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This paperpresents the situated FunctiBehaviorStructure (sFBS) model of €o

design, developed within the FBS ontology. Irdasign, designers interacitiwvtheir

co-designers and with their own cognitive experiences. In this model, we describe a

representation of the overall-ciesign activity, while preserving a figgained
representation of each ddesigngsmaedwitieiri nt er acti or
internal cognitive processes. The relevance and potential of our model are illustrated

through multiple examples.
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Collaboration in desigrhas becomeessential with the rgwing complexity of desiged
artefacts, a higher need for innovation and an increasing demand for time efficiency. In
collaborative design, teams, which involve multiple actors with different backgrounds and
levels of expertise, have to work simultanegush a unique desiga artefact. In cedesign,

team members share the same objective, as their goal islevetop and caonstruct design
solutions. Teamwork in design can also be described as distributed ¢{©aiges, 2009).

Within it, members workndividually on their subdasks and coperate on their project but
might not adopt common design processes and strategies. In the present study, we will only

focus on cedesign situations. Compared to individual design,-design activity is not only



focused on the design content itself, but also on the organization of the group process in order
to structure and organize the activiigtempfle & BadkeSchaub, 2002)Synchronization
between team members on both design thinking (cognitive synchronizatmeaign task
coordination (synchronization of actions) is admsigning prerequisit€Darses & Falzon,

1994)

Protocol analysis(Ericsson & Simon, 1984)primarily used to study individual
cognitive processes, has been widely adopted to analyze te&inghprocesses in edesign
situations (Darsest al, 2001; Dorteet al, 2011; Stempfle & Badk&chaub, 2002; Valkenburg
& Dorst, 1998; Wiltschniget al, 2013) . Il n those studies, t he
within a framework thakexplores implicit signs of collaboration through actions such as
negotiating, clarifying, and assisting goal planning; or design processes like generating a
proposal, analyzing a solution, or evaloati Other empirical studies focused on specific
conceptssuch as the comparison between individual design ardesign (Goldschmidt,

1995) the stimulation processes in design thinkiBguder & Jin, 2016)andthe impacts of
alternative media environmeris cadesign(Eris et al, 2014; Tanget al, 201).

The frameworks used to analyzedesign are mostly categorical descripsohdesign
actions undertaken by the team (for example generating, analyzing, reflecting) or implicit
markers of design collaboration (such as negotiating, clarifying). Resuttefrgpirical studies
using protocol analysis provide interesting insights to better understashelsgm but lack a
formal representation of cognitive design processes and team interactions occurring during co
design situations. Formal descriptive models@iélesign have the potential to give a dynamic
representation of the adesign activity, while representing qualitative and quantitative
information about calesign behaviors, extracted from protocol analysis. From their literature
review on design grougreativity, Sauder & Jin (2016pointed out different types of models

and their limits. Process models describe the overall design processes where the team is



considered as a single entity and the activity is looked upon in an integrated rt@ininer
2002 Sonnenburg, 2004; Stempfle & Bad®&ehaub, 2002) Interaction models (called
aggregate models yauder & Jin, 206 f ocus on membersé i1individ
activity, and their interactions. Process model representations lose the qualitintdrénetion
between members since the team is considered as a unique entity. Therefore, the number of
team members and their input into the activity, which affects the team thinking process, are not
taken into account. On the other hand, interaction nsduighlight individual contributions to
the teambs <creative a &audev & iy (20b@)individusdssareu nd e r
considered as a bladiox, and their internal thinking processes are disregarded.

Despite the effort invested in studying-desgn, a knowledge gap appears in the

development of a formal descriptive model ofdesign that will:

1 conserve a fingrained representation of team members as units while describing the
collaborative design activity as a whodad

1 acknowledge the situataess of design activity, which implies that the model considers

both internal cognitive thinking processe
external visible processes altered by t
situation.

