective and

unambiguous way to communicate design informagspgcially between designers and manufacturers.
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Figure 2: Example of a 2D drawing



Thus, the 2D drawings have evolved to become pssgrely highly conventional and symbolic (see

Figure 2). The main advantage of these drawinghas they are good and accurate communication
vehicles thanks to their standardised form and ohgwles. The symbols can be considered as a local
language used by the various stakeholders of tlygneering process to convey specific technical

information. Note that there is no 3D equivalenpresentation system that supports this kind of
information today. Therefore 2D drawings are gtileferred in many design situations. The symbolic

nature of these representations requires spedaifiovledge (therefore learning) for their interpritat

The interpretant requires richer cognitive infeenelated to (and consistent with) the level of

complexity of the domain knowledge involved. The a$ symbolic type of signs seems to be necessary
when the information embedded in the representasoxery complex and involves deep technical

knowledge. Symbolic elements appear to be the leebfacomplex technical meanings.

3- From 2D drawings to 3D digital models: iconic ad symbolic nature of design

artefacts

Some typical design artefacts can be analysed @iogpto Pierce’s theory of sign. For example the 3D
CAD model of Figure 3 represents a view of a suteamly of a truck chassis. It is typically the kioid
model that is shared among design teams duringletbtdesign phases. As we have seen in the
introduction, the aim of this 3D representatiortaslook like as closely as possible to the mechalnic
components it represents. The underlying premisegb¢he closer we are from the real geometry, the
less we take risks when interpreting the geomét¥ye have seen in section 2.1 that this type of
representation tends to be iconic as the projeth@fdesigners is to make to model as close ashposs
the object to (make the map as close as possilhetterritory).

Figure 3: 3D model of a sub-assembly



Sketches are another example of artefacts frequeséld by designers. Sketches, although they Hrerra
iconic, contain usually more conventions than 3DDC#epresentations. Often, some areas in sketches
follow some technical drawing rules (for exampléchangs, doted lines, etc.) or specific conventions
related to a domain of expertise. The interpretatibthese sketches requires specific knowleddeatec:

for example to a domain of expertise, a communitpractice (e.g. electronic), or the context in ghi

the sketch has been created. In addition, sketnteesften used during conversation in order to sttpgo
discourse. In these cases, the message the sketehys often remains understandable only within the
same context (Figure 4).

Figure 4: example of an annotated sketch

As we have seen in section 2.2, technical drawamgsstandard notations have a symbolic natureegs th
are used to convey information from one contexriother (from the context of the design officehe t
subcontractor for example). The symbolic systemsid here to “de-contextualise” the message, g0 tha
the drawing acts as a mediator between two actbra design chain. The symbolic nature of the
representation allows this transfer accomplisheth \& minimum of information loss, contrary to the

sketches which are less codified and whose aimrisrhain local.

Annotations, as we defined them in an earlier pépeibertet al.2005), have a communicative function.
Although annotations act in a smaller and less femtliarena than 2D drawings, their nature is also
mainly symbolic. If we go back to Pierce we notibat symbols are the prefered type of signs that ar
used in the most sophisticated class of sign, tieetbat refers to the argumentative communicafidins

iIs typical in collaborative activities where thetarpretant is mostly using argumentation as
communication mode. The symbolic nature of the &atianm is therefore inherently linked to its uglit

2 http://www.ekran.org/ben/wp/2011/system-sketch-hadkground-subtraction/#more-920



i.e. communication. As for the drawing system tmmaations allow a de-contextualisation of the
information and convey meaning from one contexeutmther (an annotated model can be reused in

various design meetings for example).
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Figure 5: Status of the design artefacts as signs Pierce’s theory

Figure 5 summarises the relative positions of theous types of design representations (considased
signs) along a symbolic-iconic axis. We can see2baand 3D representations are rather complementar

and 2D representations are at the same level agdpbical annotations.

In the following, we present a design case, base@dw observations in a French leading industrial
vehicle company. We will point out the need of tlesigners to enrich the representations they shisiie

symbols in order to improve communication.

4. A design case involving symbolic and iconic affigcts

In this section we particularly stress on the infation sharing in the asynchronous and synchronous
phases of the process. We describe a design eptisatleccurred during the detailed design phase of
truck chassis. This design episode is made of desgetings and asynchronous design phases where the
stakeholders work in parallel. In this section wdl see how designers naturally introduce and nfix o
elements of language and graphic elements for ah&karity and storage of decisions during the glesi

process.

4.1 The design team

The cross-domain team we consider here is led layamtect With his high technical level, the architect
coordinates the design activities of an entire sygiem of the truck. He communicates with the desig

team during asynchronous phases of the projectrderoio assess geometrical conformity and also



manages the design reviews. The actor cal®lS (Project Management Support) works with the
architect and is in charge of short-term operatiomanagement of the project. During the asynchrenou
phases, he manages and communicates informatian gigostudies in progress (such as deadliness type
of vehicles impacted by each design task, etc.)isHdso in charge of the design review minutese Th
designersare technical stakeholders who develop solutiorihinw the CAD environment. Other
stakeholders, callethdustrialistsare experts from different domains (manufacturingservice, quality,
etc.). They participate to the design review megtim order to evaluate the design solution withard

to their specific knowledge.

