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ABSTRACT

This paper proposes, exemplifies and discusses a new design method that includes both
artistic and scientific modes of working. It is based on the idea of integrated design
processes driven by strategic implementation of what is termed sequential primary
generators. The paper begins by discussing design and creative process research and
then filters central aspects that are coalesced with a proposed-pivase earlystage

design method. The proposed architectural design method has been applied in three
university projects. In the last project, students were asked to respond to a quésionna
survey to identify the growth of design and creative capabilities from a student
perspective. The paper presents the results and discussion based upon these projects and
studies. Survey answers show that the proposed design method increases both design
quality and design knowledge. This suggests that other creative processes may be
addressed through this design methodology, which features both prabidreolution

driven procedures.

Keywords: Integrated design processes; Primary generators; Desmmldage; Advanced
design processes; Design didactics

INTRODUCTION

Architecture can be understood as an interface of demands and desires. Arguably, the demands
appear to become more strident as international and national building legislation pushes for,
particular, requirements for lowered energy use and specified indoor climate regulation based
on climate chang€IPCC, 2014; Klimakommisionen, 2010The increasing requests on
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science/engineering aspects add to the many other factors that need inclusion in the artistic
design process of buildings. This in turn injects a series of predefined problems for the creative
process, pointing to a problebased approach to design. Thealepment is not entirely new,

nor is the knowledge that the earlier the different factors are considered in the design process,
the larger potential positive impact they have on the outcome of the {esigh & Pearson,

1993, p. 16Q)

Such knowledge pushes the tendency to include ever more evolesee design parameters

and relatd ideas in the early artistic, open and concegbaakd phases of design. The approach

of early specific problem inclusion promises an increasing awareness of all facets and supports
the idea of buildingnformation modelling for the control of and argumeion for informed

design decision making.

The approach of extensively informed design processes creates evidently comprehensive design
models, typically aided by different software systems and computational méttadalg, 2006;
Kolarevic, 2003; Kolarevic & Malkawi, 2005gnabled by growing computational handling
power. While the technical issues of such systems mature and become more fluidly applied and
robust in their functionality, a gap between free conceptuabased dsign process and the
problembasedconstrainedbuilding informationbased design process, which ideally should
crossinform each other, is identifiab(@ernal et al., 2015Rather than becoming a means for
better design proposals, the increasing integration of mudtpadameter sets, which relates to

a design problem, may halt the underlining processes towards the combination of systematic
informed and unstructurédand at times impulsive creative design processes. Nevertheless,

it promotes the idea of an integrativepaoach, which is intended to facilitate a more
comprehensive understanding of the complexity of design processes, and the making and
maintenance of buildings.

Hence, from a design perspective, this suggests a study that furthers an understanding of
relevant design approaches and how these become instrumental design methods, facilitating
both technical demands and creative making. This offers us two questions of inquiry. What
design approaches are relevant for the integration of technical aspects itite esesses?

And, how can these approaches be made instrumental in design?

Methodology
To address these questions, this study employs a hybrid methods model, using literary studies,
case studies, observati on auUpervision) abservatisnéof d e s i

design progression through design schemas and a questionnaire, which asked students 20
guestions on the topics of design knowledge, design processes and design tools.

The background on previous solutions is based on the obises/&om the literature of how
designers work and think. These studies have not necessarily discussed and elaborated on the
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notion of problerrbased integrated design processes. However, if we consider the term
integrationas based on the definition ofraplexity, which states thatifferentiationis the

number and differences of elements, amegrationis the relations between these elements
(Weinstock, 201Q)we may have an understing of integrated design processes as something
that approaches design through the relations established between design elements. This, from
the outset, suggests that all design activities intrinsically are kinds and parts of integrated
processes.