The aim ofthis paperis to propose such a model, describing individual and co
constructed cognitive processes occurring whilelesigning. This model is developed based
on the situated FunctieBehaviorStructure (sFBS) frameworKGero, 1990; Gero &
Kannengiesser2004) adapted to a multiple designer setting. The FBS ontology offers a
description of design elements present in the design space as well as their transformation

through a discrete set of design proce¢€&eso, 1990) The situated FBS framework accounts



for internal thinking processes that designers undertake while desig@dego &
Kannengiesser, 2004)

The strength of our model is twofol#irst, it builds on a widely usedntologythat is
design domain independeaud is used in many design discigkn architecture (Yu & Gero,
2016; Milovanovic & Gero, 2018gngineeringlamraz et al., 2015; Masclet & Boujut, 2010
andsoftware design{ofmeister, et al, 20Q7amongst other8ott and Mesmer (2019) used it
to code over 10,000 hours of designing in an aerospace compPaognd,it provides a
framework to analyze edesign protocols angraphicallydisplay commensurable quantitative
and qualitative results inferred from the protoaahlysis.Similar to the FBS ontology, the
sFBS cedesign model is independent of design domain and the design comtext.
significance of the model lies in its adaptability to design situations, since this unique model
can be used to study diverse sefsinranging from team design in practice, tutor/student
collaboration during pedagogic design critiques, tecr@ative humaitomputer design.
Moreover, the model is scalable and can represent collaborations frordesigmer
collaboration to multiple degner collaborationswhich make it independent of design team
size

In the first sectiorof this paperwe presensome earlieframeworks and models used
to analyze the edesign activity. The second section describes the FBS ontology in which our
modelis developedThedevelopmenof the situated FBS edesign modefor thetwo-designer
caseis the focus of the third sectiohhe last part of the paper discusses the significance of the

SFBS cedesign model in terms of ifsotential utility.

1. Co-designng: frameworks and models

In codesign, the principle of mutual responsibility of collaborative conversation applies,
implying that both speakers and listeners assent that the others have a sufficient understanding

of the last utterance formulated in orde proceed (Clark & Wilkessibbs, 1986). Design team



members have to understand what the others are referring to in ordecdostauct a design
proposition. Team communication is essential to allow cognitive synchronization between team
members. A shrad knowledge of the design situation, its requirement and the state of the
design, and a shared awareness of contextual design procedures and technical information are
key el ements for the teambés cognitiven synch
design reference, or common ground in order

and thinking processes to reach a collective decision (Darses, 2009).

1.1 Frameworks to study calesign

Designers working in teams have to verbally formulate their design thinking in order to
communicate with theiteam membes. According toGoldschmidt (1995)a single designer

think aloud protocol is equivalent to the conversation transcript of desigtiargytwhile co
designing. This allows a straightforward application of individual design cognition analysis to
co-design situations. The frameworks used to examine empirical studies of single designer
think-aloud protocols were mapped onto-design convesation protocols such as Schoén's
(1983) reflective practic§Valkenburg & Dorst, 1998). Reflectiein-action activities, like
naming, reflecting and moving, as well as framing were analyzed at a team level to compare
team design behavior and highlight fdient team strategies. Wiltschnig et al. (2013)
considered thproblem/solution cevolution paradigniDorst & Cross, 2001; Maher & Poon,
1996)in their analysis of a team in engineering design. In their case study, it was found that
two thirds of problensolution ceevolution episodes occurred collaboratively. Using the
linkography methodology Goldschmidt (1995, 201dighlighted the similarity between the
overall individual design and team design behavior patterns. In individual desiglesigaer
showed a larger range of design behavior patterns, whereas in the team, members assumed

specific roles, and mostly relied on their own expertise.



According to Darses et al. (2008} the task level, single think aloud protocols and
multiple desimg t eam conversations differ due to th
implicit underlying reasoning. Thereforahey propose two levels of coding design
conversationsdesign actions like generating, informing and evaluatng co-operation
moves redted to the task level. A similar coding framework is proposed by Stempfle & Badke
Schaub (2002) and distinguishes condeaed activities (goal clarification, solution
generation, analysis, evaluation, decision and control) and-peacessoriented actiities
(planning, analysis, evaluation, decision and contidigseempirical case studies analyze and
measure team design activities as a wheldouttaking into account the contribution of each
actors. In their framework to study signs of collabeeatideation in design conversations,
Dorta et al.,, (2011) ake i nto consideration actorso ind

members collaboratioto analyze cadeation loops.

