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Abstract. Spreadsheets are popular among users and organizations, becoming an essential data management tool.
The easiness to handle spreadsheets associated with the creative freedom resulted in an increase in the volume of
data available in this format. However, spreadsheets are not conceived to integrate data from distinct sources and
challenges arise involving systematization of processes to reuse and combine their data. Many related initiatives address
the problem of integrating data inside spreadsheets, focusing on lexical and syntactical aspects. However, the proper
exploitation of the semantics related to this data is still an opportunity. In this sense, some related work propose
mapping spreadsheets contents to open interoperability standards, mainly Semantic Web standards. The main limitation
of such proposals is the assumption that it is possible to recognize and make explicit the schema and the semantics of
spreadsheets automatically, regardless of their domain. This work differs from related work by assuming the essential
role of the context — mainly the domain in which the spreadsheet was conceived — to delineate shared practices of
the biology community, which establishes building patterns to be automatically recognized by our system, in a data
extraction process and schema recognition. In this article, we present the result of a practical experiment involving such
a system, in which we integrate hundreds of spreadsheets belonging to the biology domain and available on the Web.
This integration was possible due to observation that the recognition of a spreadsheet nature can be achieved from its
tabular organization.

Categories and Subject Descriptors: H.2 [Database Management|: Miscellaneous; H.3 [Information Storage and
Retrieval|: Miscellaneous; 1.7 [Document and Text Processing]: Miscellaneous

Keywords: biology, data integration, information extraction, semantic web, spreadsheets

1. INTRODUCTION

Spreadsheets provide autonomy to end users to design their own tables, used to register and manage
data [Chambers and Scaffidi 2010; Scaffidi et al. 2005]. Among the roles played by spreadsheets, this
work focuses in a relevant subset in which they are applied as “popular databases”. Chambers and
Scaffidi [2010] noted that, among spreadsheets produced by end users, 25% are used as databases.

The growth of computing power associated with the advance of systems — which are able to handle
increasingly larger spreadsheets — fostered a proliferation of these “popular databases” in different
contexts. This phenomenon has as side effect the fragmentation of data, scattered in various files,
containing informal and implicit schemas, which are designed to operate as isolated entities. These
factors hamper data integration and the combination of data from distinct files.

There is a growing concern in transforming tabular data to open standards suitable for reuse and
integration [Han et al. 2008; Langegger and W6 2009; O’Connor et al. 2010; Syed et al. 2010; Venetis
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Fig. 1. Example of spreadsheet recording a collection [ecosystems.mbl.edu

et al. 2011]. This process can be enhanced by associating elements of spreadsheets to concepts in
knowledge bases available on the Web. One key issue is how to recognize implicit spreadsheet schemas
to make them explicit. A schema goes beyond a set of fields. It is the visible materialization of an
underlying conceptual model, which gives semantics to a set of fields, i.e. taking an ER perspective,
there are entities and relationships hidden behind a pattern of fields and the way they are organized.
An implicit schema and the respective hidden conceptual model — recognized through the pattern of
the fields — inserted in a given domain are the essence of a spreadsheet nature.

Several initiatives try to recognize schemas in any context, resulting in an unbounded spectrum of
possibilities. Therefore, they cannot exploit context specificities to drive their recognition process.
Moreover, instead of identifying a construction pattern, usually characterized by the spreadsheet
nature, these initiatives focus on the recognition of individual labels. For example, spreadsheets to
catalog specimens in a museum (nature of the spreadsheet) usually share a construction pattern — not
analyzed by related work — which can guide their recognition.

