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ABSTRACT
It is possible to automatically annotate a natural science spreadsheet
using lexical matching, given that the tables in these spreadsheets
meet a number of requirements regarding the content. Results of a
survey show that most of the existing natural science spreadsheets
deviate from the ideal situation. We propose to complement lexical matching with both heuristics and knowledge from external
vocabularies to overcome these deviations.
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INTRODUCTION

In this paper we investigate the feasiblity of automatically annotating existing natural science spreadsheets.
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Scientists in the domain of natural science, hereafter referred to
as domain scientists, frequently use spreadsheets to analyze and manipulate their research data [13, 18, 25]. The format of spreadsheets
gives them a great deal of freedom in how they enter their data.
Domain scientists can make their own choices with respect to the
entities and processes to be included, and the way in which these
are organized in tables. In this way their domain model is implicitly
reflected in the content and structure of the spreadsheet tables. As
researchers do not anticipate the reuse of their spreadsheet data
[23] they tend to be sloppy in the specification of the semantics of
their data, and the free format allows them to do so [19]. However,
as the domain model is essential to understand the meaning and
context of spreadsheet data, it is currently hard to unambiguously
interpret these data for people other than the original developers.
The content of the tables can be annotated with concepts from
external vocabularies to facilitate interpretation, evaluation and
reuse of spreadsheet data. This annotation can be performed automatically by using lexical matching, i.e., by assessing the lexical
similarity between spreadsheet terms and labels from selected vocabularies. This method requires, ironically, that the spreadsheet
cells contain explicit and complete information on the corresponding research. Furthermore, as natural science spreadsheets often
represent observational data, the tables typically contain mostly
numbers and little text. The amount of data that can be annotated
in natural science spreadsheets is thus limited.
The goal of this paper is to evaluate to what extent automatic
annotation of the table content is possible for existing natural science spreadsheets. In Section 3 we explain the requirements for
the content of natural science spreadsheets that enable automatic
annotation. In Section 4 we present an analysis on the nature and
frequency of common design characteristics in existing natural
science spreadsheets, and discuss how these deviate from the ideal
situation. We propose to repair these deviations by complementing
the lexical matching method with heuristics and rules (Section 5)
that have been developed in earlier work [6]. Finally, we discuss
how these heuristics could be applied to the set of analyzed tables,
and to what extent automatic annotation would be possible (Section
6).
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RELATED WORK

Many studies focus on improving the interpretation of spreadsheet
data to facilitate reuse and integration. In order to derive a correct
interpretation, the studies use different strategies to infer the semantics from spreadsheet data and dissolve ambiguities. We observe
two main types of strategies.
One strategy is to encourage domain scientists to standardize
their data to facilitate interpretation and reuse. Semantic markup
tools like RightField [25] and OntoMaton [13], may be used to
develop templates for domain scientists to enter and annotate their
data simultaneously. MAGE-Tab [18], ISA-Tab [21], and BIOM [14]
are tabular formats that use an underlying data model with relevant
metadata from scientific experiments. These formats can be used
to either directly enter data, or as a template for mapping other
spreadsheet files onto one structure.
Another approach is to annotate tabular data with concepts from
vocabularies. Some tools [12, 17] use existing generic ontologies,
like Yago, DBPedia , while other tools [13, 25], use existing domain
ontologies for semantic markup. Some approaches develop their
own ontology, either manually [22] or by extracting concepts and
relations from the web [24], to annotate tabular data.
All the abovementioned studies acknowledge that a correct interpretation of tabular data is essential for conversion or annotation.
In order to derive a correct interpretation, the studies use different
approaches to infer the semantics from tabular data and dissolve ambiguities. Some of these approaches rely on manual mapping specifications constructed by users [22] or human analysts with sufficient
knowledge of applying semantic web techniques [4, 9, 11, 15, 25].
Others compare their tabular data with large collections of example data, e.g., large vocabularies like Yago or DBPedia, or generic
databases extracted from the Web, and rely on probabilistic reasoning methods to find the best suitable annotation or interpretation
for table cells and columns [2, 12, 17, 24]. And, many studies use
knowledge on the structural properties of a table to derive a correct
interpretation of its content. Several studies created a library on
commonly used layout patterns in tabular data [8, 10, 20]. Abraham
and Erwig [1] developed a framework to automatically classify roles
of cells in a table based on the spatial layout of a spreadsheet. Van
Assem and colleagues [23] introduced disambiguation strategies
for units of measure and quantities ([23]) based on the way these
are notated in table cells. And Chen and Cafarella [3] use heuristics
and rules on spreadsheet layout and implicit metadata structure to
automatically extract relational data from spreadsheets.

