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ABSTRACT. We present a NooJ module implementing a general method for detection and classi-
fication of measurement expressions in English and Croatian newspaper texts using local
regular grammars. Expressions involving the most frequently used units of measurement are
covered for both languages. Insight on module design is provided along with its evaluation.
Overall accuracy of the module reaches above 96 and 98 percent for Croatian and English,
respectively. Issues regarding normalization of detected measurement expressions are also
discussed.
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1 Introduction

Previous successful experiments in developing and evaluating a system for named
entity detection and classification in contemporary Croatian texts (cf. Bekavac and
Tadi¢ 2007b; Bekavac et al. 2009) using local regular grammars as an underlying
formalism have indicated that certain phenomena in natural languages, regardless of
their overall complexity, could be successfully modeled in the framework of regular
languages. In the experiment presented here, we argue that language expressions
involving (units of) measurement in both Croatian and English texts exhibit similar
properties. Excluding mere observations and prior linguistic experience, we base this
argument on a certain property that is shared between named entities and measure
expressions in written language. Namely, both named entities and measure expres-
sions are considered, from this specific perspective, as connection points in which
the language system references the physical world. Having previously shown how
named entities in Croatian — a highly inflectional and relatively free word-order lan-
guage — can be efficiently handled by using exclusively local regular grammars and
inflectional lexica in INTEX (Silberztein 1999), with an average detection and clas-
sification score of over 90 percent on newspaper text, we set off to show how even
better scores can be achieved for measurement expressions within the same frame-
work. We based our expectations on overall success of the experiment solely on an
intuitive claim that named entities, as defined by the MUC-7 named entity task spe-
cification (Chinchor 1997), are a more complex language subsystem when compared
with measurement expressions.

The remainder of the paper is structured as follows. First we present the module
design and implementation, followed by a brief description of required language
resources, namely Croatian and English lexicons and newspaper corpora on which
the experiment is conducted. Further on we describe the experiment setup and
present the obtained results. We conclude with future research perspectives involv-
ing detection and classification of measurement expressions within the presented
paradigm.

2 Module design

Before setting off to describe the module itself, we must define the problem of
measurement expression detection and classification in a more elaborate manner.
Namely, we firstly define what measurement expressions are and how we approach
them from a perspective of processing Croatian and English newspaper texts.

Measurement expressions are natural language constructs involving units of mea-
surement. For example, the expression three hundred miles per hour is a valid mea-
surement expression in English, denoting velocity of a certain moving object, while
the expression od 7 do 13 stupnjeva Celzijevih (en. from 7 to 13 degrees Celsius)
denotes a temperature range in Croatian. In this specific experiment, we detect seven
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different types of measurement expressions, namely those involving length, area
(surface), volume, weight or mass, pressure, speed (velocity) and temperature. With-
in these categories, we detect both simple expressions and somewhat more complex
expressions, involving ranges of quantities and their language modifiers. For exam-
ple, we consider 170 square meters to be a simple length expression and 160-170
square meters as a more complex one. An expression utilizing modifiers might ap-
pear in text as e.g. from 160 to approximately 170 square meters and is considered
here as the most complex expression form, specifically in terms of normalization.
Even though units of measurement are extremely well-elaborated within and beyond
our seven simple categories by using the International System of Units (the SI sys-
tem, cf. Thompson and Taylor 2008), our classification is oversimplified with a pur-
pose. Namely, this experiment is highly task-oriented (or text-oriented), as we do
not explicitly seek to detect and classify every measure expression using units of
measurement defined by the SI system of units, but rather to achieve high coverage
of these expressions in Croatian and English newspaper texts in terms of F1-scores,
i.e. maximizing precision and recall on the most frequent unit categories. By target-
ing common newspaper texts in both languages, in this stage of development, our
system will not detect e.g. megawatts and kilojoules, as it will favor e.g. tons and
degrees Fahrenheit. This compromise, namely our focus on newspaper domain, is
governed by our overall goal of illustrating general principles for measurement de-
tection module design, which can afterwards be easily expanded to cover other units
from the Sl system and implicitly a broader range of text domains.

