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YL: Data, Big Data specifically, is becoming more and 
more of a cultural norm.  But it appears confined mainly 
to tech firms, marketing agencies, and other metric-driven 
industries.  How do you think “data” affects the way 
architects design? Do you think data drives creativity and 
styles?

CSC: In the 21st century, data not only drives individual creativity 
and style by cognition, but also group creativity and style. To 
explain this theory, we should review the historical concepts of 
how data has been applied by human beings.

In the early 1950s, an information processing theory was 
proposed to describe how human beings process information 
in everyday thinking. That theory has been further developed 
into the cognitive science that studies human thinking in order to 
replicate it in machines. Design data, as information regarding 
design constraints, goals, facts, and issues of the architectonic 
elements, is reflected throughout the design process.  The 
generation of forms by designers involves strategically making 
unique associations between data, discovering special 
representation for the data, and creating unconventional data for 
generating forms, while solving design problems.  Any of these 
operational aspects would generate surprising design creations. 
As long as the creation is novel in form and valuable in market, 
they are products of creativity and innovation. Similarly, the 
processes of cognition, operating on design data, are the driving 
force of creativity.

Following this trend, we can say that design thinking is the 
process of evaluating, manipulating, utilizing, and operating 
upon design data. If similar sets of data are applied operationally 
more than three times in design, there would be a recognizable 
set of features that appear in products. These features, as 
the phenomenon of repetition, would be recognized visually, 
manifesting a style, and casting certain cultural influences. 
Therefore, a creative designer would cognitively operate a 
special set of data to generate original, novel, and recognizable 
features with market value. If a designer keeps operating on a 
set of stylistic data for a period of time, then generates a new set 
of data, the repetition and group recognition of these repeated 
stylistic elements influences the design profession stylistically 
and creatively. 

YL: Beyond the scale of the individual building, how do you 
see data being used in urban planning?

CSC: I see greater use of Building Information Modeling (BIM) 
and Geographical Information System (GIS).  In urban planning, 
the scale of study always relates to an area, community, or a 

city; which needs huge sets of layers, including geometries, numerical 
attributes, and rules of agents for execution. When the scale gets bigger, 
the huge sets of data and the complexity associated with processing it, 
make the study even more difficult. Thus, a new field of “Big Data” has 
been developed to explore efficient ways of analyzing, managing, and 
distributing data. I am sure the future handling of data in urban planning 
will need more help from the field of artificial intelligence.

For example, planners base their study tasks on defining variables, look 
for appropriate forms to set up data, collect information, and analyze 
correlations between variables to justify and conclude hypotheses 
or theories. The studied planning tasks, for instance, could be traffic 
patterns, zoning analysis, city infrastructure, or time layers of building 
data. This data could be used to show the form, pattern, or history of a 
region for design, planning, evaluation, and decision-making.

YL: What are some of the means to translate data into useful 
information for architects/planners?

CSC: Data, as a representation of machine information and human 
knowledge, must be converted into visible forms for application 
and operation. The following examples provide some thoughts for 
architectural design. Most of these methods deal with digital drawing 
and modeling.  

The first example is to map digital and analog data for design thinking. 
In this case, schematic sketches are first digitized after they are hand 
drawn. Then they are processed in PhotoShop and combined with 
images from modeling data. During this mapping process, the model 
image and the sketch images are modified to optimize the design results.

The second example is to apply data for different purposes. A digital 
model of a proposed design is created in a solid modeling platform. 
The geometry data of the model is converted to get energy data, and 
displayed with color codes to signify the level of energy performance.  
Another process begins with digitizing a building model in Revit and 
applying the BIM data in order to calculate the construction costs to 
arrive at a construction schedule. The same set of geometrical data used 
by energy analysis tools above can also be used to calculate the energy 
cost and to generate specifications.

The last example is to translate verbal data into numerical data in urban 
planning, which is what we are working on now. Here, we use satellite 
photo and urban maps as the base, convert geographical information 
into geometries, construct shapes of the urban blocks as cells in CAD, 
develop logical rules to represent socio-cultural factors in GIS, and finally 
use cellular automata and multi-agent modeling techniques in GIS plug-
ins to simulate the patterns of urban development. The key effort of this 
study is to convert patterns of human settlement into operable data for 
prediction and evaluation. All these examples relate to the concepts of 
utilizing data across platforms for research in design.

Data and its representation has become integral to the 
architectural design process. Decisions related to many 

different aspects of a building, such as orientation, façade and 
material are driven by data collected through different means and 
computer programs. However, how does data influence creativity 
and styles? How is data being used in related fields outside of 
the architectural profession? The CONNECTION team caught 
up with Professor C.S. Chan at Iowa State University to discuss 
these issues. He is an expert on researching the relationship 
between design and data and its application. 
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YL: Why do you think human interaction is crucial in the 
field of architecture? What constitutes the Human Computer 
Interaction (HCI) program you teach at Iowa State (ISU)?