Design processes

Chri stopher ANaesanrthe Syntidesis of Fo@rplates how design elements

can be related and how they can be logically structured so as to understand these relationships.
Alexander argues further feuch relations and processes of design, which strive for a holistic
design outcome througharmonyseeking computatiorfwhich are just as much logical
processes as digital computational systems) that is based on progressive adaptive iterations
(Alexander, 2009)The central argument is the ideawdfolenessn which design aspects are
structured as morphological transformations around a composition that is achieved primarily
from formal relations, such as scale, dimensions, symmetries and so forth. To capture design
relations, as illustrated by Alexander, is to try to visualise thrgabbmatic diagrams the often
complex structure of a design process, whether it is a serial branching otiaeaoweb of

ideas and solutions.

A diagrammatic and possibly simplified version of a sén@ar process is depicted by Bryan

L aws on 6 s (2006)firsh published in 1990), which consists of an axiproblemthat
enters a threpart process advaluatioranalysissynthesiswhich proceeds tosolutionto the
problem. The looping nature between the three design activities takés $fzaiping a central
characteristic, that of iterative processes. The iterative process is additionally argued to increase
the level of novel design decisions within a project, and not only the quantity of design
proposalgAkin & Li n, 1995) which serves to cover a field of solutions by the making of design
variations. Aligning this structure closely with problembasedlearning idea, MaryAnn
Knudstrup (2004) illustrates a similar diagram starting wighiablendidea, which congructs

the basis foanalysis thensketching synthesisand lastlypresentationEach phase has return
loops to the previous phase, just @githesiscan return toanalysis The design process
organisation resembles that illustrated by Lawson.

Seemingly, rather than unveiling the mechanisms of design process actions in the proposed
diagrams, as attempted by Alexander, these general design schemes appear to become idealised
organisations to decrease and capture a more nuanced and less -orodoiéed approach

among designers. Nigel Cross states that, from his studies of expert designers, successful design
outcomes are not driven by extensive problem analysis, hence providing another perspective
than that of the axiom problem within the above so®being the initial starting poi(€ross,

2004, p. 439)Kees Dorst argues moomambiguously that a design problem is not knowable
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at any specific point and that, in principle, it is irrelevant in defining a profierst & Cross,
2001; Dorst, 2006, p. 16)

This intuitively challenges our understanding of working from a protdased axiom that is
defined within a problem formulation. This when a project is initiated and directed in
response to the formulation of a specific problem to be solved, specifically in the tradition of
and studies conducted based on the fa&thod. However, it may also offer the possibility of
reconceptualising hat the problens and how the problem inderstoodindinstrumentalised

as a vehicle for an idea and project to progress. Such considerations point to two conceptual
frameworks for working with creative processes, wherein implicit and explicit probdeniniy

and solution search processes are entangled. Thessysieenghinking and co-evolution
processes, as discussed below.

While the specific characterisation of a problem may be omitted in creative processes, such as
within a more artistic and subface-based design approach, certain instrumental structures are
utilised in these processes. Cross suggests from his studies that expert designers attempt to
apply asystemghinkingapproach, which helps them to construpt@blem framingwherein

they @n apply the solution methodsfokt principle. This in turn allows them to employ a fast

and progressive approadi€ross, 2002, p. 18)This indicates thasystemshinking is
instrumental in the understanding of potential problem frame identificatidrnits creative and

artistic design solution conjectures.

Aligned with these propositions, Birger Sevaldson (2013) argues for the strategic integration of
systemshinking towards meeting reatorld complexities, which inherently become part of
design pocessesrather than the immit design activity that expert designers have posited.
Consequently, Sevaldson states that systamested designers are predominantly interested in
looking at patterns of relations across vast fields, rather than creating hierarchical and boundary
baseddesign processes, through methods such as @Gh@pgping that expose a multitude of
designinfluencing parameter§Sevaldson, 2011; 2013, p. BJowever, even if the intention of
systemshinking is not to construct hierarchies, it may nevertheless help to identify design
aspects that are of central concern, &hdt their relations and boundaries are.