1.2Models of cedesign

Modelling design activity provides formal repeegations of the underlying processes that drive
that activity. Ced esi gn model s tend to focus on either
model s) or team member sd parti clntphisasectioo,ovet o t h
will presentabrief summary osomeexisting cedesign models. We selected models that relate

to the model we develop in Section 3.

1.2.1Team process models

Chiu (2002)propose a fourstage loop model of collaborative design resulting from case
studies of architgural practices and design studios. The initial state of the design situation is
altered through collaborative reflection, consultation, negotiation and deaisikimg. A more
detailed stage model of creativity in collaboratwas proposed bonnenburg2004) which

integrates capccurrences, interrelations and feedback loops within each of the eighgistéps



as preparation, illumination and verification. These models can be synthesized by mapping
Gibson's (2001jnodel of collective cognition in teanosk to a collaborative design activjty
Figure 1. This model includes four steps: accumulation; interaction; examination; and

accommodation.

Accumulation
(perceiving and filtering design
information)

Routines
Feedback Task
uncertainty

Accommodation Interaction
(moving and integrating design (exchanging and structuring
proposal) design information)

w Leadership
Social

comparison ‘E‘xamlnathn A
(negotiating and evaluating design
proposal)

Role
ambiguity

Conflict

Figure 1.Process modelofed esi gn, aut horsdé interpretation,

model of collective coghibn

1.2.2Team interaction models

Sauder & Jin (2016proposd a bridge between studie$ individual creative cognition and

group creativity. Their study focudeon team interactions with the design situation and
interactions between team members. They highlighted the drawback of team interaction models
that consider i ndi v-bod Thaypmpgbsed a neodet thavdistinguiskes a b
between designebiternal and external thought stimulation, Figure 2. The model is based on

the assertion that each designerdds external.
stimuli. A categorization of designémsollaborative actions on the design gnis given, based

on four possible interactions: prompting occurs when a design entity proposed by designer A

reminds designer B of a memory that he/she will externalize in the design space; seeding



appears i f desi

gner

B byucordeddirsy takes pladeambien designer

Abs

A refines his/her design entity because designer B challenges it, and clarifying accounts for an

extrapolation

understand it fully.

Designer A

INTERNAL

Design
operations

Generat\

Design
entities

Stimuly

Thinking
processes

Produce

Figue2.Col | abor at i
(2016)

1.2.3Limits

Team process models have the potential to display how desigh at e d

of designer AOGs own design en
Designer B
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ve thought stimulati on, aut ho
actions and

behavior intertwine. The majdimitation of such modks is that individual qualities and

participations are lost in a general model where the team is considered as a single entity. The

interactions models preserve the individual scale representation but lack clarity in representing

individual internal thinkng processesSauder & Jin's (2016nodel usesboth internal and

external cognitive processes indesign, offering a more detailed representation edegign

cognitive processes. Their model shows a feedback loop between designers and the shared

externd design entities. Designers alter the external space through design entities that has a

doubl e effect [
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The reflective quality of the design activity, considered as a dynaorniversation with the

external materials of the design space (Schén, 1992) is accoont@d their definition.

Nonetheless, only one part of the situatedness of design is represented. Indeed, through past

experiences, designers acquire design protstf@ero, 1990)also called repertoires (Schon,

1983) or schemat@ awson, 2004}hat situate the design activity at a personal and internal

level. A representation of the effect of design prototypes edesign activity can only be

observed while considei ng designersdéd internal cognitive
We intend to obviate the limits of current-design models and frameworks by

considering the situatedness of thedesign activityat a personal and social leyveldividual

and ceconstructed design process and designersoé interaction

funnel of external design representations.

2. The FBS and situated FBS ontologies

2.1 The FBS framework

The FBS ontology gives a description of design knowledge and design processes during a
designactivity (Gero, 1990) This ontology represents six design issues and eight design
processes at the ontological level, Figur&8quiremen{R) include the design brief, client or
regulation requirements. Function (F) is the design object teleologyhat.the design object

is for. Behaviors represent how the design object performs: it can be an expected behavior (Be)
or a behavior derived from the structure of the design object (Bs). Structure (S) is the description
of elements or groups of elementstd design object and their relationshipgscription(D)

are externalizations representing the design obfRetuirementare on function, behavior
and/or structure and do not require any additional ontological concepts beyond F, B and S.
Similarly, desriptions are of function, behavior and/or structure and do not require any

additional ontological concepts beyond F, B and S. Hence, only FBS are the ontological



concepts on which the design issues are founded.

