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Abstract

Design is everywhere in people’s life, and as the recent development of computation
technologies, Computational Design, a relatively new research field that integrating
concepts from computer science to design process, has been becoming increasingly
popular. Because the field is highly interdisciplinary, quickly updating and relatively
new, there is a lack of an effective and systematic window to observe it. To find
principles and insights about topics and keywords, geographic distribution, the
collaboration of researchers and historical evolution in computational design, my
thesis utilizes interactive visualization techniques to analyze the field based on topic

modeling and bibliometrics.
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1 Introduction

Design is a roadmap or a strategic approach for someone to
achieve a unique expectation. It defines the specifications, plans,
parameters, costs, activities, processes and how and what to do
within legal, political, social, environmental, safety and
economic constraints in achieving that objective.

Y. DON KUMARAGAMAGE

Design Manual. Vol 1 (2011)

Design is pervasive in people’s everyday life. Skyscraper construction involves
complicated architectural design. Popular mobile apps require delicate user
experience design. Chairs, pens, mugs, as well as almost all the daily necessities, are
highly related to industrial design. Design projects could be very large and complex,
especially for the Built environment, and the design processes could cost a lot of

human and time resources.

The recent rapid evolvement of Computer Science poses both opportunities and
challenges to improve the process of design. On the one hand, computers become a
wonderful substitution of pencils and papers as people nowadays commonly draw
on computers, as well as provide powerful visualization tools, such as
Computer-Aided-Design (CAD) software, including AutoCAD and Rhino. On the other
hand, computers can not only be used as virtualization tools but also carry
substantial computational power, which is particularly good for automated
processing and reasoning over tons of data. For example, one idea of algorithmic
design is to develop an algorithm with certain design principles formalized in it and
let the computer to enumerate and evaluate different concrete design

representations, following those principles. Here comes the field of Computational



Design, which is aimed to apply newly developed computation concepts, ideas and
technologies to inspire design ideas, help design process and resolve design

problems in a systematic and effective way.

The purpose of my thesis is to provide an overview of knowledge in Computational
Design using related academic publications. Section 1.1 sketches the history of
Computational Design and an introduction to this field. In Section 1.2, I explain why
a bibliometric approach with visual interaction is desirable to help obtain an
unbiased and quantitative review of the field, as well as describe the goal and
methodology of my thesis. Finally, I give a survey of related work in Section 1.3 on
literature reviews of Computational Design, bibliometric methods for other fields, as

well as interactive visualization technologies.

The first challenge is to obtain reliable bibliographic data. I found CuminCAD, an
online library that is one of the most reliable, accurate and accessible online data
sources for publication records in Computational Design. Using a web crawler, I
scratched the data from CuminCAD and found some of the data are quite messy. I
clean the data to fix glitches, such as inconsistent author names, misspelling
information, etc. and verify the data with official websites to generate a complete,

correct and coherent database.

The second challenge is to conduct meaningful analyses on the bibliographic data.
In my thesis, I perform multidimensional interactive visual analyses. To analyze topic
evolution, I apply the Latent Dirichlet allocation algorithm to abstracts and
keywords of the publications in different timeframes. To study the geographic
distribution of publications, I collect institution information from the authors’ email
addresses and then map institutions to countries to obtain geographic data. To
investigate collaboration among individual researchers, institutions, and regions, I

implement a visualization process based on Simple JS to generate sensible networks.



My work could help new learners in Computational Design know about the history
of the area and understand the research topics, and help researchers keep eyes on
specific core problems. It could also provide a guide for researchers to explore

trending topics and to find their interested collaborators.

1.1 Computational Design as a Research Field

Computational Design arose as an interdisciplinary research field around the 1960s.
One of the pioneer research groups was the Key Centre of the Design Computing
and Cognition at the University of Sydney in Australia. As pointed out by (Bayazit
2004), researchers in Computer Science started to develop systematic design
methods during the 1970s, such as programming to evaluate design decisions. A lot
of researches were conducted in architecture: According to (Bayazit 2004) and
(Rocha 2004), Thomas A. Markus and Thomas Maver had started working on
building performance at Strathclyde University, Peter Cowan initiated the building
research center at the University of Sydney, as well as Herbert Simon and Alan
Newell studied the intersection of design science and CAD at Carnegie Mellon
University. Along this line, researchers contribute to a new research discipline

named Computer-Aided Architectural Design (CAAD).

In the 1980s, international organizations were formed to support academic
conferences on CAAD research (Celani and Veloso 2015). Interestingly, these
conferences were created in a way that a continent has its own regional
organization. The Association for CAD in Architecture (ACADIA) was created in 1981
in North America. Education and research in CAAD in Europe (eCAADe) appeared in
1983. Also founded in Europe, CAAD Futures was created in the Netherlands.' Similar

organizations were created in other continents a bit later. The Association for CAAD

' CAAD Futures tends to be organized internationally since it has been also held in
North/South America and Asia.
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Research in Asia (CAADRIA) was initiated in 1996, the Sociedad Iberoamericana de
Gréfica Digital (SIGraDi) in 1997, and the Arab Society for CAAD (ASCAAD) in 2001.
These six sister organizations form a major community of CAAD research (Celani

and Veloso 2015).

As a result of the broad list of conferences, there have been plenty of research topics
in the CAAD community, and some of them are even not restricted to architecture.
For example, CAD (Chilton, Wester, and Yu 1993) and automated fabrication (Adel et
al. 2018) are two classic research domains in architectural studies. In a wider sense,
the principle of Computational Design is generalized to collaborative design (Achten
and Beetz 2009), interactive design (Santos and Derani 2003), web design (Anders
1996), user experience design (Chen Rui and Aurel 2011), etc. These research topics
lead to more generic design paradigms, including generative design (Abdelmohsen
2013) and design powered by artificial intelligence (Achten and Jessurun 2003).
Eventually, researchers reach a very abstract end about computational thinking

(Menges and Ahlquist 2011).