Even if designers generally do not apply systémisking consciously, this aligns with the

notion that expert designers apply parallel processes of thought to explore different preliminary
solution paths(Cross, 2004)and evaluate these continuously through mental simulations
(Dogan & Nersessian, 2010jo better understand a design context. The structure of these
cognitive design processes seems then to form the underlying design progression enabled by
what Lawson (2004a) terntesign schemaghese are patterns of organisationrespnting

both desigrspecific elements, which could be of a physical and metaphysical nature, and their
relations. Whereas structuring processes in a sydf@nisng approach, as presented and
discussed by Sevaldson and others., search and map a geryulember of existing aspects,
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design schemas seemekbdDstiemg@ haampaectmna,p @moth
cognition process. These are then reinstated as means for further design thinking. The relative
structured process of both systethsking mapping and desigorogression mapping support

then the four design modes eblution, problem, information and knowledgeoriented
approachegCross, 2002; 2004; Kruger & Cross, 2008ith the former two being prevalent.

Crossd studies suggest t hat designers apply
solutionoriented approach increases creativity, while a proldeented, or ppblembased,

approach increases quality. It is, however, less unambiguous which orientation can be
considered more favourable when looking across different design tasks. A singular focus on
either of the two dominant design activities appears thus taedtie design process quality,

which is supported by the statement that expert designers@peWplutionprocessegDorst,

2007)that alternate between probleand solutiorbased techniques.

The idea of ceevolution was originally described by Mary Lou Maher and Josiah P895,
1996)as a way to explore the parallel development of a probder solutiorspace through
genetic algorithms, and its successful computational implementation can be meaningfully
transferred to the nature of desigognitive strategies.

Thus, problersolutionby coevol uti on as a process marks i
procedure in creative design processes. Nevertheless, both propositions of-Hyiste@ngand
co-evolution can immediately be understood as in contrast to the findipgsairy generatcs

in design recorded by Jane Darke, who published her paiperfPrimary Generator and the

Design Processn 1978. In it, she outlines the relative singularity that expert designers apply
within their process. This argument has been supported by tleeregiotioned Lawsof2004Db,

2006) and Cross (2004) positing the pagpently opposite behaviours in terms of vast-non
targeted field searches as a creative and artistic approach to making. These approaches found
among expert designers are singular design focal points towards a solution. However, the
application of focal gsectsprimary generatorsare, as discussed by Cross above, based on a
preliminary systemshinking approach that filters and selects those factors that are primary for
the creative design evolution.

From the above, a set of expert design processeampggEsential. These processes apply both

a problem and solutiorbased approach (emvolution) and are not necessarily focused on a
given problem but rather on the exploration of aspects that frame a problem field. This appears
paradoxically to be achiedethrough solutiorbased fast iterative processes of versioning,
rather than the making of a large series of very different proposals. This points back to
Al ex ander 0 structured tramsiormatianél morphologie€oncerning the iterative

design proess, Michael Speaks (2002; 2006) argues that such procedures do not only advance
a design proposal, as stated above, but equally increase processes of learning, what he refers to
asdesign intelligenceThis is central as making becomes a fundamental methtearning,
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which exceeds design fields into how humans generally develop deep knowledge, according to
anthropologist Tim Ingold (2013). The objectives of iterative design procedures become
therefore both to advance a specific creative design conjemaréo develop the ability to
increase learning to construct other proposals in future design tasks. Speaks reciprocally
problematises creative processes that are not based on iterative design, as these will lead to a
lack of competence growth that proit#future advancement and proficiency in solving similar
creative design tasks.

From the literature discussed above, the creative design process applying both scientific and
artistic modes of working, and which aims to create novel design contributions and extend
design intelligence, is based on:

Rapid iterative versioning procedsre

Co-evolution processes

Primary generators to drive the process

Design schemas structured potentially in the form of systhimking methods to
capture complexity

E N

A THREE -PHASED SEQUENTIAL PRIMARY GENERATORS DESIGN METHOD

The background for a potential solution in advancing a new integrative design method is based
on the four design process aspects listed above. In the educational setting of a university, where
the objective of the course or project is open, such as tignd#sa large sustainable housing
complex with a multitude of parameters, all four design strategies seem instrumental. In a more
narrowly defined project, it can be proposed that an initial filtering of primary aspects to
integrate may have taken placanitting the vast search through systesngnted methods.

