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Findings: The development of users interactions by means of semantic differentials impressions
recording on visible plastic-spatial aspects of the architectures in synthetic infographics, as well
as by the retrieval of images through an advanced system search based on those impressions
parameters. By gamification means, the system often invites users to review images’ in order to
improve images’ data accuracy. The pilot project named Open Air Museum that allows users to
add audio descriptions to images in situ. An interface for users’ digital curatorship will be soon
available.
Research limitations: The ARQUIGRAFIA’s multidisciplinary team gathering professorsresearchers, graduate and undergraduate students from the Architecture and Urbanism, Design,
Information Science, Computer Science faculties of the University of São Paulo, demands
continuous financial resources for grants, for contracting third party services, for the participation
in scientific events in Brazil and abroad, and for equipment. Since 2016, significant budget cuts in
the University of São Paulo own research funds and in Brazilian federal scientific agencies can
compromise the continuity of this project.
Practical implications: The open source template called +GRAFIA that can freely help other areas
of knowledge to build their own visual Web collaborative environments.
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Originality/value: The collaborative nature of the ARQUIGRAFIA distinguishes it from
institutional image databases on the internet, precisely because it involves a heterogeneous network
of collaborators.
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Introduction

Knowledge Organization (KO) in the context of the new epistemological challenge
called Digital Humanities—defined as the articulation of knowledge and methods
used in the human sciences with the digital world (Guerreiro & Borbinha, 2014)—
needs to establish new methods and procedures, as well as develop increasingly
efficient tools, to represent and retrieve the iconographic information, which has
grown exponentially as a result of increasing digitization of physical collections of
images to be made available on the web.
For some years now we have had initiatives to preserve and guarantee access to
cultural heritage, such as Europeana (http://www.europeana.eu/portal/pt) and the
Getty Research Portal (http://portal.getty.edu/). Europeana is a free curatorial image
platform that gathers several European institutions aiming to transform the world
through culture, sharing high-quality iconographic collections. The Getty Research
Portal (http://portal.getty.edu/) is a free online search platform providing worldwide
access to an extensive collection of digitized art history texts and images from a
worldwide range of institutions. It is an inter-institutional collaborative project
initiated by the Getty Research Institute responsible for the most well-known tool
for describing architecture and urban cultural heritage, the Art & Architecture
Thesaurus.
Besides these large scale GLAMs (Galleries, Libraries, Archives, and Museums)
many smaller institutions also run digitization centers and a steadily growing number
of platforms to render their digital contents globally accessible for research and the
interested public as the ETH Library (Gasser, 2017). ETH Zurich’s main library
with its shift in strategic focus towards the “digital library” has implemented
crowdsourcing, a form of user participation used very successfully by a wide variety
of institutions all over the world to enhance digital collections and raise their profile.
In the ETH Library initiative, the volunteers have free access to the digitized images
and they have their names included in the comments field on the Image Database,
which is an incentive to continue collaborating with the growing amount of improved
metadata. Similar to the ETH Library initiative, but expanding the collaborative
approach, we present the ARQUIGRAFIA project.
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ARQUIGRAFIA is a web collaborative environment for the preservation, research
and dissemination of images of Brazilian architecture and urban spaces, which
enables interactions between people and institutions. This digital environment
contributes to research on architectural and urban heritage, as well as allowing the
organization of Brazilian architectural images on the web (Lima et al., 2016).
The collaborative nature of the ARQUIGRAFIA project distinguishes it from
institutional image databases on the internet, precisely because it involves a
heterogeneous network of collaborators: institutional users such as GLAMs, NGOs,
Universities and Research Groups, together with private users such as students,
teachers, photographers and people in general.
Since 2010, the ARQUIGRAFIA project has been facing scientific and
technological challenges for creating apps and system features that promote active
and collaborative participation among its users. Institutional and private users can
create an account and share their digitized iconographic collections in the same Web
environment by uploading their files, indexing, georeferencing and assigning a
Creative Commons license. However, collaboration goes beyond uploading images
and deals with user interactions—exchanging assessments, impressions, judgements
on the architectural qualities represented in the photographs.
Most of the ARQUIGRAFIA users are architecture students (38.6%); but there
are also architects (23.4%); undergraduate students in other areas (10.3%); teachers
of architecture (4.3%); photographers (4.1%); and interested lay people (19,3%).
Most of these users are between 20 and 30 years old. Together, they collaborate to
tag, georeference and assign specific licenses (Creative Commons) to each image
of their collections. Being an environment of teaching and researching, we can also
include it in the field of Digital Humanities, since this field is defined by research
in collaboration with teaching activities, combining computing and information
technologies with academic practices in the field of humanities (Lima, Rozestraten,
& Orth, 2016).
ARQUIGRAFIA has several technological and scientific integrated fronts: from
the cleaning and conservation of original photographic images to its digitization,
from the training of researchers to the development of a perpetual beta open
source software. From the point of view of knowledge organization systems (KOS),
ARQUIGRAFIA comprises both the broader and the narrower meanings of
Knowledge Organization (KO) as defined by Hjorland (2008). The more general
and broader meaning, because it establishes an inevitable relationship between
knowledge and its organization in the society, since its images also represent the
social organization of knowledge and its tags represent the conceptual structure in
the field of the architecture and urbanism. The more specific and narrower meaning,
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because the construction of its controlled vocabulary seeks to organize knowledge
and information intellectually and cognitively, facilitating its management and
retrieval, including, in addition to institutional indexing, social indexing as
well. Therefore, ARQUIGRAFIA provides an opportunity to look accurately at
contemporary issues, specifically regarding terminologies and controlled
vocabularies for the representation of images. Other issues include the sharing of
metadata between systems; as well as the consolidation of standards that respond
both to international interoperability requirements and to local needs for information
access and organization.
From a technological perspective, ARQUIGRAFIA plays the role of a pilot
program for a template called +GRAFIA that was based on PHP Laravel and can
offer free help for other areas of knowledge to build their own visual collaborative
environments, such as, for example, a hypothetical BOTANYGRAFIA dedicated to
the flora, or an ARTGRAFIA, dedicated to visual arts.
Conceptual and technological challenges concerning the design and the operation
of ARQUIGRAFIA allow us to characterize it as an online experimental laboratory
and a case study on the opportunities and the risks of digital projects on the
humanities based on image collections. ARQUIGRAFIA proposes a new interface
for the information environment of the institutional collection and, in so doing, it
confronts controlled procedures of knowledge representation with the semantic
capability of organizing the information for the web and networks.
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First steps

