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THE INSTRUMENTALITY OF DATA
USED FOR DESIGN:

EXPLORING THE SUSTAINABLE
MEANINGS OF URBAN ORDERS
IN THE NEW DATA ENVIRONMENT
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ABSTRACT

City is a complex, self-organized system, in which
various sub-systems interact with each other
whereby urban orders emerge dynamically. Due
to lacking of sufficient knowledge about the urban
system, urban planners and designers had to work
within a simplified concept framework. This over-
simplified methodology has been influencing the
debate about the urban sustainability. Although
the so-called new data environment now provides
possibility to acknowledge this kind of complex
interrelationship, future-proofed theories and
methodologies of urban planning and design are
still deficient in related practices. Base on the
quantitative understanding of urban orders, this
paper aims to explore the issues on understanding
the relationship between the urban orders and
the meaning of sustainability in the new data
environment, to establish a methodological
framework of data augmented sustainable
planning, and to reassert how to achieve the value
rationality in urban planning and design through

the exploration on instrumental rationality.
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Although city has been considered as the carrier of various
kinds of social activities, nowadays most urban planners, the
understanding of city is still unavoidably based on simplified
concepts. The geometrized urban forms lead to the fragmented
urban space and isolated modern urban lives. Over the past 50
years urban form created on modern urban design methodology
has been considered inferior to the traditional organic one, not
just because of the extensive, non-human scale “steel and concrete
jungle”, but, more importantly, due to the unsustainablity
problems caused by the failure in being a matrix for dynamic

« . urban activities. In fact, current conceptualized understanding
of cities is a compromising, urban epistemology, though that
0 sometimes is helpful for the interpretation, description and self-
proving. It has been a long time for the modern urban planners
and designers applying these simplified conceptions in addressing
i complicated urban problems. Historically, many urbanists and
urban study theorists have criticized on that, and subsequently,
the neo-classical urbanism was raised. The well-known theorist
Jane Jacobs summarized the ways to revitalize cities by designing
@ the complex orders of urban diversity''; Christophe Alexander
plainly argued that rather than a simple order, we should consider
4 a city as a complex relational system which can be measured
and calculated”. Alexander further described the object of urban
design as creating meaningful urban orders. The urban order here
is not a simple spatial pattern, but all kinds of related meanings
of the formal languages creating the pattern. Urban orders are
1.2 SRR B IR R generators that impact the whole urban structure in the progress
of urban evolution. Moreover, the holism of urban orders would
eventually be formed by adapting the orders to the context where
they imbedded in". Praising the organic patterns in the evolution
progress of traditional cities does not mean to deny the rationality
in urban planning and design, but to claim the urgency to build a
new urban study science to uncover the complex orders of cities'*’,
Therefore, the epistemology of city is crucial for understanding
the underlying nature of the complex urban orders, and these
conventional descriptive, qualitative concepts would strongly
limit to developing related theories and methods of a new
epistemology, thereby impacting the operations in the planning
and design.

1.2 Scientific Nature in Urban Planning and Design

In recent years, the complexity and self-organized theories

have been widely discussed and studied in the field of urban
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planning and design (especially in the field of urban simulation);
however, how to transform and apply those ideas properly on
the side of practices still needs to be explored. For current urban
planning and design, it is clarified that what we are planning
and designing are not only physical space forms, but also the
sustainable functions of these spatial elements. Now Chinese
urbanism is on a new stage, the planning would concentrate

on the built environment in the very near future, and different
challenges should be well addressed in urban planning and design,
such as integrating urban planning at diverse scales, designing
for the urban transformation and vitalizing the physical urban
lives in the informational society. Thus, the need of enhancing
the scientificalness of urban planning and design is increasingly
pressing. Along with the quantification-oriented development

of related disciplines, ideas such as Analytical Design and
Evidence-based Design have been developed since 1960s, and
the earliest pioneers can be traced back to Sir Patrick Geddes"'
and Camillo Sitte. However, the pseudoscience of these concepts
have been criticized for lacking of integral framework and

V¥l Consequently, the essential issues what we

theoretical spine
are facing in the current urban planning and design is that how to
scientifically choreograph urban orders to arouse their sustainable
funcationalities, and to meet different kinds of demands in the

current, and future cities.

1.3 Opportunities in the New Data Environment

Modern cities are “Information Cities” where
multidimensional, real-time data with lager coverage and higher
resolution are benefiting the way of understanding the complexity
of cities and urban structures, leading towards human-oriented
research methods. In the new data environment, the evaluation
and issues identification of existing urban systems are helping
form a data augmented analysis method and operation framework
for future urban planning and design'’. These efforts provide
an approach to understand the composition of complex urban
orders and their meanings of sustainability. In this sense, this
paper explores how to quantitatively understand the relationship
between the urban orders and the meaning of sustainability in
the new data environment, develop a theoretical method of so-
called “Data Augmented Design” (DAD), and reassert that how to
achieve the value rationality in urban planning and design through

the exploration on instrumental rationality.