This, however, does not necessitate the exclusion of sysitemheng and design schemas in

the iterative ceevolution processes driven by preselected (i.e. by the teacher in a pedagogical
context)primary generators. The latter approach is the focus here and suggests integrated design
processes through the application séquential primary generatarsFrom this, it is
hypothesised that primary generators can be a strategic didactic approacinde bataween

the artistic conceptual clarity and building science integrative necessities in contemporary and
future architecture and design while increasing design knowledge and design intelligence.

What is distinctively new is the idea and method of queatial integration of primary
generators, rather than the primary generator being maintained throughout the creative
conjecture. In the case studies presented below, primary generators are based on a topic, that
being tectoniebased architecture, aero@ynic tectoniebased architecture or acoustic tectonic
basedarchitecture. Key aspects within these topics are then sequentially addressed in a three

71



I. W. Foged JPBLHE: VOL.6, NO. 1, 208

phase design model, starting from a bottgpnapproach, where dilementis developed,
organised into &ysem which then allows for the processed~ofmations

In the case studies presented, the attempt was made to apply the proposed fast iterative design
process method, which is based on a sequential integration of primary generators. The context
oftheimp| ement ati on was a university bachel or 6s
engineering. The three design projects presented were three to four weeks in length, amounting
to 13 to 18 working days. The period was separated into the -abevgoned dsign phases,

and students were asked to create design proposals based upon a narrow set of primary
generators related to the subject studied. Students were asked to develop three to five design
proposals in each phase, thereby promoting the concept api@ succession of design
development. Each design version was registered in a design schema (Figure 1), including
artistic, design and scienc®riented representations, such as hand drawings, physical models,
textual descriptions and computational medeid simulations if applied in the specific project.

72



I. W. Foged

JPBLHE: VOL.6, NO. 1, 208

Tectonic Studies and Experimentation // Sheet 2 // System

Student: |

2016

JLJ.

FLS

Since the last sheet the design has now been placed in a modular system, which reveals a horizontal repetitiveness and a subtle directional seriality along the
vertical axis. The left and right sides of the panel are flipped in relation to each other, which makes it hard to determine each specific panel from the one next to

1t.

The concept behind the support structure is similar to the model pictured in Sheet 1, but it has since been modelled in Grasshopper, making it parametric. Each
acoustic panel connects to the support structure through one or two mortise and tenon joints but are not otherwise connected attached to one another.

To make for a bit simpler analyzes, the variation of the panels has been limited to two factors — the protrusion of the triangles and the size of the gaps between
them. Each half of the panel protrudes and shows as much as the other. The geometry allows the panels to spread sound and / or absorb it.

The aim of the acoustic simulations has been to analyze the results of different combinations between protrusion and opening. The result of the ray tracing

shows an agreeable spreading to rows in the back of the lecture room.

The nature of the geometry makes it difficult to control the direction in which the sound is spread out.

Figure 1. A design schema showing different forms of documentation, representation and communication. The

schema al so
schemas.

serves to

encourage studentstiteond ewi eleitn o
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Each phase was initiated with a short brief presenting the primary generators, followed by a
short evaluation of each phase, discussing and concluding with design propositions. This served
to clarify the necessity to stay withihe prescribed theme and the primary generators applied

to the specific design phase.

Furthermore, switching between design media, design modes and design focal points (primary
generators) within the proposed design method strategically attempteddaiasamscribed

thinking( 6 A serious problem may be that the desi
possible with a given tool, but what is easiest. In the case study, time pressures often forced the
designers to generate intended designs in theeast wa 'y prpnoatire fixatiore 6 A,
resistance developed to ideas that would lead to too many changes to the model itself or to its
under |l yi ng Imtndedicdatiof 6 6) aeBpdms t hat the mundan
a computer, exacerbatdy technical problems and software bugs, is a distraction from the
actual process of designing, and especially
which have been detected as potential problematic issues when applying the computer as a
design instrumenfRobertson & Radcliffe, 200%. 137) It should be noted, however, in the

critiqgue presented by Robertson and Radcliffe, that such problems related to computation may

be rooted in lack of experience with creative computational design processes and the requisite
fluency for appliation in the creative processes of making. This discussion is further addressed

later in the results and conclusion sections.

