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Abstract

The requirements elicitation process is particularly 

difficult in Global Software Development (GSD) 

environments owing principally to cultural differences 

and communication problems derived from the 

geographical distance that separates stakeholders. For 

this reason it is necessary to train professionals in the 

skills needed to confront a requirements elicitation 

process in a GSD environment. In this paper we 

present the generic and specific competences derived 

from our review of literature that a software engineer 

must have if s/he is to carry out requirements 

elicitation. We have used these skills to design a tool to 

support the teaching of requirements elicitation in 

GSD. This tool is a simulator which, by using virtual 

agents, will enable students and professionals to 

acquire a subset of the skills necessary for 

requirements elicitation in GSD.  

1. Introduction 

Global Software Development (GSD) [1, 2] is one 

of the current trends in software engineering. GSD has 

grown considerably in recent years due to the culture 

of globalization [3, 4] and other factors such as off-

shoring [5, 6], and it will continue to do so, as for 

businesses it implies a means through which to reduce 

development costs whilst maintaining the level of 

quality [7]. However, its practice is causing some 

problems, which are widely referred to in literature [8] 

(i.e. cultural difference, inadequate communication, 

time difference and trust).   

With the arrival of GSD, the teaching of 

requirements elicitation must be adapted to fit to 

changes in industry. 

One challenge in the teaching of requirements 

elicitation in GSD is that of succeeding in giving the 

student the chance to learn from concrete experiences 

which are closer to real work. To do this, it is 

necessary to develop teaching strategies for active and 

collaborative learning [9], with which students learn by 

doing instead of just listening to an expert talking 

about his/her experience. 

The techniques that are commonly used with such 

an aim are: project-based learning [10], in which 

students participate in teams, in order to solve a 

problem; and role playing games [11-13], in which 

students play a role (software engineer, client, user, 

analyst, etc.) in a simulated requirement elicitation 

scenario.

Different strategies have been defined to confront 

the challenge of teaching and training software 

engineers to work on GSD projects. These are: 

curricular changes [14-18], a closer interaction 

between industry and the academic world [19], joint 

software projects between universities from different 

countries [20, 21], and postgraduate specialization 

[22]. 

However, there are certain problems in putting 

these strategies into practice such as the difficulty in 

finding companies who are willing to invest time and 

resources in a joint education project with universities, 

or the students’ lack of experience, which may be a 

very high risk factor for real projects. 

In order to obtain professionals who are trained in 

the process, and who are capable of accomplishing 

top-quality requirement elicitation and even 

confronting the difficulties of GSD environments, the 
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various dimensions of teaching must be adjusted: 

contents, learning tools, learning techniques, 

assessment strategies, learning outcomes and 

professional competences.  

In this context, defining the professional 

competences which are necessary for software 

engineers to be able to work in GSD environments is 

fundamental, since it will allow us to have clear ideas 

about the professionals the industry needs so as to 

define the correct contents, learning tools and the other 

dimensions we have previously mentioned. 

In this work we present the generic and specific 

competences derived from our review of literature that 

a software engineer must have if s/he is to carry out 

requirements elicitation. We have used these 

competencies to design a simulation environment that 

permits the support of the training of engineers in the 

global requirements elicitation process.  

This simulator may be a prior step towards 

students’ participation in real projects developed 

between universities and the GSD industry. In fact, the 

experience acquired with the simulator would diminish 

the risk of non-qualified people being involved in real 

projects. Furthermore, a virtual industrial partner is 

provided by means of the simulator for universities 

that do not have one. 

In the following section we describe the virtual 

environment that we propose, and the competencies 

that will be supported. Section 3, shows the technology 

for implementation, Section 4 describes related works, 

and in Section 5 we present our conclusions. 

2. Proposed simulator 

We propose a simulator of the requirements 

elicitation process in the global context in which the 

student (taking on the role of a requirements engineer) 

interacts with various stakeholders which will be 

virtual humans and/or real humans, in order for them 

to obtain the functional and non-functional 

requirements of the software to be developed. 

Simulation is a technique which has been used in 

teaching for many years. It is successfully used, for 

example, in medicine [23] and aviation. Its main 

advantage is that it allows students to train themselves 

without the risk of a real environment, and at a lower 

cost.

2.1 Management scenarios 

The simulator will allow the professor to create new 

scenarios, indicating the description of the scene, the 

virtual agents to be used, his personality and culture.  

The lessons are aimed at specific issues of 

requirements elicitation in GSD in order to confront 

students with difficult common situations.  

