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1 ABSTRACT

The complexity of cities presents a key challengéeing able to ‘decode’ and subsequently measure o
describe them. Adding to these challenges is #restlisciplinary nature of city design which largatcords

to disciplinary silos. This research argues thatessful city design can benefit from understanditigs as
complex sociotechnical systems — considering thieraction between humans, technology and the
environment. This paper provides a precis of a ogne of research which utilised the results of an
international survey to ‘decode’ and construct atesyps model of a main street to help understand and
appropriately respond to city complexity. The resbauses subject matter expert knowledge and itssigh
from 70 survey participants, across 5 continemtsnodel an archetype main street. The project descr
and models hundreds of physical objects, priorigasures and main street functions with linkagesds
these components. The model allows for the exptoraaind measurement of a range of both technical
characteristics such as engineering standardseth@svthe influence and outcomes of necessaryesting
measures like, user experience. It was able toigeaan insight about which characteristics arécaiito the

city system, how they are delivered and why theyiaportant - from a transdisciplinary perspectivbis
paper also highlights the work done to identify tieéationships between the physical objects of amma
street. Further details of the research programreehaghlighted in the conclusions, including howve th
archetype model was used to explore the performafica main street case study, identify missing
components and locate them with consideration eir thptimal proximity to other related features. We
argue that this innovative approach may provideagenstructured and process driven exploration ©f ci
design.

Keywords: urban model, sociotechnical systems, ¢exnprban system, city design, urban planning

2 INTRODUCTION

2.1 Research Context

The world is experiencing a mass urban migratiopeadple to cities. However, the current approatbes
this urbanisation is often considered unsustainabldting people at risk, creating unnecessary s¢ost
negatively affecting the environment, and is redsgmh as intrinsically unfair (UN-Habitat, 2016). ¢h
urbanisation could present an opportunity to foegsew urban era where people can find freedom,
inspiration, prosperity, health and security, maityes are grossly unprepared for the multidimenaio
challenges associated with urbanisation (UN-Hab2@16).

For cities to successfully accommodate world pdpia, new approaches to city design are required
(United Nations, 2014). Current thinking is chatied by the complexity of urban systems and is ht# to
accurately represent and respond to emerging aitgdigms (Batty, 2009; Polk, 2011; Moroni, 2015).

‘City design’ is used here as an all-inclusive téondescribe the discipline processes and outputdved in
the planning and designing of urban settings. Pis@@s typically involved in ‘city design’ includéut are
not limited to, urban planners, landscape arcltstagtan designers, architects, economists, splgiahers,
civil engineers and transports planners (Patoehidl. 2018).

The shortcoming with many approaches to city desghat they accord to discipline and spatialssdod
different perspectives are not considered inhereinterdependent (Wilson, 2014). They are not dble
sufficiently explore the opportunities or implicatis that different discipline design requiremerdsehon

the overall goals or on each other. Furthermoradeqguacies in city design can also be attributed to
decisions that are typically made on individualition and judgement (Radford, 2010). A more stced
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and process driven approach is therefore advodatéake literature (Ellis, 2013), and is exploredé¢o
‘decode’ complex urban systems.

The research attempts to set out more than a rigwnodelling approach, it seeks to set out a neerghfor
understanding complex urban systems. Achievingctfe theory for cities - which can then be applied
policy-making and planning - has represented, apdesents, one of the great scientific challenddabeo
century (Wilson, 2014). Sociotechnical systems (Sth8ory and methods are therefore explored tebett
represent and respond to the complexity of urbatesys. This research, responds to a call from the U
Habitat and World Urban Campaign, stating in tt28d6 manifesto, The City We Need 2.0 (UN-Habitat,
2016, p. 2), that:

“New predictive planning and modelling tools basmu systems approaches provide an unprecedented
means for all stakeholder groups and city autlesito better understand the complex social, ecanand
political interconnections inherent in urban systém

In response to this call, the overall aim of thrkvis to explore the use of Cognitive Work Anaty6CWA)
(Vicente, 1999), a sociotechnical systems methmdiddel an ideal complex urban system - developad f
transdisciplinary survey perspectives - and asbesperformance of an existing main street andsigdeit
to reflect the archetype main street model.

