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Being in tune with the joint eCAADe and SIGraDi conference, this paper
systematizes and analyzes data related to the set of papers presented in the
history of the conferences of both societies. Which paths traced from eCAADe
and SIGraDi brought us to the ``architecture in the age of the fourth industrial
revolution''? This paper describes a bibliometric study focused on eCCADe and
SIGraDi papers from 2003 to 2018 retrieved from CumInCad by using an open
source software developed by the team for this research. The most used keywords
and most cited authors, cross-citations between societies and time series about
this data were synthesized, recovering part of the histories of these societies.
Some similarities and differences between them are pointed out allowing to
understand their past for better drawing their future.
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INTRODUCTION
AsWalter Benjamin (1969 [1935]) wrote about the art
in “the age of mechanical reproduction”, every mode
of production also generates human sensibilities that
are related to it. Since Benjamin’s work, the expres-
sion “X in the age of Y” has been used to distinguish
some alterations in the modes of production and re-
ception related to architecture and the arts in the
face of technological, cultural, and economic trans-
formations (Eisenman, 1994; Davis, 1995; Gumbrecht
& Marrinan, 2003; Frampton, 2005, among others).

Therefore, “architecture in the age of the fourth in-
dustrial revolution” is not only inserted within the
lineage of references to the title of Benjamin’s cel-
ebrated essay but also induces the investigation of
sensibilities that have shaped this new condition of
architecture. In this sense, a historiography of the
concepts that make up an epistemological context
becomes a relevantway for the understanding of this
very context.

The introduction and evolution of computing in
architecture in just over half a century is been accom-
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panied by still recent historiography of this process.
Authors have already focused on the emergence of
architectural theories (Rocha, 2004), the evolution
of the publications themes (Koutamanis, 2005) and
the archeology of scientific conferences in the field
(Celani & Veloso, 2015), among other topics.

Being in tune with the joint eCAADe and SIGraDi
conference, this paper systematizes and analyzes
data related to the set of papers presented in the his-
tory of the conferences of both societies, which have
been, respectively, since 1983 and 1997, themain sci-
entific forums onCAAD in Europe and Ibero-America.

Which paths traced from eCAADe and SIGraDi
brought us to the “architecture in the age of the
fourth industrial revolution”? Further on, are there
similarities/differences in relation to the thematic
approaches between both sisters societies confer-
ences? What are the main topics covered by the
papers throughout this period? Are there tempo-
ral asynchronies in approaching these topics? Are
the main references cited in the papers coincidental
and/or express local specificities?

METHODS
Bibliometricswasused for this study, seeking formet-
ric indicators derived from scientific publications to
verify research trends, using the eCAADe and SIGraDi
papers published in CumInCAD digital library be-
tween 2003-2018 as a sample universe. The choice of
this period of time is justified below. Pritchard (1969,
p. 349) defined bibliometrics as “ [...] the application
ofmathematics and statistical methods to books and
other media of communication”, Fairthorne (1969, p.
319) paraphrased as “quantitative treatment of the
propertiesof recordeddiscourse andbehavior apper-
taining to it.”

To retrieve the bibliometrics data from eCAADe
and SIGraDi was developed an open-source soft-
ware in Python, named WSB (Figure 1), that
reads the HTML code of CumInCAD, available on
<https://github.com/ezambomsantana/web_scrap-
ing_bibliometrics>. In this site, it is possible to gen-
erate a page with all the metadata from all the arti-

cles for a conference and a year range. After reading
this data, we created tables with the keywords and
references of all the papers. Then, we could group
and aggregate the data creating different informa-
tion about the conferences such as the most cited
keywords and authors by year.

Figure 1
Detail of the WSB
code

CumInCad is an acronym for CUMulative INdex of
CAD created in 1998 as a repository of scientific in-
formation in the field of CAAD (Martens, Turk, 2000;
2003), upgraded to free access in 2015. Its main
goal is “(1) to build a ‘collective memory’ of sci-
entific publications from conference proceedings of
CAAD-associations; and (2) to make this memory un-
conditionally accessible to the scientific community
as a web-based bibliographic repository of works”
(Cerovsek & Martens, 2016: 485). In previous work,
Cerovsek andMartens (2004) have already presented
an extended review of this repository showing its po-
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tential as a resource to the researches in the field
of CAAD. They analyzed the chronological distribu-
tion of CumInCad references; frequency, distribution,
age, year-to-year distribution between citations; dis-
tribution of citations per number of authors. Some
examples of author-citation networks and a list of the
25 most cited authors by the 6399 records retrieved
in the repository in 2004 were presented as well.