Eight transformations from one issue to dwotdescribe design processes as shown in
Figure 3. Formulation expresses a transformation of a requirement (R) into a function (F) or a
function (F) into an expected behavior (Be). Synthesis is the transformation of an expected
behavior (Be) into a struate (S). Analysis is the transformation of a structure into a behavior
that is derived from it (Bs). Evaluation is the comparison between an expected behavior (Be)
and a behavior derived from structure (Bs), and inversely. Documentation is the transformati
of structure (S) or less often function or behavior into a description (D), wahticbproduction
of ary external representation. Reformulation processes always start from a structure (S) that
will redefine some variables in the design space. Reformulation 1 is a redefinition of a structure
variable (S). Reformulation 2 is the redefinition of expected behavariables (Be).

Reformulation 3 is the revision &inction variables (F).

6 Reformulation |

1 Formulation q 5 Documentation
R—————F S™— D

Be = expected behavior

Bs = behavior from structure
D = design description

F = function

R = requirements

S = structure

uone|InuwoS |

sisAjeuy ¢

4 Evaluation
et *»Bs

7 Reformulation I

oy}

— = transformation
<4—) = comparison

8 Reformulation Ill

Figure 3.FBS framework showing design issues and design processes (bdserbph990)

2.2The situated FBS framework

The notion of situatedness in design takes into account the past experiences and current

information from the design environment (social) and the designer (persiael).design

1C



situation is unique and each designer will react differently to it. TheeitlBS frameworks

a cognitively articulated version of the FBS ontolagst combineshe FBS design processes
with four cognitive processes: interpretation, constructive memory, focus and @&¢ion &
Kannengiesser, 2004Three distinct worlds areléntified in the situated FBS: the external
world, the interpreted world and the expected wonitlich is part of the interpreted world,

Figure 4.

The external world holds all external representations of the design situation, verbal and graphic.

It compries all design issues of the FBS ontology (Requirement, Function, Behavior, Structure
and Description). The interpreted world is t
based on hislhgper cept i on, whi c h i sexpgedesceofithe@xternala c h i
world and his/her current design concepts. The expected world contains the formalization of
possible design actions built upon the desig
world and encompasses potential design solationthe FBS ontology the design situation is
represented by only three issues (Function, Behavior and Structure) in both the interpreted
world and the expected world sinBequirementand Description, which are external to the

designer, can be represahia FBS.

Cognitive processes express the navigation from one world to aréiare 4. Interpretation

is how the designer makes sense of and organizes information about the design situation that
comes through his/her current sensation of it using thierience. It transforms new input
information based on already integrated percepts and concepts. A change in the current
concepts in the interpreted world, triggered by input information from the external world is
accounted for by constructive memorgigas timerelated. Both interpretation and constructive
memory are puspull processes, illustrating interactions between the external and interpreted
world for the former and within the interpreted world for the latter. Focusing implies a

transformationof variables from the interpreted world that suggests a future design action in

11



the external world. The action process shows an expected change in the design situation based
on design expectations and is the only process visible to the observer. Thisaoffegea

mechanistic view of reflectiom-action (Schon, 1983)

FBS
Expected World
(prediction effects
of design actions)

3 2
FBS Interpreted World
(concepts, percepts, senscepts)

Ol

Requirements and FBS
External World
(external design representation)

== Push-pull process 1) Interpretation
+—— Focus process 2) Constructive memory
—— Action process 3) Focus

4) Action

Figure 4.Situated design framework (based®aro and Kannengiesser 2004)

