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Abstract. This paper introduces the main characteristics of the CULTURA project and of the
IPSA collection, which constitutes one relevant use case presently in use in the CULTURA
environment. We describe the innovative annotation features of the CULTURA portal for digi-
tal humanities; these features are aimed at improving the interaction of users with digital cultur-
al heritage (CH) content. The annotation functions consist of two modules: the FAST annota-
tion service as back-end and the CAT Web front-end integrated in the CULTURA portal. The
annotation service also adds a semantic layer over the managed collections enhancing discover-
ability and interoperability capabilities of cultural heritage resources. A user-based evaluation
of the environment has been carried out.

1. INTRODUCTION

The main aim of the CULTURA project' has been to create an innovative environment in
which users with a range of different backgrounds and expertise can collaboratively explore,
interrogate, interact with, and interpret complex and diverse digital Cultural Heritage (CH)
collections. At the conclusion of the project, the resulting environment is a system, which has
pushed forward the frontiers of technology in the creation of community and content aware
interfaces to digital humanities collections.

The CULTURA environment adopts a service-oriented approach to offer a rich and engag-
ing experience for different user categories, which range from academic and professional users
to the general public. The services are conceived and developed to be applicable to a wide
variety of cultural collections. The potential generality of the environment is demonstrated by
the fact that CULTURA is supporting different use cases; one of those is represented by the
IPSA? collection — a digital archive of illuminated manuscripts — while the other major archive
is the 1641 Depositions, which is a collection of noisy text documents, mainly of a legal nature,
dating from the 17th Century.

In both collections, the managed digital objects — either scanned illuminated manuscripts
or legal documents — are described by appropriate metadata, according to a traditional record-
centric approach. One of the goals of the project was to exploit an improved user engagement
and interaction with the managed CH artefacts in order to semantically enrich them with a
superimposed layer of user-provided information. This required a move from a traditional rec-
ord-centric approach to a resource-centric one, opened towards Linked Open Data (LOD) and a
better sharing of resources.

" http://www.cultura-strep.eu/
? http://ipsa.dei.unipd.it/en_GB/home
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In this paper, we focus on IPSA (Imaginum Patavinae Scientiae Archivum), a digital ar-
chive of illuminated manuscripts that includes both astrological codices and herbals produced
mainly in the Veneto region, in Northern Italy, during the XIV and XV centuries. The digital
archive has been created from the corpus of historical and innovative illustrations produced in
the centuries where the Paduan School were influential. The online archive was created specifi-
cally for professional researchers in the History of Illumination; due to involvement in the
CULTURA project, it was decided to open the archive to other categories of users, such as non-
domain professional researchers, student communities and the general public, who can all
greatly benefit from the semantically enriched resources.

The History of Art provides fertile ground for research into semantically enriched metada-
ta and LOD; indeed, in History of Art the main way to produce new knowledge is to reveal
connections between different items (illuminations, pictures, frescos) that can cast new light on
an artist, an artistic movement or an art-historical period. The most valuable connections are the
unexpected ones linking elements that may seem to have very few features in common. Indeed,
in this domain, important discoveries have often been found thanks to associations and connec-
tions of items that emerged by chance in the research path identified by domain experts. There-
fore, within CULTURA, it was decided that the central tool for allowing researchers in History
of Art to discover new knowledge and unveil new links and relationships among cultural herit-
age resources would be a semantic annotation tool, called FAST-CAT. This software enables
semantically-typed links to be superimposed over the managed digital objects, the traditional
record-centric metadata, and Web resources in general. Besides being semantically typed, these
links can include full-fledged multimedia content, which allows for rich description and expla-
nation of the link and provides added value to both specialist users and the general public.

The paper is structured as follows: Section 2 gives a critical account of the most relevant
work and approaches to the design and management of digital annotations. Section 3 illustrates
the adopted annotation model together with the main characteristics of the search model. Sec-
tion 4 introduces the annotation interaction model that has been envisaged and implemented in
the environment, and a specific account on the anchoring of annotations is reported. Section 5
reports about the user-based evaluation of the CULTURA environment. Section 6 draws some
final remarks.

2. RELATED WORK

As reported in [1, 2], there are different viewpoints about what an annotation is. We can con-
sider annotations to be metadata, content, a form of context, as hypertext, or as dialog acts. In
the context of the CULTURA environment three of those viewpoints are more relevant:
metadata, content, and hypertext with semantically typed links.