In this article we assume that such recognition and mapping process will be more effective if we
consider the domain in which the spreadsheet was created — e.g., a usage domain of biology — share
practices which result in construction patterns. In previous work [Bernardo et al. 2012] we demon-
strated that many of these patterns are likely to be recognized by computer programs and we have
introduced our strategy for automatic recognition of such patterns. This article presents how our
process to recognize biology schemas making them explicit was applied in the construction of a sys-
tem able to transform several spreadsheets into a unified and integrated data repository. Our process
includes automatic schema recognition and association between spreadsheets fields with concepts avail-
able in ontologies like Geospecies. Unlike related work, it is able to recognize the nature of several
spreadsheets, producing data with associated semantics, which can provide a guideline for choosing
appropriate operations for their integration.

This research is part of a larger project involving cooperation with biologists to build databases that
integrate biodiversity data. We observed that biologists maintain a significant portion of their data
in spreadsheets. In parallel, there are initiatives aimed at making biological data more flexible [Yang
et al. 2005; Ponder et al. 2001] and shareable. They point out that although information sources are
rich in semantics, it is not properly exploited, as the heterogeneity of formats adopted by sources
hampers their access and manipulation. For this reason, this research adopted the context of biology
and spreadsheets oriented to data management as its specific focus. The article is organized as
follows. Section 2 presents an overview of related work, also introducing the distinctive features of our
approach. Section 3 introduces our process to make spreadsheet schemas explicit. Section 4 presents
our system that integrates data from several spreadsheets based on the recognition of their nature.
Section 5 presents the conclusion and future work.

2. RELATED WORK

There are several initiatives aimed to provide semantic interoperability for tabular data, in order
to subsidize integration of data from different sources. Data management on spreadsheets can be
treated as a specialized subset of this universe. In this section, we present some relevant works in this
direction. Figure 1 presents a spreadsheet containing data about bird specimens collected in the field,
which will be used as an example to illustrate the analysis of related work.

The main factor to transform data from a spreadsheet into an open standard representation is the
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recognition of its schema in order to make it explicit. A usual approach involves mapping spreadsheet
fields to ontology concepts.

The mapping process can be automatic, manual or semiautomatic. In the manual process, the
user must locate spreadsheet elements that represent specific fields and associate them to elements
of an ontology. Han et al. [2008] applies the entity-per-row [O’Connor et al. 2010] manual mapping
approach, suitable only for tables with simple schemas. The focus of this and all approaches, which
we will present in this section, is the recognition and mapping of attributes individually, without
considering how they are combined to form an entity. Our approach goes beyond by considering that
in spreadsheets — as in other kinds of data management artifacts — attributes are combined to reflect
a hidden conceptual model, which is consequence of the spreadsheet nature. We are able to recognize
the nature of several spreadsheets belonging to the biology usage domain, producing a semantically
richer characterization of the generated instances.

The technique proposed by Langegger and W6k [2009] is not limited to the entity-per-row perspec-
tive and propose mapping implicit hierarchies found in spreadsheet schemas. Abraham and Erwig
[2006] identified a specific subset of spreadsheets, which are adopted by users as templates to produce
new ones, in a copy and adapt approach. As people outside the creation context can produce errors
and inconsistencies in the reuse process, they propose a life cycle for spreadsheets in two stages: de-
velopment and use. The stages clearly devise the schema creation (development stage) from the data
entry process (use stage). A schema created in the first stage cannot be changed in the second stage,
reducing errors and inconsistencies. While this proposal changes the way users produce spreadsheets,
our approach differs by exploiting the latent semantics in spreadsheets in their “natural habitat”. They
address an important phenomenon of spreadsheet reuse as templates, which contributes to establish
building patterns [Abraham and Erwig 2006]. In our work we also exploit such building patterns, but
for an automatic recognition of the spreadsheet schema, since a systematized production process, as
proposed by them, requires controlled environments.