The eight processes from the FBS ontology (Figs}) £an be mapped onto the situated
design spaceFigure %b), where the eight FBS design processes are expanded to twenty
situated design processes to account for the cognitive actions inyGlgeal& Kannengiesser,
2004) This frameworkis further articulated to construct the-design modelln the pevious
framework, expected behavior (Be) and behavior derived from structure (Bs) were labelled
under the same behavior in the interpreted and external wotlte situated FB3-igure §b),

seven design issues sit in the external woiRkquirementrelaed to function (FRX),
Requirementelated to behavioiBR*), Requirementelated to structuréSR¥), Function (F),
expected Behavior (Bg Behavior from structure (Bsand Structure ($. Function, expected
Behavior, Behavior from structure and Struetinave an interpreted instance B€, Bs and

S. An evaluation between the expected and derived interpreted design issues can lead to a focus

12



in the expected world on Function®Fexpected Behavior (Beor Structure (Se), that will

drive an actione s u |l t i

ng i n a

change 1in t

he e%ternal

Behavior (B& and B3) and Structure ($. The situated FBS framework is a cognitively rich

articulation of the FBS ontology.
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q 5 Documentation
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External

World // A

y

Interpreted
World Design

Expected
World

== Push-pull process
+——— Focus process
—— Action process

(b)

Figure 5.(a) FBS framework, (b) situated FBS framework (based on Gero and Kannengiesser

2004)

3. Development of the situated FBS edesign model

Co-designing is a collaborative activégquenced by individually constructed design processes

and ceconstructed design processes. When designers ades@ning, they communicate

through the external worldby a spatiabction language (Schon, 1983) through a combination

of sketchesmodels,verbal utterances and gestur@fey aim at ceconstructing a design

proposition to address a given desigsk Each designer formulates design iss#epressing

their individual views on the situation, h a t

cognitive processek a ¢ h

W i

designer 6s

13

I affect

per sonal

their own

desi prot
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own experiences, and cultural and social backgrotlindffer a better understanding of how
co-designing functionsthat takes into account the social andspeal situatedness of co
designing,we developed a situated FBS-d@esign model to represent-designing activity.
Design processes in the interpreted and expected worlds integrate the personal level of the
notion of situatedness. Design processes that $he interface between those worlds and the
external world encapsulate the social level of design situatedness and represent designers
interactiors with each other through external design representations defined as an instance of
FBS, either verbal,estura) graphial or model

In the following, we describe a stéyy-step development of the situated FBSdesign
model. The proposed model is a cognitarticulationof the FBS ontology that shows how
ontological cedesign processes are mapped onto the situated FBS mbdefBS ontology
describes design knowledge and design processes, thereforalé@sigo extension describes
co-designing at a desigiask level.As presented in Section 2, a design process in the FBS
framework is a transformation of one design issue into another specific design issue. In order
to show the developmeran FBS cedesign process is illustrated by a transformation of a
design issue forolated by one designer, followed by a specific design issue, expressed by
another designeF.or a better understanding of how our model unfolds, we will take an example
of a twoperson team designing a reading room for a library formulating the follonB®) F

descriptions:

1 Functions (F)suchasii ncrease readi ngroomahtbdbst phes 60
ficonnect to nature .

1 Behaviors, expected (Be) or from current structuresgBshasic ont r ol | i ght
dazzlsr eadefiad] wst t aceesssfiorn the meadiagnraim adjacent

spaceso
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1 Structures(S§uchasia hori zontal wi ndowrfo@uwernv enxdy 0c, 0 mi

skylight monitorso.

In the next section, we will go through the construction of each of the situated Fi&Siga
modd processesNe will show the detailed development of the model connecting the following
FBS design processe$ormulation, Synthesis, Analysis, Evaluation, Reformulation 1,

Reformulation 2 and Reformulation 3, from the FBS ontology to th#estgn model.

3.1 Formulation: construction of interpreted function, behavior and structure

The Formulation process is defined by two types of processes in the FBS framework: a
transformation of a Requirement (R) into a Function Figure &a), and/or a transformatm

of a Function(F) into an expected Behavior (Béigure {a). In the situated FBS framework,
requirementsit in the external world and are subdivided into three tyegiirementelated

to function (FR), behavior (BR) or structure (SR. In the case of ecdesign, the Formulation
process expressing a transformation frRequiremen{FR¥, BR* or SR to Function (B,
expected Behavior (Beor Structure (3, remains an individual design process since
Requiremen{R) is external to botliesigners (processed 1°, 2 2°, 3* 3 in Figure §b)).
Processes named refer to designer A whereas processes nameefer to designer B. For
instance, the requirements for designing a window for a library can be interpreted by designer
A throughthe Function (F) of increasy reading conditions, whereas designer B can interpret

it through the Function (F) @onnecting the building to nature
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Designer A Interpreted
World Designer A

