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Abstract—In this paper we propose an educational framework for 
designing training courses which focus specifically on the 
problems entailed in Global Software Development (GSD). The 
main issues involved are related to cultural, language and 
communication problems. The principal element of the 
framework is VENTURE; a virtual training tool that enables 
learners to get immersed in realistic GSD scenarios. Using this 
tool, learners will come face to face with collaborative, 
organizational and technical problems of GSD by interacting 
with virtual participants in a simulation of people working 
together from locations that are distant from each other. By 
means of this framework we also establish the theoretical 
contents and procedures which would customize the courses for 
use in university settings or Master programs.  

We therefore consider that VENTURE is a suitable platform for 
developing the students’ skills in GSD and we believe that it will 
allow them to deal with real-world problems, thereby minimizing 
the effort and costs involved in course design.  

Keywords: Global Software Development, Engineering 
Education, Educational Framework, Educational Environment, 
Virtual Agents. 

I. INTRODUCTION 
The recognized benefits of Global Software Development 
(GSD) [1] have been a factor in the increase in its application 
in recent years. Participants involved in this activity must be 
trained in dealing with the specific drawbacks that also appear 
in this type of environments, however. The main problems are 
usually the result of  the distance that separates the virtual 
teams, as well as the time and cultural and linguistic 
differences that appear when distant members interact using 
communication and collaboration tools [2]. Traditional face-
to-face meetings are not the rule in distributed projects and 
interaction usually occurs through the use of communication 
tools [3]. That being so, communication and coordination 
become more complex than in traditional development. 

In GSD, it is difficult to reach a common understanding, 
since members from different countries interact using their 
cultural knowledge and communication styles [4] and interpret 
the communication from their particular perspective [5].  

Participants must know how to adapt their messages so that 
the interlocutor can understand them, without missing 
information or creating a misunderstanding [6].  
Software engineering students must be trained in the specific 
problems of GSD. This fact has led to the need for Software 
Engineering Education to be adapted, making it able to tackle 
the new challenges that GSD involves [3].  

In this paper, we present a proposal which aims to tackle 
current needs, by carrying out the following steps: (1) 
designing a framework to support the training of GSD, (2) 
building a graphical, interactive, educational and customizable 
simulator for training  in GSD (VENTURE), (3) developing a 
set of courses which include theory and simulation scenarios 
that also incorporate virtual meetings, (4) designing a proposal 
for evaluating the use of the environment by both students and 
instructors not only in actual software engineering courses, but 
also in formal out-of-class experiments, thus obtaining 
feedback on the educational aspects. 

The framework presented has the goal of giving training in 
GSD, with two basic objectives: the first is to provide 
theoretical and practical lessons that allow students to acquire 
communicative and teamwork abilities through the simulation 
of multicultural GSD environments. The second goal is to 
provide instructors with support. That would help them when 
designing both the theoretical content and the practical 
simulations that can be produced for training in different 
stages of GSD. The primary focus of all this is that of specific 
issues concerning differences in culture. 

The main component of this framework is VENTURE 
(Virtual ENvironment for Training cUlture and language 
problems in global softwaRe dEvelopment), a virtual training 
environment that places learners in a simulated GSD scenario 
in which they are involved in realistic experiences through 
their interaction with Virtual Agents (VAs) from different 
cultures. VAs have the advantage of always being available, 
meaning that users can work with this tool at any moment and 
at any time.  

VENTURE permits us to design virtual meetings and 
interviews in which the students interact with different avatars. 
The definition of the meeting is based on a workflow model 
containing the information required for the interaction. The 



aim is to provide training in cultural and communicative 
problems which occur when using written communication 
tools, such as e-mail and instant messaging.  

In order to achieve our learning scopes, a large part of our 
work consists in establishing a broad set of cultural problems 
that may appear in GSD. It also means measuring the degree 
to which these are affected by the different cultural 
dimensions set out by House [7], who presents a recent model 
dealing with cultural differences, defining eight dimensions: 
uncertainty avoidance, institutional collectivism and in-group 
collectivism, assertiveness, future orientation, human 
orientation, performance orientation, power distance and 
gender egalitarianism. 

