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Abstract

Designers often explain new concepts and new ideasféryence to existing designs. This is
parsimonious, as it only requires a pointer to the refemnd a description of the
modifications. Such descriptions can be extremely paweskpressing the entire context of a
design or a process in a few words. However similar#gertions are inherently ambiguous,
because they depend not only on the chosen descripticaisbubn the intention behind the
similarity comparison. In this paper we attempt to ys®lthe effect that the ambiguity of
similarity references has on communication and idea rggor in design. The
reinterpretation of a similarity assertion can b&exely creative, where ambiguity allows
for new interpretations of a problem. At the same tiinean make accurate communication
extremely difficult because every assertion can kerpneted differently unless the context is
fully shared.
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1 Introduction

When designers talk to each other, they frequently mefleeemce to other designs that they
have been involved in or that all are familiar wittnisis entirely normal for members of a
group that shares context — awareness of a range ofdebigns. But the same conversation
can be very bewildering for novices or outsiders liksigie researchers. The common
references and objects of discussion give the group se se#ncohesion. At the same time
talking in references is a very powerful way of commating. Instead of describing
something accurately it is sufficient to refer to doect and the intended modification [1].
Moreover some concepts can only be expressed by naming esarbptause the range of
object or feature categories exceeds the available name&shey cannot easily be described
in terms of their structures [1, 17].

For example, designers discussing a diesel engine aya{we use the same arrangement of
the cylinder head assembly as on the new 4 cylindenergr the 6 cylinder engine”. This
makes perfect sense to an insider explaining exacthatioail of the cylinder head assembly,
fuel injection points and so on. For an outsider thibaffling. What did they mean by new
engine? How is the cylinder head assembly arranged? Wiest tice mean for the fuel
injection? What does it mean for the pistons? Howewetloser inspection the implication of
the statement might not be clear for an insider eiffiee new design will clearly inherit more
than just the location of the cylinder head, but whitthe design decisions that follow from
this are kept? Maybe the speaker meant really just wheyewanted to put the cylinder head
assembly, whereas the listener concluded that natutalymust mean the fuel injection
system as well. At the same time the listener msimded of the reference object and thinks



about the 4-cylinder engine. This might remind him thas #mgine had a very elegant
solution or the location of the high pressure fuel pipeakenproceeds to think about fuel
pipes, missing half the conversation about engine headobubg closer to the solution to
his problem. So communicating by reference to objectmisguous.

The aim of this paper is to examine the ways in whiehaimbiguity in similarity assertions
can lead to misunderstandings in communicating by refergdur aim is to provide part of a
conceptual toolkit for understanding design communicatica \wide variety of situations as
well as a wide variety of industries. This paper coneges on the similarity references made
in conversations between expert designers — between tpdepsho share knowledge and
understanding of the objects they refer to. Novices @ntdiders apply the same cognitive
processes to different knowledge, to interpret similaetfgrences differently. The argument
presented in the paper is based on our observationsighdeteractions and design meetings
in several large engineering companies, where we studiedge&haplanning and
communication behaviour in complex organisations [2]. keparate study [3, 5] we have
looked at the nature of ambiguity and its effects om@®pnous communication through
writing and sketching. In some situations ambiguity can lsavery detrimental effect. We
have observed ambiguous descriptions of designs having verjuhaffacts in the knitwear
industry, which we have studied in great detail [4, 9]. Thectire of similarity, its
description, and implications for complexity in desiga aubject of ongoing research [6, 7,
8].

2 Design Discussions

In the complex engineering products, such as diesehesgwe have studied, the generation
of solution concepts or details is often a solitaryivdg interspersed with meetings.
Somebody defines a problem, it is discussed in a meetmyybody goes away and thinks
about it, and discussions are held as required. Thensabsequent project meeting each
designer presents one or more solutions to the problemated to them. Meetings are
important for evaluating and making decisions about relgtivell-developed proposals [12].
This is quite different to the relatively uncommon igassituations that are frequently
analysed by researchers [10, 11], where a group of designgiigen a design task and kept
together until the problem is solved or the time is up.