The main source of the images for ARQUIGRAFIA is the photographic collection
of the Iconographic Material Sector of the Library of the School of Architecture
and Urbanism of the University of São Paulo (FAUUSP). A set of 42,000 images
(34,000 slides and 8,000 black and white photographs) were scanned. Of this total
of digitized images, more than 8,000 images were uploaded to the ARQUIGRAFIA
system, precisely those that already have the authorizations of the copyright
holders as a Creative Commons license. The remaining images are in the curatorial
stage of requesting authorization and analysis for upload. In addition, 3,000 images
were uploaded and cataloged by private users as well, and other 1,782 belonging
to other institutional collections such as the Republican Museum of Itu
(http://www.mp.usp.br/museu-republicano-de-Itu) and the QUAPÁ, the Panorama
of Brazilian Landscaping Project (http://quapa.fau.usp.br/wordpress/). Figure 1
shows ARQUIGRAFIA’s home and login page.
Between 2012 and 2017, a team of scholarship-funded undergraduate students
carried a wide effort towards cleaning, identifying and organizing the original
images, as well as digital files and backups. Having to deal with FAUUSP Library’s
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Figure 1. ARQUIGRAFIA homepage.
Source: http://www.arquigrafia.org.br/home

sizeable collection of photographs, ARQUIGRAFIA chose to focus on Brazilian
Architecture and its urban spaces, letting aside foreign architecture images for now.
This set was then cleaned and stored with proper materials, such as folders and
mounting corners, which helps the conservation of the originals.
At the same time, cataloguing results were revised based on a survey of procedures
and standards for the descriptive and thematic representation of images in order
to define the set of metadata which best suits the organization and retrieval of
information.
For the digitization of the institutional collection, a third-party company was
hired using Plustek Optic 120 film and Silver Fast Ai Studio 8 (64-bit) scanning
software that helps in the removal of dust and scratches. Each image was scanned
without color correction in order to preserve the original appearance of the
photographs and slides, keeping the time stamps (color changes, smudges, saturation,
etc.) and its historical aspect. Each generated file is 5 MB with 4,000 dpi resolution
and is saved in TIFF, JPEG, and PDF formats and recorded on DVDs and external
hard drives. After the scan, backups of the set of images were created and the images
were uploaded to ARQUIGRAFIA.
Each image received a registration number, which allows the association with the
metadata of its cataloguing and description. A program transformed the metadata
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into content objects used by the system. In order to make this transformation, the
Apache ODF Toolkit software (http://incubator.apache.org/odftoolkit) was used to
create a communication interface between the metadata and the ARQUIGRAFIA
system for information mining and transformation.
Then, the information storage activity allows the creation of associations
between the content objects and their representation in the database. Once the
object association is made (an author is associated to an image and this image to an
address), the system uses the Hibernate persistence library (http://www.hibernate.org)
to store the database in Mysql (http: //www.mysql.com).