The broader programme of research modelled, assasseredesigned a complex urban system by using a
sociotechnical systems method and adaptationspfifiges of research included - model the idealsashe
performance and redesign to conform to the ideathis paper, the ‘model the ideal' phase is exgor
whilst an overview of the other two phases is preul

2.2 Cities as Complex Systems

Cities have been recognised as large complex ogarss for more than half a century (Alexander,6196
Batty, 1979). It was Jane Jacobs (1961), who faisted the notion that cities should be treategrablems
of organised complexity (Batty, 2009; Moroni, 2018kt despite this long appreciation of the chajks)
city design continues to struggle to identify amglere this complexity when considering the desigme-
design of cities and their component parts (B&Dy,7).

General complexity theory has provided a basisnietstand the complex nature of cities (Holland,420
Batty, 2017). The philosophy of ‘complex systemsbyides a theoretically based understanding of the
uncertainty prevalent in cities and subsequent flindeor city design efforts (Cilliers, 2005). Sgsh
emergence, in which dramatic transitions take plhaepropel the system towards a new state (BaB§9),

is a primary characteristic which escalates a sydtem being complicated to being complex (Holland,
2014). These exponential and apparent random chaigg the system dynamics, leading to expected an
unexpected occurrences. Emergence introduces @ityothat challenges city design.

Complexity characteristics are summarised by Cdli2005) as a large number of components which in
themselves can be simple; comprising of non-lirietaractions; many direct and indirect feedbackoko
components interacting dynamically; open systenasjifg memory distributed throughout the system;
emergent properties, and adaptive behaviours. Tésgarch sets out that it is through the collective
imposition of these complexity characteristics #melr unexplored properties in urban systems whielkes
city design more difficult.

A resurgence of complexity theory being applieditban systems is driving recent works of enquieyg.(
Batty, 2017), into the methods that can cope witban complexity. The timing is no coincidence te th
challenges faced by an urbanising world populatém a need to optimise city design (UN-Habitafl,&)0
While complexity theory has provided a basis tgphaiderstand the nature of cities; its practical dawy-to-
day application for city design is in its infan§tévens, 2016).

2.3 Current approaches to understanding cities as compk urban systems

Complexity theory based approaches have includednge of computer-based models. Some of the
approaches include, agent-based models, celluleomata and fractals (Batty, 2007), spatial network
analysis (Zhong et al., 2014), urban scaling (Betert et al., 2010) and Bayesian belief networks
(McCloskey et al., 2011). Part of the challengkasg able to:

- Define the boundaries of the study area (Batty &éiws 2001; Bretagnolle et al., 2006);
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«  Capture the large number of parts and integrate tinto a single model (Bura et al., 1996; Batty &
Torrens 2001);

Understand not just what happens but also being tmbunderstand why and how (Bretagnolle et al.,
2006; Pumain & Reuillon, 2017);

«  Model changes over time and also changes to the&akpeea being studied (Epstein, 1999; Bretagnolle
et al., 2006);

Model a preferred or optimal state (Abbott, 2016mRin & Reuillon, 2017); or

Understand the interactions between componentsttaamergent behaviours that arise as a result
(Moroni, 2015).

The city design approaches that acknowledge anponelsto the challenges of urban complexity, are
recognised as often being static and failing to enak thorough and radical consideration of compieas
seems necessary (Moroni, 2015; Batty, 2017). A idenable gap still exists between complex systems
theory and the models that have been developedy(Bad¥larshall, 2012; Batty, 2017), this works see&s
contribute to the knowledge gaps.

2.4 Sociotechnical systems (STS) approaches to city dgs

This research explored the compatibility and usefss of a human factors and ergonomics (HFE)
sociotechnical systems (STS) approach to city des$ifE is a scientific discipline which is concesngith

the understanding of interactions among humansaher elements of a system, and a profession that
applies theory, principles, data and methods tagdeis order to optimise human well-being and ollera
system performance (International Ergonomics Asdmri, 2003).