In my thesis, I aim to model Computational Design with a concentration on CAAD.
My approach seems to be highly biased at first glance, but it does turn out to work
properly. First, the research on CAAD takes a large portion of Computational Design,
because it has a relatively long history (dated back to the 1980s), and many topics
originated from architectural research (e.g., CAD). Second, a lot of research groups
for Computational Design are affiliated with departments of architecture, such as
the Design and Computation group at Massachusetts Institute of Technology’s
School of Architecture and the Design Computing Program at Georgia Institute of
Technology’s College of Architecture. Third, the international conferences on CAAD

are generally not restricted on architecture, as ACADIA declares on its website,”

2 See http: //acadia.org/ for more details.



http://acadia.org/

“ACADIA is an international network of digital design researchers and professionals

(-..) encouraging innovation in design creativity, sustainability, and education”

1.2 Interactive Visual Modeling

Computational Design is a relatively new, highly interdisciplinary, and rapidly
evolving research field, thus it is quite difficult for researchers, especially the junior
ones, to obtain insights about this field. When I entered the Master’s program, I
tried to search “Computational Design” on Google but obtained more than 3 million
results and I could not find one that presents a clear, systematic, and up-to-date
image of this field. Then I decided to review and model Computational Design as a
research field by myself. Roughly speaking, in my thesis, I hope to learn the
concepts, history, and trends in Computational Design by studying the following

three research questions:

e How do the research topics evolve over time?
e How do the academic publications distribute geographically?

e How do the researchers and institutions collaborate?

Meanwhile, I want to study these questions in a systematic manner. I started with
reading papers from the literature but soon realized that the quality of such manual
reviews highly depends on the number of articles to be reviewed. To achieve my
goal, I adopt a bibliometric approach, i.e., a statistical analysis of academic
publications in Computational Design. Bibliometrics are commonly used to
quantitatively analyze academic literature (De Bellis 2009; Price and De Solla Price
1976). Compared to manual reviews, this approach is more like a distant reading
because it takes all existing academic publications into consideration, and is also
more systematic because it requires developing a logically consistent statistical

algorithm to collect, organize, and analyze the bibliographic data. In addition,



bibliometrics present quantitative findings, e.g., in terms of the number of citations,
co-authorships, etc. Recently, bibliometric analyses have been applied to modeling
the landscape of Human-Computer Interaction based on publications from CHI
conferences (Y. Liu et al. 2014). More related work is discussed in Section 1.3. It
should be noted that the bibliometric approach should be accompanied by a manual

review, in order to interpret and understand the findings from bibliographic data.

I base my work on a public online bibliographic database named CumInCAD
(Martens and Turk 2003; Cerovsek and Martens 2016), which provides a cumulative
index of publications related to CAAD. This index is comprehensive in the sense that
it collects metadata of a large portion of papers published on CAAD-related
conferences and journals, as well as a lot of technical reports and Ph.D. theses
(Celani and Veloso 2015). CumInCAD is also reliable and up-to-date since the six

sister organizations are still actively making large investments in it.

The first step of modeling Computational Design is to collect bibliographic data
from CumInCAD. Because CumInCAD is an online database, I implement a web
crawler to scrape data from its website.’ Although this process seems
straightforward, a significant challenge arises when I realize that there are multiple
errors in the scraped data that hinder meaningful bibliometric analyses. For
example, the data format could be inconsistent and some part of the data could be
incomplete. I illustrate such data errors in detail and describe my data pipeline,

especially the data clean process, in Section 2.

In order to study the three research questions proposed above, I conduct
multidimensional interactive visual analyses based on the bibliographic data.
Although the three questions look independent, multidimensional analyses can

uncover more meaningful insights, e.g., the evolution of research topics in each

® CumInCAD is currently maintained at http: //papers.cumincad.org/.

9



http://papers.cumincad.org/

institution over time indicates the pioneers of different research directions. From
the perspective of knowledge representation, visualization is desirable because it
can provide informative and intuitive conceptualizations of the field. Moreover,
interaction makes visual analyses even better because it can produce findings in an
on-demand manner, e.g., a user can select a researcher to extract their
collaboration networks. Concretely, I employ the Latent Dirichlet allocation (LDA)
algorithm for topic modeling and perform several bibliometric analyses based on
published time, authors, institutions, belonging topics, collaboration relations of the
academic publications. I present the detail of these analyses and my findings related

to the three research questions in Section 3, Section 4, and Section 5, respectively.

1.3 Related Work

Literature Reviews of Computational Design From the perspective of education,
books about Computational Design such as (Menges and Ahlquist 2011; Agkathidis
2012; Leach and Yuan 2018) present professional, informative, and detailed manual
reviews of the field. While the editors of these books summarize the field from their
own research experience, my thesis is aimed to provide an overview via
bibliometrics. (Celani and Veloso 2015) presents a brief history of CAAD-related
conferences, which helps me figure out the scope of academic publications needed
to establish a meaningful model of Computational Design. (Koutamanis 2005) also
discusses the history of CAAD research using information about academic
conferences. These overviews follow a manual approach and focus on the historical
development of the field. (Martens and Turk 2003; Cerovsek and Martens 2016)
found the CumInCAD database that provides the bibliographic data used in my
thesis, but they just perform some straightforward quantitative analyses such as

keyword frequency statistics.
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Bibliometrics for Research Areas One of the most related work is (Turk, Cerovsek,
and Martens 2001), which employs machine learning algorithms such as clustering
to extract topics of CAAD from CumInCAD. Their work does not make use of
state-of-art topic extraction algorithms such as LDA and indeed leaves a statistical
analysis for future work. Another related work focuses on the evolution of topics in
CAAD (Turk, Cerovsek, and Martens 2001). As for other research areas, (Y. Liu et al.
2014) utilizes multiple bibliometric analyses, including a co-word analysis, to reason
about the intellectual landscape of the CHI conferences on the field of
Human-Computer Interaction. (Suominen and Toivanen 2016) provides a Finnish
scientific map based on unsupervised learning classifications and discuss the
advantages and disadvantages of this approach over human reasoning. The
automatic classification scheme can generate a classification model from the
available text corpora, thereby is able to identify a trusted new knowledge body.
They can also perform multi-functional large-scale data analysis and support a
range of big data possibilities. Interestingly, some sub-disciplines of Computational
Design have been reviewed via bibliometrics, such as Building Information Modeling
(BIM) (Li et al. 2017) and Green Building (Li et al. 2017; Zhao et al. 2019). My work

shares the same goal as these reviews but is aimed at a broader scope.