Therefore, the goal is to establish the relationships between 
cultural problems and cultural dimensions. In doing so, we 
will be able to quantify the degree to which each cultural 
problems may appear during the training process, taking into 
account the particular cultures of the participants in the virtual 
meetings. 

This paper is organized as follows: Section II outlines the 
related works in the field of GSD training and education. 
Section III describes the virtual learning environment 
developed in the context of this research. Section IV explains 
the virtual interactions carried out through our environment. 
Finally, Section V gives some concluding remarks and Section 
VI gives an outline of our future work. 

II. RELATED WORKS 
In this section we summarize a rigorous literature review [8] 
that was performed to answer the following research question: 
What initiatives have been carried out in relation to GSD 
training and education? 

The different contributions towards Distributed Software 
Development, Open Ended Group Projects and Virtual Teams 
in the fields of education were also analyzed, since these are 
also connected with this context. 

A. Theoretical and practical approaches 
Most studies in the field of teaching and training GSD relate 
experiences in theoretical and practical classes in university 
degrees and masters programs which are adapted to the 
specific characteristics of globalization. These studies 
commonly report on joint courses with universities from 
different countries reproducing scenarios like those that can be 
found in industry, allowing students from different cultures to 
interact. By way of example, in [9] a European Masters 
program on Global Software Engineering involving several 
universities from different countries is presented. Another 
master course in the field of Computer Networks in an 
Internationally-Distributed Project-Based Course can be found 
in [10]. In this, students had to develop a software system 
involving learning to collaborate and take decisions in a 
distributed team. 

[11] describes a course in collaborative learning which 
addresses issues of GSD, such as those related to group 
decision support and the use of collaborative technologies. In 
this case, teams were designed according to the ability and 
skills of their members. Interpersonal qualities, as well as 

technical ones, were taken into account, so that teams had a 
comparable distribution of skills overall. Team members’ 
cultural and language backgrounds were also borne in mind in 
the design of this allocation, thereby obtaining multicultural 
groups and ensuring a realistic simulation of global virtual 
collaboration. 

A similar practice is described in [12], which presents an 
experience in which distant team members collaborated by 
documenting each task in a project, sending that electronically 
to the other university groups in charge of carrying out the 
tasks. 

The field of Open Ended Group Projects (OEGPs) supports 
a similar idea. OEGPs are make up a structure that is suitable 
for dealing with real-world problems and for developing the 
knowledge and problem-solving skills required in GSD [13]. 
One noteworthy experience is that presented in [14], which 
provides a flexible course that evolves with the assistance of 
an action-research program allowing improvements to be 
made through a combination of learning theories and 
stakeholder input. The introduction of an external mentor was 
useful in supporting the project leaders and other participants. 
It also proved to be helpful for improving the quality of the 
project results [15]. 

One of the important factors addressed here is the time that 
learners need to get a full understanding of the problem that 
has to be solved. Time for reflection and discourse is also vital 
in conveying the longer-range core of skills that students will 
require in their future professional careers. In [13] it is argued 
that OEGP educational environments are more appropriate 
towards the end of the education study program. 

Finally, we found some educational approaches in 
enterprises, such as a training course in a multinational 
organization that applies GSD [16]. In these cases, learners are 
put in contact with experienced colleagues; the greater 
availability of an experienced workforce makes the application 
of the concept of learning networks [17] possible. Learning 
networks consist of a way of teaching that takes advantage of 
the knowledge of workers in a company who can train learners 
in specific skills. 

B.  Learning environments 
Experimental and research environments were found. One 
example of this is the collaborative environment reported in 
[18], in which distributed teams are trained through the use of 
a set of tools (including chat, a scribble tool, an application 
sharing tool, a graphics tools for designing UML documents, 
etc.). In this category we also found the collaborative platform 
ClockingIT [19],  a customizable web-based platform that 
provides instant messaging features, task assignment and 
management, discussion boards, a file area and wiki pages. 
These wiki pages were essentially used to manage the 
knowledge and share news and information about the project. 
The platform is open-source and admits a certain degree of 
customization to adapt it to certain projects. Similarly, iBistro 
[20] is an augmented space in which distributed learners 
collaborate in the development of a software project and so 
“learn by doing”. 