The role of annotations in digital humanities is well known and documented [2, 6]. Sub-
sequently, many different tools, which allow for the annotation of digital humanities content,
have been developed. Unfortunately, tools designed specifically for an individual portal are
typically only compatible with that system. More general solutions, which can be easily distrib-
uted across various sites, have been developed, but these systems often have limited functional-
ities, e.g. only enabling the annotation of a single content type or not having sharing features
[1]. Many different web-centric proposals have been envisaged, including the Annotea project
developed by the World Wide Web Consortium (W3C)*. Starting from the work done on An-
notea, other relevant efforts were developed, in particular the Open Annotation Collaboration®,
which also focussed on humanities [11], and the Annotation Ontology’. Those efforts can be
considered predecessors of the Open Annotation Community Group®, which is the active W3C

* http://www.w3.0rg/2001/Annotea/

* http://www.openannotation.org/

* http://www.jbiomedsem.com/content/2/S2/S4

® http://www.w3.org/community/openannotation/



group that has published the Open Annotation Core Data Model’. This model specifies an in-
teroperable framework for creating associations between related resources and annotations,
using a methodology that conforms to the Architecture of the World Wide Web. This model
has the potential to become a standard and to be widely adopted.

The approach that has been chosen in CULTURA is very much that of a service-centric ra-
ther than a web-centric environment, but the defined concepts ensure that all of the modelling
and architectural requirements are covered similarly to the relevant web-centric efforts that
have been mentioned. FAST-CAT (Flexible Annotation Semantic Tool - Content Annotation
Tool) is a generic annotation system that was developed as part of the CULTURA project [7, 8]
and it directly addresses the challenge of providing a convenient and powerful means of anno-
tating digital content.

3. FAST ANNOTATION MODEL

The FAST annotation service adopts and implements the formal model for annotations pro-
posed by [2], which captures both syntactic and semantic aspects of annotations. According to
this model, an annotation is a compound multimedia object, which is constituted by different
signs of an annotation. Each sign materializes part of the annotation itself; for example, we can
have textual signs, which contain the textual content of the annotation, image signs, if the anno-
tation is made up of images, and so on. In turn, each sign is characterized by one or more mean-
ings of annotation, which specify the semantics of the sign; for example, we can have a sign
whose meaning corresponds to the title field in the Dublin Core (DC) metadata schema®, in the
case of a metadata annotation, or we can have a sign carrying a question of the author’s about a
document whose meaning may be “question” or similar.

An annotation has a scope, which defines its visibility (public, shared, or private), and can
be shared with different groups of users. Public annotations can be read by everyone and modi-
fied only by their owner; shared annotations can be modified by their owner and accessed by
the specified list of groups with the given access permissions, e.g. read only or read/write;
private annotations can be read and modified only by their owner.

Figure 1 shows an example of annotation, which summarizes the discussion so far. The
annotation, with identifier al, is authored by the user ferro. It annotates an illustration from
the Carrarese Herbal, f. 162v, whose identifier is http://ipsa.ipsa-
project.org/ipsa-web/r/illustration/135 and which belongs to the IPSA
digital archive. The annotation relates to another illustration from the Roccabonella Herbal, f.
42r, whose identifier is http://ipsa.ipsa-project.org/ipsa-
web/r/illustration/1213 in the IPSA digital archive; in addition, it relates also to the
DBpedia page of the Carraresi family, http://dbpedia.org/resource/Carraresi/,
which endorsed the production of the Carrarese Herbal.

In particular, a1 annotates two distinct parts of the Carrarese Herbal. It annotates a region
of the illustration representing a cucumber by using a textual sign whose content is “This illu-
mination presents an extraordinary search for realism” and whose meaning is a comment in
the RDFS namespace, i.e. a comment according to the RDF Schema [4]. It also annotates a
region of the manuscript with a textual sign whose content is “The text is written in an elegant
littera textualis” and whose meaning is also a comment in the RDFS namespace. Note how the
content of the sign is plain text in the first case and HTML in the second case to allow for rich-
er formatting. In general, the content of a sign is specified by its MIME media type and this
allows for great flexibility and for embedding different formats, such as XML, RDF, and so on.

al relates the Carrarese Herbal to the Roccabonella Herbal, in particular to a region of
the illustration representing a cucumber, with a textual sign whose content is “The Roccabonel-

7 http://www.openannotation.org/spec/core/
¥ http://dublincore.org/



la Herbal illumination is clearly copied from the Carrarese Herbal one, as it shows the same
disposition of the elements of the plant in the page [...].” and whose meaning is to be copied
from another illustration in the IPSA namespace. This annotation thus represents the outcomes
of the actual work of a historian of art, who conducted his/her own research on these two herb-
als, to determine that one was copied from the other.
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Figure 1. Example of annotation.

