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Abstract. Internationalization is a common practice today in software devel-

opment. In the most basic sense, internationalization is carried out by applying 

localization design guidelines to face language translation, icon representation, 

character sets and so on. However, this practice is mostly intended for design 

purposes, which results insufficient when applying internationalization in huge 

projects and, specifically, through a concrete development process. In this pa-

per, a broader framework is provided in order to ensure internationalization 

through a software development process. To this end, a set of activities and sub-

activities will be presented involving not only design but pre-development, 

analysis, implementation and evaluation issues that need to be considered for a 

right internationalization assurance in international software development. The 

idea behind is to bridge the gap between simple and usual localization activities 

and the user-centered software development process as internationalization as-

surance also helps increase the quality and usability of the software overall. 

Keywords: Internationalization, Localization, User-Centered Development, 

Usability, Software Engineering, Software Process. 

1 Introduction 

In a broad sense, software internationalization is garnering increasing attention from 

both industry and academy. A great variety of approaches have been proposed during 

the last years to deal with international software development aiming at the localiza-

tion of software for use in more than one country. In general, existing proposals are 

mainly based on recommendations and design guidelines that take into consideration 

different aspects such as language translation, icon representation, character sets, 

numbers and currency, time and measurement units, and so on [1-3]. However, inter-

national software development also requires other activities that should be conven-

iently considered and planned in order to systematically create international software 

with an acceptable level of quality. In fact, internationalization is not only related to 

the user interface of the application. Instead, producing international software in-

volves different technical and non-technical activities in addition to those intended to 

design the user interface. This way, internationalization issues should be addressed 

not only in the design and implementation stages of the development, but also in pre-
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development, analysis and evaluation stages, applying concrete activities to increase 

the quality of the resulting software through a user-centered development process. 

Among others, the mentioned activities should address issues concerning a suitable 

internationalization plan, multidisciplinary team building and user-centered analysis 

activities based on user, task and context study in order to conveniently separate func-

tional and non-functional requirements to produce successful internationalization 

goals. 

This paper proposes an explicit integration of several internationalization activities 

through a development process intended to produce usable software. To this end, 

specific stages and a set of add-on activities and sub-activities, in addition to the ones 

existing in conventional development processes for usable software, will be provided. 

Proposed sub-activities are intended for pre-development –before software construc-

tion, analysis –to categorize functional and non-functional internationalization re-

quirements, design, implementation, and also evaluation.  

The paper is structured as follow. Section 2 provides related work. Section 3 re-

ports on the main contribution of this paper, that is, the add-on activities and sub-

activities for the internationalization assurance through the proposed development 

process. Section 3 presents conclusions and future work.  

2 Related Work 

Development of international software often requires more than just dealing with 

language-related issues. In fact, it involves special needs of other countries and cul-

tures that have to be taken into account in the context of a software development 

model and not in isolation, as it usually happens. In general, most of the existing ap-

proaches only provide internationalization techniques to be applied when developing 

the user interface [1-3], or explicit relationships between cultural layers and design 

features in general product development [4]. However, little or no approaches have 

been proposed to integrate common internationalization user-centered activities with a 

software engineering process, which is the main strength of this paper. 

Some existing works can be considered of interest to facilitate such integration. For 

instance, one interesting approach to obtain contextual information and requirements 

in early development stages is cultural models [5], [6]. A cultural model compares the 

similarities and difference of two or more cultures by using international variables to 

organize cultural data involving national cultures, corporate cultures, the cultural 

diversity of groups of users, international markets, etc. Cultural information is useful 

to obtain the context of use necessary for early cross-cultural development activities 

[7]. In fact, knowledge about patterns of usage [8] and typical user goals may differ 

radically from country to country, and this information needs to be capture in advance 

to drive the development and design effective usability tests [9]. 

Concerning design, there is a larger number of existing guidelines involving inter-

national concerns. Those facilitate detailed design and implementation of localized 

software and user interface prototyping. To cite a few, Microsoft specifies interna-

tionalization as a combination of world-readiness and localization [10]. World-



readiness is a developer task, which enables a product to be used with multiple scripts 

and cultures (globalization) and separating user interface resources in a localizable 

format. On the other hand, the W3C Internationalization (I18n) Activity [3] includes a 

working group on addressing different languages, scripts, and cultures, and providing 

guidelines and specifications to ensure the internationalization of software. Other 

interesting works report on the icon and symbol design issues [11], the general impact 

of culture on the design of the user interface, specific Asian and Arabic concerns and 

the management and production of multilingual documents [1].  