4.2 An asynchronous design phase

During the asynchronous phase the designers devtk&pechnical solutions of their respective sub-
systems. Solutions are developed mainly accordinthe individual decisions of the designers on the

basis of their own knowledge on the context andsitats taken during the previous meetings.

Although this is an individual activity, the desegs need occasionally to collaborate with the other
stakeholders, especially with other designers hadatchitect. Communication is free and informaté

to-face meetings, telephone calls or email exchange

When the CAD models are completed, the architet#gnates the instances into the shared CAD
environment. In other words, from that particulaoment, the model of the ongoing solution becomes

accessible to the other actors until the next desgiew meeting.

4.3 A synchronous design phase: the design reviewegting

The design reviews meetings were originally deéidab validation. However, the stakeholders to@k th
opportunity of these regular meetings to set up ceadesign sessions, as there was no formal place
dedicated to an interdisciplinary collaborativessas in the general design process agenda. Thieisa
place where key decisions and their rationale amdarexplicit and the design review meetings become
the unique place where participants could exchargements about design solutions and make new

propositions.

During a typical design review designers preseatctirrent state of the design solution they produtte
is an oral presentation where they give all thenmiation that cannot be inferred from the analgsithe
CAD model (rational behind the design choices, geints of the solution, etc). Then, the particigant
discuss the solution, domain-specific rules are anexplicit and the ongoing solution is evaluatethwi

regard to these rules.
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Figure 6: An annotated screenshot in a design minat

The design minute is built simultaneously by thej&t Management Support (PMS). When a decision is
made or an action is decided, the PMS takes arsineeof the 3D view and takes note of the decibipn
annotating the screenshot. Finally, the design maimitransformed into a pdf document composed of a
series of annotated screenshots. The annotatiertd &xtual nature, anchored to a point on thegaray

an arrow (figure 6). After the review, this docurhes shared and remains accessible to all the

participants until the next meeting.

This design case illustrates several importanttpoffirstly, the 3D CAD constitutes the main medigt
artefact that enables the discussions betweendteipants, secondly the participants express doma
specific rules, evaluate the solution with regardsthese rules and build a common understanding,
thirdly, participants find effective to add textuahnotations to the 3D CAD screenshots during the
review. This brief case study shows the emergerficextual annotations in the context of a design
review meeting. This observation leads us to pagesl attention to the concept of semantic annatatio
and them within the framework of engineering design

5- Properties and the symbolic dimension of semaitannotations

5.1- What is a semantic annotation?
Semantic annotations can be described as anndtatian are interpretable (or reusable) by a human
being in a given context. In the Semantic Web domseémantic annotations are intended primarily for

use by machines to identify concepts and relatmete/een concepts in documents to create “inteltigen
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documents”, a document which “knows about” its owamtent in order that automated processes can
“know what to do” with it (Urenet al. 2006). The Semantic Web annotation frameworksh sag

Annotea (Kahan and Koivunen 2001) or CREAM (Handéchand Staab 2002) intent to relate terms in a
Web document to an ontology, to both abstract qaiscer instances of abstract concepts, in order to

remove any ambiguity about the terms.

Semantic Web annotation brings two kinds of besdétthe information systems, enhanced information
retrieval and improved interoperability. Informatiagetrieval is improved by the ability to perform
searches, which use ontologies to make inferendesutadata from heterogeneous sources.
Interoperability is particularly important for ongaations which have large databases often in reiffie
proprietary formats that do not easily interactthese circumstances, annotations based on a common
ontology can provide a common framework for theegmation of information from heterogeneous

sources.

Semantic annotations dedicated to human utilizabarthe other hand, can be defined by their gddls.
goal of an annotation in this context is the relatbetween object (information) and the action @ffect
of the information). Zacklad argues (Zacklad 200@) annotations can either take the form of a gsap
that can be integrated into the main semiotic pcodu can be designed to express criticisms oaiser
questions without being intended to remain a path® main product. Marshall (Marshall 1997) de§ine
six types of annotations in collaborative readingoading to their goal: annotations as procedugaas,
annotations as place markings and aids to memongtations as in situ locations for problem-working
annotations as a record of interpretive activityp@ations as a visible trace of the reader's tdtenand

annotations as incidental reflections of the mataircumstances.

Although the exact definition of an annotationtil sontroversial, it is possible to give a badefinition

of the concept of semantic annotation by listisgpitoperties and particularly by clearly distindping) it
from the concept of document. Documents are grapluc textual representations (a report, a CAD
model, etc.), created to accomplish a task in argoontext. Although there may be other documédras t
can be used complementary to the main documentdatiyment can be interpreted independently from
other documents. In contrast, annotations arelathto a document and can be interpreted onlyen th
context of this document. Although they have ttositextual relationship with the document, the goal
behind their creation may differ from the goal bé tentire document. Annotations are not all theetim
easy to detect especially when the documents ater wonstruction.