Some of the meetings we have observed were conversdthage meetings, where a creative
solution to a problem needed to be found quickly beforena@rgent change could upset the
design schedule [2]. In these meetings designers repmmtdekir progress and brought open
issues to the discussion, that were sometimes resolvehe meeting or actioned for
following meetings. The meetings fulfiled several fuocs at once: (a) inform other
participants of the progress of the design and alert tbefture issues; (b) negotiate the key
parameters of the system and agree interfaces betlfésent components; (c) specify tasks
for other people; and (d) jointly design solutions for dpeproblems. Meetings slip fluidly
between these different functions. When designers spexifying or negotiating for a
mutually acceptable design decision, their utterances dpaite different intentions to those
they make when jointly developing design ideas. Theysayag “my situation is X, what is
yours?” or “l want X, make sure you have it ready by Myl or “I need 4mm clearance,
you only leave me 2mm. What shall we do?” In these sosithey want to be understood
clearly and express themselves unambiguously. While thdrealways be an element of
negotiating for a shared understanding, with room for dismussrising from ambiguity, as
Bucciarelli points out [12], ambiguity is not desired.



Communication is rather different when designers aveldping designs together, especially
for early conceptual design, where design ideas areatypivague, provisional, imprecise
and incomplete. Such situations have been extensiveliedtirdm a variety of perspectives,
primarily through experiments [see for instance 11]. émversations for joint designing,
sketches, gestures and words are used in combination lioaéxmnd disambiguate each
other [13, 14, 15, 16]. The patrticipants in joint designingallg get rapid feedback on
whether they have been understood (though clarificatiannigjor activity within meetings).
So they can interactively negotiate an understandingach other’s positions, as well as
negotiate about decisions, before the (provisionammrecise) decisions are represented in
precise-seeming forms [10]. Designers use rhetorical tectsiigu@rgumentation, including
subtleties of phrasing and tone, to modulate the degréelieff they express in ideas, and
signal willingness to make trade-offs, as well as foress exactitude [10, 16]. However there
is no guarantee that all the participants will alwpiek up these signals. Some people use
them badly or in idiosyncratic ways. We have obsermvadicipants disagreeing about the
purposes of meetings, and listeners being mistaken abodtiribBon of an utterance as
intended by the speaker. In consequence they do not recagaiseation that they are given
as uncertain or provisional. The opposite possibilitya they might interpret a specification
wildly.

3 The Structure of Similarity

There are two problems in interpreting communicationsdbgrence, first determining the
respects in which the new design suggestion is meantgwriar to the referent, and second
determininghow similar.

3.1 Understanding similarity statements

Psychological research has long been concerned withotée of similarity and analogy in
reasoning. The mechanisms involved in interpreting simjlasttements and analogies
remain an active topic of research. While similariiyn de described in terms of the number
of features shared between two items [18], similarity judgemdepend crucially on which
features are most salient when the comparisons ade f@9]. What features people attend to,
and how similar they judge two things to be, is influehbg the context — importantly what
category both items are indicated to belong to, andt wtizer contrasting items are also
present for comparison. Similarity statements amrerpmeted to be informative [18]. There is
evidence that the features of the items compared igmreed| and attention is directed to the
features each shares with only some members of the café§h Comparisons like “a robin
is like a question”, where there are no category-univdesdlres to provide a ground for
identifying relevant features, seem peculiar. Theseurfeatinclude not only simple or
perceptible attributes, but also structural relationshipszdest elements of the items, so that
the recognition of shared patterns of relationships wdicres analogical reasoning [20] is
also important in the perception of similarity [21].tBaven directly perceived features are
learned from deep understanding of structure and functfoninstance what a diesel engine
expertsees when looking at a cylinder head assembly is very diftefremm a non-engineer —
and mental representations of objects include behaviounaatkastics as well as structure.

For example a conceptual designer of diesel enginessiadds the trade-offs between heat
and noise through the fan. The nature of this tradeenffains independent of the type of
engine. Communication through metaphor and analogies depemd identifying

correspondences between these abstract relationatdeatrhen more concrete attributes are
dissimilar. In design, inspiration is the unprompted gadtion of such correspondences to the



needs of a current problem — though in some industriegrogsi actively search for
inspirations, looking for relatively concrete simitags across object categories[17].
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Figure 1 Different types of Smilarity Groups

3.2 Types of similarity relationship

How similarity assertions are interpreted depends mm target and referent are classified
into one category, so that the attributes shared by t@yosy members serve to identify the
significant attributes shared by only some category memBertsthe relationship between
items and category can vary, influencing interpretations Ipossible to identify several
distinct formal types of similarity relationship thatsams can have to each other, linking
them into subcategories of similar designs [7, 8]. Figushows some of these patterns. The
black spots indicate common features among all desigagopulation and are disregarded
in a similarity analysis. The grey spots show thdauess shared by pairs of designs — the
features that are the focus of attention in interpgesimilarity assertions. Typical patterns of
similarity based on shared features are:

. « Tolerance classes are groups of elements where each pair shares at laast o
common feature [23, 24, 25].
. « Chains are groups where each pair of elements is connected leguwerce of

elements such that neighbouring elements share at deasteature. A chain is a
weaker similarity grouping than a tolerance class.haires perceived similarity may
not be based on directly shared features. Thus remoringermediate link can alter
perceptions of similarity, or make a reference uniigiele. Chains are significant
when designs are linked historically through a sequent#erfnediate developments.
Knowing this may influence the features one thinks arevaaleto the similarity
assertion; not knowing this may make a reference uhgibdd¢, or lead to it being
taken to indicate closer similarity than is intendedhe Trecognition of pertinent
features can also be influenced by recollection of ancbacomparisons in previous
discussions, which other people might have missed.

. « Versions of the same product, or a family of closely related prtgjushare many
common features, while each one has additional featuhgsh do not necessarily
have any specific relationship to each other.

. + Ranges — such as the ranges of complementary products producedothyngl
manufacturers — span a variety of basic categories @b $10t share any common
basic attributes beyond being objects. What ties th&mmaitommon category is more
abstract relational features such as having complemefiactions within some
larger scheme. Usually every design is linked to othetbarrange through several
shared features, giving the range its coherence.



3.3 Instances, categories, and spaces for interpretation

Perceived similarity relationships can change as timext for comparison changes [18]. In
particular perceptions can shift of how different a desgydrom what is typical for its
category, when new members are added to the categoyr€FR2). Our interests include
situations where designers’ mental representations efsgaces of possible designs are
formed by remembering many different designs, recognisinglasities, and creating
category concepts [17]. The relationship between menpaksentations of instances and
categories is difficult to unpick, but there is evidenbat instances are represented at least
partly in terms of how they vary from category-typicdeviations that are recognised as
significant are remembered and can be exaggerated, widedeviations are ironed out [17,
26]. Smaller categories might be represented extensicamtyggregates of all their elements;
so if a new element is added then it is included in gtefithe elements (Figure 2(A). But for
larger categories, representations of what is ty@calprimary (Figure 2(B)). A new element
may influence this; however the representation of catetypigal is not merely the average
of all instances. For example when people are askedaw drcar, they often draw old-
fashioned saloons. In some cases the representatt@iegfory-typical may be a particularly
important or memorable canonical example — this mayrisepuesentative of the range of
instances within the category (Figure 2(C)). When simildatyeference point statements are
interpreted, the features that are compared are theatass from category-typical. This can
give a skewed or asymmetric character to the simjlaellationships between pairs of non-
canonical designs.

A: Extensional represention by elements B: Represention by central element
New elements change representation New element shifts central element

C: Canonical element represention D: New element excluded from space
New elements might not change
representation of space

Figure 2 New elementsin Smilarity Spaces

When a reference is made to a unigue design within a vesraeclass, or one of a set of
equally well-known designs, then the differences betvibe referent and what is general for
the category gives some indication of how close taelferent the new design is intended to
be — though there is plenty of scope for ambiguity. Batdtope of references to canonical
elements can be unclear: is the comparison exad,tbe ireferent a placeholder for a broader
class, in which case the intended space of possibildiethe new design is wider. In design
conversations this can be extremely confusing for theiesti who does not know the extent
of the space or the role of the representative olfette canonical element is not recognised
as such, the specification by reference might bepnééed too narrowly. Conversely, how far
does a reference to a category include what is typathér than just what is common to all



members. Total misunderstanding arises when one perdadas@an object into a space and
others exclude it.

4  The Nature of Ambiguity

Ambiguity is created by the availability of alternativeferents for words, symbols, and
symbolic or deictic gestures [15]. What referents am@lavie depends on the originator’s
understanding of languages and notational conventions, tlagid expectations of the
recipient, as well as of the design situation [27]. B¢ role of prior context in design
communication goes beyond the need for the recipiergdmgnise the graphic codes used in
sketches and diagrams, and ascribe the intended refetentsords and symbols.
Representations of designs are abstractions in whipglctss of the design are not fully
specified. Understanding how much of whamaes described is fixed, and what can be varied,
is as essential as understanding the explicit cootfeatrepresentation [3]. This applies even
more so to verbal references to other designs, whicbaaedy specified at all.