As for evaluation, some existing approaches can be considered useful to be inte-

grated in a user-centered development process, such as the international inspection 

method [12] that involves having people from multiples countries inspecting the in-

ternational software and analyzing whether it would cause any problems in their 

countries of origin. Similarly, the international usability testing [1], [2] involves real 

international users testing the software, or doing it remotely [13] to reduce costs. All 

in all, cultural difference affects user research processes, and thus cultural effects 

should be taken into consideration in user testing [14] 

As for development processes, there are no specific approaches concerning interna-

tionalization. However, this paper proposes a development process model based on 

the usability engineering lifecycle ISO 9241-210 [15], which replaces the ISO 13407 

[16]. In contrast to the ISO13407, the new ISO 9241-210 proposes requirements (not 

recommendations, as in the previous version) for human-centered design activities. 

Such requirements imply to understand and specify the context of use (including us-

ers, tasks and environments), specify the user requirements in sufficient detail to drive 

the design, produce design solutions meeting the requirements, conduct user-centered 

evaluations of these design solutions and modify the design taking account of the 

results. Additionally, the new standard is based on the user experience. This way, the 

process is iterative, the design addresses the whole user experience and the develop-

ment team includes multidisciplinary skills and perspectives, which is well suited for 

international software development involving international stakeholders. 

3 A Process Model for Internationalization 

In order to tackle the development of international applications, the process model 

depicted in Fig. 1 has been proposed. It includes four main activity groups:  

 Pre-development, addressing initial activities of the software project such as pro-

ject planning, management and team building. 

 Development, where development activities take place. This is based on the ISO 

9241-210 iterative process, where the design solution is continuously evaluated 

and validated by the user after implementing the final system. 

 Post-development, including activates related to installation, operation and support, 

and maintenance until software retirement. 

 Integral, mainly related to general quality assurance and documentation activities 

that take place during the whole project.   



 

 

Fig. 1. Proposed process model as a framework for internationalization assurance 

3.1 General Process Model Activities 

Some of the activities outlined in the presented process model correspond to those 

usually specified in standards such as IEEE 1074-1997 [17], where activities are con-

ceived in a development-centered paradigm mostly intended for software engineering. 

Such common activities are shown in Fig. 1 grouped in project management, includ-

ing specific sub-activities such as project initialization, planning, monitoring and 

control. Similarly integral activities, mostly concerned with quality assurance, typical-

ly include software configuration management, documentation, and inter-stage evalu-

ation. Also, post-development activities involve different usual sub-activities that can 

be considered in any project affecting software installation, operation and support, 

maintenance for correcting and producing new releases and, finally, the software re-

tirement. Even though these mentioned activities and sub-activities are not specifical-

ly related to international software development, they have to be taken into account in 

the process model as international software development also involves different tasks 

needed to plan, control, install and maintain software.   

3.2 Specific Activities Proposed for the Internationalization Assurance 

Add-on activities proposed to ensure internationalization in the software development 

process are presented. To this end, proposed activities and sub-activities are given a 

clause, starting with IntA, IntB, IntC and IntD, to indicate pre-development, devel-

opment, post-development and integral activities, respectively (see Fig. 1), and thus 

enumerate each activity correctly in the software process. As commented before, such 

add-on activities complement others concerning software development that should be 

also taken into consideration for a complete software development. This paper only 



highlights the principal activities mainly related to international concerns to carry 

through internationalization and usability assurance. 

Pre-Development Activities (IntA). Table 1 depicts the activity grouping proposed 

for international software pre-development activities and sub-activities. Before soft-

ware development, various initial concerns need to be considered. First, the use of 

quality standards should be stated according to suitable normative such as ISO 9241-

210 to ensure usability and consider an iterative lifecycle with highly user participa-

tion (sub-activity IntA.1.1). Also, there must be specific procedures to manage the 

different international stakeholders involved in the project (sub-activity IntA.1.2) and 

communicate with them successfully. Besides, development team members should be 

selected according to specific internationalization requirements (sub-activity IntA.2.1) 

and assigned specific roles (sub-activity IntA.2.2). For instance, the development 

team needs someone who understands foreign languages and cultures and has a tech-

nical background. On the other hand, it is important to take advantage of the interna-

tional nature of the development team [18] to carry out international inspection when 

necessary. Finally, an internationalization plan should be also defined at the beginning 

of the project for both usability and internationalization concerns (sub-activity In-

tA.3.1), including specific activities through a convenient project scheduling as well 

as intermediate products and evaluations (sub-activity IntA.3.2). 