CSC: Human interaction is particularly important in digital 
architecture. Software and hardware developers must pay attention 
to how the digital platform guides and aids design.  The learning 
curve, user-friendliness, and system efficiency are the criteria of 
good interactions between humans and machine. Similar principles 
apply to the interaction between the living space and the dweller. 
User-centered design in spaces is one of the current design trends. 
All these notions under consideration were originated from the 
human interaction led by the IT sector. 

The course, as a part of the HCI program, was on solid modeling 
and its conversion to display in the virtual reality environment. I 
also did some research exploring the methods of converting a 
solid model to VR model, experimenting with a VR city model, and 
simulating urban regulation in the VR models as well.

YL: Could you talk a little bit about Artificial Intelligence (AI) 
in architecture and its implementation to date? What will its 
future be?

CSC: AI is the field of exploring human intelligence and simulating 
intelligence in machines. After it was founded in 1956, a number of 
studies in architecture were conducted. The most impressive was 
the concept of shape grammar, developed in 1970, because it has 
a similar format of a condition-action pair of production systems, 
which is an early AI system format. Another influence of AI in 
architecture has been the architectural IT development of intelligent 
design tools in drawing and modeling systems. These systems 
have the functions of architectonic elements of walls, windows, 
doors, and stairs, which represent a kind of design knowledge for 
users to extend their design thinking. In the future, design-related 
software and hardware will have more intelligent design sub-
routines installed to help schematic design, design development, 
and  robots to automate building fabrication and construction.

YL: Getting into specifics, you have conducted a project in the 
past to measure the efficiency of an office space without its 
physical construction. How was data extracted and used to 
influence design decisions in this case?

CSC: That was a project funded by the AIA and GSA to test 
cognitive productivity through VR simulation. We constructed a VR 
model in a six-sided virtual environment to represent the GSA lab 
in Washington, DC. We changed the materials and color of the lab 
environment, and added sound to represent background activity. 
Subjects tested how the changes of materiality and color in space 
would affect human perception. Results showed that the change of 
material affected people’s perception and preference of the space 
more than color; this provided information for selecting furniture, 
window openings, and levels of lighting (see Chan, 2007).

That project was a difficult one among the research projects I 
conducted, due to the limited speed of machine execution and 
the constraints of connections across facilities in our lab. Yet, 
the stereoscopic 3D visual results shown in the lab were very 
impressive and generated a few conference papers. 

YL: One of your publications, Can Style be Measured?, has a 
very interesting topic. Can you tell us a bit about this project?

CSC: Style is a cultural symbol used to differentiate patterns 
of gesture in dance, rhythm in music, performance in drama, 
texture context in literature, and design in painting, sculpture and 
architecture for understanding socio-cultural phenomena. My 
interest was to apply scientific methods to theorize how a style is 
generated, formed, and recognized. After a number of hypotheses 
were proved, I found out that an individual style could be defined 
by the number of times a feature appeared in design products. 

In fact, a style could even be measured by number of features to 
show the strength of style through perception, i.e. more features 
appearing across products would powerfully express the style. 
The concept was tested by having a group of 31 subjects sort 33 
photo images of architectural designs into piles representing the 
same style. These buildings were designed by Frank Lloyd Wright 
and Vernon Watson, Richard Meier and Michael Graves, Charles 
Moore and Robert Venturi representing Prairie Style, New York 5 
Style, and Vernacular California Ranch Style, respectively. 

Outstanding and representative features appearing in these 
photos were applied by viewers to recognize the style. Among 
them, photos of Prairie Style had eight to eleven common features, 
New York 5 Style had five to six and the Vernacular Style had three 
to five. The theory was that the more features a style had, the 
more easily recognizable it would be, and subjects would put more 
photos of similar buildings into the same pile to classify them.

Results of the experiment showed that the number of piles sorted 
by the 31 subjects were 55 for Prairie, 49 for New York 5, and 
78 for the Vernacular. This implies more features hold the same 
style together. Another experiment had the same group of subjects 
look at 33 photos of designs by Wright, and rank how likely each 
photo resembled the Prairie Style. The experimental data showed 
the number of features and the resemblance score are in positive 
relation. Thus, the degree of a style is related proportionally to the 
number of common features that appear in the building, and we 
could conclude that a style could be measured by the number of 
features through perception.

YL: Anything else that you would like to elaborate on?

CSC: Design thinking has been discussed recently, and here are 
my comments on this new topic. Design thinking relates to how 
designers think in the design processes. The study had been 
approached from the cognitive psychology perspective, and has 
gotten a lot of understandings on the cognitive mechanisms that 
move the design processes ahead. Yet, when design is conducted 
by a team today, the group work environment in a global design 
aspect is different than the solo design and unique vision of an 
individual major architect. Thus, the cognitive aspect in the team 
work situation definitely has been changed by this cooperative 
efforts. 

In order to make the design processes smooth and productive, 
we should study the nature of group design-thinking cognition 
for the purposes of providing understanding, exploring means, 
and collecting information for making efficient and creative group 
designs. I am sure that it would be beneficial for those firms that 
are working on international projects with multi-international 
partners. It is because of that different culture has different design 
approaches. ■REFERENCES
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