Expected

F S World
Designer A
Fe se
Be BS Fi Bee Si
External
- m1« Bel Bsi 3
2
Fx Bex Bs* Sx
20
* Be' Bs s
o Si
i
— F S F Be®
Fe Se
Expected
World
Be BS Desigrrwr B
Interprelted World
Designer B Designer B
(@) (b)

Figure 6.(a) FBSFormulation, R to F, Be and S, (b) situated FBS Formulation, R to F, Be
and S

3.2Formulation: co-construction of expected behavior from function

The Formulation process describing a transformation of a function (F) into an expected
behavior (Be) can be emnstructed between two designers, Figure 7. Designer A formulates a
function in the external world {rbased on a function in his/her expected worR) (process

49), for example by expressing the importance of providing diffuse light in the librasygber

B interprets that function {Jthrough a pusipull process, generating an interpreted function

(F) (process 9. That interpreted function (Fcan be enhanced by a constructive memory
process (process)6 , referencing wi gnhexplriencas.grheeintegpetedB p a s
function (F) produces an expected functiol)(fprocess %, which can be transformed into an

expected behavior (Be(process 9. The expected behavior (Bés then externalized into an

16



external expected behavior (Befprocess 9. Designer B can suggest that they can play on

windows orientations and arrangements.

Designer A Interpreted
World Designer A

Expected

F S World
Designer A
Fe Se
Be Bs Be® Si
ey Bel Bs
F Bex Bs* S%
(e
4 Si
FI b
F S G’W 75 8Y Be®
N
Expected
Be Bs Deg;:gr B
Interpreted World
Designer B Designer B
(a) (b)

Figure. 7(a) FBS Formulation by the emnstruction of Be from F, (b) situated FBS

Formulation by the c@onstruction of Be from F

3.3 Formulation: co-construction of function from function

For co-constructed Formulation, the transformation from a functiGnht@Fanother function

(F®) can be considered as a formulation prodeggire 8 Designer A formulates a Function

in the external world (f based on an expected functio) (iR his/her expected world

(process 9, such asncreasing reading conditionghis function (F) is interpreted by

designer B into an interpreted function)(fprocess 9 and can be enhanced by a constructive
memory process (procesy.6The interpreted function drives a focus process generating an

expected function @ (process 9. Designer B externalizes his/her expected functién (F

17



into the external widd, creating a new function {F(process %, such agonnecting the

building to nature

Designer A Interpreted
World Designer A

Expected

F S World
Designer A
Fe se
Be BS Fi Bee Si
“World. Bel Bs
42
Bex Bs* Sx
Be' Bs
Si
F S Be®
Se
Expected
World
Be BS Desigrrwr B
Ir\teu‘;)rgted World
Designer B Designer B
(a) (b)

Figure 8.(a) FBS Formulation by the emnstruction of F from F, (b) situated FBS

Formulation bythe ceconstruction of F from F

3.4Formulation: co-construction of expected behavior from expected behavior

If co-constructed, a transformation of an expected behaviéy {Banother expected behavior

(Bed) also represents a formulatidrigure 9. Inthat case, designer A formulates a behavior in

the external world (B$ based on an expected behaviorjBehis/her expected world (process

99). For example, designer A can express concerns about smoothing the transition between the
front desk and theeading room Designer B interprets that external behavior*{Beto an
interpreted behavior (Bg(process 19 that produces an expected behaviorBerocess 19.