Interactive Visualization Technologies (Sievert and Shirley 2014) proposes a
web-based interactive visualization technique for LDA analyses, which not only
illustrates the scales of the extracted topics but also indicates the relevance among
topics. A team from Indiana University researches on major information
visualization about authors, papers and topics in the ACM Library, aiming to identify
major research topics, co-authorships, and trends (Ke, Borner, and Viswanath 2004).
They visualize co-authorships as an undirected graph where nodes represent
authors where the size of a node corresponds to the number of publications of the

associated author, and edges represent co-author relations where the thickness of

11



an edge indicates the frequency of the associated collaboration. A lot of
bibliometrics-based visualization tools have also been developed, such as CiteSpace
(Cobo et al. 2011) and Sci2 (Lewis and Alpi 2017). All of these tools support co-citation
analysis and keyword co-occurrence analysis (Z. Liu et al. 2015). In my work, I
implement data processing and analysis scripts in Python, HTML and JavaScript and
then make use of multiple visualization tools, such as Tableau, Photoshop, Gephi,
and sigma.js, in order to obtain a beautiful and informative presentation of the

findings.
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2 Data Pipeline: Collecting Bibliographic Data

In this section, I describe the data pipeline to collect bibliographic data in
Computational Design from CumInCAD. I follow a standard approach that integrates

five key facets of using data (illustrated in figure 1):

1. Question: Put forward the right and answerable question.

2.
3.
4.
5.

Collect data: Data wrangling and sampling to get a suitable data set.
Clean data: Cleaning data and find errors.
Explore data: Generating hypotheses and building intuition.

Use data: Summarizing results through visualization, stories, etc.

Collect Data

Explore Data

eIntuition
#Stats/Graphs/ML

*What flaws exist in the

data?

*How do we address
them?

o|s it the right question?
elsitanswerable?

eCommunicate/Predict/...

els it the right data for
the question?

eHow hard/easy is it to
collect?

Clean Data

Figure 1. A standard data pipeline (from Stamper and Perer 2018)

First, I give an overview of the CumInCAD database in Section 2.1, which serves as
the data source of my work. Then I describe the implementation of a web crawling

script to scrape data from CumInCAD in Section 2.2. In Section 2.3, I elaborate the

most challenging part of the data pipeline: Data cleaning. Finally, after resolving

errors in the data, [ conduct some quality checks on the obtained data in Section 2.4.
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2.1 Data Sources

At the moment I accessed and obtained data from CumInCAD, there were 13,990
entries in the index, each of which stands for a CAAD-related publication. The
database contains comprehensive metadata of academic conferences including the
six major sister organizations: ACADIA, eCAADe, CAAD Futures, CAADRIA, SIGraDi,
and ASCAAD (Martens and Turk 2003; Cerovsek and Martens 2016; Celani and
Veloso 2015). For each academic publication, the database provides multiple useful

fields, such as authors, year, title, source, summary, keywords and email addresses.

Table 1 shows the number of entries at CumInCAD at the moment I accessed the
online database. Other conferences including Added Value of Computer Aided
Architectural Design (AVOCAAD), Design and Decision Support System in
Architecture and Urban Planning (DDSS), etc. All others include journal papers,
theses, technical reports, and books. Papers from the six sister organizations take
up about 85.25% of conference papers and about 68.68% of all the academic
publications. The facts justify my claim in Section 1.1, which is also pointed out in

(Celani and Veloso 2015), that the six sister organizations form a major community of

CAAD research.
Table 1. Entries found at CumInCAD
Source #Publications Source #Publications
ACADIA 1,475 SIGraDi 2,161
eCAADe 2,980 ASCAAD 302
CAAD Futures 828 Other conferences | 1,662
CAADRIA 1,862 All others 2,720
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2.2 Data Crawling

Data crawling is usually a complicated and subtle process because the websites
might have unstructured HTML source code and inconsistent data format.
Fortunately, the data in CumInCAD are well maintained such that I am able to write

an automated script to scrape the data and store them locally.

I implement the data crawling script in Python with the Selenium tool*, which
provides web browser automation. The online CumInCAD database provides a
search interface, so my script starts with searching publications that contain an
empty string as a substring (i.e., these publications are indeed all the available
publications). The CumInCAD website then returns the search results as a group of
pages, each with which contains at most 20 entries. Then my script iterates through
these pages and scrapes the entries on these pages. By manually investigating the
HTML source code, I identify the data patterns and then use XPath to extract the
desired information, such as the title, summary, authors of the publications. Finally,

my script collects all the scraped data and stores them in an SQLite database.

My script took about one day to crawl all the 13,990 entries from CumInCAD. It is
not very efficient but works properly for my purpose. One of the performance
bottlenecks is that the Selenium tool invokes a real web browser, such as Firefox, to
fetch data, which might lead to considerable overheads. A possible optimization is to

substitute the Selenium package with some lightweight tools like Scrapy.’®

4 See https: //www.seleniumhg.org/.
5 See https: //scrapy.org/.
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2.3 Data Cleaning

Although CumInCAD provides a comprehensive and up-to-date database of
bibliographic data in Computational Design, some of the data are unfortunately kind
of messy and inconsistent, especially the author information. For example, figure 2
arranges names in the format “First Last” and separates them using a comma, while
figure 3 uses semicolons as separators and a mixture of “First Last” and “Last, First”
formats for names. Even worse, the same author might have different identifiers in
the data, e.g., in figure 4, two papers from the same author record different author

information, though they look quite identical.
authors A. Fatah gen. Schieck, A. Penn, V. Kostakos, E. O'Neill, T. Kindberg, D. Stanton Fraser, and T. Jones
Figure 2. Author information of the paper with id “DDSS2006-HB-467"

authors Abad, Gabriel; Adriane Borde; Monica Fuentes; Virginia Agrielav; Adriana Granero and Jacqueline Fernandez

Figure 3. Author information of the paper with id “sigradi2006_c129b”

authors Abadi Abbo, Isaac authors Abadi Abbo, Isaac

Figure 4. Author information of papers with id “bacd” and “a9ca”. Note the difference

between the English “i” and the Spanish “”

I tried to clean the data to make author information consistent but failed. First, it is
so time-consuming for me to manually check all the 13,990 publications. Second, I
wrote more than ten small scripts, some of which are sketched in table 2, to identify
and fix certain patterns of data inconsistency, which seemed to work for a lot of
data, however, still left tons of dirty data with unrecognized patterns. Third, I

experimented some human parsers, such as the Nameparser package® in Python,

6 See https: //nameparser.readthedocs.io/.
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which are aimed to check whether two English names in different formats are the

same, but these parsers cannot process non-English names properly.

Table 2. Some small scripts to parse names from the string of authors

Script #1 If the string contains “_and_" or “_And_", then there is a name
after such separators.

Script #2 If the string contains both commas and semicolons, then
semicolons must be used as the separator.

Script #3 If the string does not contain commas, then the names are in
the “First Last” format.

Script #4 If the string does not contain semicolons but commas, and the
number of segments separated by commas is even, then each
name should be in the “Last, First” format.

Script #5 Abbreviations should only occur in first/middle names. Make
use of such information to tag different segments in the string.