The module is developed in NooJ (Silberztein 2003, 2004, 2005) as a sequence of
cascaded local regular grammars. Both sets of grammars (the Croatian and English
sub-module) utilize NooJ regular expression syntax and lexical resources available
for both languages. English lexical resources are distributed within the NooJ pack-
age, while their Croatian counterparts are described in (Bekavac et al. 2007a). Each
of the grammars consists of four linked sections:

(1) the section detecting numbers and other numerical expressions,
(2) the section detecting metric units of measurement for the given unit class,

(3) the section detecting other, i.e. more frequently used non-metric units of mea-
surement for the given class and

(4) the section that handles frequently used expressions not belonging to any of the
previous sections for a given unit class.

This type of modular design was chosen to enable grammar reusability, given that
implicit inheritance relationships exist between various units of measurement. As an
illustration, expressions denoting surface or area can clearly be viewed from an ob-
ject-oriented design point of view as adding properties to expressions denoting
length. For example, expression five square meters, which denotes surface, clearly
contains an expression denoting length (five meters) and a modifier (square) that
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adds properties to the given expression, thus making it denote surface. This design
principle propagates throughout our local grammars and is illustrated by figure 1.
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Figure 1. Local regular grammar for detecting area (or surface) expressions in
English
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Figure 2.The NumberRange local grammar for English

In the figure, the before-mentioned grammar sections are clearly indicated. Local
grammars Number and NumberRange detect numeric expressions and they are fol-
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lowed by a set of rules utilizing length-detecting grammars and modifiers contained
within the grammar Square. The bottom-most branch of the grammar handles cer-
tain exceptions. For example, an English language expression such as 100 by 100
miles is an area expression, even though it is assembled by using two length expres-
sions and a certain multiplication operator. Other local grammars follow exactly the
same underlying design principles, both in Croatian and English sub-module.

In the current implementation of the module, only detection and classification of
expressions is accounted for, excluding the normalization step. As defined here,
normalizing measurement expressions can be approached from two different view-
points:

(1) normalizing numerical parts of measurement expressions and
(2) normalizing the units of measurement with regards to a certain unit norm.

As an illustration, consider a simple expression in English, e.g. the expression eleven
miles. From the first viewpoint, keeping in mind a certain information extraction
perspective, we should normalize eleven as 11. The second viewpoint requires con-
verting various units of measurement to a certain standard, e.g. the SI system. There-
fore, miles should be converted to meters (m). Note that the second viewpoint places
an additional constraint on the first one, as eleven miles obviously does not equal 11
m. Miles should thus be converted to meters and this conversion is inherently ambi-
guous, as the choice of statute miles, metric miles and nautical miles (among others)
can only be made in terms of text subject or domain. Moreover, arithmetic opera-
tions such as division and multiplication, required to normalize numerical expres-
sions, cannot be performed within the NooJ environment. Furthermore, an even
more complex discussion emerges when considering normalization of complex mea-
surement expressions involving number ranges. Namely, how to approach normali-
zation of expressions such as more than three square miles or up to 100 kilometers
per hour? Given all these open and difficult issues, we chose to omit normalization
from the scope of the current implementation.

Measurement expression normalization issues and other future work plans are also
additionally discussed in the closing section of the paper. In the following section,
we proceed with a description of experiment setup and a discussion of obtained re-
sults.

3 Experiment and results

The experiment was conducted using the Southeast European Times newspaper
corpus (cf. Bekavac et al. 2008 and http://www.setimes.com/). For each of the lan-
guages, Croatian and English, the test sample consisted of approximately 1745 ar-
ticles or approximately 330.000 tokens. No linguistic pre- or post-processing other
than the one provided by Croatian and English lexical resources for NooJ was con-
ducted or used throughout the experiment, indicating low resource requirements of
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the module. The module was run on this corpus and evaluated manually. The results
are presented in table 1.