A comparative study focused on data from pa-
pers of specific societies retrieved from CumInCad
has not yet performed. From the 14386 entries found
in CumInCad (June 2018), we retrieved data from
4009 papers, which corresponds to 28% of the to-
tal entries. This sample corresponds to 2095 papers
from eCAADe and 1914 papers from SIGraDi.

The methodology of our research is structured
by the following steps: 1) data entry of the general
themes of the annual congresses of each sister soci-
ety (eCAADe / SIGraDi); 2) collecting keywords from
all papers; 3) data tabulation of the 10most used key-
words by each sister society papers per year; 4) se-
lection of papers that use the prevailing keywords in
each sister society per year; 5) data entry of biblio-
graphic references most used by papers selected in
each sister society per year (at least three citations);
6) pre-analysis of the data obtained by society and
by year (keywords and bibliographic references); 7)
crossingof collecteddata (eCAADe x SIGraDi); 8) gen-
eration of diagrams and timelines with the data of
each society and by crossing data; 9) analysis of data.

One limitation of themethodology is somemiss-
ing data in CumInCad. For SIGraDi, from the 2313
papers from the period 1998-2018, 30% do not have
the keywords or the references in the metadata. This
problem was minimized in the last years, as from
2009 to 2018, only 15% of the papers do not have
the keywords or the references. Regarding eCAADe,
there are also some missing data. From the 2528 pa-
pers, 15% of themdo not have the keywords, and 8%
do not have the references in the metadata. About
SIGraDi, the templates from 1998 to 2002 and 2005
have not keywords or the keywords have not meta-
data. About eCAADe, the year 2002has notmetadata

for the keywords.
The period initially defined to run this study was

1998-2018, considering the first year of SIGraDi pa-
pers available on CuminCad. But, due to these in-
consistencies, the period of the study was changed
to 2003-2018. Even for this period, some observa-
tions should be done. SIGraDi 2005 was not consid-
ered in the study because there is no metadata of
keywords. SIGraDi 2004 was not considered in the
references study because there is nometadata about
them. eCAADe2015wasnot considered from the ref-
erences study because there is no metadata of key-
words in Cumincad and the software we developed
needs them in the system to retrieve the references.
In this case, keywords were collected by hand for al-
lowing the most completeness of the study. Table
1 shows the number of papers from eCAADe and
SIGraDi per year in Cumincad.

Table 1
Number of Papers
from eCAADe and
SIGraDi per year
(2003-2018)

RESULTS ANDDISCUSSION
The results of the study are systematized below in
three topics: 1) conferences themes; 2) top ten key-
words; 3) most referred authors and cross-citations.
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Table 2
Conferences
Themes
(2003-2018)

Conferences Themes
The eCAADe and SIGraDi conferences use to have
main themes from which they intend to converge
knowledge interchange and discussions on CAAD
and relate topics. Table 2 shows the conferences’
themes of both societies for the 2003-2018 period. A
deep analysis of them is not an object of this paper,
but in general, the themes are compound by con-
cepts, statements or actions related to the expanded
field of CAAD. These themes seem to indicate as-
pects of global order, linked to the globalized digital
context, and aspects of local order, linked to specific
forms of insertion in the global debate.

Top Ten Keywords
Using the WSB open-source software developed for
this study, we found 8574 entries for keywords in pa-
pers of eCAADeconferences and5888entries for key-
words in SIGraDi. As the template of SIGraDi 2005 has
not keywords, the corresponding papers, their data
were not retrieved. As keywords have recurrence,

the number of keywords are 5058 and 3327 respec-
tively. This sample shows that eCCADe sample is 1.52
the SIGraDi sample. After the keywords in each pa-
perwere tabulated, and the tenmost frequently used
keywords in the entire period and in each year were
highlighted. Table 3 shows the frequencies of the top
ten eCAADe and SIGraDi keywords for the entire pe-
riod.