Nevertheless, I found another online CumInCAD database,” which is, in fact, an
out-of-date index of CAAD-related publications. A big advantage of this database
against the latest CumInCAD is that it provides a reasonable list of author names and
links each author to all their publications. Therefore, I decided to use both
bibliographic indices, but for different purposes. On the one hand, I conduct topic
modeling and geographic analyses using the latest database because these analyses
do not require accurate information on author names. On the other hand, I analyze
collaboration relations using the other slightly out-of-date database, because it
provides more accurate information for the authors. To make sure that the analysis
on the out-of-date database is meaningful, I perform several checks to justify the
database’s quality with the latest CumInCAD as an oracle. Details of the checks are

shown in Section 2.4.

"The database is located at https://cumincad.architexturez.net/.
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2.4 Data Quality

Currently, the CumInCAD database still lacks some information of the academic
publications. In other words, the data have some missing values. I evaluate the
completeness of the data by counting missing items and as shown in figure 5, only
about 2.44% of the publications don’'t have a summary. As shown later in Section 3.1,
the information about content, keywords, series, and sources is not needed in topic

modeling. Therefore, I claim that the data is reasonably complete.

Missing Data

M Mmissing ”Content” Field

W Missing “Keywords” Field

M Missing “Series” Field

M Missing “Source” Field
Missing “Summary” Field

M Missing Items

Missing Data Analysis

Missing Data

Missing ”Content” Field Missing “Keywords” Field Missing ”Series” Field Missing “Source” Field Missing “"Summary” Field Missing Items
2,785 6,494 88 3 342 26

Figure 5. Missing data analysis

Besides completeness, it is also very important to validate the correctness of the
data. I follow a common principle in statistics—random sampling—to check the
correctness of the data. In short, I randomly picked 100 researchers and 100
publications and checked whether they are correct with respect to online records
about them. I repeated the process for 5 times and found no errors. Therefore, I get

highly confident in the correctness of this bibliographic index.
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Finally, as mentioned in Section 2.3, I also use an out-of-date version of CumInCAD

in some analyses, so I need to justify the quality of this database. In the scraped data,

there are 11,815 publications and 10,105 researchers, which means that this index is

about 84.45% complete, compared to the latest CumInCAD. Though the percentage

does not look very good at first glance, the index lacks a lot of latest publications

and I instead compute the completeness of the publications from time frames

provided by this index (presented in table 3). As a result, the index is about 99.22%

complete for the six major sister organizations, compared to the latest CumInCAD.

Therefore, I am confident that the out-of-date database is also reasonably complete,

at least at the time it stopped maintenance.

Table 3. Time frames of six sister organizations in the out-of-date CumInCAD

Conference | ACADIA | eCAADe | CAAD CAADRIA | SIGraDi ASCAAD
Futures
Year before | 2012 2014 2011 2014 2013 2012
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3 Topic Analysis

The first research question is to discover what people in Computational Design have
been working on. As proposed in (Price and De Solla Price 1976), the literature of a
research discipline can be categorized as persistent and transient elements. The
persistent part, often known as knowledge domains, characterizes structural
information of unstructured contents of the research. The transient part, often
known as knowledge evolutions, describes the dynamic development of the research
discipline. In this section, I follow the principle above and conduct a topic analysis in
the field of Computational Design. In Section 3.1, I apply state-of-art topic
extraction algorithms to model knowledge domains for Computational Design. Then
in Section 3.2, based on the topic model, I analyze the knowledge evolution pattern

in Computational Design.

3.1 Topic Modeling

My goal is to extract a topic model from the bibliographic data in CumInCAD. The
major idea is that the database contains titles and summaries of almost all the
publications, and my hypothesis is that it should be possible and reasonable to
cluster publications by solely looking at the texts of titles and summaries. Before
performing the analysis, I review the manual topic extraction in (Martens and Turk
2003) and summarize them as four sub-disciplines: computation technologies,
design processes, applications, and society-related topics. Table 4 presents a priori

categorization of topics into these four sub-disciplines.

Table 4. A priori knowledge domains of Computational Design

Computation Design Process Application Society
Technology

20



e Animation

e Artificial
Intelligence

e Constraint-Base
d Design

e Database
Systems

e Design
Methodology

e Generative
Design

e Human-Comput
er Interaction

e Image
Processing

e Shape Grammars

e 2D
Representation

¢ 3D Modeling

e Case-Based
Reasoning

e Collaborative
Design

e Communication
e Design Process

e Interactive
Design

e Performance
Simulation

e Visualization

e Web Design

e 3D City
Modeling

e Computer
Integrated
Construction

e Digital Media

e Knowledge
Modeling

e Object-Oriented
Modeling

e Virtual Design
Studio

e Virtual Reality

e Digital Design
Education

e Environmental
Simulation

e Learning
Environment

e Virtual
Environments

The task of topic clustering from texts is a classic task in Machine Learning. One of
the state-of-art commonly used techniques is the Latent Dirichlet Allocation (LDA)
algorithm (Blei, Ng, and Jordan 2003). Given a collection of documents as input, the
idea of LDA is to view each document as a mixture of possible topics. LDA assumes
that each document is treated as a bag of words, and there are a small number of
topics as well as these topics only use a small set of words frequently. Formally, LDA
is a generative probabilistic model for text corpora (Hoffman et al. 2013). Figure 6
illustrates the three-level mathematical structure of LDA, where D stands for a
collection of documents, each document d € D contains V¢ words, and K is the
collection of topics. Each node in the graphical representation is associated with a
random variable, while observed ones are shaded and latent variables are unshaded.

The vector « is a model parameter corresponding to a prior distribution of topics,
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and 04, sampled from a Dirichlet distribution parameterized by «, represents topic
proportions for the document d. By the definition of Dirichlet distributions, 0 is
also vector-valued and has the same length as «. Intuitively, ¢4 gives a prior
distribution on the topic of the document d. Next, for each word n in the document
d, the random variable #d,», drawn from a multinomial distribution parameterized
by 04, represents a topic assignment for the word. In order to generate a concrete
word, i.e., the only observed data Wd.n, a distribution over the words for a specific
topic is needed. Therefore, for each topic k£ € K, a distribution Bk on words is
sampled from a Dirichlet distribution parameterized by a prior 71. Then the observed
word Wd.n is drawn from the distribution #za.». Now it becomes clear that the boxes

in figure 6 represent repeated sampling processes. The goal of LDA is then to infer

the latent structures based on the observed text corpora.