Moreover, al relates the Carrarese Herbal to the DBpedia page of the Carraresi family, which
endorsed the herbal, with two signs: a textual sign whose content is “Story of the Carraresi
family” and whose meaning is a contributor from the Dublin Core metadata schema; and, an
image sign with a picture of a building of the Carraresi family, whose meaning is “see also” in
the RDFS namespace.

The flexibility inherent in the annotation model allows us to create a connective structure,
which is superimposed to the underlying documents managed by digital libraries. This structure
can be seen as a semantic layer built upon the documents, which serves both for discoverability
and interoperability of resources. Indeed, this layer can be straightforwardly exploited to open
up annotations and related descriptions as Linked Open Data (LOD) on the Web. For instance,
the graph shown in Figure 1 is ready to be shared as LOD. Furthermore, by means of the relate-
to links annotation al is connected to relevant external LOD resources (i.e. a DBpedia re-
source). Links towards external resources are the foremost means for augmenting discoverabil-
ity. The FAST annotation model thus may improve discoverability without requiring to map
local resources to RDF or to directly expose them as LOD on the Web. This approach also
augments the interoperability potential of the CULTURA environment, because it allows for
relating LOD and non-LOD resources via annotations without requiring mapping and synchro-
nization, while respecting visibility (e.g. private or shared) of the resources.

3.1 Search Model

The presence of both structured and unstructured content within the managed resources calls
for different types of search functionalities, since structured content can be dealt with exact
match searches while unstructured content can be dealt with best match searches. These two
different type of searches may need to be merged together in a query if, for example, the user
wants to retrieve annotations by a given author about a given topic. This could be expressed by



a boolean AND query which specifies both the author (structured part) and the content (un-
structured part) of the annotations to be searched. Nevertheless, boolean searches are best suit-
ed for dealing with exact match searches and they need to be extended to also deal with best
match searches. Therefore, any search strategy must be able to express complex conditions that
involve both exact and best match searches. The “P-norm” extended boolean model proposed
by [10] is capable of dealing with and mixing both exact and best match queries, since it is an
intermediate between the traditional boolean way of processing queries and the vector space
processing model. Indeed, on the one hand, the P-norm model preserves the query structure
inherent in the traditional boolean model by distinguishing among different boolean operators
(and, or, not); on the other hand, it allows us to retrieve items that would not be retrieved by the
traditional boolean model due to its strictness, and to rank them in decreasing order of query-
document similarity. Moreover, the P-norm model is able to express queries that range from
pure boolean queries to pure vector-space queries, thus offering great flexibility to the user.

The FAST Context Set [5] has been defined in order to provide a uniform query syntax to
FAST by using the Contextual Query Language (CQL) [9], developed and maintained by the
Library of Congress in the context of the Z39.50 Next Generation (ZING) project’. FAST pro-
vides conformance to CQL up to Level 2. For example, a possible query to search for infor-
mation about the Roccabonella herbal and where it is copied from is:

annotation.general = Roccabonella
and/match==fuzzy
annotation.concept.identifier = is-copied-from
where the first clause is a best match query, the second clause is an exact match query and a
relaxed boolean search is performed.

4. CAT ANNOTATION INTERACTION MODEL AND TOOL

CAT is a Web annotation tool developed with the goal of being able to annotate multiple types
of documents and assist collaboration in the field of digital humanities. At present, CAT allows
for the annotation of both text and images. The current granularity for annotation of text is at
the level of the letter. For image annotations, the granularity is at the level of the pixel. This
allows for extremely precise document annotation, which is very relevant to the Digital Hu-
manities domain due to the variety of different assets that prevail.

There are two types of annotation, which may be created using CAT; a targeted annota-
tion and a note. The former is a comment associated with a specific part of a document. This
may be a paragraph, a picture or an individual word — as shown in Figure 2 — but the defining
feature is that the text is directly associated with a specific subset of the digital resource.