2 The Sustainability of Urban Orders: The Significance of
Urban Planning and Design

Ultimately and inevitably, urban planning and design are some
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Table 1: Five Dimensions of the Sustainability of Urban Orders

HE

Dimension

[SES
Content

Zg)

Space

g, Z@. 8. XFF
Infrastructure, transportation, landscape, athletics, etc.

MR
Social Culture

ATERE. ARRE. HE. LR E5E. AHRETE
Quality of Life (QoL), public health, education, crime, housing, public
service, etc.

25
Economic

Bk, gtwEEn. B ENFE

Jobs, employability, tax, housing price, etc.

Ecology

BE. R5RE. £VEHNUE
Noise, air quality, biodiversity, etc.

FENN
BR

Administration

S5E. EBAR. ALV ILHE
Engagement, administration system, ratio of public to private sectors, etc.
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kinds of spatial intervention. The scarcity of urban resources
leads to the spatial unevenness of urban services, impacting
on various human activities, and social and economic realities.
Sir Peter Hall defined urban planning as “a general activity
(that) is the making of an orderly sequence of actions that will
lead to the achievement of a stated goal or goals ”"""". In this
sense, we can argue that the generalized meaning of urban
sustainability is contained in urban spatial orders. Theories of
urban planning and design are to specifically reveal the natural
linkage between the urban spatial orders and the associating
sustainable meanings"'!. In modern cities, urban sustainability
can be unfolded on multiple dimensions that can be summarized
into five categories, including space, social culture, economy,
ecology, and administration (Table 1). Frankly, this is just
one way to understand the urban sustainability, and dynamic
interactions occur among elements in different dimensions.
Rather than planned or designed physical spatial orders, where
the sustainability of urban orders exists is the “unplanned
orders” — the natural, dynamic relationship between urban
elements. Thus, the essence of urban planning and design is to
well interpret the so-called “unplanned order”, and then realize
the urban sustainability by the means of spatial interventions.
In order to understand the sustainability of urban orders
properly, several more issues still need to be addressed
comprehensively in the studies of urban planning and design.
First, we need to acknowledge the complexity of urban orders,
and be vigilant to simple summarization of one-way causality.
The conventional understanding of urban orders is often
based on the researcher’s views and his / her self-proving,
which leads the understanding of complex urban orders being
“centralized”"” to a very large extent. This makes people
easily believe that any certain urban phenomenon must be
driven by a major motivation, while ignoring other complex
potentials. Therefore, urban orders should be explored with
a “decentralized” epistemological method, and be explicitly
detected in the cultural context and socioeconomic environment.
Secondly, the importance of urban dynamic needs to be paid
more attention. The complexity for city stems from the dynamics
of urban evolution; the understanding of urban orders and
their effects should be keeping in accordance with the certain
running cycle within the continuous process of urban evolution.
Thirdly, human scale needs to be further emphasized in relevant
urban studies. The underlying logics of urban sustainability
are associated with the people whose collective behaviors have
shaped recognizable urban orders. “Humanistic concern” in
urban planning can be only realized by understanding and

studying the sustainability of urban orders on the human
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Static data
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forms in geography, building outline,
etc.)
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Dynamic data with wide coverage —>
(Social media, behavior information,
transportation track, etc.)
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Cleaning /filtering

(#3E<BL. BE. ITHE. 418)
Spatial information system l
(Data correlating, integrating,

Planning order factor
(Population density, urban form,
infrastructure, etc.)
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#=1k Digitalization

i~

Scenario setting and dynamic ———> Report and visualization

scale. Besides, we need to integrate related theories and
knowledge properly to form a comprehensive research system.
All these issues above should be supported by sufficient basic
information, advanced quantitative theories and methodologies
— such opportunities are currently provided in the new data

environment.