OO OO

a 9({ Zd,n M”d,n ﬁk n
Ny

D K

Figure 6. The graphical representation of LDA (from Hoffman et al. 2013)

To apply the LDA algorithm to extract topics from bibliographic data of
Computational Design, I set up a document for each publication by concatenating
its title and summary. To make the analysis more reasonable, I further remove stop
words and frequently used words in English, get rid of all the punctuations, retain
only the nouns and adjectives, as well as perform lemmatization that converts words

to its root.
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[ implement the topic modeling algorithm on CumInCAD using Python with the
scikit-learn package® for machine learning and also the spaCy package® for natural
language processing. After several iterations of parameter searching (for the
learning rate, mini-batch size, number of topics, etc.), I ended up in categorizing the
publications into 21 topics. Figure 7 visualizes the clustering results using the
pyLDAvis package' in Python, which implements the technique from (Sievert and
Shirley 2014), where circles represent research topics, the size of a circle reflects the
number of publications under the associated topic, and the distance of two circles
denotes the relevance of two corresponding topics. The inter-topic distances is
computed by the Jensen-Shannon divergence, which is based on Kullback-Leibler
divergence from information theory. It should be noted that the LDA algorithm only
clusters documents by their topics, but does not tell you what the topics actually
are. The situation reflects my claim in Section 1 that manual analysis is still needed
to interpret results from bibliometrics. After looking into the publications in the
clusters, [ assigned a dominant topic to each cluster. As you can see in figure 7, some

top topics are CAAD Education, Generative Design, and Knowledge Representation.

8 See https: //scikit-learn.org/.
9 See https: //spacy.io/.
10 See https: //pyldavis.readthedocs.io/.

23


https://scikit-learn.org/stable/
https://spacy.io/
https://pyldavis.readthedocs.io/en/latest/

PC2

Heritage Reconstruction .
3D City Modeling
Social Housing

I ?uilding
nformation - i )
Modeling Fglg)rti)c%ttlicon Collaborative Design

Mass Customization

Urban Planning
Virtual Environment

/Reality 3D Modeling Tl
Performance

PC1 Simulation CAD Software

Knowledge Spatial

Representation Shape Grammar . -
Drawing Recognition

Generative Design

Geometric Design
Interaction Design Digital Fabrication

CAAD Education

Multimedia Communication

Marginal topic distribution

2%
5%

10%

Figure 7. Results of the LDA analysis on all CAAD-related publications
Recall that before performing topic extraction I came up with a priori categorization
of topics in Computational Design as shown in table 4. Now I hope to check to what

extent my hypothesis that the LDA algorithm can reasonably identify topics from

tons of papers is correct. Table 5 presents the knowledge domains coming from the
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LDA analysis in the same format as table 4. It turns out that the bibliometric method
works pretty well as 12 out of the recognized 21 topics coincide with manual reviews

in (Martens and Turk 2003). Building Information Modeling (BIM), etc. are also quite

meaningful. Intuitively, some are new or trending topics in recent years. For

example, BIM started to receive much attention around 2002 (Li et al. 2017), and

User Interface Design becomes popular with the rapid development of smartphones

since 2007. Also, there are some other interesting trends such as that more

society-related topics arise, e.g., heritage reconstruction and social housing. A more

detailed analysis of the evolution of these topics is presented in Section 3.2.

Table 5. Knowledge domains of Computational Design by bibliometrics

Design

e Digital /Robotic

Computation Design Process Application Society
Technology
e CAD Software ¢ 3D Modeling ¢ 3D City e CAAD Education
. o Modeling ‘
e Drawing e Building e Heritage
Recognition Performance e Building Reconstruction
Simulation Information
¢ Generative Management e Mass
Design e Collaborative Customization

e Geometric Fabrication e Social Housing
Design e User Interface
. Design e GIS and Urban
e Special Shape Planning
Grammars e Multimedia
Communication | ¢ Knowledge
Representation
e Virtual
Environment/R
eality

There are some limitations to the LDA analysis and the visualization process.

Although figure 7 plots the circles with respect to the relevance among the

associated topics, they do not seem to follow the paradigm with four sub-disciplines
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as | proposed earlier. One possible reason is that the LDA analysis is based on word
frequencies but does not reason about the semantics of the words rigorously.
Nevertheless, delicate account for word semantics is also a challenging research

problem in the field of natural language processing.

3.2 Topic Evolution over Time

Besides topic modeling, the other important aspect of a research literature review is
to study topic evolution patterns in the research field. The evolution patterns can
help uncover trends of research and provide directions for future studies. As for
Computational Design, my hypothesis is that one trend should align with the
evolution of computational technologies, such as cloud computing and artificial
intelligence. For example, Generative Design should be becoming popular because
the increasing computational power should make it possible for algorithms to
explore a larger search space for designs. Another trend could be about society
related applications like urban planning, green building, etc. Despite the widely used
citation burst detection (Kleinberg 2002), I adopt a fully visual approach to observe
topic evolution over time. I use Tableau Public" to plot trend charts on the number
of publications under each research topic on the time axis. Tableau Public can not
only provide informative visualization but also support user interaction such that
the user can click on the broken lines in the charts to view detailed information,

such as the belonging topic and the accumulated number of publications.

' See https: /public.tableau.com/.
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Figure 8. Topic evolution over time by counting the number of publications

Figure 8 presents the visualization of the overall topic evolution in Computational
Design."” The broken lines illustrate the accumulated amounts of publications in
those topic categories on a time axis. The chart uses different colors for different
topics and picks colors carefully to produce a beautiful presentation. Moreover, the
visualization is also interactive. One can click on either a curve in the chart or a
topic in the legend to highlight the trend for a topic. For example, I select the topics
with increasingly fast development and demonstrate them in figure 9. Intuitively,
the curved lines of these topics represent convex functions. There are four such
topics: Generative Design, Building Performance Simulation, GIS and Urban
Planning, as well as Robotic Fabrication. Generative Design is the topic with the
most significant trend. I think the reason for this fact is two-fold. First, the
development of computational power makes it possible to develop generative
algorithms to explore and synthesize more design prototypes from the search space

in a fixed amount of time. Second, the recent evolution in artificial intelligence,

2 CAAD Education is excluded because the number of publications under this topic is
substantially larger than the number of publication under any other topic. Removing CAAD
Education from the chart makes the trends more clear.
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especially those on deep learning, e.g., (Silver et al. 2016, 2017), computer algorithms
can explore the search space for the design more strategically and more efficiently.
A similar trend is observed for the topic of Robotic Fabrication because the field of
Robotics also benefits from the advances in artificial intelligence. Another topic that
becomes increasingly popular is GIS and Urban Planning, including researches on
smart cities. Overall, I summarize the trends in the research of Computational