3

Metadata

To define the metadata, some cataloging standards were analyzed, such as
the Anglo American Cataloging Code—AACR2; the International Standard for
Bibliographic Descriptions for Non-Book Material—ISBD (NBM) and content
standards such as Cataloging Cultural Objects—CCO. From the analysis of these
standards and the identification of the information required in ARQUIGRAFIA, a
spreadsheet was developed to integrate the metadata necessary for the representation
of the images and the data administration in the collaborative web environment. In
this way, a set of metadata was established according to Table 1.
Table 1. ARQUIGRAFIA Metadata.
Image Metadata Level

Type of Information

Descriptive metadata

Title, Number of the classification, Name, Country, State, City, District,
Street, Image author, Tags, Image date, Project author, Construction date,
Notes, Date of registration number, Date of cataloging

Structural metadata

Dimensions, width, height, resolution, color depth, color model

Administrative metadata

License (Creative Commons), Harvesting, Donors, Authorization form
for web distribution

Source: elaborated by the authors.
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Regardless of whether they have personal or institutional access users must fill
in at least the title, the name of the author of the image, the country and some tags
that represent the subject to upload an image to ARQUIGRAFIA. This procedure
can be performed on the website through any device, from notebooks to smartphones
(Rozestraten, Lima, & Santos, 2017).
In order to encourage users to closely observe images and formulate judgments
about buildings and urban spaces represented in the photographs, from the point
of view of Architecture, ARQUIGRAFIA proposes to its users the recording of
impressions based on pairs of opposing plastic-spatial qualities, called binomials
(Figure 2).
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Figure 2. ARQUIGRAFIA binomials.
Source: http://www.arquigrafia.org.br/

The binomials are organized as semantic differentials such as: open/closed;
internal/external; translucent/opaque; complex/simple; symmetrical/asymmetrical;
horizontal/vertical. The conceptual underpinnings for these pairs of opposite
qualities come from Henrich Wölfflin (1864–1945) “Principles of Art History”
(1950), adapted to Architecture, organized as Charles E. Osgood’s (1916–1991)
semantic differentials (1990). ARQUIGRAFIA invites users to record their
impressions of the architecture represented in an image, based on six pairs
of opposing qualities. Gathering multiple individual impressions as collective
interpretations, the system can guide cross-system navigations by means of
interactions between images with similar and/or mirrored profiles.
To do so, the average of interpretations is calculated and shown in a chart
(Figure 3) and compared with the average of other images that had their binomials
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analyzed in the system, allowing the identification and retrieval of images with
similar patterns.

Figure 3. An example of an image interpretation average with suggestions of possibly similar images.
Source: http://www.arquigrafia.org.br/

In addition, it allows the system to establish, for every image, a comparative
perspective between its original interpretation, the later interpretations, and the
average of all interpretations already made (Rozestraten et al. 2010). The various
interpretations are recorded and can change the classifications of similarities.
Additionally, the interpretations of each single user can also establish its profile and
preferences over the years.