STS is an approach with a theoretical underpinaing a range of methods which can assist in evalyati
complex systems and improve system design (Vicd®@9; Salmon et al., 2010; Read et al., 2015a% ST
theory and methods have been widely used to ana@geglex systems which rely on the interactions
between humans, technology and the environmenteB$e(2016), has established that STS approaches,
have a theoretical, methodological and practiaghdy which is useful to city design. While Patdraital.,
(2017) supports the use of STS approaches by esdtiaigl that cities do indeed possess a numberef th
characteristics of both complexity and STS. Furthatorniti et al., (2017) sets out that city desig
compatible with the theory content principles ofSS3s set out in Read et al., (2015a).

2.4.1 Cognitive Work Analysis

Cognitive Work Analysis (CWA) (Vicente, 1999) hasmy been identified as an appropriate STS methiod fo
evaluating complex systems (Salmon et al., 201@dRz al., 2015b) and it aims to improve systenigdes
(Vicente, 1999). CWA provides a framework of metholoat are used to develop an in-depth analydiseof
constraints that shape activity within complex eyst (Stanton et al., 2013). It has its originstudies at
the RIS@ laboratory in Denmark beginning in the G€96A cognitive systems engineering approach was
developed (Wilson, 2014), including the CWA framekvof tools to assist in the design of adaptiveays
that enabled the worker to ‘finish the design’ @hte, 1999). The framework encompasses five phafses
analysis. Two phases are used in this researchirsh@hase, work domain analysis (WDA) and theosel
phase control task analysis, incorporating theedoal activity template (CAT) analysis. CAT wadisied

in the assess and redesign phases of the ovesaind programme and subsequently is not set algtéil
here.

WDA uses an abstraction hierarchy to model sociotieal systems in terms of their functional purpso&as
the very top of the hierarchy), through to the ealand priority measures, purpose related functiainject
related processes, and physical objects (at thebggtom of the hierarchy). It has the ability itokl different
physical objects to required functions which enalalralyses to specify not only what a design reguaut
also what objects can be introduced in the desigachieve the functions (Stevens and Salmon, 20h8.
abstraction hierarchy represents the composite snadea system across the following five levels of
abstraction:
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«  Functional purpose — The overall purpose(s) ofsgfstem. For instance, for what reasons does it®xis
What are the highest-level objectives or ultimateppse? E.g. economic prosperity; places for people
or a well-resourced infrastructure network.

- Values and priority measures — The criteria that $iistem uses for measuring progress towards its
functional purpose. For instance, what criteria barused to judge whether it is achieving the psepo
outlined above? E.g. maximise economic capacityimiae social interaction; or maximise access.

«  Purpose related functions — The general functidnthe system that are necessary for achieving the
functional purposes. For instance, what must beraptished? E.g. retail access; cultural functiars;
network connectivity.

«  Object related processes — The functional capasiland limitations of the physical objects witktre
system that enable the generalised functions. riétgil at street level, generates human activity; o
public transport service.

- Physical objects — the physical objects within glgstem. For instance, a physical object can bgea ty
of infrastructure, fixtures, buildings, facilitiek.g. retail building; public art; pavement, seatpablic
transport station.

The concept of ‘objects worlds' is used to suppletrthe WDA. Rasmussen et al., (1990) was the fiirst
use the notion of object worlds in the context dV®A. Naikar et al. (2005) describes object wordds
stakeholders’ views of the work domain or probledhject worlds may assist with representing a work
domain from the perspective of different stakehdd@Naikar, 2013), and are established here via the
transdisciplinary participation within the survestd collection.