Table 3
Keywords
Occurrence in
eCAADe and
SIGraDi (2003-2018)

The eCAADe and SIGraDi shared 6 keywords from
their top ten: parametric design, digital fabrication,
bim, virtual reality, shape grammar and design pro-
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cess. Still in the top ten, the other eCAADe keywords
were: urban design, generative design, collabora-
tive design and simulation; for SIGraDi the other key-
words are: heritage, architectural design, interaction
and cad.

The general results show that the top ten key-
words had a big frequency in the whole sample of
keywords of both societies, making a total of 46.8%
of the keywords used in eCAADe and 36.2% of key-
words used in SIGraDi.

Considering the use of keywords throughout the
years, there are some interesting dynamics to point
out. The keywords design fabrication and paramet-
ric designbecamestrong terms inboth societies from
2006, even if the last one appeared before in eCAADe
in 2003. Together with BIM, that appeared among
the top ten keywords from2007 in both societies and
generative design appeared in eCAADe from 2006,
these keywords indicate some of the main research
topics in more than a decade. Simultaneously to the
strengthening of these topics, 3D modeling and ani-
mation started to be outside of the top ten keywords
for both societies in 2009. The correlation of these
facts exposes a relevant turning point to the research
in CAAD from those years.

Another interval to highlight is 2013-2016 when
computational design (2013), robotic fabrication and
3D printing (2015) began to be inside the top ten in
eCAADe, andvirtual reality (2016) reappeared inboth
societies after being between the top ten between
2003 and 2010. In the period, collaborative design
(2013) and education (2015) left the list of top ten

keywords of eCAADe and design process (2015) left
the same list for both societies. These alterations, if
maintained, could indicate another relevant shift to
the research in CAAD in the near future.

Both societies shared emphases on the key-
words design process (2003-2015) and shape gram-
mar (2005-2018) throughout the period. For the
eCCADe side there are emphases on collaborative
design (2003-2013), generative design (2006-2018),
computational design (2013-2018), urban design
(2010-2018). For the SIGraDi side were found em-
phases on the use of digital tools for heritage (2004-
2018), interaction (2011-2016). Other keywords used
appeared in SIGraDi conferences had not prevalence
in more than two years, indicating a distribution
of occurrences of many keywords. A timeline was
drawn to turn visible these dynamics among re-
search topics (Figure 2). The whole image is available
at <https://drive.google.com/file/d/1w2mtoZ2iDZU-
J7sU1j1yulDPUbtGV1o3/view?usp=sharing> (Top of
the image).

Most Referred Authors and Cross-citations
From the lists of top five keywords per year in each
society, the papers of the sample that mentioned at
least one of these keywords had their references re-
trieved. The top ten authors cited in eCAADe and
SIGraDi for that keywords are listed in Table 5. Taking
into account the period from 2003 to 2018, eCAADe
and SIGraDi share 5 among the 10 most referred au-
thors in their conferences for those keywords. While
in eCCADe the top ten referred authors are from the

Figure 2
Detail of the
timeline of main
research topics in
eCAADe and
SIGraDi according
the years
(2003-2018)
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Table 4
Frequencies of
eCAADe and
SIGraDi Keywords
(2003-2018)

Table 5
Top ten authors
cited in eCAADe
and SIGraDi for the
top five keywords
(2003-2018)

Global North, in SIGraDi only twoof themost referred
authors are from the Global South, Gabriela Celani
and Adriane Borda. Other significant difference is the
frequencywithwhich each referencewasmentioned
in these two societies. Among the top ten authors,
Branko Kolarevic is the only one who is more cited in
SIGraDi than in eCCADe,while theother authors have
more citation frequency in eCCADe (See Table 5).

In the next step, authors referred at least three
times for a keyword per year of each society were
retrieved. In the eCAADe, 262 authors were men-
tioned at least 3 times, while in the SIGraDi, 115 au-
thors followed the same criterion. From them, only
20 authors are coincident in papers of both societies.

Among the other authors cited there are a recurrence
of regional and local citations that will be subject of
a future study.