4 Tags vs controlled vocabulary for a Knowledge Organization
System
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The inclusion of tags or markers by users with natural language is called
folksonomy, social tagging or social indexing. Tagging can greatly contribute to the
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creation and management of digital collections, as it is carried out collaboratively,
distributing resources, activities, and reducing costs. Its importance for the
organization, retrieval and access to digital information is demonstrated by the
studies of Angus et al. (2010) and Bradley (2011) on Flickr, a photo sharing and
social networking site.
Specifically, the study by Angus et al. (2010) explored the potential use of the
Flickr image site as an academic image resource by identifying tagged images
belonging to academic subject categories. Image content analysis and term frequency
analysis provided information from the context of the image. The results of this
study showed the possibility of using the tool as a resource for specific images in
some areas of knowledge and for individual academic studies, which reinforces the
relevance of using social indexing in an image repository developed for teaching,
research and extension purposes such as ARQUIGRAFIA.
The tagging performed at ARQUIGRAFIA is related to Vander Wal’s specific
folksonomy model, where one or a few people insert the tags (Moreiro Gonzalez,
2011; Rafferty, 2018). Thus, we find in this collaborative environment a mixed
knowledge organization system where any user can upload an image and tag it using
the suggestion list (controlled vocabulary) or adding terms, but only this user can
edit the information and the tags that he inserts. However, other users may contribute
by reviewing the information and indicating additions and corrections via the
contributor’s own editing system. Despite the ease of use of social indexing and the
approximation with the active vocabulary of users, the lack of language control can
present difficulties for information retrieval.
Rafferty (2018), in an entry on the ISKO Encyclopedia of Knowledge Organization,
refers to tagging as the practice in which web users use keywords to describe,
categorize or comment on digital content.
This marking allows an individual response to information objects by configuring
a triad formation: the user, the information object and the keyword, keeping them
connected as observed in Figure 4. The tags are such as: “representar2015” and
“#representar2015” for the Architecture event held in 2015, “library” the type of
building; “ufu” the abbreviation of the institution where the event happened;
“uberlândia” the city; “minas gerais” the province; “paulo zimbres” the architect;
“cobogó” the type of the wall with hollow elements and “tijolo de barro”, mud brick.
For Font, Serra & Serra (2013), collaborative tagging has emerged as a solution
for labeling and organizing digital content on the web. However, these collaborative
tagging and social indexing systems present problems regarding tag ambiguity,
synonyms and the amount of content words used, and it can be inferred that the
organization and navigation of content marked in this way may present difficulties
for the efficient retrieval of information.
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Figure 4. Central Library of Universidade Federal de Uberlândia.
Source: https://www.arquigrafia.org.br/photos/6298
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The ANSI/NISO Z39.19 “Guidelines for the construction, format, and management
of monolingual controlled vocabularies” defines controlled vocabulary as a list of
explicit and controlled terms, and these terms may not be ambiguous and must
contain definitions which are not redundant (National Information Standards
Organization, 2010).
Bearing in mind that in ARQUIGRAFIA both personal and institutional users
can upload and index the images of collections of photos, then it is possible to
understand the inherent tension between the use of free-form user terminology and
the control of indexed information by the institutional users. It happens because
this information system needs to fulfill the demands of organizing the institutional
images, for the purpose of academic retrieval and preservation, and at the same time
count with social indexing and personal user participation for system feedback with
images and markers.
Therefore, it was necessary to do the terminology standardization between the
lists of subjects used by the library for the indexing of the photographs and slides;
the terms of architecture and urbanism of the Controlled Vocabulary of the Integrated
Library System of the University of Sao Paulo; the list of default tags of
ARQUIGRAFIA, based on the expertise of its team and the tags employed by the
users which were harvested in the database.
The 1,145 terms of the list of tags assigned by personal users (Santos &
Santos, 2017) were analyzed between 2017–2019 with the purpose of allowing
their inclusion in the controlled vocabulary under construction, considering their
definitions and the equivalence relationships between them and the terms of the
lists of the library, the VOCAUSP and the default list of ARQUIGRAFIA.
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The tags that belong to the users’ semantic universe surely enrich the vocabulary,
showing how they think and retrieve the information. The result constitutes the first
version of a collaborative controlled vocabulary that acts as a suggestion of terms
for all users, maintaining the possibility of inserting new tags later.
Besides the user guarantee, an indexing tool needs to obtain the literary guarantee
too. The literary guarantee of the ARQUIGRAFIA controlled vocabulary is based
on research of the terms in dictionaries, glossaries, encyclopedias and specific
terminologies and in the terminological method.
The terminological method consists in defining the term from the characteristics
of the concept and its definition in the domain based in the works of Dahlberg (1978,
2009, 2011, and 2014), Cabré (1995), the ISO 25964-1 (2011) and their application
in the construction of the controlled vocabulary of arts by Lima, Costa, and
Guimarães (2017). The characteristics indicate the extension and the intension of
the term, the extension being understood as the class of all things that the term
applies to, and the intension as the properties that an object must have to be in the
scope of the term definition. Each true statement about a certain property or
characteristic of an object delivers a knowledge element about it. The sum of the
statements about such an object forms the whole of characteristics of its concept.
These statements also form its definition, such as in Dahlberg’s example: a museum
is a public building; it serves for the exhibition of objects; it possesses collections
of certain fields of study; it presents collections thematically; it has certain times
for visitors and controls visitors (in general) by means of tickets (Dahlberg, 2009).
So far, it has been possible to standardize and define 1,300 terms which have been
included in five categories: form (building type), function (use of the building, past
or present), materials (materials used in the construction), technique (construction
technique used) and history. These categories make up the first level of the controlled
vocabulary structure and after that we have been working to establish its logical and
ontological relations based on the relationships between their characteristics.
This list was shared in a Google Drive spreadsheet (Figure 5) with students
and teachers from the research group containing: definition; source (dictionary or
thesaurus from which the definition originated); proposed definition (based on
characteristics and according to terminological method); references and synonyms;
if the term is in the USP Controlled Vocabulary; hierarchy in USP Vocabulary;
possible relationships in the ARQUIGRAFIA vocabulary; suggested hierarchy and
consistency with the indexed images.
Finally, these relations are established by using the terminological procedures
and the procedures for the construction of controlled vocabularies indicated in the
ISO standards (ISO, 2000; 2011). At the same time, the categories and terms were
included in a mind map software (Figure 6) to visualize the hierarchical relations
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Figure 5. Spreadsheet of the controlled vocabulary under construction.
Source: ARQUIGRAFIA research team.