2.4.2 Social Network Analysis

Social network analysis (SNA) is used in this modgivork to understand relationships between elésnen
It is commonly used to identify the ties as intéi@ts, connections and flows between the nodesople,
groups or organisations (Corten, 2010; Miura, 20Rinheiro, 2011). Here, SNA is used to explore
proximity relationships between the array of phgkiobjects identified in the WDA. Proximity is ayke
factor to the success of pedestrian oriented uabeas (Ozbil et al., 2015). Many texts refer torieed for
the confluence of land uses, density, fine graipgidt form to enhance proximity (Cervero & Kockelma
1997; Krizek, 2003). They refer to the reductiondidtances to increase connectivity and acceggibili
Understanding proximity will not just increase netlw movement efficiency but also encourage a safe,
pleasant, comfortable urban environment, among attiebutes (Ewing & Handy, 2009; Gehl et al., 8R0

Using proximity to describe the SNA ties is suppdrby concepts underpinning spatial interaction eted
such as distance impacts in gravity models (HagnEstheringham, 1984). For example, distance inmgpact
distance decay or friction of distance relate t® toncept that the farther places, people, oritiegvare
apart, the less they interact. This research eagltinese proximity concepts using SNA to model mays
objects with a proximity relationship.

2.5 Selection of Main Streets as an archetype complexhan system

Main streets, otherwise known as high streets aex Lthere as an archetype complex urban system,
representative of the broader complexities inheirertity-wide systems. As well as being complexab
systems, main streets have been selected as tiveyleen identified as containing characteristics of
complex STS and align with STS theory values anttesu principles (Read et al., 2015a; Patornitalet
2017). A main street is considered here to inchindeareas of the road pavement, road reserve andntd
uses up to 100 metres from the road reservenibi® than just the street itself, it is the arethiwithe street
corridor, the interface of pathways with roads &l uses immediately and further surrounding tlagnm
street. They may also be recognised as represemiiogvergence of many city design principles atiogr

to discipline and spatial silos. Further, they als® the convergence of many land uses (e.g. ptacgsop,
live, eat, do business and for recreation) and hmaay intricate parts (e.g. fine grained built foemd
extensive street furniture). This multi-use andigaicy presents main streets as a suitable domaledcribe

a complex urban system from the many individual ponents and their interrelations, to meet many- city
wide purposes, priorities and functions (Patoeti@l., 2018).
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3 METHOD

3.1 Model the ideal main street

Subject matter expert knowledge and insights inéatrthe development of the WDA abstraction hierarchy
Patorniti et al., 2018 provides a detailed desicnipbf the method and results; however as an ogeraf the
method, an online survey provided the data to mfdhe development of the main street abstraction
hierarchy. The study involved 70 participants asréscontinents and 19 different countries (Fig. 1).
Participants were from the key disciplines of ggat town planning (23), urban design (22), araiitee
(13), statutory town planning (13), transport plagn(7), landscape architecture (6), civil engiivagr(4),
economics (4) and social planning (2). Consisteitit tihe multidisciplinary nature of urban developie
twenty-four participants stated having more thae key discipline area. Therefore, more disciplinese
reported than the total number of participants. fifagority of the 70 survey participants were emphbyat
consultancy services companies (26), then in acedgib8), non-governmental organisations (8),
government (7), professional institutions (2) attteo (5). Four participants did not report theigamisation.

AUSTRALIA

”

~o
O T MOZAMBIQUE (1

PARTICIPANT DATA
current place of work Y -~

other countries worked in

Fig. 1: Survey participant locations: current platevork and other countries worked in.

The purpose of the first online survey was to gatteda to create a collection of possible nodesetmh
level of the WDA abstraction hierarchy for the ‘maitreet system’. The questions therefore focussed
gathering data relating to each of the abstradtignarchy levels. For example, what are the fumetio
purposes of a main street? Through to - What physigjects should be within a main street? Suresylts
were coded using NVivo, a qualitative data softwmamegram. Inter-rater reliability testing was und&en

by two analysts on the coding of the survey resgons the created nodes (following Plant & Stanton,
2013). Consensus on the coded nodes occurredséacad online survey to the original respondentigro
following a modified two-round Delphi study (Linste & Turoff, 1975). The consensus nodes were the
primary data used to create the WDA abstractiorahidy. For the discipline object worlds overlagdes
were labelled according to the participant’s dibegfrom the first online survey.