In most cases, manual semantic mapping is not feasible [Syed et al. 2010]. For this reason, some
related work propose an automatic semantic mapping supported by external knowledge bases, as those
provided by the Semantic Web. Syed et al. propose a generic mapping approach, which can be applied
to any context. In order to map the attributes and values, found in a spreadsheet, to RDF properties
and values, they associate spreadsheet attributes to concepts available in knowledge bases, as DBpedia
(http://dbpedia.org) and Yago (http://www.mpiinf.mpg.de/yago-naga,/yago/) [Syed et al. 2010]. One
of its advantages is the fact that these databases are maintained and updated by people from all parts
of the world. On the other hand, it can generate ambiguous and inconsistent links. Applying this
strategy to the case of Figure 1, an inconsistency could be generated by analyzing the Genus column,
which has different interpretations in different contexts.

Venetis et al. [2011] address the ambiguity problem making a correlation of table cells like a cor-
relation between text fragments. Therefore, they will address the ambiguity of Genus by relating it
with Species. Jannach et al. [2009] also apply a semantic mapping of terms during the Web tables
extraction process. It involves three types of ontology: 1 - core: works as a meta schema describing
a generic structure to be recognized; 2 - domain: elements of a schema in a specific domain to be
recognized; 3 - ontology instance: elements extracted from tables mapped to instances of the domain
ontology. This process clusters related elements to put them in a context, improving the proper as-
sociation with ontologies. Although the work of Venetis et al. [2011] and Jannach et al. [2009] find
correlations among attributes and enhance their association with concepts in ontologies, their focus
stay fragmented in isolated attributes interpretation. Since our approach focus on a specific domain
and the spreadsheet natures in this domain, the recognized schema-+fields will fit in a pattern, preas-
sociated with an OWL description (class-+properties). The OWL properties inside the context of an
OWL class further guide the proper association of values in the instances.

Hermans et al. [2010] are able to automatically recognize the structure and content of a spreadsheet,
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transforming it in an UML representation. They adopt a three step approach: parse, prune and
enrichment. In the first step, a parse tree is produced representing the internal structure of the
spreadsheet, which is pruned in the second step, to maintain just the relevant elements. In the
last step, the pruned parsing three is transformed in an UML class diagram through the recognition
of patterns, represented as grammars. Even though this grammar-driven mechanism is a powerful
approach to capture patterns, our approach goes beyond a grammar, by supporting weight-based
approximate pattern association and other strategies to characterize patterns, e.g., according to the
spatial position of the field in the spreadsheet. Moreover, our results are semantically richer, as they
address OWL ontologies instead of UML. Besides the advantages provided by Semantic Web standards,
RDF/OWL define properties as first class citizens. It was particularly relevant in our work, as the
unified characterization of properties belonging to multiple classes enables us to recognize the same
fields in distinct spreadsheets, which helps merging and articulation of data.

Limaye et al. [2010] adopt machine learning techniques to recognize the implicit schema. They start
by associating a type to each attribute, followed by looking for binary relations between attributes.
The recognized attributes are associated to concepts in the Yago knowledge base. Compared to our
approach, Limaye et al. [2010] recognize only binary relations instead of the nature of the whole
spreadsheet. However, their approach have relevant contributions, which can be complementary to
our approach. Thus, we intend to explore them in a future work.

This research follows the same strategy of the In Loco Semantics [Santanché and Silva 2010], it
interprets organization patterns and the user behaviour in order to automate part of the process
involving in the identification and semantic mapping. Previous works of the In Loco Semantics
focused on the recognition and data extraction of textual documents.

3. NATURE-DRIVEN SCHEMA EXPLICITATION

In this article we present the implementation of a process to extract data from spreadsheets, making
their schema explicit and transforming them into RDF/OWL. The result is stored in a repository and
its semantics enables integrating schemas and combining data coming from several spreadsheets. This
section describes the steps from the extraction until the production of OWL — the first three steps
of Figure 2. The next section will focus on exploiting the schema integration and data combination
possibilities of the resulting repository — last step of Figure 2 — and will also present the prototype
and practical experiments comprising the whole process.