Table 1. Pre-Development Activity Grouping for International Software Development. 

Main Activities Sub-Activities 

IntA.1. Project Management IntA.1.1. Use of software quality stand-

ard for usability ISO 9126 and iterative 

lifecycle ISO 9241-210 

IntA.1.2. Stakeholder management ac-

cording to international requirements 

IntA.2. Team Building IntA.2.1. Members selection according 

to international concerns related to the 

project 

IntA.2.2. Assign specific roles to project 

team members 

IntA.3. Plan Main Activities and Prod-

ucts 

IntA.3.1. Plan internationalization user-

centered activities  

IntA.3.2. Concrete internationalization 

user-centered intermediate products and 

evaluations 

Development Activities (IntB). Table 2 depicts the activity grouping proposed for 

international software development activities and sub-activities. First, a suitable user-

centered development process should be considered in order to integrate international-

ization activities with a software process that enables the development of usable in-



ternational software. To this end, the ISO 9241-210 has been considered as a suitable 

framework to carry through the development of usable and international interactive 

software under a user-centered paradigm. The process model should be conceived as 

an iterative process, including highly user involvement in all development activities in 

order to ensure usability and internationalization at large. The proposed international-

ization sub-activities include the analysis of context of use to obtain cultural variables 

and identify global information (sub-activity IntB.1.1), as well as the way the user 

works (sub-activity IntB.1.2), which can be achieved remotely (sub-activity IntB1.3). 

Also, contrasting information between team members and users is necessary under a 

user-centered approach (sub-activity IntB.1.4). In addition, analyzing specific interna-

tional scenarios of use can report valuable information in the analysis stage (sub-

activity IntB.1.5). Additionally, user requirements elicitation is necessary in order to 

find out and categorize functional and non-functional requirements. This way, the use 

of human-computer interaction techniques such as Personas [19], [20] to create spe-

cific international profiles (sub-activity IntB.2.1) can be useful. Most of the existing 

bibliography encourages interaction design guidelines including cross-cultural issues,  

but even through these design guidelines are used, specific software requirements 

should be elicited, those involving functional and non-functional internationalization 

requirements (sub-activity IntB.2.2). For instance, a calculation based on specific 

currency affects not only to non-functional aspects of the application (presentation), 

but also to functional ones concerning operations that must be carried out using a 

certain currency format. In addition, the use of visual techniques to represent and 

validate requirements is necessary as an input for the design stage (sub-activity 

IntB.2.3).  

Concerning design activities, there have been a great variety of design guidelines 

and techniques that can be applied in this stage (sub-activity IntB.3.2), mostly related 

to language translation, icon representation, character sets, numbers and currency, 

time and measurement units and so on. However, it is necessary to specify some user-

centered activities integrated with the process model, such as the evolutionary proto-

typing (sub-activity IntB.3.1) and the linking to other usability activities that can be 

related to internationalization ones (sub-activity IntB.3.3) . 

With respect to evaluation activities, those should be also considered in order to 

provide quality and feedback to the iterative development process. To this end, the 

use of the cultural model previously selected can be useful to evaluate the effective-

ness of the international user interface (sub-activity IntB.4.1). On the other hand, the 

international inspection (sub-activity IntB.4.2) and the international usability testing 

(sub-activity IntB.4.3) are suitable methods to have a real perception of the interna-

tionalization degree of the software. This can be achieved using remote usability test-

ing with users living in their respective countries, which reduces testing costs. Also, 

intermediate products should be verified in order to ensure the resulting quality (sub-

activity IntB.4.4). This happens at all levels, for instance, the translation of all literal 

strings –i.e., translation verification testing, normally conducted by a person who 

knows the target language very well. Finally, the validation by international users 

(sub-activity IntB.4.5) in all products should be considered prior to the implementa-

tion stage. 