11



5.2- Properties of semantic annotations in the coext of engineering design
The general properties of annotations in engingetigsign can be summarized as follows (GuibtHl.
2005):

* An annotation has a different nature from the doentmon which it is attached to (for example
representing non-geometrical information on a gedoa CAD object),

* The target is the object containing informationttttee annotation refers to. It can either be a
document, (textual or graphical), a part of a doenth{a paragraph, a word or a par of an image),
a collection of documents or another annotationndation lifetime is always shorter than the
target lifetime.

* The content of an annotation is the information &n@otation conveys. This can have various
forms (such as textual or graphical) and can het&t in or out of the target document (such as a
hyperlink pointing out an external document).

* The anchor of an annotation is the point onto th@uchent, where the annotation is attached. Note
that the form of the anchor of an annotation cap abntain a semantic meaning.

* The sphere of influence of an annotation is defimgdts personal or public status, i.e. whether the
originator and the user of an annotation are dfierThe form of an annotation is closely related
to its sphere, as they often require more effoitstareator to become interpretable to its users.

As we have seen, an annotation is only valid in ¢betext of the document it is attached to. The
document constitutes therefore the environmentriakes it possible to understand the informati@t th
it conveyed by the annotation.

As we have seen in the case study the symbolicenatiithe annotations play an important role in
conveying some complex meanings. We will providé¢hie next section some guidelines for developing

an integrated collaboration tools based on theeitegs of semantic annotations.

6- Discussion and Conclusion

6.1- Importance of 3D CAD as iconic representation

Both the technical representations and the desiga that we have presented show the importanbfole
iconic representations. 3D CAD models successfpidyy the role of boundary object (as described in
(Star 1990) and (Carlile 2002)) in our design cas& sense that they provide the media to sughert
expression of domain knowledge between the difterstakeholders. The iconic nature of the

representation allows negotiation across boundamessometimes fosters the proposition of alteveati

12



solutions. Therefore we think that the geometrresentation must remain the main shared objeet typ

in the design process.

6.2- Iconic vs. symbolic: two complementary dimensns

However, our case shows that iconic representatfalhsshort of keeping the memory of the oral
discussions and arguments exchanged during thengeelt appears that they must be complemented by
symbolic expressions (under the form of text in eMample). We can make a parallel between the
annotations of our case and the annotations of dralving under the form of tolerancing for example.
Both have the same symbolic nature and fall untgeidefinition of an annotation as presented iniGect
5.2. We support the idea that iconic representatioombined with conventional annotations are an
effective way to express and make visible domaecgg design information and decisions. Symbolic
representations can complement iconic representabyg allowing the expression of tacit informatian
order to increase the completeness of the outpugrahe 2D case where the notations tended taceed
the ambiguity of the message transferred throughdthwing. Symbolic annotations also can be means t
express information that cannot be represented tdués non-geometrical nature (for example a

manufacturing constraint).

6.3- Moving expert knowledge boundaries

Further, the design case shows that a 3D CAD reptason is not sufficient in many design cases to
allow participants to reach a mutual understandintpe design situation. Differences between poirfits
view may constitute knowledge boundaries, in a iy the same representation may refer to different
tacit knowledge and be interpreted differently byeyal participants. A communication tool shouldal
participants to express their specific point ofwiey eliciting some domain specific information gmat
them on the representation, in order to overcoraseltknowledge boundaries. It is obviously a dynamic
process which requires a constant attention, tbdsevolving with the level of information sharedthe
group. When the participants have elicited a paing not necessary to recall it afterwards asgiraip

has learnt on that point. But another point mayshp and requires attention and so forth. This @ots
process of learning and eliciting obviously moves knowledge boundaries of the various stakeholders

and must be supported by symbolic representations.

6.4— Conversation need

Another important need that arises in this analysisthat the annotation model should support
discussions, or more precisely the exchange ofnaegts. In order to ensure a good decision making
process, each design participant should be abédgage a discussion with the other members. During

asynchronous phases, the stakeholders should bet@llontinue the exchanges initiated during the

13



review meetings. For example in order to anticigame points that will be discussed during ther&utu
meeting, the participants should be able to aneatet 3D representation prior to the meeting aadtri®

other comments.
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Figure 7: An example of the implementation of a sytmolic-iconic collaboration toof

6.5 Future work
In this paper, we have shown how the type of sigeed for representing a design object affects its
capacity to adapt to a particular design situatiour. first conclusion is that iconic representagionwhere
the product is represented by physical resemblafieea good media for communication between cross-
domain participants. The iconic nature of theseasgntations makes them remain interpretable by a
large part of the design participant. However, theper also shows that the common basis that iconic
nature of 3D representations offers to designerst toel supported by a symbolic representationaésyst
especially in asynchronous co-operation situatiéusther developments should be made for deepening
the analysis especially the dynamic aspect of ygems of signs that constantly evolve throughtithe.
More effort should be made in order to find robastl general conventions to support argumentative
cross-domain design communication. Software dewveéoyis should also be reinforced for supporting the
process of integrating symbolic and iconic typesighs in a unique environment allowing stakehader
to navigate through the sign system and use thpeprievel of sign depending on their needs. That
structure should include manual or automatic mefarmation, in order to capture accurately the

communication context, and to extend the annotatidetime.
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