3.1 Schema Recognition

The schema recognition step involves analyzing the pattern users follow to organize data, which is
strongly influenced by the spreadsheet nature in its domain. In a previous work [Bernardo et al.
2012| we have produced a systematic categorization of construction patterns observed in biology
spreadsheets, which served as the basis to design a process to recognize these specific patterns. This
work follows this design for developing a system for spreadsheets integration focused on their schemas
with the steps illustrated in Figure 2. In our system, spreadsheet data is extracted by using a third-
party software named Document Data Extractor (DDEx), developed in an associated work [Mota et al.
2009] and available at http://code.google.com/p/ddex/. It is able to read from several specialized
formats — Excel, OpenOffice etc. — and convert them to an open representation. While our system
receives the stream of data from DDEX, it tries to recognize the schema. By using a dictionary (English
and Portuguese), the system maps input terms to lemmas related to ontology concepts. Lemmas are
further categorized into six exploratory questions (who, what, where, when, why, how) [Jang et al.
2005|, which will help to analyze patterns in a higher abstraction level.

Our process to recognize a building pattern and consequently the spreadsheet nature is focused on
the schema. While a schema pattern is recognized, it is mapped to an OWL description, as illustrated
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Fig. 2. Data integration cycle comprising data extraction and schema recognition/enrichment.
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Fig. 3. Matching between patterns and OWL descriptions.

in Figure 3. Therefore, a challenge of our system is to find the proper schema pattern of a given
spreadsheet. Each new recognized term and its position in the spreadsheet — properly mapped to a
lemma and one of the six exploratory questions — is used to match a pattern among the candidates.
As the position of the schema in a spreadsheet may vary, one parallel task is to devise it among the
stream of terms. Our observations show that the schema usually appears in the first rows of the
spreadsheet, before any instance. Therefore, the system tries to devise it in the beginning of the
stream, by looking for a row with high adherence to a given pattern. This adherence is a threshold
parameter derived from experimental trials. Only spreadsheets with recognized schema patterns will
be selected to follow the remaining of the pipeline.

Each pattern has a profile represented in a file. It defines the lemmas which appear in the pattern,
as well as their weights according to their: (a) absolute distinctive power; (b) relative distinctive
power; (c) position. The absolute distinctive power expresses how singular the lemma is for a given
template — e.g., a “species” lemma is much more rare and distinctive for a specimens catalog pattern
than a “date” lemma, which is usual in many spreadsheets. The weight of the absolute distinctive
power for each lemma was inferred based on observations presented in [Bernardo et al. 2012]. Since
the distinctive power of a lemma is affected by other lemmas that have already been recognized,
the relative distinctive power defines how much the distinctive power of a given lemma decreases
compared to others already recognized. For example, a set of lemmas has the role of identifying
a given species (the what question): kingdom, phylum, family etc. Therefore, the first recognized
lemma answering what — e.g., kingdom — has a higher distinctive power, the second — e.g., phylum —
just reinforces the first and has a lower distinctive power, and so on. Finally, we observed that the
field position in the spreadsheet is important for determining its role in the pattern and consequently
to recognize a given nature [Bernardo et al. 2012]. For example, the first fields in a spreadsheet are
usually identification keys and they have high influence in the spreadsheet nature. For example, in
Catalog patterns instances are usually identified by what fields — e.g., a species identifier in a species
catalog. By attributing weights to the position of the lemmas — or their abstractions as six exploratory
questions — it is possible to produce “signatures” that lead to the recognition of specific patterns. For
example, what related lemmas receive the highest weights in the first positions of catalog templates
and when related lemmas, on the other hand, receive highest weights in the first positions of event
templates.
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Once a pattern is recognized, the system starts mapping the schema to the respective OWL de-
scription, with a root class representing the spreadsheet nature and lemmas mapped to constituent
elements. In the next section we describe a prototype — specialized in the biology domain — which
aims to demonstrate how to exploit the integration and linkage of data extracted from spreadsheets,
when its nature is recognized and made explicit.