Another analysis performedwas focused on top-
ics that had authors cited at least 3 times in both soci-
eties in the same year, looking for similarities and dif-
ferences between main topics of both societies (See
table 6). The keywords found under this criterion
were: digital fabrication, parametric design, BIM, vir-
tual reality and urban design. Then, the top ten au-
thors for each keyword were selected. Among them,
there were authors referred to in papers related to
several keywords. José Pinto Duarte was cited for
digital fabrication, parametric design and urban de-
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Table 6
Top ten authors for
main topics -
keywords with
authors cited at
least 3 times in both
societies in the
same year
(2003-2018)

Table 7
Number of
Cross-citations
between papers
from eCAADe and
SIGraDi
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sign. Branko Kolarevic, AchimMenges, Rivka Oxman,
Lawrence Sass, WilliamMitchell and Helmut Pottman
were cited for digital fabrication and parametric de-
sign. Rudi Stouffs was cited for parametric design
andurbandesign. The other authorswere associated
with only one keyword.

Some similarities with the citations for the top
five keywords were found here. While in eCCADe the
top ten referred authors are from the Global North,
in SIGraDi only seven of the most referred authors
are from the Global South, Pablo Herrera, Gabriela
Celani andDavid Sperling for digital fabrication, Adri-
ane Borda and Gabriela Celani for parametric design,
Regina Ruschel, Arivaldo Amorim and Érica Checcuci
for BIM. Gabriela Celani is the only author of SIGraDi
most cited for two keywords in SIGraDi itself.

Looking for other interrelations between both
societies, a cross-citation study was performed. The
results indicate that eCCADe papers aremore cited in
SIGraDi than the opposite (See table 7). One among
other inferences that can be made for this differ-
ence is that most of the SIGraDi papers were writ-
ten in Spanish and Portuguese. On the other hand,
there were a significant number of intra-region ci-
tations, that is, eCAADe papers were cited by other
eCAADe papers, and SIGraDi papers were cited by
other SIGraDi papers. An extensive network of au-
thors and their origins, languages and citations will
be subject for a further study.

Cross-citations
In order to synthesize much of this paper’s data,
another timeline was drawn to allow visualizing
information as conference themes, top five key-
words, authors with at least three mentions per
year, the number of citations per author along the
years (Figure 3). The whole image is available at
<https://drive.google.com/file/d/1w2mtoZ2iDZU-
J7sU1j1yulDPUbtGV1o3/view?usp=sharing> (Bot-
tom of the image).

CONCLUSION ANDOUTLOOK
The study carried out from the most cited keywords
and most referenced authors captured processes of
consolidation and change of research topics. This
methodology can not point to the first occurrences
in relation to time series but captures these pro-
cesseswhen they incorporate a larger criticalmass, as
shown in the timelines (Figures 1 and 2). These time-
lines show how consolidation processes and disrup-
tive moments are produced collectively by an exten-
sive community of researchers, which even exceeds
the two societies.

The WSB open-source software developed
proved to be an excellent tool for retrieving informa-
tion from Cumincad metadata. New increments are
being considered to create an interface for displaying
the data in the form of timelines and networks.

The data analyzed show differences and simi-
larities between eCAADe and SIGraDi. The former
clearly shows a stage of maturity, while the later
shows a process of growth and strengthening of its
performance. The growth of a group of authors
most cited in recent years in the SIGraDi conferences,
as well as the similarity of the main research top-
ics with eCAADe, show its insertion in a global con-
text of research. A contribution to a greater con-
nection between the productions of both societies,
and to a greater impact of the papers presented in
SIGraDi and made available by CumInCad, would be
the adoption of English. While some research top-
ics appeared simultaneously among the top ten key-
words in both societies, such as digital fabrication
and parametric design, others are still far from this
level as computational design and robotic fabrica-
tion. Factors not treated in this study, economic ones
and others relative to the context of the civil con-
struction, are decisive to understand this challenging
scenario for innovation.

It is expected that the visualization and analy-
sis of data extracted from papers presented in the
eCAADe and SIGraDi between 2003 and 2008 could
contribute to the mutual understanding about part
of the history of emphasis given to research by the
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Figure 3
Detail of the
timeline of top five
keywords and most
referred authors per
year in eCCADe and
SIGraDi
(2003-2018).

participants of these sister societies, which signifi-
cantly contributed to the scientific knowledge in the
CAAD area over the last two decades. Returning to
the introduction of this paper, we believe that the
wayperception is organizeddepends not only onhu-
man nature and the historical context, as Walter Ben-
jamin stated. From a contemporary view anchored
in Gilles Deleuze (1995 [1968]), the perception of the
present time is only shaped by the understanding of
different coexistences that make it up.
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