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Abstract Localization can be an important work step for 

software development with a considerable impact not only on 

success, but also on cost and quality. To facilitate localization, 

a number of tools exist. In particular in the area of computer-

assisted translation, data analysis is used to aid in the work of 

the translator. In this paper, we propose to apply data mining 

to assist in the localization of software elements beyond text 

translation, such as colors, symbols and images. In particular, 

we propose to apply data mining to make the most of available 

resources on the internet and treat them as distributed 

databases. 
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I.  INTRODUCTION 

The World Wide Web plays the fundamental role of 
medium for international communication, participation, and 
transaction. The characteristics of the Web, its tools and 
technologies support and stimulate the evolution of methods 
and techniques for interface design for multi-cultured 
environments [1]. However, in order to guarantee an 
international usability, the software applications have to be 
designed in a culture-oriented way [2][3].  

To design and develop global products means in fact to 
a) extend it to different international contexts, b) to make it 
able to handle various languages and conventions, c) to 
localize it according to specific cultures, and d) to translate it 
in the proper languages. 

Up to now many efforts have been made in the field of 
machine-based translation, and data mining techniques are 
widely used to this end. However, other aspects related to 
cultures that are not related to the languages are not yet taken 
into account.  

The contribution of this paper is twofold. First, we 
highlight the challenges that emerge from the current asset of 
Web, its global access and the spread of its technologies. 
Second, we propose a data mining application for the 
localization of software applications which is able to make 
the most of available resources on the internet and treat them 
as distributed databases.  

This paper is organized as follows. Section II illustrates 
the theoretical and practical backgrounds in the field of 
global design and localization. Section III presents a review 
of the current tools of Computer-Assisted Translation. In  
section IV, the challenges that arise from global software 
design are highlighted and a proposal about the 

implementation of data mining tools is presented. Section V 
closes the paper proposing open questions to be addressed in 
future development of this research. 

II. GLOBAL DESIGN AND LOCALIZATION 

In the global software design literature, many definitions 
of culture have been given. Yeo [5]  defined it as “behavior 
typical of a group or class (of people)”; Bødker and Pedersen 
[6] defined culture as “a system of meaning that underlies 
routine and behavior in everyday working life”; while for 
Borgman [7], culture includes “race and ethnicity as well as 
other variables and is manifested in customary behaviors, 
assumptions and values, patterns of thinking and 
communicative style”.  

The literature about culture and its meaning shows that 
for a long time, this topic has been discussed in the field of 
computer science. However, the outcomes of these 
discussions are still limited and have not been applied 
concretely and completely to software design and 
development. Our effort in this research area is to study, 
propose and develop methods and techniques able to respond 
to the challenges that emerge from the global design context 
in semi-automatic ways. We consider it in fact necessary to 
involve experts in localization to validate the results of 
automatic tools, because the human knowledge and expertise 
has to be reinforced and not replaced. Our work stems from 
the study of the literature about culture, cultural dimensions 
and localization methodologies and best practices that 
already exist and that we describe in what follows. 

A. Cultural Dimensions 

In literature, various cultural models have been proposed 
and each of them is described by a set of cultural dimensions 
[8][9][10][11][12]. The most adopted and discussed 
classification of cultural dimensions is the one proposed by 
Hofstede [12], by which he recognized five main 
dimensions: 

 Small vs. large power distance: measures the extent 
to which the less powerful members of organizations 
and institutions accept and expect that power is 
distributed unequally.  

 Individualism vs. collectivism: measures the degree 
to which members of organization and institutions 
are integrated into groups.  

 Masculinity vs. femininity: measures the distribution 
of roles between the genders. 
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 Weak vs. strong uncertainty avoidance: measures to 
what extent a culture prepares its members to feel 
either uncomfortable or comfortable in unstructured 
situations. Uncertainty-avoiding cultures try to 
minimize the possibility of unknown and surprising 
situations by strict laws and rules, safety and security 
measures, and on the philosophical and religious 
level by a belief in absolute Truth. Uncertainty-
accepting cultures are more tolerant of opinions 
different from what they are used to; they try to have 
as few rules as possible, and on the philosophical 
and religious level they are relativist and allow many 
currents to flow side by side. 

 Long vs. short term orientation: measures to what 
extent a culture respects values associated with long 
term orientation or short term orientation. Long term 
orientation values are thrift and perseverance, while 
values associated with short term orientation are 
respect for tradition, fulfilling social obligations. 