As for implementation activities, aspects concerning the programming language 

(sub-activity IntB.5.1) should be considered to optimize the code and meet the locali-

zation requirements. For instance, fonts and font sizes should be appropriate in the 

target language. Also, string size is important for the translation into the target lan-

guage. Same concerns should be considered for writing bi-directional text, display 

images with localized text, check environment variables such as date, time zone, cur-

rency, etc. In general terms, verified internationalization libraries should be used in 

the implementation stage (sub-activity IntB.5.2) whenever possible to facilitate pro-

gramming and increase the quality overall. Finally, a suitable international user doc-

umentation of the final product must be written and made it easy to understand ac-

cording to the target audience (sub-activity IntB.5.3).     

Table 2. Development Activity Grouping for International Software Development. 

Main Activities Sub-Activities 

IntB.1. Analysis of Context of Use IntB.1.1. Select a suitable cultural model 

to identify global information, cultural 

bias, metaphors and the degree of locali-

zation necessary 

IntB.1.2. Use of contextual inquiry to 

understand the user‘s work style and 

process 

IntB.1.3. Use of remote techniques to 

capture the user‘s interaction style by 

monitoring his/her behavior 

IntB.1.4. Check interpretations between 

international development team and the 

user 

IntB.1.5. Specify international scenarios 

of use 

IntB.2. Analysis of User Requirements IntB.2.1. Use of human-computer inter-

action techniques, such as Personas, to 

create specific international user profiles  

IntB.2.2. Splitting of functional and non-

functional requirements according to 

international issues 

IntB.2.3. Use of visual techniques to 

represent and validate requirements with 

international users and team members 

IntB.3. Design and Prototyping IntB.3.1. Evolutionary prototyping fo-

cusing on localization issues 

IntB.3.2. Use of international design 

guidelines and existing international user 

interface design standards 



IntB.3.3. Linking usability and interna-

tionalization design activities 

IntB.4. Evaluation IntB.4.1. Use of the selected cultural 

model to evaluate the effectiveness of 

the international user interface 

IntB.4.2. International inspection evalua-

tion method 

IntB.4.3. International usability testing 

IntB.4.4. Assessment of intermediate 

products  

IntB.4.5. International user validation 

IntB.5. Implementation IntB.5.1. Use of character encoding and 

environment variables suitable for local-

izing the final product  

IntB.5.2. Use of internationalization 

programming libraries whenever possi-

ble 

IntB.5.3. Produce suitable multilingual 

documentation describing the use of the 

final product 

Post-Development Activities (IntC). There are not concrete add-ons involving inter-

nationalization sub-activities for this group of activities. As it mostly depends on the 

type of software, it would be convenient, however, to facilitate the software installa-

tion and distribution to foreign countries, provide international users with the right 

formation to operate the software and carry out the similar aforementioned sub-

activities in the maintenance stage when a change occurs or when a new software 

release is planned. 

Integral Activities (IntD). Also in this case, there are not concrete add-ons involving 

internationalization concerns. It is worth pointing out, however, the importance of 

inter-stage evaluation to ensure a right process model sequence, as well as the inspec-

tions and revisions needed to check the process model’s inputs and outputs and the 

documentation of the project in order to improve its testability and maintainability. 

4 Conclusions 

Software internationalization is an important necessity today. In fact, applications 

should be developed paying attention to international aspects to be broadly used 

around the world and avoid the digital divide. This greatly improves the usability of 

the software overall. On the other hand, a great number of international sales depend 

on the international usability of products. Companies often have a very large propor-

tion of their sales outside their own country. This is the reason why specific activities 



and a concrete process model should be provided, in order to ensure the quality of the 

international software development. This research is concerned with the idea of de-

veloping international interactive software, but also with providing a usability and 

internationality assurance at the same time. To do so, this paper presents a framework 

to integrate specific internationalization activities in a user-centered development 

process, which is the main strength of this research. Specifically, this research sug-

gests concrete activities and sub-activities to plan and develop international applica-

tions, including pre-development activities before software construction, analysis 

activities to study the context and categorize functional and non-functional require-

ments involving internationalization, design and implementation issues, and also 

evaluation concerns that should be considered to ensure and provide feedback in the 

development model proposed based on a iterative usability engineering process ISO 

9241-210. 

As future work, the next steps to follow will consist in refining some sub-activities 

and incorporate others. In fact, it is planned to specify, for each internationalization 

sub-activity, concrete tasks, techniques, products and supporting tools in order to fully 

prescribe the process model. Another milestone is formally defining the international-

ity quality attribute by specific metrics to be measured throughout the whole software 

process and thus systematically control the internationalization assurance. 
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