Social Network Analysis (SNA) was also used to exanrelationships between the ideal main street
physical objects in the WDA abstraction hierarchige physical objects being the nodes and theirbibisg
proximity connections. The ties in the SNA relaietie need for two connected physical objects (siotie

be in proximity to each other. The aim is to maithe relationships between physical objects thabatter
afforded the closer they are to related physic@atb. For example, outdoor dining is better aféardvhen
lighting, awnings and seating are closest; a lamkrnailding with public transport, public toilets\@ waste
receptacles nearby; or parks that have seatingkidg water fountains and trees. Three urban planne
subject matter experts reviewed the SNA input table highlighted any cell with which they disagresd
the proximity connections. Any disagreed cells wighlighted and the total number of disagreeméats
that cell were tallied. If two or more SMEs disaagtethe cell was changed from a proximity connectm

no connection, or vice versa.
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4 RESULTS

Results are set out below, according to the WDA @N& methods involved to model the ideal main gtree
First, is an excerpt of the survey results.

4.1 Survey Results

Table 1 details the disciplines that included infation relating to that coded node in their surkesponse
for the purpose related function level. This taplevides a more traditional view of the data anoviates
significant insights. For example, social interathad the highest number of responses with resgdnsm

9 of the 9 disciplines. While adaptive and restlieducational services and special events andagicin
were only recognised by individual disciplinesshiows that it is important for a main street taab@ace to
live, but only from four of the nine disciplines.hile interesting in unto itself, when assembledhi& form

of the WDA, the interdependent relationships anakesth resources required in a main street environmen
begin to be revealed. The data was therefore waskdild the WDA abstraction hierarchy main streeded.

Purpose Discipline types Purpose Discipline types
related related
function function
Adaptive & Place to Work
Resilient
Commercial Recreation &
Functions Entertainment
Community Respite Areas
Services
Cultural Retail Access
Functions
Educational Safe Place
Services
Food & Drink Slow Traffic
Access Environment
Network Social
Connectivity Interaction
Pedestrian & Special Event
Cyclist Friendly & Activation
Place to Live Tourist
Destination

Table 1: Number of purpose related function codaies according to survey participant discipline Statutory town planning; 2=
Strategic town planning; 3= Urban design; 4=Tramsptanning; 5=Architecture; 6= Social Planning; Ciwil engineering; 8=
Landscape architecture; 9= Economics.

4.2 WDA abstraction hierarchy model of the ideal main sreet

The entire WDA abstraction hierarchy, containedPatorniti et al. (2018), brought together disciaiin
knowledge to explore and make explicit the silokradwledge that are apparent in designing comptbaru
systems. It also provided a framework to assenfidestirvey data by detailing what needs to be aeliev
how and why by showing the interrelations betweathed nodes across the levels of abstraction. Ttieen
model contains and links 51 physical objects, Sfedalrelated process, 18 purpose related functib@s,
values and priority measures and the five functipogposes to describe the ideal main street.

To demonstrate the efficacy of this approach Figetd out the interrelations of one physical objeeating,
across all abstraction hierarchy levels. The liftksone the twelve processes that seating affsdslgo
shown in bold to detail such a seemingly mundamamurelement contributes to all abstraction hiesarch
levels. Following this example, Fig. 2 links segti® many object related processes, includingaaepto
meet and wait. A place to meet and wait then litokenany purpose related functions of seating, ulioky,
social interaction. The purpose related functiors@dial interaction then links to many value anmbnty
measures, including, maximise economic capacityclwiinen links to many functional purposes including
economic prosperity. The results for this one ptaisobject show the importance of seating (e.gtirsga
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contributes to all main street functions and puespsFor the seating example, the abstraction ricieya
describes potentially anticipated interrelationg.(seating maximises social interaction creatitages for
people) but also potentially uncovering unanti@gdatcontributions (e.g. seating maximises economic

capacity creating economic prosperity).