Research on ambiguity in design communication has largehcentrated on sketches.
Understanding the ambiguity of sketches is relevanionbt for their parallels to similarity
references, but also because sketches are often usedjumction with verbal references in
an attempt to disambiguate each other. As is well kngeople don’t mean exactly what
they draw. Roughness in sketches expresses lack of tgrtainh the viewers often cannot
distinguish between intended imprecision and poor drawing, etween a qualitative
placeholder and a relatively exact depiction, or betwa simple form drawn roughly and a
more subtle form drawn more accurately [3, 28]. One bketcdrawing often stands for a
whole space of possible designs, but the viewer andrdaor cannot know whether they
interpret this space in the same way. Idiosyncrasies and g@wing in sketches and
diagrams bias interpretation by others towards diffecentral meanings, as well as towards
different judgements of imprecision and provisionality.

This is also well recognised in engineering companies. €hd bf new product development
at a large UK engineering company has completely excludetdheds from communications
with external people, because he is concerned aboutftremng wrong expectations from
their interpretations of sketches. Instead of skettisuse CAD drawings for early external
communication, where they draw the newly designed featand use parts of the old design
partially stripped of detail as placeholders for theieothewly designed parts.

Some earlier discussions of imprecision, uncertaintyaambliguity in design communication
[10, 16] lump all these together under ‘ambiguity’. This @amfasing, and promotes the
currently influential view that ambiguity (more narrowlyfided as the availability of more
than one qualitatively distinct interpretation) is Wamal in design communication, and that
aiming to use computer tools to create unambiguous descrigtiadesigns is a discredited
enterprise; this we doubt [3]. However Minneman [10] arghas designers sometimes do
exploit ambiguity. Nonetheless joint designing is veffedent from communication between
activities; handing over ambiguous representations care cggere problems [24, 4]. The
view that ambiguity is beneficial in design communicat®melated to two doctrines. The
first is that ambiguity facilitates creativity by enatlgjireinterpretation. Schon [29] views this
as interacting with the sketches as in a conversatiordesigners see more in their sketches
than they put in when they draw them, and these insiglwe durther designing. The
extensive body of research on how architects and otsegyndes use sketches, has focused on
how designers reinterpret elements of their sketc3@s The other influential doctrine is that
design is inherently social. One important contributidrsociologically oriented studies of



design practice [10, 12, 27] is highlighting the role of amibygin providing negotiating
space, which allows individual and group creativity to fldurislenderson [27] puts it as:
“Ambiguous communications provide an opportunity for desigterproject and reflect —
breathing room from rational concerns. Designers prajestbry onto suggestive fragments to
make a whole, creating the shared understanding”. But dffiect of ambiguous
communication is rarely so clear cut in design — it loarvery harmful [3]. It depends on the
function of the design communication (see sectionng) the stage of the design process at
which the ambiguous communication takes place.

5 The Ambiguity of Similarity References

Communicating by reference to other designs is a double extgadl. It is very quick, but
the references can be harder to understand than peojsde,raald can bias creative thinking.
But sometimes their imprecision and ambiguity can givegdess space for flexibility. The
spaces of possible new designs afforded by references to aekgns have a similar
structure to those of afforded by sketches. Usually “lideésn’t mean “exactly like”, so
some flexibility is allowed in mapping the old design ithe new situation — some aspects
will usually have to be different to meet the constsaof the current problem, and others will
be free to vary to meet other needs. So how like e?li&imilarity references are inherently
ambiguous. What aspects of the referred to or sketched desigigaificant? How precisely
are these aspects specified? Are some aspects intendeduasate detail while others are
rough indicators? How committed is the speaker to thegsad® Some aspects of similarity
utterances make them harder to interpret than sketechesitten documentation. Like all
utterances they are quick and fleeting. A quick referanca sentence can carry a huge
amount of information including the reference point, tluification to it, and the history of
change that they referenced design has gone through.a/¢ketch we have time to reflect
about its uncertain nature and pick up the degree of unugrfeom the way it is drawn —
people often confuse polished drawings with final desigmsaets. While verbal cues can
signal imprecision or provisionality in analogous ways, uaagry in a speaker's expression
can be uncertainty about what they want to sayerdtian an indication of the looseness with
which it should be interpreted. When designers create akdabsketches, they are aware
that they are looking at an incomplete representatom;when they specify elements of
designs or outline negotiation positions though verbateates to other designs, they can be
unaware that they are actively constructing interpatatbased on background knowledge
and assumptions that the other parties might not filgre. The need to query assumptions
and ask for clarification can be less obvious.