Conversely, a note is simply attached to the document as it is depicted in Figure 3 where
several notes have been associated to a document. A note is not associated with a specific as-
pect of the artifact and typically serves as a general comment about the document as a whole.

In addition to allowing a user to comment on document text, the annotations created using
CAT allow an individual to link their annotations to other, external sources. This is beneficial
for teachers using digital cultural collections, for students (from primary to university level), as
well as experienced researchers. As can be seen in Figure 1, the addition of links to a resource
can enrich the amount of information it contains. Each link has comment text associated with it
allowing a researcher to explain why this specific link is important or how it supports their
argument.

While CAT is beneficial for researchers and educators, it is also being used as an im-
portant source of user data for the content provider. For a digital humanities site, annotations
can provide an insight into which entities are of interest to a user. If a user is frequently anno-
tating a document, it is likely that this document is of interest to him. Furthermore, if the text

? http://www.loc.gov/standards/sru/



being annotated is analysed, it may be possible to discern specific entities of interest within the
document. CAT gives access to targeted sections of a document. Simply by selecting a region
of interest (within text or images), a toolbar is presented which provides the user with a button
to launch the annotation tool. This toolbar is now exposed to other services within the portal,
allowing for live interfacing with a document.
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5. USER-BASED EVALUATION OF FAST-CAT

Both the FAST annotation model and the CAT model and tool (FAST-CAT) have been applied
to the CULTURA environment and they provided adaptive and personalized access to the IPSA
historical collection. FAST-CAT has been integrated into the environment in order to provide
users with an additional means of interacting with the portal, as well as for providing feedback
on CULTURA’s user model that stores a user’s interests. To investigate the quality of
CULTURA technologies in terms of the opportunities, experiences and added value they pro-
vide to users, and to enable an iterative refinement of the research environment, evaluation
work was an inherent part of the project work. Evaluations were carried out during all three
years of the project, with evaluations in phase 1 (baseline evaluation), 2 (mid-term) and 3 (final
one). FAST-CAT was evaluated as soon as was made available and in the final phase. In total
12 user trials in the context of the IPSA collection, and spread over the whole spectrum of user
groups were conducted.

FAST-CAT proved popular with users of the initial system and was extended to support
private annotations, public annotations and group annotations [12]. This enables users with
different needs (educators creating annotations for their class; students collaborating on a pro-
ject; historians documenting their private insights etc.) to have their annotations shared at an
appropriate level.

Regarding the assessment of different CULTURA services and functionalities, the follow-
ing qualities were of main interest: adaptation quality, visualisation quality, collaboration sup-
port, research support given by the annotation tool, the bookmarking functionality, text normal-
isation, and narrative lessons. Results on the research support given by the annotation tool were
good, as were the results on collaboration support through the sharing annotations. The usabil-
ity of the annotation tool was also rated high'®.

6. CONCLUSIONS AND FUTURE WORK

It is the belief of the authors that FAST-CAT has huge potential as an annotation tool within the
digital humanities field. Indeed, it demonstrated the feasibility of transitioning from a tradition-
al digital archive with a record-centric approach, towards a resource-centric one with semanti-
cally enriched information provided by actively engaging users via digital annotations. Howev-
er, it is still a young tool with much room for future expansion and enhancement. Work has
already started to further push the boundaries of IPSA by considering the group of researchers
that interact with the collection via FAST as entities modelled by the system [3]. These entities
can then be exploited by creating new services. For instance, we offer a way to construct a
social network of researchers based on inferred relationships. An inferred relationship between
researchers could be derived from their co-annotation of a certain illuminated manuscript. The
social network between researchers can serve as the base for social services, such as personal-
ized content recommendation and adaptive personalized search [3].

The process of discovering new unexpected connections among cultural heritage artefacts
—i.e. a process that can be defined as ‘serendipity’ — enabled by the FAST annotation model, is
especially encouraged by the LOD paradigm where meaningful links between entities allow us
to move across diverse and apparently unrelated knowledge domains. History of Art is a partic-
ularly well-suited domain where algorithms fostering serendipity within LOD can be designed,
developed and evaluated because it provides: rich and heterogeneous information needs, ample
structured and unstructured resource datasets and a proactive community accustomed to seek-
ing new semantic connections between entities. Future work will focus on these aspects and

10 The results of the evaluation trials are reported in a restricted deliverable, but a new evaluation effort is
in progress and preliminary results will be presented at the conference.



will further extend the functions and services provided to the users of the CULTURA environ-
ment.
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