[21] explores the interaction with avatar-based humans in 
virtual collaborative projects. Avatars can access a virtual 
room and may walk, run and show emotion by waving or 
smiling. This system allows collaboration skills and 
intercultural competence to be taught and learnt by performing 
real-time realistic activities.  

Teamlink [22] is a Collaborative Virtual Environment 
based on configurable avatars in a 3D virtual space. It supports 
icebreaking activities so that team members will be introduced 
to each other, establishing trust between virtual team members 
by using asynchronous communications. Another example is 
the collaborative virtual learning environment CURE [23], 
which uses virtual rooms for collaboration. These rooms may 
contain pages (content), communication channels (such as 
chat, threaded mailbox, etc.), and users, who will interact with 
other users located in the same room. 

Finally, we should mention the use of Jazz [24] a 
commercial collaborative development platform that supports 
certain functionalities of the development life cycle, such as 
source code repository, chat, web interface, report generation 
and work items, and which has been applied in GSD 
educational environments. 

C. Conclusions and Implications 
One of the problems as regards training in collaborative 
groups is that participants in educational environments are not 
always active. Some team members can have little motivation 
or inappropriate knowledge or skills to deal with the problem 
[25], resulting in inefficient conversations related to topics that 
are not related to the exercises. Another related problem is 
ineffective communication through chat or email, which 
produces missed deadlines. The use of the appropriate tools 
and environments employed to simulate realistic environments 
frequently entail technical issues [26]. 

As a consequence of all we have described, the teaching 
and training of GSD is a complex task that must be supported 
by practical experience. Reproducing GSD environments in 
educational contexts is difficult, however. Moreover, existing 
literature is generally oriented towards a specific stage of the 
software development, such as the requirements stage or 
software development [20], or towards familiarizing 
participants with the use of certain GSD tools  [27]. 

One of the most noteworthy subjects reported consists in 
improving formal and informal communication skills [28], and 
also in helping reduce the difficulties created by cultural 
diversity. It must be said, however, that giving training in 
dealing with these factors is complex, due to scheduling 
incompatibilities and the difficulty of working in conjunction 
with distant institutions [28]. What is more, systematic 
training in dealing with cultural and linguistic problems by the 
above means is difficult, ultimately. That is because during the 
interactions these problems may appear randomly, depending 
on the specific circumstances of certain settings [26]. On the 
other hand, these methods do not provide opportunities to 
make corrections, since teachers cannot attend all of the 
meetings and provide feedback. 

In other disciplines, such as in traditional co-located 
development, successful proposals exist, focusing on 

simulation. This allows students to practice realistic software 
engineering processes in a more rapid and efficient manner. A 
representative example is SimSE [29], an interactive game 
with a graphical user interface in which the simulated physical 
office is displayed, creating a fun atmosphere in which the 
students are penalized with a bad score when they do not 
follow proper practices. SimSE is designed to illustrate the 
particular software engineering process to students. These 
processes may be designed through a model builder, to 
simulate realistic conditions, in line with what research 
literature recommends on the matter. 

III. INTRODUCTION TO VENTURE 
In this section we present the main component of VENTURE, 
which consists of a platform that is integrated into an e-
learning system providing support to the GSD educational 
framework presented. 

This platform is intended to provide theoretical lessons and 
simulated practices in GSD, supported by a tool that simulates 
realistic GSD collaborative environments. The main novelty 
of this framework is the rigorous support for training in coping 
with cultural and linguistic differences. It also improves 
attitudes for collaborative group work in the context of GSD, 
without requiring real partners. 

VENTURE makes it possible to simulate GSD virtual 
meetings in which students interact with VAs using a common 
language (usually English). VAs will communicate with 
students in an autonomous manner, in an attempt to perform 
some tasks following the lessons and guidelines given in the 
theoretical lessons. Students thus face cultural and linguistic 
problems similar to those that appear in real environments.  