Design as the following three bullets:

e Algorithmic Design: Take advantage of recent achievements of artificial
intelligence, especially deep learning.

e Computer-Aided Construction: Build robots for automated /semi-automated
fabrication.

e Applications with Social Impacts: Lift the scope of design to larger-scale

objects, such as city construction.

topic

Running Sum of Number of Records

Figure 9. Topic evolution over time for trending research problems

Besides the trending topics, I am also interested in the topics that expose a slower
or a constant development speed in recent years. I identify the topics with those

features and plot them in figure 10 and figure 11, respectively. Intuitively, a topic with
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a milder trend could be seen as well studied research areas and the research ideas
of the topic are getting saturated. On the other hand, a topic with a constant
development speed should still be interesting for researchers to work on. From the
visualization, I conclude that CAD Software, Geometric Design, Knowledge
Representation, and Virtual Environment are less trending than other topics (and
indeed these topics are classic ones in Computational Design), and Building
Information Management (BIM), Digital Fabrication, Heritage Reconstruction, Social
Housing, Spatial Shape Grammars, and User Interface Design are still good

directions to conduct research in the future.

ning Sum of Number of Records

Run

Figure 10. Evolution of topics with a slower development speed recently

In Section 4.3, I again apply the trend visualization technique to analyze a research
institution’s interest evolution over time. This kind of interactive visualization proves
to be powerful and informative when multiple dimensions (e.g., time, location, topic)
are taken into consideration since it can structure data to provide insights in a more
intuitive way and allow users to zoom in specific parts of the data to gain more

information.
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Figure 11. Evolution of topics with a constant development speed recently
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4 Geographic Distribution: Country/Region
and Institutions

The second research question is to study how research publications in
Computational Design distribute around the world. The reason why this question is
interesting is two-fold. First, it can help reveal research institutions with great
contributions, as well as identify pioneers among them. Second, combining with
topic modeling described in Section 3, it can uncover favored research topics of
different institutions. These kinds of findings can help junior researchers seek
collaboration opportunities at proper institutions with matched research interests.
In Section 4.1, I elaborate on the process to obtain geographic data associated with
academic publications. With the data, I conduct geographic distribution analyses on
both a country/region level and an institutional level in Section 4.2. As a meaningful
and informative multidimensional extension of the geographic analysis, I utilize
topic evolution modeling to discover research profiles of some institutions in

Section 4.3.

4.1 Obtaining Geographic Data

Although the CumInCAD database provides a lot of information about researchers,
they do not contain the information about institutions that the researchers belong
to. Moreover, researchers might change their institution from time to time,
therefore, it is not always reliable to scrape their current information from their
websites. Fortunately, I manage to sidestep the problem because the last CumInCAD
database includes email addresses of the authors. Thus, I am able to determine each

researcher’s belonging institution by looking up their email addresses in an online
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database of university domains and names.” Though I succeeded in implementing a
Python script that uses the database to resolve most of the institutions in the United
States, there are still lots, but a manageable number of unresolved email addresses
from other countries. I then resolved all these email addresses manually by Google

Search.

As aresult, I identify 648 academic institutions from 64 countries across the world,
and 7,324 out of the 13,990 publications recorded in CumInCAD are affiliated with at

least one author from academic institutions.

4.2 Geometric Distribution of Academic Publications

To start with, [ am interested in which countries/regions contribute most to the
research of Computational Design. My hypothesis, based on the history of the
development of Computational Design sketched in Section 1.1, is that Australia and
the United States should be two candidates because they are home of several
institutions that pioneered the field of Computational Design. To model the
contribution of a country/region or an institution, for each publication, I
accumulate the percentage of the number of authors from the country/region or

the institution. In other words, for a publication, if £ out of n authors come from

the same affiliation, the affiliation obtains k/n points in its score.

3 The database is accessible at https: //github.com /Hipo /university-domains-list.
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Figure 12 illustrates a heat map on the globe, generated in Tableau Public, to
demonstrate the contribution of countries/regions. I use two kinds of visualization
in the heat map. Red circles whose radius is determined by the calculated scores are
placed on the map, i.e., a bigger circle indicates a larger number of publications.
Also, the countries/regions are colored by a stepped blue palette. The color depth is
determined by the square root of scores. With the two metrics visualized on the
same figure, it becomes easy to identify countries /regions that have a great
contribution. Indeed, the United States and Australia are two countries with
significant publication scores. This finding aligns with the history of Computational
Design that the University of Sydney in Australia and Carnegie Mellon University,
Massachusetts Institute of Technology in the United States are some of the first

institutions to combine computation technologies in the design process.

However, because there are a lot of countries/regions in Europe, figure 12 does not
give a clear presentation about the contributions of these countries/regions.
Therefore, I adopt another visualization technique to generate a treemap based on
the publication scores. Figure 13 demonstrates a treemap of publications from
research institutions in countries/regions. Accompanied by figure 12, I find out that
the United Kingdom, Netherlands, and Germany are countries/regions with top
contributions in Computational Design in Europe. Another fact is that Brazil stands

out in South America, as well as Taiwan has a significant contribution in Asia.
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Figure 13. A treemap of publications from research institutions in countries/regions

Country/Region level statistics seems too abstract to derive interesting findings, so
I zoom in the map and investigate geographic distribution of publications in
Computational Design at an institutional level. Using the same metrics introduced
above, I generate a treemap for research institutions directly, as shown in figure 14.
The University of Sydney is significant exactly as I suppose. It is also noted that the
University of Strathclyde in the United Kingdom, the Delft University of Technology
in the Netherlands, and ETH Zurich in Switzerland are some of the productive
research institutions in Europe, and besides Massachusetts Institute of Technology
and Carnegie Mellon University, Georgia Institute of Technology is another active
university that research on Computational Design in the United States. Indeed, I
find Georgia Institute of Technology has a Design Computing program in their

School of Architecture.
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Figure 14. A treemap of publications from research institutions across the world

4.3 Adding a Time Dimension

At this point, I am not quite satisfied with these results. Although the findings point
out outstanding research institutions around the world, I find it more informative to
discover the research topics in the field of Computational Design in which the
institutions are interested and even identify the research trend in the institutions.
Thus I conduct an analysis by combining techniques from Section 3 on topic
modeling. The multidimensional integration is quite straightforward, as I just need
to filter out the publications by the affiliations of their authors and visualize the
trend in the same way as used in Section 3.2. In this section, I demonstrate and
discuss findings for the University of Sydney, the University of Strathclyde,

Massachusetts Institute of Technology, and Carnegie Mellon University.