DESIGN METHOD APPLICATION

Following the introductory discussion and a partial conclusion on the four aspects that form the
proposed integrated design process, and the general description of the proposed design method,
the three design projects subjected to the method are briefly presented below. Of particular
interest is the latter project, a survey conducted among studeatsaio feedback on the
creative process to determine design knowledge and design competencies growth based upon
the proposed didactic model applied in all three projects.

The common design process model used was based on thenabotiened three phases:
Element Systemand Formation The intention was to segregate aspects to allow integration.
This contradictory approach was based on the need to understand the separate aspects
(differentiation) before they could be meaningfully combined (integrationd, Amportantly,

it allowed one or a small number of primary generators, which gradually increased in number
throughout the phases, thereby increasing the integration systematically.

An elementcan be, but is not limited to, a single geometric/materiatyert constitutes an
elementary module. It is termed atementdespite its potential mutentity constellation,
because any element, in principle, can be broken down into smaller entities. The primary
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generators for aelementre typically material mperties, geometrical definition and assembly
logic (if comprising multiple entities).

A systems a cluster/assembly efementsit describes how elements are combined and nested
as a norhierarchical or hierarchical system. The clustering of éamets is the minimum
configuration, whereas the maximum depends on the constellation efetimentto form
potential complessysterdevel assemblies. The primary generators feystemare typically
geometric definition, assembly logic and boundary conuaitio

A formationis an organisation aflementsenabled by theystemslefinitions. Aformation
constitutes the entire organisation and is defined by the propertiesatéthentindsystemA
formation is typically perceived in the architectural scalhe primary generators for a
formationare typically environmental constructions and boundary conditions.

In essence, thelementsystemandformationstructure is a nested organisation with different
primary aspects situated within each level that, wdmmbined, offers a creative mode, within

a systematic and goaliented integration of aspects that define the architectural solution
conjecture. It often follows a modular organisation, but is not limited to visual perceived
modularity.

Case 1: Tector Studio

TheTectonic Studio s a master s programme studio carr|
tectonics in architecture from a structural and joint detailing perspective. The design task was

to propose a pedestrian bridge. It should be noted that structural integrity amatexpldoes

not equal structural optimisation in this project. Students were not asked to perform
calculations/simulations of the structural behaviour, but rather to workfirstrprinciplewhen

freely generating proposals (Figure 2). The primary geoex&br the three phases were:

Element:Wood joint, wood material properties, rod material properties, geometric definition
SystemsAssembly logic, wood joints, structural force transfer

Formation Bridge boundary conditions (landing), environmentéuegnce (views and wind
loads)
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Figure 2. Three phases of the Tectonic Studio design process, movingldroentdesign, tosystemdesign, to
full formationdesign. Photographs by student A and author.

Case 2: Aero Tectonic Studio

The Aero Tectonic Stlioi s a bachel ordéds programme studio
focusing on tectonics in architecture from an aerodynamic and assembly logic perspective. The
design task was to create a small shelter. Aerodynamic assessment was conducted in elementary
physical experiments and in a wind tunnel constructed for the specific course, allowing studies

in a 1:100 scale. The physical experiments served to increase the understanding of the
aerodynamic complex phenomena, which in turn allowed informed design al®bgure

3). The primary generators for the three phases were:

Element:Geometric definition of planar wooden entities, local aerodynamic behaviour
SystemisWood assembly logic, wood joints, structural force transfer, aerodynamic regional
behaviour

Formation Shelter boundary conditions (foundation), environmental influence (aerodynamic
global behaviour)
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Figure 3. Three phases of the Aero Tectonic Studio design process, gradually integrating primary generators that
allow a final understanding andesign proposal of complex aerodynamic behaviour in a fabricated planar plate
with interlocking wood construction. Photographs by student B and author.