3

REQUIREMENTS FOR SPREADSHEET
TABLES

Spreadsheets from the domain of natural science, e.g., biology,
physics and medical science, often represent laboratory or field
observations. The tables in these spreadsheets therefore typically
consist of numerical data, quantities and units of measure [23], and
information on the associated phenomena, i.e., objects, events and
substances.
Annotation of these spreadsheets with vocabulary concepts sets
requirements for both the vocabularies and the content of the
spreadsheet tables. The selected vocabularies should contain labeled concepts, and comprise at least one vocabulary that covers

Table 1: Sources of tables inspected to perform the analysis
on design characteristics in natural science spreadsheets
# research projects
# spreadsheets
# tables

Online supplementary data
12
40
128

From institutes
8
44
233

the domain of the considered spreadsheets, and a dedicated vocabulary on quantities and units. In our research we use the OM
Ontology for units of Measure and related concepts [19].
Regarding the requirements for the content of spreadsheet tables, the terms representing units of measure should follow the
international notation standards [19] (Figure 1). This implies that
these terms consist of short strings containing one or more symbols,
and optional brackets and slashes [23]. The symbol(s) in the term
should lexically match with a unit symbol from the OM vocabulary,
, e.g., “ha” representing the unit “hectare” Cells that contain information on quantities should contain a description of a quantity
concept, that can be lexically matched with a concept from the
OM vocabulary, e.g., “area” or “mass”. Furthermore, quantity cells
should have an associated unit of measure, that is located either
in the same or in a neighboring cell. Phenomenon cells, i.e. cells
containing phenomenon instances, should contain terms that can
not be confused with quantities or units, i.e., these terms should preferrably not consist of very short strings, symbols, or abbreviations.
The phenomena in tables are annotated with domain concepts, e.g.,
"corn" and "urea".

4 ANALYSIS OF TABLE DESIGN
Data set
We conduct an analysis on a set of existing natural science spreadsheet tables, in order to gain knowledge on common practice of
table design, and to find out in what ways the content of these
tables may deviate from the ideal situation as described in the previous section. To this end, we analyse a total of 361 tables in 84
spreadsheets, that are used in 20 existing research projects in the
domain of natural science (Table 1). All spreadsheets fall within
the scope of our research, i.e., natural science spreadsheets that
consist of numerical data, quantities and units of measure, and
information on the associated objects and events. About half of
the inspected tables is used in our earlier work on interpretation
and annotation of spreadsheets [5, 6], or formulas [7]. We collect
additional spreadsheets from colleagues at Wageningen University
and Research and we use the Google Scholar web search engine to
find spreadsheets that are published online as supplementary data
alongside journal papers.

Data analysis
Our analysis consists of a manual inspection of all spreadsheet
tables, in which we only consider the content of the tables, and
ignore the title or comments. We color code the cells in each block
based on the content (see, for example, the legend in Figure 2), and
analyze the syntax of the formulas and their composition in the
table. Subsequently, we determine for each table to what extent
it meets our requirements described in section 3. We explain our
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Figure 1: Tables in the stylized example spreadsheet
results in terms of deviations from these requirements, and discuss
some additional observations we made on the structure of the
analyzed tables.

4.1

Table 2: Presence of unit, quantity and phenomenon cells in
the analyzed tables
Cell type

Results

Deviant unit notations. More than half of the analyzed tables
contains unit cells (Table 2), but in almost one third the notation
of the unit terms and symbols is not according to the international
standards. In the majority of the cases the unit terms are customized
by the scientists. The resulting unit terms are not incorrect per
se, but rather unconventional, and automatic recognition of these
terms is hindered. Scientists often combine phenomena with unit
symbols, e.g., “MJ/1000 kg milk/yr” and “g CO2e/MJ” (Figures 2, 3).
Incomplete quantity notations. The majority of the analyzed tables contains quantity cells (Table 2). In almost half of the analyzed
tables, the quantity cells do not contain complete information, and
automatic recognition of the quantities is not straightforward. Some
tables contain cells with a phenomenon description, and an associated unit of measure located in the neighboring cell (Figure 2).
Although no quantity concept is mentioned, these cells implicitly
represent quantities. In Table 2 we do not consider these cells as
quantity cells.