3 The Interpretation of Urban Orders in New Data
Environment

The interpretation of urban orders in the new data
environment can be considered as a quantitative epistemology,
which is reflected through the revolution on four aspects
(space scale, time dimension, research granularity and research
methodology)'"”. These revolutions inform the scientificalness
of urban planning and design, generate a unified format for
communication, connect knowledge in various disciplines, and
respond to the dilemma in understanding urban orders and
their sustainability, as mentioned above. Figure 1 describes
to the general process of producing meaningful results of the
urban orders in the new data environment, and the relationship

between urban orders and their sustainability. The first step

HiERZE
(BB ESEEDT)
- > Data science

SEEERS (Modeling and quantitative analysis)

calculating and processing) ZSjElE
Bl (ZE#FIEARIE )
Spatial index

(Quantitative expression of spatial
order)

N RS
e SIS (= EARRE A SRR )

evidence-based test (Quantitative summary of spatial
A data and associated graphic
presentation)

AR H . #3 Outputs and test
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is collection and digitization. The datasets employed include
traditional static cross-section data (some of which called
surveyed data), real-time data with wide coverage and fine
scaled resolution (or sensed data), and data related to the factors
of urban ordering. On the following stage, these datasets are
effectively interconnected in an advanced spatial information
system in which diverse analytic methods and modeling software
are selected according to specific requirements. Based on the
inputted and digitized data, combining with the planning
scenario setting, the advanced spatial information system
conducts modeling depending on the interdependent relationship
between different urban sub-systems by adopting different
analytical techniques. Finally, outputs including qualitative
reports and visualized results can be produced. The scenario
setting would be further iterated and adjusted according to the
analysis of the results, and the outputs would be tested through
comparison (we can also understand that this process is to
provide analytical feedback and test of the results). Such process
is capable to connect the spatial elements in urban planning and
design (not only spatial design) with their functions, to accurately
identify the underlying interactive relationship eventually.

4 Data Augmented Design: Urban Archaeology towards
Future Sustainability

Everything that happens now would be a historical evidence
in the future. In other words the accurate understanding of the
present would be the cognition of the future'"*. So, based on
existing quantitative urban research and the general process
of understanding of urban orders, we propose a operation
framework called DAD". DAD is a new quantitative planning
and design methodology raised from the current planning
and design system. It can provide support to each phase
in the process of urban planning and design by employing
modeling toolsets to extract, analyze and predicate on the
basis of the various data sources, and eventually, to increase
the rationality, creativity and resilience of planning in the new
data environment. The exploration on urban orders and their
sustainability in this methodological framework would impact
the entire process of planning and design, for instance, it would
continuously and dynamically help with the interpretation of
the context where the sustainability imbedded in; it would be
continuously helpful to establish alternative epistemology and to
compare and select appropriate ones; it would benefit the timely
adjustment of the extracting and digitizing of factors; and its
overall procedure could be iterated with low cost to assist the

decision-making in specific planning and design. Therefore, the
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DAD can be considered as an archaeology of current urban data, 2 Efj\fgﬁimﬁﬁﬂ
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as well as a quantitative epistemology of city and a future-proofed

2. Decision making /
reasoning process
of urban planning
and design towards
sustainability

approach of urban planning and design. As the data environment
becoming mature and techniques are developed rapidly, it would
be helpful for us to explore the possibilities of future urbanism by
implementing the research framework of DAD.

Within the framework of DAD, the interpretation of complex
urban orders and their sustainability can be considered as a
decision-making process in which different phases are included and
the most appropriate and effective spatial intervention decision
would be generated and proposed. The urban sustainability can
never be implemented overnight. Therefore, the relationship
between urban orders and sustainability needs to be optimized
within the decision-making cycles of urban planning. Figure 2
shows the process of connecting and implementing different spatial
designs and their sustainable meanings within a decision-making /
reasoning cycle, thereby establishing a dynamic qualitative
framework of urban sustainability within the DAD system.

In the framework as shown in Figure 2, data augments the
planning and design process of urban orders and the evaluation
process of sustainable development. By combing these two,
we can introduce a quantitative process of making sustainable
development strategies. First, data would be helpful to identify
the problems of the current development of sustainability and to
deduce the main intervention methods, so that decision makers can

choose appropriate intervention approach for changing / designing
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dynamic effects
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Supplementary analysis
on multi-scales
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Evidence-based
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Effects evaluation Comprehensive Dynamic tracking

Index setting for evaluation Analysis of the dynamic
assessments Weights setting of the effect index
effect index
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certain urban orders. Secondly, by clarifying the overall object
and evaluating the specific effects, decision makers can properly
determine the final development strategies. Then the relationship
between different interventions and sustainability would be
analyzed to identify the priorities of the issues to be addressed.
Lastly, people can adjust and further enhance the flexibility

of specific urban ordering plans or designs to secure the
implementation of the given goals of sustainable developments.
The digitization of urban orders affected by the urban planning
and design, and its connection with the evaluation process
would strongly support and augment the making of sustainable
development strategies and the establishment of a transparent
data-based negotiation mechanism. Although details of such

a framework need to be further considered when we deal

with specific problems, it is critical for building up a long-

term data-based working mechanism among urban orders. In
our opinion, DAD research framework is a scientific future-
proofed epistemology system, which conducts “archaeological
studies” on contemporary urban situation. Such a framework
does not only contribute to rational planning proposal, but
also be helpful to understand the sustainable functionality that

underlying in the planned / unplanned orders.