Designer B then communicates the expected behaviéy iBe the external world intorether

18



Be* (process 9, that can be a counter intention osing ceilings height to highlight the

transition between both spaces

Designer A Interpreted
World Designer A

Expected

F S World
Designer A
Fe se
Be Bs i, Bes Si
Raecl Bel Bs
F Bex Bs* Sx
|[hoe
Be\i Bs'
110 :
. ~ SI
F S F'o ¥ gge
Fe Se
Expected
Be BS Deg;:grB
Interpreted World
Designer B Designer B
(a) (b)

Figure 9.(a) FBS Formulation byhe caconstruction of Be from Be, (b) situated FBS
Formulation by the c@onstruction of Be from Be

3.5 Synthesis: ceconstruction of structure from expected behavior

A co-constructed synthesis design process is built on several prodégses 10 Designer A
formulates a behavior in the external world {Bleased on his/her expected behavior®(Be
(process 9 questioning how to avoid light glare that dasztsadersDesigner B interprets that
behavior in the external world (Beinto an interpret#® behavior (B (process 19 that
produces an expected behaviorgprocess 19. This expected behavior (Bes transformed
into an expected structureg{$process 19, whichis then externalized by designer B into a

structure (9 (process 19 such as a proposition to place conic shaped skylights.
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Figure 10(a) FBS Synthesis by the-wonstruction of S from Be, (b) situated FBS Synthesis

by the ceconstruction of S from Be

3.6 Analysis: ceconstruction of behavior from structure

Co-constructed analysis the transformation from a structure proposed by a designer into a
behavior derived from structure defined by another designer, Figure 11. When designer A
formulates a struare in the external world {pbased on a structure in his/her expected world
(S (process 13, for example a wavy ceiling in the reading room, designer B can interpret it
into a structure (% (process 19 that will generate an interpreted behaviorivkd from
structure (BY (process 15b). This interpreted behavior\Bsthen externalized by designer B

into a behavior from structure (Bgprocess 19 referring to the quality of that ceiling to reduce

noise propagation and echo.
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Figure 11(a) FBS Analysis by the econstruction of Bs from S, (b) situated FBS Analysis

by the ceconstruction of Bs from S

3.7 Co-construction of evaluation

In co-constructed evaluation can be a comparison between an expected behavior (Be) generated
by a designer, for example trying to manage noise in the reading room, and a behavior derived
from structure (Bs) from another designike the quality of the wavyeiling that reduces

noise eches Figure 12, or inversely, Figure 13. In the first case, designer A expresses an
expected behavior in the external world ¥{Bkeased on an expected behavior set in his/her
expected world (B® (process 9a). Designer B inpeets the external behavior (Bento an
interpreted expected behavior (B@rocess 19 that is compared with an interpreted behavior
derived from structure (Bs(process 19. The interpreted behavior derived from structure)(Bs

is then communicateiito the external world into a B&process 19.
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In the second case, designer A expresses a behavior derived from structure in the

external world (B¥ based on a behavior from structure set in his/her interpreted woit)d (Bs

(process 19,. The behavioderived from structure in the external world Bis interpreted by

designer B (process 9)7 The interpreted behavior (Bss then compared to an expected

behavior in the expected world (Beprocess 18. The expected behavior (Beis then

externalzed by designer B into an expected behavio)(Be external world (proces$)9

Designer A

Be

Be

Designer B

(@)

Bs

Bs

Interpreted
World Designer A

Expected
World
Designer A

Fe Se
Fi Be® Si
et Be! Bs

Fx Bex Bs* SX
17'>m
Be! Bs
18 S

Fe s

Expected
World
Designer B

Interpreted World
Designer B

(b)

Figure 12(a) ceconstruction of Evaluation, Bs to Be, (b) situated FB&@astruction of

Evaluation, Bs to Be
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Figure 13(a) FBS ceevaluation, Be to Bs, (b) situated FBSexmluation, Be to Bs

3.8Reformulation 1: ceconstruction of structurebased on the evaluation of

structure

Reformulation 1 results in a change of structure (S) into another structure (S).-tresigo
situation, Reformulation 1 implies that a designer creates another str{®tdirem a structure
generated by another desigifégure 14. Designer A generates a structure in the external world
(S based on an expected structure set in his/her expected w(or(8ess 13, for example

a description of horizontal windows fraah on the landscape horizdbesigner B interprets
designer A @)sintosah interprétad rsteuctufe §process 19. The generated
interpreted structure can be enhanced by a constructive memory pfoceEsss 2¢) and
produces an expected structure in his/her expected wdildpi®cess 29). The expected

structure (8§ is then communicated into the external wad@notherstructure (%) by designer
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B (process 1%, such as a proposition for a curved skylight monitor instead.