Present, complete info.
Present, incomplete info.
Not present

Unit
29
29
42

Fraction of tables (%)
Quantity Phenomenon
15
46
47
29
38
25

not located in homogeneous blocks. In most of these tables, the
float blocks are interrupted, either by empty cells (Figure 3), or less
frequent, by qualitative, i.e., string values. In a small part of the
analyzed tables the string and float blocks are not aligned with each
other, i.e., these blocks do not have similar dimensions. In these
tables it is not clear which observations are associated with which
context.
Cells representing semantically related phenomenon instances
are typically grouped in the same string block. We observe that
these semantic relations are often constructed by the spreadsheet
developer. The developer groups instances according to common
properties, which may be clear to users or peer scientists, but not
easily recognized in a domain vocabulary.

5

COMPLEMENTARY HEURISTICS

Unclear phenomenon notations. In the majority of the analyzed
tables phenomenon cells are present (Table 2), However, part of
these tables contains cells that, judging from the position in the
table, probably represent phenomena, but do not contain full words.
Instead, these cells contain numbers or codes representing, e.g.,
dates, scientific experiments, identification numbers (Figures 2,3),
or abbreviations which are either application specific, e.g., chemical
elements or geographical codes, or related to scientific experiments.

We observe that most of the analyzed tables do not meet one or more
of the requirements listed in Section 3, and we expect that lexical
matching will not yield many useful annotations. In this section we
therefore propose to complement lexical matching with heuristics
and knowledge from vocabularies to overcome the challenges of
incomplete information.

Other observations. In more than half of the analyzed tables the
float cells, containing the values of observations, and the string
cells, containing contextual information on these observations, are

Domain scientists typically group cells that are semantically related
[16] and use structure and layout features to distinguish between
these groups [3]. We assume that this grouping not only applies

5.1

Recognizing and annotating blocks
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Figure 2: Examples of spreadsheet tables in which the quantity is present in the title (A),the units of measure are associated
with phenomena cells (A,B), phenomenon cells contain abbreviations or numbers (A,B), the units of measure are customized
(B). The color markup is applied in our analysis, and not part of the original table.

Figure 3: Example of spreadsheet tables with interrupted float and string blocks (A), customized units of measure (A)„ and
phenomenon cells with codes (B). The color markup is applied in our analysis, and not part of the original table.
to phenomenon cells, but also to cells representing quantities and
units of measure.
We have developed heuristics that support us in the recognition
of the type of cell, i.e., unit of measure, quantity or phenomenon,
and the annotation of its content [6]. These heuristics combine

information on the notation of terms in cells, and the composition
and positioning of blocks of cells in a table, e.g.:
• If a cell contains both a string term and a unit of measure, it is
a quantity cell
• A block is considered a “Quantity” or a “Unit” block when at
least 30% of the cells is recognized as a quantity or unit cell

How plausible is automatic annotation of scientific spreadsheets?
• A block is considered a “Quantity” block when it is vertically or
horizontally aligned with the “Unit” block and the float block
Although the quantity cells in Figure 2B and 3B contain no description of a quantity concept, these cells could still be recognized
as quantity cells by considering the presence and position of the
units of measure in the table.

5.2

Knowledge from vocabularies

The phenomenon cells in natural science tables may not contain
explicit terms, but codes, numbers or abbreviations 4.1, that are
commonly used by scientists to refer to domain specific entities, e.g.,
chemical elements or human hormones (resp. Figure 2A and 3B).
Vocabularies with additional information at the instance level could
be used to annotate the content of these cells, and to recognize these
as phenomenon cells. Furthermore, these vocabularies may also
facilitate recognition of these phenomenon cells, by distinguishing
the codes and abbreviations from quantities and units of measure.
Many quantity cells in the analyzed tables do not contain a
concept description, but do have an associated unit of measure
(Section 4.1). The missing quantity concept may be obtained by
using the following heuristic:
• Annotation concepts for quantity cells can be deduced from the
included unit term
Some units are commonly associated with certain quantities [23],
and this type of information is included in, for example, the OM
vocabulary. For example, the missing quantity concept in a cell
containing the term “BT (nmol/L)” (Figure 3B) is probably “Molar
Concentration”, as the unit of measure “mol/L” is commonly associated with this quantity. However,this requires both a correct
notation and interpretation of the associated units of measure, and
that the information on the ‘common association’ is indeed present
in OM.
Besides, domain scientists often customize the units of measure
in their spreadsheets by combining unit symbols with phenomenon
terms. Recognizing these phenomena using a domain vocabulary,
and subsequently removing these from the unit terms would probably result in better recognition and interpretation of the units of
measure in a table.