CONNECTIVITY -
Well resourced SOCIAL - Places
infrastructure for people
network
FUNCTIONAL
PURPOSE
Jroimise | [ viaimise | | wowmise | [ wiamise | | wawimise | [ M2 | [ gpumse | [ Moxmse | | e
EXPERIENCE SAFETY ACCESS QUALITY RESILIENCE INTERACTION GOVERNANCE EQUITY MIXED USE
Food and i Recreation Special Pedestrian| [Slow Traffic|
Retail e | [Fducationall | Adaptives: | | Network | [commercia| Social Placeto | | Placeto and Respite | | Tourist | | Cutural | | oPecs |} 1 |communiy| | Pedesran | o e
Access Services | | Resilient | |Connectivity] |I Functions|| Interaction Live Work | |Entertainm| | Areas | |Destination| | Functions Services v
Access gl Activation Friendly nt

PURPOSE RELATED

USER
SATISFACTION
AND SENSORY

PLEASURE

Ecologically
balanced
ENVIRONMENT

Maximise
ECONOMIC
CAPACITY

VALUES AND PRIORITY
MEASURES

FUNCTIONS s
" - Community| [~
Provides (| Provides || o o || Provides || Provides place to meet]Vemacular | Generates ||surface for| ORTIBI | L N storeof || Social, |
physical ||psychologic| aesthetic || visual | Landmark "¢ Jarchitectur | human |[activity and cultural || cul
barrier and wait " capital/ || sitting | |lying down objects
boundary {[al boundary| interest || boundary e activity play knowledge || street level
5 knowledge

OBJECT RELATED
PROCESSES

A}

Seating

PHYSICAL
OBJECTS

Fig. 2: Extract of the WDA abstraction hierarchydabdetailing seating and its interrelations actbsdevels

4.3 Object worlds for the ideal main street

Perceptions of the archetype complex urban systera also overlaid, using object worlds, by labgllihe
coded nodes according to the disciplines from tigpant responses (see Patorniti et al. (2018))he
way Table 1 outlines these results for the purpetated functions, it was possible to identify whic
disciplines considered which aspects of a mairestee important or indeed necessary across aldef
the WDA. The results demonstrate the importanagbtdining transdisciplinary views to assemble tldew
ranging perceptions of a complex urban systemirtance, if three of the nine disciplines, beitajugory
town planning, strategic town planning and urbasigiewere removed for the model, the following rode
would be missing. Twelve of the fifty-one physiajects (including critical elements such as window
fronts, footpath dining, community land uses, awgimtc.), four of the eighteen purpose relatedtifons
(e.g. adaptive and resilient, safe place, pedesama cyclist friendly) and thirteen of the fortgeomeasures
within the values and priority measures level (&fgstyle needs indicators, residential proximigpecial
events, redevelopment approval activity). The iogilons are more than missing nodes. For instamce,
missing component and its interrelations could e key to identifying and understanding unanti@pat
outcomes from system complexity such as emergence.

The discipline object worlds also show the riskoaszted with relying on one or a small group oftgines

to identify all related connections between leveltheir specified node or nodes. For instancedibeipline
object worlds overlay shows that civil engineeraupsidered and identified the ‘public art’ physichiect
and ‘social interaction’ purpose related functiartpf the system and hence the link between lezisl
engineering, however, did not specify the ‘maximresilience’ measure or the ‘economic prosperity’
functional purpose. The discipline object world®whthat other disciplines are relied upon to preval
more complete view of the main street system agiged via the WDA.

4.4 SNA model of the ideal main street

Fig. 3 details the SNA model built from an inpubl&ain the SNA modeller and visualiser tool. Instfigure,
the outdoor dining physical object is highlightettlaall of its proximity relationship ties to othphysical
object nodes. The results overall, show many priyimelationships between physical objects witHne t
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ideal main street. It shows a physical object isdeel to be in proximity for another physical objeat how
that same physical object is required to be in ipndy to many other physical objects. lllustratitige
interdependency across the physical object level.

Some physical objects have more proximity relatigps than other others and these are representéd.in

3 as a larger node. Generally, physical objects mibre ties will be placed in a more central pogitbn the
graph from the Fruchterman & Reingold (1991) drayvaigorithm. Following the larger physical object
nodes, the SNA shows the town square, sidewalleway, footpath, signage, lighting, entertainment
precinct, food and drink outlets, open public sgaaad cycleway all require many physical objects in
proximity or conversely are providing for many atlphysical objects. For example, a town squareigesv
the area for many physical objects to be withiradown square requires many physical objects tarbe
ideal main street town square. Similarly, how ligbtis needed to be in proximity to many other [tsis
objects like outdoor dining.