Designer A Interpreted
World Designer A
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F S World
Designer A
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i
F S F Bee
Fe
Expected
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Be BS Designer B
Ir\teu‘;)rgted World
Designer B Designer B
(a) (b)

Figure 14(a) FBS Reformulation 1 by the -wmnstruction of S from S, (lsjtuated FBS
Reformulation 1 by the eoonstruction of S from S

3.9Reformulation 2: caconstruction of expected behavitwased on the evaluation of

structure

The Reformulation 2 design process results in a change of the variables of an exgieatsat

based on a structure. In thedesign situation, a designer formulates the structure that the other
designer interprets to reformulate an expected behdvigure 15. Designer A generates a
structure in the external world{}{Sased on an expexct structure set in his/her expected world

(S°) (process 13, such as the curved conic skylights Desi gner B interpre

structure in the external world {)Sinto an interpreted structure YSprocess 19. This
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interpreted structure (9s usedto reformulate an interpreted expected behaviof)(@eocess

22 and can be enhanced by a constructive memory process (profdssf@® producing an

expected behavior(Be i n desi gner (Bdess 18.Xieexpécedbehador | d

in the expected world is then communicated into the external world as an expected behavior
(Be) by designer B (proces$)9Desi gner 6s B proposition can b

to increase daylight in the reading room.
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Figure 15(a) FBS Reformulation 2 by the -@@nstruction of Be from S, (b) situated FBS

Reformulation 2 by the eoonstruction of Be from S

3.10Reformulation 3: ceconstruction of functionbased on the evaluation of

structure

Reformulation 3 design process expresses a reformulation of a function based on a structure. In

a codesign situation, the first designer produces a structure that leads to a reformulation of a
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function produced by the second desigiégure 16. Degner A formulates a structure in the

external world (§ based on an expected structuré) (Stuated in his/her expected world
(process 13. As an example, & can take the same design structofe¢he curved conic

skylights The external structure Sis interpreted by designer B into an interpreted structure

(S) (process 19, that generates an interpreted expected behavid) (Becess 29,
reformulated into an interpreted functior)(fprocess 29. Designer BOs inter
(F) canbe enhanced by a constructive memory procpescéss § before it produces an
expected function in his/her expected world) (Fprocess . The expected function is
externalized in the external world into a functiorf)(fprocess % by designer Bthatcan

suggest that thighting could also be a part of the natural ventilation system.
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Figure 16(a) FBS Reformulation 3 by the wonstruction of F from S, (b) situated FBS
Reformulation3 by the ceconstruction of F from S
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3.11Situated FBS model of cdesign

The aggregation of all the @mnstructed situated FBS procesgagures 6 to 16represers
co-design processes initiated by designer A and continued by designer B within the FBS
ontology descriptiofFigure 17(a)The proposed model is commutative, therefore all possible
co-constructed situated FBS processes started by designer B and catredesigner A can

be represented symmetricalligure 17(b).

Interpreted Interpreted
World Designer A World Designer A
Expected Expected
World World
Designer A Designer A

Fe se

External
World

External
World

Expected Expected

World World
Designer B Designer B
Interpreted World Interpreted World
Designer B Designer B
(@) (b)

Figure 17 (a) Situated FBS coonstruction of design processes from designer A to B, (b) and

situated FBSo-construction of design processes from designer B to A

The overall representation of the situated FBSdesign model is a combination of the

processes initiated by designer A and those initiated by designer B, Figure 18. Figure 18 looks
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complicated atifst sight, but accounts for the complexity of situated cognitive design processes

in a collaborative setting.his model shows that egesign is not a simple cognitive act.

Figure 18 Situated FBS model of etbesign processes

3.12Using the situated FB®o-design model to represent a series ofdamsign

processes: illustrated example

The situated FBS edesign model is commutativepwever, due to the situatedness of the
design activity, each designer will react differently to what ttegim member dosince they
all have different expertise and past experiences. We highlighted a limit in previous studies on

the assessment of -cesign in their lack of fing r ai ned r epresentation
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