3.2 Mapping Instances and Semantic Enrichment

While Step 1 of Figure 2 addresses the schema, Step 2 handle the instances. The Semantic Mapper
Module (SM) maps spreadsheet instances to OWL supported by external knowledge bases. From the
OWL schema description, produced in the previous step, the SM module can relate fields of each
instance to a specific domain. The SM module has three main tasks: (i) filter consistent values and
convert values in distinct formats; (i) produce a URI based unique identification for each identifiable
value; (iii) unify identifications referring to the same entity. The following example illustrate how the
SM produces a corresponding OWL for the extracted data.

Consider that the SM module receives the recognized schema of the spreadsheet in Figure 4(b). The
schema fields Kingdom and Genus, Species were related to OWL classes gs:KingdomConcept and
gs:SpeciesConcept of the Geospecies ontology (http://bioportal.bioontology.org/ontologies/1247).
Since Animalia and Aix sponsa are interpreted as instances of Kingdom and Species respectively,
the SM will produce the URIs URIy; and URIg; for values Animalia and Aix sponsa respectively.
The next instance values for the same fields are Animalia and Icterus galbula. The SM is able to
verify that this second Animalia refers to the same kingdom of the first one, reusing the U RI};.

While the previous step (SM) fuses data extracted in internal instances represented in RDF/OWL,
this Semantic Enrichment (SE) step has the complementary role of linking them to representations
in external knowledge bases. For example, the internal URIj; representing animalia is linked to
DBpedia or to Geospecies knowledge bases. In [Bernardo et al. 2012] we presented our first version of
the semantic enrichment process and we adopted a simple string matching using labels of the instances
to query and retrieve identifiers from open knowledge bases, in this work we exploit the relationship
among properties related to the same class to enhance the matching. For example, since components
of a taxon — i.e., kingdom, phylum, species etc. — are linked both in the original instances as well
as in the knowledge base, the system will look for consistent match in which the links in the original
instances match with equivalent elements linked in the knowledge base. Resulting data are stored in
a Virtuoso RDF database!, which allows access through a WebService?.

It is important to notice that the focus and contribution of this work address the schema recog-
nition/mapping. Even though it reflects in a better mapping of instances, as they are recognized
inside a schema, there are several additional challenges in instance integration beyond the scope of
this work. We apply existing string matching algorithms to associate strings with URIs and with
knowledge bases.

4. DATA EXPLOITATION AND PROTOTYPE

As we presented in the previous section, the recognition of the spreadsheet nature plays an important
role in our semantic mapping process. We will show here that it can also be exploited to determine
consistent operations over data. This section aims to show a practical prototype and experiments
implementing the whole process described in this article, as well as illustrating distinctive features
supported by our semantic recognition approach.

Thttp://virtuoso.openlinksw.com
2 Available at http://sparql.lis.ic.unicamp.br
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Fig. 4. Example spreadsheets to be merged/articulated
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Fig. 5. Semantic mapping of spreadsheets in Fig.3.(a) and Fig.3.(b)

4.1 Integrating and Articulating Data by Nature

In order to illustrate the potential of the produced data, consider again the spreadsheet of Figure 1,
recording events related to collections, created by biologists in the field. Most of related work are
able to recognize individual attributes, but not the wider scenario, i.e. that each record refers to an
event (collection). It has a direct impact on the possibilities of integration and articulation of the
resulting set, e.g., if we wish to integrate an instance of this spreadsheet with spreadsheets illustrated
in Figure 4. The spreadsheet of Figure 4(a) records collection events as the spreadsheet of Figure 1.
An operation to combine both spreadsheets, compatible with their nature is a merge operation, in
which data from one spreadsheet can complement the other.