and make decisions about the position of the term in the controlled vocabulary
structure.

Figure 6.
Source: ARQUIGRAFIA research team.
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Mind map by categories.

Periodically, it will be necessary to harvest new tags uploaded by the users
and submit them to this process of standardization for further inclusion in the
controlled vocabulary, avoiding synonymy (two words with the same meaning)
and polysemy (a word with several meanings), contributing to the improvement of
information retrieval as shown in Figure 7.
For the consistency of the indexing, it is necessary to have knowledge of the
subject area, to analyze the characteristics of the support and its contents, and to
develop clear rules for the use of the controlled vocabulary.
ARQUIGRAFIA’s indexing policy indicates that it is advisable to tag the materials
used in the construction of the work that are visible in the foreground of the image
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Figure 7. ARQUIGRAFIA controlled vocabulary and tags.
Source: http://www.arquigrafia.org.br/

as well as the architectural elements present which are identified from the type of
building and/or urban space and its functions (Rozestraten, Andrade, & Figueiredo,
2018).

5

Results

In the beginning of 2019, a responsive version of the ARQUIGRAFIA was
implemented to encourage its users to upload georeferenced photographs using
their smartphones. Currently, an interface is being developed for the creation of
exhibitions that will allow digital curatorship by users, as well as the prototype of an
Open Air Museum with audio descriptions of the images thanks to the partnership
with the Smart Audio City Guide (Rozestraten, 2013), a project supported by the
National Council for Scientific and Technological Development (CNPq).
On the user’s profile, there is the possibility of chatting with other users of
ARQUIGRAFIA, which then works as a social network, with the creation of photo
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albums, and insertion of contributions (Figure 8), which encourage the users to
review the cataloguing of the images by means of gamification processes.

Figure 8. ARQUIGRAFIA social interaction resources.
Source: http://www.arquigrafia.org.br/

The User-Centered Design (UCD) procedures were included based on gamification
elements aimed at a greater user engagement especially with interface elements
related to collaboration, such as: notifications; posts; complementing information
about images and comments; the possibility to follow and be followed by other users.

6
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Summing up

Due to the collaborative nature and the characteristic of enriching its metadata
with user-generated content, ARQUIGRAFIA fits in the definition of the Digital
Humanities (DH), understood as a new epistemological challenge where we have
the articulation of knowledge and methods used in the human sciences with the
digital world. At the same time, it faces challenges related to the sustainability of
a system in continuous growth, which includes development and programming;
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storage and preservation; management and insertion of data and images. The ending
of the digitization of the set of 42,000 images in addition to the digital preservation
of the information uploaded into the system still brings us to a challenge regarding
its digital curatorship, as well as issues related to copyright and the obtaining of
licenses for insertion in ARQUIGRAFIA.
Currently, the ARQUIGRAFIA research team deals with new short and medium
term objectives such as:
- the implementation of a first version of a moderation system integrated with
gamification;
- the development and dissemination of the +GRAFIA template;
- the studies related to the plastic-spatial qualities of the binomials arranged as
semantic differentials, seeking to define an image evaluation model based on
visual similarities that may be useful for information retrieval;
- the engagement of an interactive community around the images and their
information, seeking long-term sustainability for the system.
- the evaluation of the descriptive, technical and administrative metadata to make
them more interoperable in a web collaborative environment.
- the improvement of the controlled vocabulary as a visual knowledge organization
system
Finally, we must conduct usability studies to evaluate the current beta version and
redesign the system from the critical observations made by the users, to expand the
iconographic base of ARQUIGRAFIA, including digital video, drawings and other
audiovisual resources, as well as to deepen the research into new relevant topics
and future developments.
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