5 Towards the Data-informed Value Rationality

In the text above, we introduce a way in which data analysis
are adopted as a tool to explain the underlying urban orders
and their corresponding sustainable meanings. Nowdays, the
massively emergent big data is not just new materials available
for urban analysis, but more of an advanced tool to discover the
future. However, while the instrumental rationality of data as a
tool of urban planning and design has been defined, the value
rationality of applying data still urgently needs to be clarified.

First, we need to find out the value ethic in the quantitative
researches of urban study. The efforts of quantitative urban
studies, especially the achievements in the feild of visualization
that contribute to the interpretation and discussion of planning
and design concepts; sometimes, their “brilliant” appearance
impresses people as “indisputable”. However, it is worthy to
note that a research that seems objective may easily be used
for other premeditated purposes in order to establish certain
authority. So, thoughts based on social theories should be
brought into existing application of data analysis to identify
the subjects and the purposes of different quantitative analysis
of data. To ensure different collective visions of various social
groups can be appropriately understood is absolutely a vital

aspect of the social sustainabilities.
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Secondly, we need to be alert to the abuse of qualitative
analysis that may lead to philistinism of urbanization. Data
is not capable to drive all kinds of urban planning and
design activities. Until now the wrestle between quantitative
and qualitative researches still exists in academia and has
left many issues debatable. Abstraction of urban theories
is highly emphasized in quantitative research, while one of
the important preconditions for studying urban orders is to
focus on the diversification of theoretical development and
the evidence-based research. Meanwhile, some dimensions
in which explanatrability of the quantitative research is
inadequate, such as urban aesthetics, need to be considered
appropriately throughout quantitative research. It is very
necessary to create the urban orders that are both culturally
and functionally meaningful for humans.

Thirdly, in the new data environment, the quantitative
research needs to be incopreated with design in order
to productively inspire the data-based deisgn ideas.
Conventionally, the thoughts of planning and design largely
depends on the designers’ knowledge and innovation ability,
therefore they are normally considered to be sentimental,
intuitional or even personal. On the other hand, data-based
research is thought to be scientific and objective. It seems that
there is an self-evident boundary gapping them. However,
perhaps the boundary does not exist at all since that the
complexities of cities shed the light on the varius possibilites
for quantitative studies, offering a great potential that the
quantitative research itself can be a source of inspirations for
the reaearch.

At the same time, the practice of digitalized interactive
planning needs to be appropriately positioned in current
theoretical system of urban planning and design. The
application of new data initiates interdisciplinary cooperation
and communication, however many disciplines are not
included within the current planning system. The authorities
of the disciplines which are strongly related with quantitative
research should be re-examined in order to create an adaptive
management system in the new data environment .

Besides, the emerging massive data leads us towards
“the age of learning from the existing”. However, in the
new data environment, the new needs in the future real and
virtual world should be the true aims for urban studies.
Understanding these needs sufficiently would bring new
opportunities for urban planning and design, and also help us
estimate the socioeconomic effects of the application of data
to avoid excessive investment of data research on current

issues.

VOLUME 31/ISSUE 3 / JUNE 2015



6 Conclusions

The complexity of city urgently demands to be properly
unfolded in an alternative way, which can ensure the
sustainability of urban development by different planning
interventions. The new data environment is bringing unique
opportunities to understand the natural connections between
urban orders and their sustainabilities. The built environmrnt
what current urban planning and design are confronted with
is becoming more and more complicated. In this sense, the
sustainability influenced by urban orders is becoming the

DAD essential connotation of urban planning and design, making new
demands for urban epistemology. As the instrumental rationality
of urban planning and design, big data analysis of cities
showcases the huge potential within the qualitative research
framwork that directly responds to the core demand of current
urban planning and design as seeking the functionality of spatial
interventions. By defining, and analyzing and evaluating the

LAF general processe of quantitative analysis, we propose that the
data analysis framework — Data Augmented Design can be
used to understand the underlying urban orders and principles
of the spontaneous development of city, to realize the urban
sustainability by establishing a decision making procedure of
spatial interventions. However, though the significance and
potential of taking data as the instrumental rationality of urban
planning and design should be fully appreciated, the value
rationality of data application in urban planning still needs to be
further explored. Guided by the right value rationality, we can
be inspired by applying the instrumental rationality sufficiently
and effectively to better understand the functional relations
between urban orders and their effects in the process urban
evolution, thereby realizing urban sustainability in a very long
term. LAF
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