The spreadsheet of Figure 4(b) has a different nature, as it contains a specimens catalog. Although it
makes no sense merging this spreadsheet with data of Figures 1 and 4(a), their data can be articulated.
For example, specific birds species indicated in a record collection can be linked to those of a catalog.
Our proposal is able to recognize such nature of each spreadsheet, which works as a “glue”, interrelating
the semantics of each field with the semantics of the spreadsheet as a whole. The recognition of each
nature will drive applications to apply consistent operations to data from spreadsheets.

The RDF graph of Figure 5 summarizes the result of our extraction process for both spreadsheets in
Figure 4 according to their natures. The area highlighted in gray — identified as side (A) — represents
the RDF mapping of the spreadsheet of Figure 4(a) (event) and side (B) represents the RDF mapping
of the spreadsheet of Figure 4(b). Unlike related work, the instance was recognized as a collection
record and materialized in the RDF graph as an instance of the class bio:Collect (see an edge
representing the property rdf:type). Moreover, the instance in Figure 5(B) was recognized as a
specimen in the museum and materialized as a RDF instance of the class gs:SpeciesConcept.

As illustrated in Figure 5, unlike related work, in our approach the value assigned to each prop-
erty is not limited to labels. In the specimen instance, for example, Figure 5(B), it is possible to
verify that the property value for gs:inFamily — which indicates the animal’s family, represented
using the GeoSpecies vocabulary — is an instance of a specimen that represents the family Icteridae
(biospread:Icteridae). As detailed in the previous section, the system will link all specimens of
the Icteridae family to the same (biospread:Icteridae) object. Thus, it is possible congregate all
the data from the spreadsheets at any level of characterization of a living being. For example, it
is possible to compile all the data from a particular species or from an entire family and so on. As
illustrated in the right part of Figure 5, properties mapped into RDF are categorized as sub-properties
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Fig. 6. Taxonomy chain created from spreadsheets

of properties representing the six exploratory questions. For example, the properties to characterize a
specimen (bio:species, gs:inFamily, gs:inOrder etc.) are sub-properties of the eq:what property
and so on. This property classification allows using the questions as a key for articulation. Collection
instances can be articulated with specimen characterization instances around what properties, because
their occurrence in both sides indicates common information — a specimen collected in one side is the
specimen characterized in the other side.

4.2 Practical Experiments and Prototype

The practical experiment presented in this section aims to demonstrate the potential for integration
and linkage of data extracted from spreadsheets when its nature is recognized and made explicit.
They involved gathering approximately 11,000 spreadsheets from the Web. Spreadsheets were located
through the Google search engine, using keywords in biology domain. The system automatically
recognized and mapped 1,151 spreadsheets from which 806 were classified as Object spreadsheets and
345 were classified as Event spreadsheets. The process recognized 3 different kingdoms, 51 phyla and
33,808 species. Also, 55,248 different collection items were recognized, with 48,034 georeferences.

In order to evaluate the precision/recall of schemas recognition, we selected a random subset sample
of 1,203 spreadsheets, which we annotated. The recognition percentages were approximately the same
as those of the larger group. Our algorithm achieved a precision of 0.84 — i.e., 84% of the retrieved
spreadsheets were relevant — and recall of 0.76 — the system recognized 76% of all relevant spreadsheets
— having a F-measure of 0.8. It achieved the accuracy of 93% and the specificity of 95%.

As mentioned in subsection 3.2, the instance mapping and enrichment adopt existing matching
algorithms. However, the recognized schema can support better instance mapping, as the system
identifies instances inside a class context. The taxonomic tree built by the system with data from
spreadsheets illustrates how the schema enhances the instance integration®.

Figure 6 shows a chain of the taxonomic tree, populated combining partial fragments of spreadsheets
“A” “B”, “C” and “D”. In spreadsheet “A”, the system links the Animalia Kingdom and the Icteridae
Family. The Category label is not recognized, because it does not belong to the set of terms recognized
by the system. The instance in spreadsheet “B” links the Aves Class to the Icterus galbula Species —
whose ScientificName term is related to the Species lemma — and the Baltimore Oriole Common
Name. In spreadsheet “C”, there are instances linking the Chordata Phylum, the Aves Class, the
Passeriformes Order, the Icteridae Family and the Baltimore Oriole Common Name. Finally,
in spreadsheet “D”, the Icterus Gender is linked to Baltimore Oriole Common Name.