Several studies have shown how these five cultural 
dimensions, which classify a person’s cultural background 
into certain scores, relate to certain aspects of a user interface 
[13][14][15]. One of the most interesting categorizations is 
the one given by Yeo [5] that categorizes the factors needed 
to be addressed in global design processes into covert and 
overt. Overt factors are tangible, straight forward and 
publicly observable elements. Some examples are date, 
calendars, time, address formats, character sets, punctuation, 
and currency. Covert factors are those elements that are 
intangible and culture-dependent. Colors, sounds, metaphors 
are examples of covert factors.  

B. GILT Methodological Model and Best Practices 

The design and the development process of global 
products passes through the performance of four distinct 
activities [16]: globalization, internationalization, 
localization, and translation. These four activities constitute 
the so-called GILT methodological model. 
Internationalization is an activity that is performed 
independently by localization and translation, because it 
affects the structure of the product under design and 
development and not its content. Translation is included in 
localization because it represents just one of the actions 
required to localize a product. An example of 
internationalized and localized Website is Wikipedia, as 
shown in Figure 1. 

The localization activity is detailed in [17], by separating 
it into two distinct components, content and package. 
Content is defined as the linguistic structures, while package 
is the set of all the non-textual elements and the media 
through which the content is distributed. After Esselink [4], 
globalization “addresses the business issues associated with 
taking a product global. In the globalization of high-tech 
products this involves integrating localization throughout a 
company, after proper internationalization and product 
design, as well as marketing, sales, and support in the world 
market”. Globalizing means therefore the extension of a 
product to different international context, with the aim of 
making it usable by the different potential users.  

 

 
Figure 1. Two localizations of Wikipedia: (a) English and (b) Arabic. The 

organization of the page follows the writing direction of the language (from 
left to right for English and from right to left for Arabic). 

 
Internationalization is “the process of generalizing a 

product so that it can handle multiple languages and cultural 
conventions without the need for re-design. 
Internationalization takes place at the level of program 
design and document development”. Localization “involves 
taking a product and making it linguistically and culturally 
appropriate to the target locale (country/region and language) 
where it will be used and sold”, while translation is “only 
one of the activities in localization; in addition to translation, 
a localization project includes many other tasks such as 
project management, software engineering, testing, and 
desktop publishing”. While translation is aimed at 
maintaining the meaning of original information by exposing 
them in different languages, localization transforms the 
information in equivalent ones but adapted to a different 
culture. 

As suggested by [18], in order to develop software 
suitable for the global market, a two-step process is needed: 
internationalization of the software first and its localization 
next. In [19], a cross-cultural checklist that should be 
considered by interface designers is given. The authors 
consider several key factors: 

 Text: a simple translation is not enough, many 
aspects should be taken into account (e.g. jargon, 
character sets, numbers, date, time formats). 

 Images: images represent the visual language of a 
culture and therefore not only image recognition but 
also image acceptability problems should be 
considered. 

 Symbols: as for images, also symbols have to be 
acceptable for the target culture. 

 Colors: as pointed out in [20][21][22] interpretation 
of colors varies in the various cultures. Colors play a 
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fundamental role in interface design because they 
convey information, and therefore they need to be 
chosen very carefully. 

 Flow: the writing system of a language and therefore 
its reading/writing direction affects the way in which 
the information is recognized by users on a screen. 
Hence, the logical flow of what is represented on an 
interface should follow the proper directions. 

 Functionality: sometimes functionalities 
implemented in software application are not 
accepted in some cultures because they do not 
respect the cultural conventions that the user needs. 

III. CURRENT SOFTWARE TOOLS 

A number of software tools are available to assist 

translators in their work. These tools are exclusively aimed 

at text translation. Their use is commonly called Computer-

Assisted Translation (CAT), the software suites 

incorporating them are usually referred to as Translators' 

Workbenches. Most of these software tools are centered on 

extended data collection and database searches and fall into 

the following two rough categories: 

 Translation Memories (TMs), also called repetition 
manager, store previously translated content and 
keep it accessible for future use by the translator.  

 Machine Translation (MT) employs computer 
algorithms to derive translations.  

A. Translation Memory 

Nowadays, the use of TMs is widespread throughout 
commercial translation [23][24]. A number of commercial as 
well as free translator workbenches are available [25]. Often, 
the TMs in these come with tools which automatically scan 
the text of source documents and provide close matches 
found in its database. Provision of such suggestions can save 
the translator precious time not having to look up previous 
translations, while at the same time increasing translation 
consistency. Accordingly, Schäler [26] has found that usage 
of such tools provides the following benefits: 

 Speed up the translation process. 

 Improve translation quality. 

 Reduce translation cost. 
However, Ottman [27] argues that the use of TMs introduces 
an additional source of translation errors through incorrect 
context. As a consequence, she argues that additional quality 
assurance might be necessary. 

B. Machine Translation 

Broadly speaking, there are two approaches to MT. 