Case 3: Acoustic Tectonic Studio

The Acoustic Tectonic Studios a mast er 6 s pr ouj overrhnme wesks,u di o
focusing on the tectonics in architecture from an acoustic and assembly logic perspective. The
design task was to create an acoustic spatial enclosure with a slefieatl acoustical
phenomenon. Acoustic assessment was done thraumgputational simulation and assembly

logic was studied through physical 1:2 and 1:1 scale prototypes (Figure 4) and digital parametric
modelling. The shift between media (physical and digital design making) was intended to
circumscribe the issues that mayse in the singular computatior@liented design processes
describeqRobertson & Radcliffe, 2009The primary generators for the three phases were:

Element:Wood joint, wood material properties, acoustic behaviour, geometric definition

SystenmsAssembly logic, wood joints, structural force transfer
Formation Space proportions, environmental irgfhce (acoustic phenomena)
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Figure 4. Acoustic Tectonics project pavilion derived from the proposed design process. The stre@tuanemts
which are organised in aystemthat allowsformations are detectable, yet the structure allows a plethora of
design outcomes despite or due to its structured explorative process. Photographs by author.
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RESULTS

The design proposals and knowledge growth as a result of the proposed design method can be
evaluated based on final design propositions, on the iteratiwcesses and applied media
registered in the design schemas and through the questionnaire survey.

From the survey (Figure 5a, b, c), strong suggestions were registered concerning the relevance
of the design method used and the use of integrating perfmebased engineering aspects in

early creative and artistiariented design phases. The number of students (74/95) responding

to the survey amounted to 76 per cent. It shows that the use of parametric modelling and
computational simulation technique® dey resources for achieving this. Only 1 per cent of
students did not find it relevant to use digital parametric modelling in the creative architectural
design process integrating engineering aspects and 85 per cent responded that the use of the
technigqe s supported the creative process, wi t h
percentage, 78 per cent, stated that the difficulties with applying and integrating the techniques
were based on lack of experience or knowledge of digital parametric mgdéhis challenges

the suggestions in the literature that computational design processes limit the creative process.
It points towards the limitation perhaps being found in the lack of skills, knowledge and
competencies in digital design processes, whiolild otherwise enable a similar fluency in

the generation of creative conjectures to that of more common artistic methods of
sketching/drafting and physical model building.

One problematic aspect associated with integrating complex phenomena into early iterative
design phases, such as architectural acoustics, is the large set of parameters that simultaneously
influence the design. In the literature, expert designers havedysated to immediately apply

primary generators, limiting the large set, which directs the design process, based on an earlier
systemshinking approach. The integration of aspects is thus based on a rapid preselection of
key parameters that, in turn,opides the basis for iterative versioning processes. The
preselection of key aspects for the projects is intended to allow this iterative versioning
procedure for novel design conjectures. With 86 per cent of the students following the
prescribed design rtteod of three phasekJement SystenandFormation and the use of the
proposed primary generators in each of the three design phases, the design method applied
appears to have supported this approach. Of the students surveyed, 69 per cent statgd that ear
design iterations were increased, with 17 p
design iterations towards design solutions.
prior experience with design processes at university that strimgylged on integrated creative

design processes that emphasise upfront informed iterative design progression. This means that
58 per cent of the students created a minimum of seven design iterations, looping between
physical sketching/model building, digi simulation and synthesis, in 12 working days. Also,

it can be noted that 75 per cent responded that the design aspects/parameters (integration)

79



I. W. Foged JPBLHE: VOL.6, NO. 1, 208

increased throughout the design process. While this integration increased, 45 per cent
maintained the sameects as the primary generator.

The sequential threghased design process appears moreover to have increased knowledge,
competence and skill level. Of the students surveyed, 90 per cent reported that their knowledge
of parametric modelling had increasand 91 per cent reported increasing their competences
with parametric modelling. Knowledge of architectural acoustics increased for 83 per cent, and
96 per cent reported having increased their competences with acoustic simulations.
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