Even though each spreadsheet has a partial fragment of the chain, their recognized schemas support
instances integration and linking. Since spreadsheets were captured from several repositories on the

3See http://purl.org/biospread/?task=pages/txnavigator
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Fig. 7. Screenshot of the query interface of the prototype

Web, we observed that the instances showed greater diversity of format and data quality problems,
whose proper integration is beyond the scope of this work and may be addressed in future work.

Many spreadsheets were not recognized due to the strategy adopted to locate them through a search
engine, which returns many spreadsheets out of the context. The recognized nature of each record
guided the application of consistent operations over it. In particular, it was possible to merge all
catalog-typed records, extracted from the spreadsheets. Figure 7 shows a screenshot of our query and
visualization prototype for data extracted from spreadsheets*. This interface represents the last step
of Figure 2.

By recognizing the spreadsheet nature, it was possible to articulate data collected in the field with
data describing species. Moreover, data of the same species were merged and aggregated in different
levels taxonomic classification: kingdom, phylum, class, order, family, genus and species. Each aggre-
gation level is filtered by a respective drop down box of the system’s interface, as illustrated in Figure 7.
Every time the user characterizes a taxonomic level — e.g., by selecting a specific kingdom — the system
will filter the records of the respective level. The georeferenced records are plotted over an interactive
map — see bottom of Figure 7 — and might be automatically related to the Geospecies database. In
this prototype version the data will be plotted over the map only when the user defines all taxonomic
levels in the interface. It has an interactive exploitation interface in JavaScript, using the OpenLayers
framework for maps (http://openlayers.org).This prototype is available in http://purl.org/biospread/
and both ontology and resources (instances) resulted from the practical experiment can be accessed
through http://purl.org/biospread /resource/ and http://purl.org/biospread/ontology/ respectively.

Each flag in the map of Figure 7 represents a data record collected in the field about a specimen.
When the user clicks on the flag, it shows the respective record and enables linking this data with
a summary of all data available concerning the informed species, by articulating data of this specific
record with data coming from the same and other spreadsheets regarding the same species.

5. CONCLUSION AND FUTURE WORK

Spreadsheets have had great acceptance among users of various segments, becoming “popular data-
bases” arranged in files, which are difficult to integrate. To tackle this problem, many authors proposed
solutions that recognize implicit schemas and map them to Semantic Web representations. Our work
differs from previous works by considering the context in which the spreadsheet was conceived essential
to delineate the set of practices shared by the respective community, establishing building patterns to
be automatically recognized by our system, to make schemas explicit.

We have implemented a prototype system, presented in this article, which can recognize and in-
tegrate schemas from hundreds of spreadsheets belonging to biology domain and obtained from the
Web. By recognizing the spreadsheet nature, reflecting their semantics in the produced data, the
system is able to perform consistent combinations among them. This is a preliminary experiment of

4 Available at http://purl.org/biospread/?task=pages/txnavigator
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data integration. We are aware of its limitations, especially regarding the quality of data coming from
various sources. However, it demonstrates its potential for data integration.

This research has raised new challenges to be investigated, such as automatically discovering of
articulation possibilities for data coming from different spreadsheets — even for data of different natures
— and their respective integration. Such integration will enable inferences that emerge from the
combination of these data and which could not be obtained from an analysis of documents individually.

In this article, we showed that in the biology domain, when the system identifies a construction
pattern of spreadsheets we can infer their respective nature. We intend to generalize this association
and to demonstrate that a construction pattern inside a domain may imply in the identification of
the spreadsheet nature.
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