Rule-Based Machine Translation (RBMT) aims to translate 

text through the use of dictionary and grammar encoded as a 

program. Statistical Machine Translation (SMT) compares 

the source text with existing bilingual text to derive a 

translation of the source text. Combinations of both 

approaches exist. 

For the context of this article, only SMT is of interest. 

This approach relies on analysis of text which is already 

available in different languages, similar to the Rosetta stone. 

The results of this analysis are then used to translate new 

source texts. 

The potential use of MT as tool for translation has been 

understood early on [28][29]. However, pure machine 

translation still requires extensive human review due to 

prevalent quality issues [30]. Elsen [31] states that MT has 

the potential to increase translation speed while at the same 

time reducing translation cost. Although he asserts that MT 

should be particularly applicable to short and simple text, a 

requirement satisfied by typical user interface text, he 

concludes that placeholders would pose additional 

difficulty. An example of MT tool is given in Figure 2. 

 

 
Figure 2. Google translate, one of the most used MT tools available online. 

IV. CHALLENGES IN DATA MINING AND LOCALIZATION 

While the tools mentioned in the previous chapter can be 

employed for software localization, they will be of 

assistance only for text translation. The remaining visual 

elements described in chapter II are not covered by these 

tools.  

From our experience in localization and 

internationalization and from the critical analysis of the 

literature, the need of semi-automatic tools to support the 

software developers in choosing the right visual elements is 

strongly emerging.  

However, we consider the localization process as an 

activity that should be managed by an interdisciplinary 

team: developers are in fact not able to deal with cultural 

issues alone and they need to work together with translators, 

ethnographers, and other experts. This is the reason why we 

are not promoting the development of automatic systems but 

of semi-automatic systems that should be designed to help 

the team and not to substitute the human tasks. The 

experience and background of all the stakeholders in the 

localization team should be exploited and applied to the 

cases at hand. In the category of visual elements, we 

consider all the elements that could be part of an interface 

and are not textual, e.g., colors, pictures, symbols. 

Ryan, Anastasiou and Cleary (2009) suggested use of a 

Localization Knowledge Repository (LKR) to facilitate 

localization of such elements. 

The goal of this paper is to propose the adoption of data 

mining techniques to address the challenges that emerge 

from the state of the art in localization and 

internationalization. Data mining could be in fact the good 

means by which to derive from existing applications the 

rules to be used for the design and development of new 

ones. 
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We identified three main challenges that are related to 

the choice of colors, symbols, and images. A data mining 

tool could be used to make comparisons between the various 

localized instances of internationalized application in order 

to derive some cultural rules that regard the use of colors 

and the appropriate symbols and images to be used. For 

instance, by comparing two instances of the same Website, 

one localized for a culture and the other localized for a 

different one, we could observe the different choices made 

in order to deliver the same meanings but using different 

visual elements. Clearly, such kind of analysis could be 

significant only if applied to a large number of software 

applications. Another help could be given by the analysis of 

the meta-tags included in the code of the websites which 

could add some information about context and content of 

the application. 

For our proposed application, we suggest the use 

knowledge discovery and known techniques of software 

mining on the code level. Specifically, software is mined for 

patterns at the user interface and data level, possibly also at 

the business code and statement level. Treatment of 

individual elements would differ on element complexity. 

For example, color can be normalized into RGB codes. 

More complex elements such as symbols and images would 

require additional processing, for example via image 

recognition. Similarly, mining internationalized software 

would differ marginally from mining non-internationalized 

software insofar as different releases or (language) versions 

might have to be processed in case of the latter. However, 

both could feed into the resulting data sets. 

This software mining will enable the creation of 

association rules between software properties or elements 

marked through markups, meta-tags, and localization 

implementations. Additionally, it is conceivable to use 

surrounding code as marker. After normalizing those 

association rules, they can be applied to new, yet 

unlocalized applications. 

V. CONCLUSIONS AND OPEN QUESTIONS 

In this paper, we discussed software localization and its 

facilitation by software tools. We suggested leveraging data 

analysis to provide culture-conforming colors, symbols, 

images etc. already during the design phase. 

The approach we suggested is obviously heavily 

influenced by statistical machine translation. As such, it 

shares its downsides, i.e. the requirement of identical 

documents for different languages or cultures. As we 

elaborated above, in order to be useful, these documents 

need to provide sufficient context information, for example 

via the use of meta-tags. Such explicit information can only 

be avoided if there is sufficient implicit data to ensure the 

appropriateness of an element’s or item’s translation in the 

given context. 

We firmly believe that the potential of data analysis 

methods for localization has not yet been fully realized, and 

that there are a plethora of opportunities to further simplify 

localization beyond the realm of text translation. 
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