36



Figure 15 shows the research trend in Computational Design at the University of
Sydney. As a pioneer of the field of CAAD, classic research topics such as Knowledge
Representation and Spatial Shape Grammars have received much attention. Some
samples of papers on knowledge-based design are (J. S. Gero and Rosenman 1990; J.
S. Gero 1990), and some on shape grammars are (J. Gero and Jun 1995; J. S. Gero and
Cha 1997). Professor John S. Gero, affiliated with many of these publications, was
indeed formerly Professor of Design Science and Co-Director of the Key Centre of
Design Computing and Cognition at the University of Sydney, which was one of the

earliest organizations to research on Computational Design.
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Figure 15. Topic evolution for research at the University of Sydney

Figure 16 shows the research trend in Computational Design at the University of
Strathclyde. CAAD Education takes up a large portion of the papers, and many of
them are published on eCAADe. Professor Alan Bridges had been working in that
direction for years (Bridges 1994, 1986, 1997, 2006).
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Figure 16. Topic evolution for research at the University of Strathclyde
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Figure 17. Topic evolution for research at Massachusetts Institute of Technology

Figure 17 shows the research trend in Computational Design at the Massachusetts
Institute of Technology. Classic research topics including Shape Grammars and

Knowledge Representation are significant and start to receive attention in the early
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years. Two special trending research topics, compared to other universities, are
Generative Design and Robotic Fabrication. As one of the top research institutions
in Computer Science, architecture researchers at Massachusetts Institute of
Technology seem to benefit from state-of-art research about algorithms and
robotics. Some papers on the algorithmic direction, including constraint-based and
parameterized design, are (Kilian 2006b, [a] 2006; Loukissas and Sass 2004). As for
the intersection of robotics and architecture, some examples are (Ariza and Gazit

2015; Staback et al. 2017).
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Figure 18. Topic evolution for research at Carnegie Mellon University

Figure 18 shows the research trend in Computational Design at Carnegie Mellon
University. Similar to former universities, classic research topics such as Knowledge
Representation and Shape Grammars have been interesting for the researchers
there. Also, benefiting from close cooperation with the Department of Civil
Engineering, Building Information Management and Building Performance
Simulation receive researchers’ attention as well. For example, (Kui and

Krishnamurti 2007) builds a system to predict interior structures of a building and
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(Park et al. 2013) performs energy performance modeling to reason about buildings’

efficiency and sustainability.
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5 Collaboration Analysis: Individuals,

Institutions, and Countries /Regions

The third research question is to discover how researchers in Computational Design
collaborate among individuals, institutions, and countries/regions. Such analyses can
uncover collaboration patterns in the community and help find out “core”
researchers. As mentioned in Section 2.3, I use an out-of-date version of CumInCAD
to perform collaboration analysis because the database contains a consistent and

correct list of author names, which is crucial for the analysis.

5.1 Individual-Level Collaboration

There are 10,105 authors and 23,870 authorships (author to paper) in the database.
To visualize the huge network is one of the biggest challenges in my thesis. I utilized
Gephi* (for graph construction) and sigma.js® (for graph visualization) in my
implementation of the visualization process. In the network (shown in figure 19), one
node is for one author, and the edge between two nodes represents that they had
collaboration in the past. The closer two nodes are, the more times of collaboration
they have. The color and size of a node represent his/her co-author times. The
larger the node and the darker the color describe the more collaboration of the
author. The intuitive visualization derives a clean presentation of the collaboration
network such that it is easy to identify researchers with a large number of
collaborations. The user is able to interact with the visualization by clicking on the

graph to select a node and then highlighting the sub-part of the graph “centered” at

4 See https: //gephi.org/.
5 See http: //sigmajs.org/.
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the selected node. For example, figure 19 is generated by clicking on Mark Burry and

David Kurmann, respectively.
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Figure 19. Co-author network graphs, where the left is obtained by selecting an
author with plenty of co-authorships, and the right by picking an author with fewer

co-authorships
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Besides discovering the collaboration pattern for a specific researcher, the
visualization also exposes some phenomenons in the community. For example,
figure 20 demonstrates two highly dense sub-graph in the collaboration network.
For the researchers in the sub-graphs, they usually collaborate with each other.
Nevertheless, most of the co-author network is not that dense so it indicates that
researchers in the community have been actively collaborating to advance the field

of Computational Design.
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Figure 20. Two dense sub-graphs in the individual collaboration network

5.2 Institution-Level Collaboration

Using similar techniques to Section 5.1, I construct an institutional collaboration
network. Instead of using the sigma.js tool for visualization, I exported figure 21
directly in Gephi. As before, the color and size of a node represent the collaboration

frequency of the associated institution and the thickness of an edge denotes the
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collaboration times of two connected institutions. However, to achieve a better
presentation of the network, I had to manually adjust some of the node positions to
reduce overlaps among node labels as well as to make it more clear to observe the

connections.

44



Louisiana Sigte University  Universidade Fedef@! do Rio de Janeiro Aristotle University of Thessaloniki - King FaisabUniversity
Tulane Qniversity  Instituto Nacional de Maten@tica Pura e Aplicada - IMPA  University @f Plymouth Arizona State University

Karlsruhe Universit@of Arts and Design ini Ali i
Cooper Union for the Adva@icement of Science ang}Ath © gn  Rheinisch Westfalische Tgcﬂ)msche Hochschule Aachen
Karlsruhe Instit@@ of Technology

i iversi University of Calif@nia, Los Angeles
City UniversigroT New York Helsinki Univergily of Technology

) ) ) . University of(®ennsylvania
Wakayam@Uuniversity—Kumamot@niversity
Kyushu Tokai University

Carleton@niversityeaij diversity
University agDStrathclyde

Universidade-de-Brasilia Ners
Pennsylvania(State University U”"’eﬂw’f Oregon
/

University /ong Kong

Deakin

ersity
@@t Kassel

delaide Ming-Chua® University

Universi@pf Leeds
Universit

National Unive(Si}y of Singapore University of )V on
Austrian Institut® of Technology

The Chinese™t Hong Kong ETHZ -ETH Zurich

Tunghai@niversity

Harvard@rtiversity Technische U@lversitat Berlin

niversity of Migh)gan - Ann Arbor

American Un{@ssity.in Cairo k ) )
Royal Danish Academy of Fii@ Arts, School of Architecture