The scenarios can be grouped into modules in order 

to facilitate their administration. The teacher can 

create, modify and delete training scenarios and 

educational modules. 

2.2 History Review

Initially, the students must enter their data with the 

aim of tracking the learning process. The system must 

then show the different lessons or units that it has 

developed, showing their results. In addition, the 

system must permit a review of the history of talks 

with each of the stakeholders.

The teacher must access this information for each 

student, along with a statistical summary of the 

evaluations obtained by each of his/her students in a 

given course.  

2.3 Execution of training scenario

Another capability of the system will be to show the 

lessons that it has not developed, allowing the student 

to select any of them.  

Figure 3 presents the steps for the development of a 

scenario.

When students perform a lesson selection, the 

system must submit the context of the problem in 

which the elicitation is developed and show the 

participant stakeholders and their roles. 

Figure 3. Steps for the development of a 
scenario

The students may carry out the requirements 

elicitation both individually or as members of a 

requirements elicitation team. This team may be made 

up either of virtual agents or humans. 

Through interviews with the various stakeholders 

(which may be of different nationalities), the student 

should elicit customer requirements. We wish to 

enhance capacity building for developing interviews 

since, according to a systematic review in [24] and the 

empirical study in [25], this technique is more 

effective.
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With the end of being evaluated (see Section 3.4), 

the student will document the requirements, respond to 

a questionnaire relating to the scenario which has taken 

place, and will then finalize the scenario.

2.4 Evaluation strategies 

The students should prepare a list of requirements, 

both functional and non-functional, which should be 

sent to the system for its validation at the end of the 

simulation with the purpose of measuring the quality 

of the work done by the student. The system should 

provide an interface for keeping a list of the student’s 

requirements (see Figure 4). The imput of the 

requirements will be limited by a structured set of 

sentences similar to a requirements pattern with the 

intention of easing automatic validation.  

The requirements document will be checked to 

detect faults such as: ambiguous requirements, non-

existent requirements, unspecified requirements, etc.  

Besides this evaluation, the system will also record 

the questions that the student has formulated in an 

inadequate way with regard to the cultural differences 

and protocol of communication (manner of greeting 

and taking one’s leave, degree of formality informality 

etc.).

In addition, the simulator will validate the student’s 

work by means of a questionnaire which will be 

designed by a profesor to evaluate the knowledge that 

the students have acquired whilst taking part in the 

scenario. This evaluation is optional. 

Figure 4. Prototype of requirements 
documentation interface 

2.5 Architecture of simulator 

The architecture of the simulator is divided into 

three layers: User interface, Services and Data access 

object. The aim of this separation is to facilitate the 

implementation of different types of user interfaces, 

such as desktop, or web interfaces between systems. In 

addition, the layer of data access objects permits the 

minimization of the existing coupling between the 

application and the DBMS used. 

Figure 2 show the architecture of our simulator.  

Figure 2. Architecture of the simulator. 

The user interface layer is made up of the following 

components: 

 Scenario administrator, which permits the 

creation, modification and deletion of a scene. 

 Scenario execution, which enables scenario 

training. 

 History review, which allows a review of the 

scenarios that have been implemented and all 

the information generated during its execution. 

 User administrator, which enables the creation, 

elimination and modification of user accounts.  

 Evaluation, this component allows students to 

complete the evaluation questionnaires, and 

they may enter the requirements document they 

have produced. 

 The components of communication, instant 

messaging, Telephone, Video Conference, and 

email which will permit a natural 

communication between the student and virtual 

agents.
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The service layer is designed to process the data 

obtained from the user interface layer. This layer is 

composed of: 

 Scenario Service, which provides services to 

components: execution scenario, scenario 

administrator. 

 Evaluation Services, which services the 

evaluation component of the user interface 

layer.

 History review services, this component 

provides services to the History review 

component of the user interface.  

 Agent interaction service, which is the main 

component of our architecture. This is where 

input from the user during conversations with a 

virtual stakeholder (virtual agents) is 

interpreted. This component is made up of the 

following: 

 Agents Execution, this component provides 

answers from a particular agent to 

questions from the user. The input is a text, 

and the output is another text.  

 Communication controller, this component 

is the link between the communication 

interface between the user and the virtual 

agent. The following component parts are 

used according to the type of user interface 

with which they do or do not interact: 

avatar, speech recognition, speech 

synthesizer.  