5.3

Deduction from table context

Empty cells in tables are often left empty on purpose, as data on
either the observation value or its context is missing. In many cases
these empty cells are surrounded by non-empty neighbouring cells,
which could be used to deduce the missing information :
• The content type of an empty cell is the same as that of the
neighbouring cells
Annotation of a whole group of phenomena is often difficult, as
the semantic relation between the grouped phenomenon instances
can not be recognized in a domain vocabulary. As suggested by
[1, 3, 10], the following heuristic may be used:
• A group of phenomenon instances may have a common denominator cell that is present above or left from the phenomenon
block
The term in this common denominator cell may be annotated and
provide the concept of the phenomenon class.
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6

PLAUSIBILITY OF AUTOMATIC
ANNOTATION

In this section we investigate the applicability of our heuristics
on the set of tables analyzed in our survey. Given that for the
majority of these tables automatic annotation solely based on lexical
matching would not be successful, the applicability of the heuristics
gives us as an indication to what extent automatic annotation may
still be possible. We distinguish three levels of plausibility:
Automatic annotation is not possible. A small part of the analyzed
tables display serious deviations in their basic structure (e.g., Figure
3A). In these tables the blocks with numerical data on observations
either are accompanied by only one block of contextual information,
or from the table structure it is not clear which string and float cells
are related to each other.
Although a good basic structure is not a requirement for successful lexical matching, it is a prerequisite for our heuristics. Without
the presence and alignment of string and float blocks, our block
heuristics (Section 5.1) can not be used to recognize the units of
measure, quantities and phenomena in these tables. Consequently,
without knowledge of the types of cells, deduction of information
from the table context (Section 5.3) and deriving additional knowledge from vocabularies (Section 5.2) is not possible. The annotation
of these tables would thus be based solely on lexical matching. As
these tables do not contain complete and explicit information on
the underlying research, we expect that automatic annotation of
these tables is not possible. By the way, the majority of these tables
would probably be hard to interpret for human readers as well.
Automatic annotation is difficult. Several of the analyzed tables
have a good basic structure, but are missing entities.
In some of these tables the units of measure are missing, which
hinders the recognition and annotation of quantities. The recognition of quantity cells in a table may be improved by block heuristics
(Section 5.1). For the annotation of these quantities it is, however,
not possible to derive additional knowledge from vocabularies.
In other tables the quantities are only implicitly represented (e.g.,
Figure 2A). Block heuristics may facilitate recognizing which of
the contextual blocks in the table serves as a quantity block. The
annotation of the quantities in these tables is difficult, as these are
technically not present, but may be deduced from the associated
units of measure.
Reconstruction is possible. The majority of the analyzed tables
have a good basic structure, and consist of unit, quantity, and phenomenon cells, but do not contain complete and explicit information
on these entities. As we expect all of our heuristics to be applicable
in these type of tables, the missing information may be complemented and succesful recognition and annotation of the entities in
these tables is possible.

7

DISCUSSION AND CONCLUSION

In this study we show that it is plausible to automatically annotate natural science spreadsheets, even if the tables do not contain
complete and explicit information on the corresponding research
project.
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The quality and the level of detail of the annotations will, of
course, still be depending on the completeness and accuracy of the
content of the tables. However, even if the quality of the content
is not sufficient to automatically annotate terms on an individual
level, the block heuristics may be used to recognize the quantities,
phenomena and units of measure blocks, thereby providing a basic
understanding of the table. What is more, we think that block
heuristics are useful in all spreadsheet tables, as these heuristics
provide insight in how the cells in a table are related, and as such
facilitate interpretation.
The number of existing research spreadsheets, especially in the
informal area, is large. Our proposed approach could be used to
facilitate search, reuse and integration of these spreadsheet data, by
analyzing the information in annotations. Furthermore, the observations and heuristics from this study can be used as guidelines or in
support tools for domain scientists to design new spreadsheet tables
that are easier to interpret by both humans and machines. However, we do not believe that the common practice of spreadsheet
development by domain scientists is easily changed. We expect that
domain scientists will keep using spreadsheets, as these structures
provide an easy and accessible way to store and manipulate reseach
data according to their preferences. Therefore we expect that the
automatic annotation of existing natural science spreadsheets will
remain an issue. Our proposed method provides part of the solution
to handle this issue.
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