Place of Warship

@ Bike Parking O

Commuitpliingdliter Fountains

Q C;E:Tui—ss

Educational Institutions

O

Cyclists

Fig. 3: SNA detailing the proximity relationshipstiveen main street physical objects

5 FURTHER DEVELOPMENTS

This section briefly outlines the following compaone of the programme of research which followed the
modelling phase described above.

5.1 Assess a main street

The next step explored the application of the WbAah existing main street. The model was used as a
benchmark of what could be achieved. Understantlireg performance of an existing main street was
considered an important step in being able to iffeihe necessary nodes for redesign. The CAT
requirements developed were also used for the ssases to determine where physical objects or p&pos
related functions should or could occur within tase study main street, in the buildings, parkstp@aths or
roads.

Geographic Information Systems (GIS) was exploedranslate and bring together the WDA and CAT
requirements in a spatial context. With GIS, spatiformation was mapped from the existing mairestr
and was then able to be compared to the ideal WBAAGAT requirements. Incorporating GIS was also
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considered necessary for the ability to undertakeré redesign. The redesign would then be bettermed
by the location of the necessary nodes identifietthis assessment.

5.2 Redesign a main street

Prior to any redesign efforts, the accuracy of thedels was explored. Observational surveys were
conducted to examine the model’'s degree of validitgt assist with any model calibrations. Standaror e

of estimate (otherwise known as standard errohefregression (S)) calculations were used to utatets
how well the observed data fit the model outputsr(Sis, 2006).

The WDA, CAT and GIS assessment findings were usethform the redesign to redevelop under-
performing areas within the case study main stig@s redesign phase also used the physical obfides

in the GIS model by preparing a method adaptatieferred to as ‘SNA proximity constellation’. Th&l&
proximity constellation, identifies the optimal kiton of missing physical objects in the main gdtrbased
on arbitrary locations and existing locations ah@mal objects. The first task for the redesign wWesefore

to use GIS to identify the most suitable locatidrmassing physical objects from the ideal WDA maqdel
using the SNA proximity constellation. The secoasktwas to locate additional physical objects whieee
quantity and distribution was not optimal, as idfead from the main street assessment phase. Tiftktdsk
prepared a concept redesign using the task 1 agsUits.

6 CONCLUSIONS

This research argues that STS theory and methogs pmavide a new perspective to help overcome
challenges and better identify and respond to dppiies for city design. The approaches develomtcbut

a way to better understand and respond to the etityplof urban systems by considering all systesigie
requirements and interrelations. It brings togettisciplinary silos by providing a framework to eégrate
transdisciplinary perspectives. This structuredrepgh to design may assist practitioners overcdmee t
challenges associated with decisions made oniioriugind judgement.

A STS based approach which integrated transdiseipfiperspectives, may highlight and further revkal
complexities and contradictions of city design. TWDA abstraction hierarchy details the highly
interdependent nature of main streets and proidgs of a main street’'s complexity. It potentiadlyplains

the prioritisation of components over others. Boashows potential leveraging opportunities; paaént
conflicts of the system components and implicatiohsnissing nodes are also made apparent. The SNA
showed the main street to have many proximity ieahips between physical objects — useful forrimiag
redesign.

The STS approach assists in ‘decoding’ and moddir@pmplex urban system and may bridge the gap
between complexity theory and developed modelgtdvided contributions in this respect, by: 1) difg

the boundaries of the study area; 2) capturingdtge number of parts and integrating them intingls
model; 3) help understand not just what happensillsotbeing able to understand why and how; 4) in@de
preferred or optimal state; and 5) help understaedinteractions between components and the entergen
behaviours that arise as a result.

Further developments, helped identify areas tretiader performing and understand why. It iderdifahat
needs to occur and where. In doing so, it proviglastitioners with a set of approaches to bettdiseit
existing urban areas to better accommodate an igibgrpopulation. The approaches developed could be
applied to a wide array of urban problems.
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