In class, teachers will provide students with the theoretical 
lessons on GSD activities for 2 hours per week. In the 
laboratory, students use VENTURE to get the theoretical 
material, as well as to execute the training scenarios through 
the chat and email simulators, interacting with teachers and 
other students using chat, email, wikis and forums. 
VENTURE also contains file repositories so that students can 
access the artifacts required for the training lesson and in 
addition they can upload their deliverables here.  

After studying these theoretical concepts, learners can 
continue with the practical part. In this regard, the simulation 
is based on a Problem-Based Learning (PBL) approach [30], 
in which learners are placed in a virtual training scenario and 
they work in the resolution of typical GSD activities by 
interacting with VAs of different cultures who will play a role 
in the scenario. 

The interaction between students and VAs from different 
cultures is supported by the user chat or email, in order to train 
both synchronous and asynchronous interaction. The scope for 
the students is to participate in a realistic software project by 
playing the different roles of the process, through interacting 
with the VAs. Each lesson has deadlines for the delivery of the 
practical material; these are established on a weekly basis. At 
the end of a course the student may also be asked to answer a 
questionnaire. 



The tool introduces students to the characteristics of the 
company in which they are working, supposedly, along with 
the project to be developed and their role. They are also given a 
software engineering task or a responsibility that they must 
accomplish, usually by interacting with other participants 
(actual or virtual). The instructor can model these scenarios so 
that the student can perform activities in any field of software 
engineering. 

The success of each practical deliverable depends on the 
quality and the adequacy of the communication with the VA, 
but it also depends on the technical skills of the student when 
carrying out the task. The virtual meetings are designed to 
reflect typical problematic or controversial situations of GSD 
and take into account common language and cultural mistakes, 
where students are encouraged to find the solution to the 
problems by interacting properly.  

Trainees have a weekly thirty minute chat scheduled, in 
which they must get as much information as possible by 
interacting appropriately in order to complete the exercises. 
Email can be also used to schedule meetings or obtain more 
information about specific tasks.  

 

  
Figure 1.  Process followed in our framework 

After this interaction students will generally complete 
some document, such as a requirement elicitation document, 
or they may develop some software in accordance with 
purposes of the scenario. The main objective is to minimize 
misunderstandings and to increase the performance of the 
students when dealing with cultural problems during the 
simulated conversations. That being the case, the courses are 
structured in such a way as to accomplish the following goals: 

- To encourage learning through peer-teaching and gain 
experience in collaboration with a group. Students are able 

to be in contact with their partners to resolve the problem 
scenarios. 

- To gain experience in the theoretical knowledge learned in 
class by applying it in practice. 

- To provide a well-organized setting with courses and 
training scenarios, which can be run at lower costs, thus 
removing the difficulties involved in coordination with 
distant members and reducing the teacher’s workload. 

- Incremental improvement of the framework with the 
incorporation of feedback, new material and training 
scenarios. 

- To provide students with experience in teamwork with 
people from a foreign culture through VAs. 
During the process, the instructors obtain feedback about 

the use of the tool and these results can be used to iteratively 
improve or modify the theoretical contents, the linguistic and 
cultural rules and the virtual meetings. The process described 
is detailed in Figure 1. 

IV. ARCHITECTURE OF VENTURE 
In the following sections details of the architecture of 
VENTURE are explained. 

A. Main components of VENTURE 
VENTURE presents a modular client-server architecture and 
is made up of a set of components as shown, which permits 
the design and development of GSD simulators by 
instantiating the modules presented in Figure 2. 

The server side consists of a web e-learning application, in 
which the students will access their available courses, made up 
of the following modules: 
Resources repository (1): Students can access the theoretical 
lessons assigned. A theoretical lesson can contain one or more 
practical activities, which usually consists of a virtual meeting. 
Tasks area (2): Specifying the practical lessons assigned, 
including the deadlines for the deliveries. Students can execute 
their activities, upload deliverables and review the evaluation 
and instructor’s comments for these activities. 
Forum and wiki module (3, 4): In which the instructors make 
announcements and students can interact with instructors and 
partners. 
Evaluation area (5): Instructors can design exams or 
questionnaires, grouped by thematic area, which serves to 
evaluate the students’ learning. These activities can also have 
a deadline and be limited in time. 