Before discussing the results in more detail, it should be noted that the absence of
gold standard corpora for Croatian and English, annotated with measurement ex-
pressions, required us to manually evaluate the module. In turn, manual evaluation
made it very difficult (or virtually impossible) to calculate recall on such a large
collection given the time and other constraints. Therefore, results are here presented
in terms of overall system accuracy or precision on different measurement classes
and overall, i.e. average precision scores for the two modules, rather than using the
harmonic mean constraining precision and recall, i.e. the F1-measure.

Unit English Croatian
Length 90.62 100.0
Area 97.37 100.0
Volume 100.0 100.0
Mass 100.0 94.12
Pressure 100.0 100.0
Speed 100.0 100.0
Temperature 100.0 46.15 (80.77)*
Average 98.28 91.48 (96.41)*

Tablel. Module precision

On both Croatian and English texts, the overall accuracy of the module is rather
satisfactory, as are the individual scores on the seven distinct unit categories. It
should be noted that scores on detecting and classifying expressions involving tem-
perature in Croatian texts were somewhat unexpectedly degraded by encountering
articles reporting about earthquakes. This was due to the recall-raising relaxed rules
that incorrectly classified expressions such as pet stupnjeva (en. five degrees) as
denoting temperature within expressions such as pet stupnjeva po Richteru (en. five
degrees on the Richter scale). Bracketed scores indicate the Croatian module per-
formance when correcting these errors in favor of precision. Including earthquake
magnitude and similar measures in the local grammar cascade would also resolve
the issue. However, as the scope, i.e. overall goal of this experiment was to illustrate
general principles of measurement expression detection using local regular gram-
mars in NooJ and to apply an implemented prototype on Croatian and English
newspaper texts, we excluded further classes of measurement units from the pre-
sented implementation. Our future work plans might include expanding the overall
coverage of measurement unit classes, while the presentation we lay out here might
serve as a guideline for prospective readers attempting to implement more complex
systems for measurement expression detection.
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Besides calculating overall accuracy of the system, we investigated some general
properties of errors for both languages. In English texts, it was interesting to note
how expressions such as 50 meter butterfly or 7.65 mm pistol were classified as
length expressions. Classifications of this type are linguistically sound, being that
expressions from the examples are indeed valid measurement expressions, taking
part in assembling other higher level expressions. However, from a point of view of
e.g. specific information retrieval and/or extraction tasks, it could be fatherly argued
as to whether detecting such constructs as measurement expressions is indeed useful
with regards to overall goals of the larger scale natural language processing system.
Indicative errors include expressions such as additional one hundred meters every
day (speed, not length) or a person can have one foot in the sea (not length). Errors
on Croatian text exhibited similar properties when compared with the English mod-
ule, including the before-mentioned issue regarding misinterpretations of earthquake
magnitude expressions.

4 Conclusions and future work

We presented a NooJ module for detection and classification of measurement
expressions in Croatian and English newspaper texts. Its overall accuracy peaked at
around 96 and 98 percent, respectively. Further work on the module might include
approaches to internal (NooJ) or external (cf. Bekavac et al. 2009) normalization of
measurement expressions for specific IE/IR tasks. External normalization within the
referenced paradigm would include designing a measurement expression detection
module in INTEX/NooJ, exporting it to a grammar file using one of these develop-
ment environments and developing additional features, such as expression and unit
normalization in one of the programming languages supported by our engine pre-
sented in (Bekavac et al. 2009). Such an approach would require fine-tuning the
engine to fully support measurement expression detection, as its current version only
supports named entity recognition and classification in Croatian newspaper texts.

Other research paths might also be undertaken in order to additionally improve the
prototype presented here. Other classes of measurement units — earthquake-related
units, units denoting power and energy, etc. — might be included by implementing
additional cascades of local regular grammars, thus creating a system able to detect
measurement expressions beyond the scope of newspaper texts.

Modules for languages other than Croatian and English might also be implemented
using the same design principles and available language resources within the IN-
TEX/NooJ development environment.
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