 Avatar, this component generates a 

graphical representation of the virtual 

agent for use in a video conference.

 Speech Recognition, this component 

converts audio to text by means of voice 

recognition. This component is used in a 

phone call or in a video conference.  

 Speech Synthesizer, this component 

converts the text into an audio file. This 

component is used in a phone call or in a 

video conference. 

The persistance layer is in charge of providing the 

the services which are necessary to create, modify, 

eliminate or consult the information stored in the data 

base and in the knowledge base.  

3.6 Competencies to be developed by the 

simulator

The intention of this simulator is not that of 

developing all the competencies which are necessary 

for requirement elicitation in GSD, but only a subset of 

them. These are:  

2.6.1 The ability to prepare an interview, taking 

into account such factors as the differences in the 

stakeholders’ cultural and language. The theoretical 

aspects of how to prepare and carry out an interview 

will be studied by the students befote they use the 

simulator. Their competency will be evaluated by 

reviewing the record of the conversations that have 

taken place between the student and the various 

stakeholders. Automatic evaluation will be limited to a 

set of patterns which this virtual agents are able to 

detect, and the evaluation must eventually be 

completed by the professor.

2.6.2 Elicitation (in a GSD environment) of real 

requirements based on stakeholder’s needs using an 

Interview Technique and computer mediated 

Communications. The student will be trained in this 

competency through his/her interaction with the virtual 

agents. Each scenario will be directed towards a 

specific problem in GSD requirements elicitation, 

simulating the manner in which this competence is 

acquired in professional practice. In order to evaluate 

this competence, when defining the scenario the 

professor will indicate which are both the functional 

and non-functional requirements that the student 

should attain. The simulator will contrast the student’s 

requirements specification with that defined by the 

profesor. As has previously been mentioned, the 

requirements definition will take place with the use of 

a structured language which will ease said comparison.

2.6.3 Specification of functional and non-functional 

requirements for different types of Systems, taking 

into account the quality requirements attributes. In

order to attain this competence, the student must know 

the quality standards for requirements definition. 

Although the requirements specification will be 

structured, we are contemplating the incorporation of 

patterns in the simulator which will low quality 

requirements.  The simulator will know which patterns 

permit it to give an automatic response concerning the 

quality of the request specification, although the set of 

patterns recognized by the simulator will be limited. 
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5. Related Works 

Reference [26] shows an Educational Virtual 

Environment EVE which uses a Virtual Human with 

the goal of training students in the Arabic language 

and in Arabic cultural familiarization. 

As in this environment, our proposal aims to teach 

these cultural differences with regard to the major 

cultures involved in the GSD (The West, India, and 

China). 

Another EVE appears in [23] in which the virtual 

Human is used to simulate the patients who are 

interviewed by medical students. The interaction 

between the virtual patient and the students is that of 

talking in a natural manner. 

Within the scope of education in software 

engineering, reference [27] presents a simulator which 

allows students to assume the role of a software project 

manager. In this simulator, the student uses a textual 

user interface to hire or lay off employees, and s/he 

may be asked to perform any tasks that are useful in 

software development such as preparing requirements 

specification, reviewing the design document, or 

testing the code [27]. Most of the messages obtained 

are statements from his/her ’employees’, such as “I 

have completed the specification”, or “During the tests 

I found x errors” [27]. The student must carefully 

review such statements and react in an appropriate 

manner, because this is all the information that the 

simulator has delivered. When the game has finished, 

the player receives his scorecard and domestic 

variables can be analyzed to evaluate his/her 

performance [27]. This work is similar to that which 

we propose but in a different context, which changes 

the objectives of the learning: we focus upon education 

in the requirements elicitation process and not upon the 

software project administration process. 

6. Conclusions 

GSD is a current trend, which greatly influences the 

way in which software is developed. This requires 

universities and the software industry to rethink the 

way in which software engineers are taught and 

trained.  

In this paper we present the generic and specific 

competencies derived from our review of literature that 

a software engineer must have if s/he is to carry out 

requirements elicitation.  

From these competencies we have designed an 

architecture for a tool with which to support the 

teaching and training of requirements elicitation in 

GSD. This tool is a simulator which, by using virtual 

agents, will enable students and professionals to 

acquire a subset of the skills necessary for 

requirements elicitation in GSD, such as: the elicitation 

of real requirements based on a stakeholder’s needs 

using an Interview Technique and computer mediated 

communications, the ability to work in an international 

context, the understanding of the cultures and customs 

of other countries 
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