Viassachusettsin e of Technology

Ain Sham@phiversity Tecpnisgh€ Universitat Carlp-Wilhelmina Brayrsgiivegig Univegsity of Lineburg
Georgia Institgte pfTechnology . . -
University of Ro®a "La Sapienza" Universida@e do Po}{gwemdad@e Sé&o Paulo

hool voor igetenschap & Kunst Uni\iefiq@Est@ual de Campinas
iversidadegiegnica de Lisboa
echnology

University of Clifornia, Berkeley

University of Cafokada.at Boulder
ar egie vl

United Arab Endirat€s University Science and Technology

Technische Uni¥ersitat Dresden p
Technische Uni@rsitat Minchen i it i owa State&Universit
IQK*@;@ g Universitf 0 U y

Universidad Técnica(Be(L«E\rL 0 Santa Maria
Bauhaus Unigepsitat Weimar

| de Mar del Plata o
Katholieke Uny eit L euven

Technion - Isfae

Universidad Naci

TechniscC njversitat Graz

Universidad e of Techfiology

SIqak University of Téchnology in Bratislava
rado at Denver Upliversi ‘G Ljubljanaty o gy

Czech Technical @iversity of Prafjue
Swedish School of Economics ar@Business Administration, Finland

Versithaoyang Univetdity of Technology

Nanya Institut f\TeC/hology University of the WeSt of England, Bristol
Salt Lake Condinunity College National Chen@Bung University i )
KaogVﬁ'OJniversity ardiff @hiversity

National Technical@niversity of Athens  Asia U@versity Universidad Eﬁ_vadq Madrid
University@f Tampere

University ©f Thessaly Université Blaise Pasc@)(Clermont-Ferrand I1)
ACK Cyfonet AGH  Luxembourg Institute ofScience and Technology Chiang Ma&University Royal Melbourne InSlitute of Technology
University of Bgitish Columbia Universit®de Liege King Mongkut's Universi of Technology Thonburi  Swinburne Unive®ity of Technology

Xi'an Jiaotong-LiZerpool University

Universiddde Feevale Université @ Montréal Portal Universida@ de la Republica Ulster Wniversity

Universitat de @s llles Balears  niversité@le Poitiers Universitat Rompeu Fabra Bangladesh University of Engineering and Technology

Figure 21. A collaboration network across research institutions
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It should be noted that institutions with a larger number of publications do not
necessarily collaborate more with other institutions. Compared with the findings in

Section 4.2 and Section 4.3, the University of Sydney and the University of

Strathclyde have lots of academic papers but are not significant in figure 21. On the
other hand, Massachusetts Institute of Technology and Carnegie Mellon University
are among the research institutions that are both productive and collaborative. In
addition, Georgia Institute of Technology, ETH Zurich, and Technische Universitat

Wien are also very collaborative in the community.

5.3 Country/Region-Level Collaboration

By the same means as Section 5.2, I construct a country/region level collaboration
network, which is demonstrated in figure 22. The number of nodes at this level is
much less than that at the institutional level, and as a consequence, the default

visualization provided by Gephi is intuitive and informative enough.

The United States is the largest node in the graph. Clearly, this fact could be caused
by that the United States has several pioneer institutions in the field of
Computational Design, as well as has established a highly inclusive and collaborative
academic community. After I zoom in the graph a little bit and highlight the part of
the graph centered at the United States, as shown in figure 23, I find out a very thick
academic collaboration edge between the United States and Switzerland. This fact
aligns pretty well with the institutional collaboration network, as many universities
in the United States have been working with ETH Zurich, one of the top research

institutions all over the world that is located at Switzerland.
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6 Conclusion

Design is pervasive and fascinating. The recent achievements in Computer Science,
especially those on artificial intelligence, are inspiring and exciting. Computational
Design, as an intersection and integration of design science and computation
technologies, is a rapidly developing interdisciplinary research field, which

combines art and mathematics.

[ can still remember the moment [ searched “Computational Design” in Google
Scholar when I just started to study this field, I found out there are over 3,800,000
results and I could not decide how to start my exploration in this area. After
spending almost two years in reading papers in this field and getting involved in
multiple CAAD-related projects, I eventually have a picture of Computational Design
in my mind, but I hope to construct a systematic and detailed review of
Computational Design as a research field, with the goal to provide informative,
intuitive, interactive visualization of the field to assist novices and junior researchers
to obtain a high-level overview of the area, look for trending research directions,

and also discover possible collaborations around the world.

Realizing that manual review of the whole field is biased and highly depends on the
reviewer’s own experience, I adopt a bibliometric approach to model Computational
Design from all the academic publications in this field. In my thesis, I choose
CumInCAD as the data source and perform data scrawling, data cleaning, and data
quality analysis to ensure the bibliographic data are meaningful and reliable. To
construct a multidimensional model of Computational Design, I propose and study

three questions:

e How do the research topics evolve over time?
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e How do the academic publications distribute geographically?

e How do the researchers and institutions collaborate?

To study the research topics in Computational Design, I apply state-of-art topic
extraction algorithms in machine learning on the text corpora gathered from the
titles and summaries of all the academic publications. To study the evolvement of
the interests of researchers, I use a fully visual interaction technique to generate

broken lines for trends in the number of publications under different topics.

After obtaining institutional information of the researchers through the email
addresses recorded in the academic publications, I am able to study the geographic
distribution of these publications on both a country/region level and an
institutional level. With the help of topic modeling, I conducted the research topic
analysis and trend analysis for each institution to uncover research profiles for the

institutions.

Finally, collaboration is crucial for a healthy and inclusive research community. I use
the data on co-authorships from the academic publications in Computational
Design to construct collaboration networks on three levels: among individuals,
research institutions, and countries/regions. The analysis results, as an informative
visualization, indicate patterns for researchers’ taste of collaboration. Also, from the
results, I find out that the community of Computational Design is quite

collaborative.

Although topic modeling and bibliometrics are unbiased and accurate in general, my
work has several limitations. First of all, My work relies on CumInCad, which results
in the main hard bias of the conclusions. Second, the topic extraction algorithm is
based on syntactic information of the text and does not account for the semantics of
the text. Third, the collaboration analysis does not use the latest CumInCAD

database, so the findings might not be consistent with the current Computational
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Design community. Last but not least, I do not perform some other widely used
bibliometric-based analyses, such as the keyword co-occurrence analysis and the
burst detection analysis, which could provide more information about the research
field. In the future, I hope to resolve these limitations and build a user interface for
all the analyses in my thesis to share my findings and methodology with other

researchers in Computational Design.
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