Another fundamental source of ambiguity is abstractimy form of abstract description,
whether it is verbal, written or pictorial affords nyamore interpretations at a low level of
detail. When somebody says the engines needs a fugl @siiain abstract statement, then this
says very little about the fuel pump, what make, whad sic. The details are often filled in
by he listener from experience. A fuel pump might implgeatain make because it always
does, or it could be the one used last time, but it coslol la¢ a logical placeholder for a
certain functionality. Again this is often not cleartke listener, who might then fill in some
details but not others according to their own experience.

Similarity references can play a significant part ia generation of new ideas, because they
allow a very fast exchange of imprecise or skeletalgd&Vith the rich context of a similarity
reference, people can very quickly pick up on a diffefeature of a design that they like.
The influence of similarity references on creativity geky. Designers often get fixated on a
certain type of solution and find it difficult to think o&dically different solutions [31].



Designers encouraged to consider a source of inspifatiane aspect of the design can find
it difficult to avoid thinking about it for another asp@détthe design for which it is unhelpful.
A reference to another design can help them to reftam@roblem and think of a different
type of solution. However problems can only be reframed Way within the range of
existing designs. More radical solution either havegiantroduced by analogy to other types
of products, or derived from theoretical analysis. Thisa ipotential problem in mature
products, such as diesel engines, where there is #titgpe for improvement within
established problem-solving approaches. The efficiencinolesity references depends a lot
on how well the people know each other and how comlylahey share the concepts,
techniques and examples with which they think about desigrirdhject worlds [12]. On
the other hand the more the members of a team sharepdte they suffer from collective
fixation. They are locked in their jointly created s@uatspace and need outsiders to break it
for them. Whether this is positive or negative overafpehds on the nature of the product.
We have observed very efficiently working knitwear desigams, who needed to bring in
students or freelance designers to get new ideas; aasaaligineering teams where designers
communicate effortlessly and quickly through shared olgfetences.

6 Applications

The general results in the body of this paper are theome of many individual observations

in a variety of design contexts. These range froshia to complex electromechanical

engineering. The analysis of ambiguity and similaritythe design processes of these
industries indicates some strengths and weaknessessef phecesses as well as how they
might be improved.

The fashion industry demonstrates a strong reliancenatasty, whether creating garments
in a fashionable style or drawing on inspiration from-design sources such as natural
phenomena or design sources from different domains. Wéassobserved in detail for the
knitwear industry. Although similarity is used extensively, cmmication especially in the
knitwear industry between designers and technicians (whissaeprototype designs) is
fraught with difficulties because of extensive ambiguie analysis based on the general
results above indicates why communication between dispaeams of technicians and
designers and even among collaborating designers is posdireak down. In some cases this
failure is because several parties do not share commberpretations for similar objects —
similarity is used inappropriately. Other cases ofufailin communication come from
problems in actually realising the similarity. Then rd&tive interpretations or rough
approximations are created, many of which are far away finitial intentions. The key
conclusions in this industry example are that (a) snityldand ambiguity) is essential for
inspiration; (b) ambiguity (and similarity) should be maged carefully if the whole design
process is to deliver design intention to product.

Another case from a highly contrasting domain confirhes wsefulness of the analysis of
similarity. This is the design of diesel engines,laegely mature product. Product
development is driven by regulatory requirements. Theysisahpplies to groups of design
specialists in particular features and functions of tbelyet. These specialists are both inside
the immediate company, in other divisions of the same coynpain suppliers. Similarity of
descriptions is widely used both at the broad conceptwal lend for functional parts.
Similarity to existing and previous company designs as aglvith competitors' engines is
central to success of new designs in the market. raigm may be aided by ambiguity.
However, ambiguity is generally avoided. In communicatigth third parties and suppliers
only CAD representations are used in our collaborating caynp&imilarity although vital to



these designers is used in a tightly controlled and acallyway. Competitive advantage is
gained by small customer oriented changes rather tharstyée® and major revamps of the
product range as takes place in fashion.

In both examples the double edged sword is clear. Sityiler an effective mode of
communication among designers but associated ambigestysrto be managed closely. This
is especially true when communicating parties operatdifigrent stages of design (eg
knitwear designers and technicians) or when designers worttiffierent contexts (eg
designers and suppliers). The analysis of the paparssihby communication interfaces, say
between product designers and part suppliers, or betwe&eknitlesigners and technicians,
are sensitive to misinterpretation through ambiguity winistrfaces within a shared context
can exploit similarities and common meanings.
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