By considering this architecture, instructors can manage 
the training courses and the learners’ activities; they can also 
be aware of the status of the tasks and actions the learners are 
carrying out and they will be able to communicate with them. 
On the other hand, students can access the training materials 
and manage their assigned training scenarios, also accessing 
their information about their performance, deadlines, 
qualifications, historical actions. Students can also know 
which team members are online, receive news, share artifacts 
or fill out questionnaires and take exams.  

The client side is made up of two applications: Workflows 
Designer, which allows us to modify and design the practical 



training simulations (in the case of the instructors and scenario 
designers), and which lets the GSD Simulator execute the 
simulations (in the case of the students).  

With regard to the training of GSD skills, in the 
subsequent sections we set out the following components of 
VENTURE (shown in Figure 2): 
C1) Pedagogical module, with the theoretical materials 
adapted to GSD problems.  
C3) Cultural problems  module, including the problems of 
cultural distance. 

C2) Linguistic problems module, containing the rules which 
serve to correct the learners’ interaction. 
C4) Skills required in GSD repository, which will be used in 
the training scenarios. 
C5)Workflows Engine 
C6) VAs profile component, which will participate in the 
virtual simulations. 
C7) Virtual meetings engine, in charge of executing the virtual 
meetings. 
C8) Evaluation module, responsible for the evaluation process. 
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Figure 2.  Venture architecture 

1) Pedagogical module 
The contents of the theoretical classes are intended to improve 
the students’ ability to apply appropriate Software Engineering 
knowledge to solve problems similar to those that appear in 
GSD professional domains. 

This material is stored in the Pedagogical Module (6) and 
is structured  with reference to the different knowledge areas 
of Software Engineering, documented in SWEBOK [31]: 
software requirements, software design, software construction, 
software testing, software quality, software maintenance, 
configuration management, software engineering management 
and software engineering process. In addition, theoretical 
content in the different skills that are needed in GSD is 
provided, which will be assigned to each student depending on 
his/her profile. After executing a virtual training scenario, the 
evaluation module will indicate the student’s profile regarding 
his/her GSD skills. Taking into account the student’s 
deficiencies in certain areas, the Pedagogical module will 
assign a strategy to guide the learning process for that student. 

This strategy consists in assigning the theoretical lessons and 
practical activities designed to give training in those skills.  

The final decision about what lessons are assigned to the 
student is taken by the instructor, who can be in contact with 
the trainee and who may examine the logs of the practical 
sessions, which are useful for analyzing students' behavior.  
 

2) Cultural problems  module (7) 
A repository containing the description of the classic cultural 
problems and recognized differences that can affect 
communication and collaborative work. 

This module requires an in-depth study of the state-of-the-
art in the problems that derive from each particular culture. In 
this regard, some typical cultural problems that occur in GSD 
are: 

- Participants do not speak during team discussions until 
invited to do so, since this is not considered polite in some 
cultures [32]. 



- In other cultures, people tend to say that they have 
understood something when they have not, thus causing 
problems that may be detected too late [32]. 

- The ‘Mum Effect’ [33], refers to the tendency to cover up 
critical information or to distort negative news by 
presenting it as more positive information. However, 
getting timely and accurate negative information may be 
critical to the project’s success. 

- The use of direct or indirect style refers to the way in 
which people reveal their intentions or information. Being 
too direct may appear very rude for some cultures, while 
being too indirect implies an excessive deviation from the 
conversation that can be annoying for other cultures [34]. 
This knowledge is stored in a cultural database (8) which 

lists any kind of cultural problem regarding the cultures of the 
members that may be involved during a simulated 
conversation in VENTURE. The rules included are classified 
by the kind of problem that they deal with, along with a 
description of the difficulty, the relative seriousness of making 
each mistake and the actions that the VC will take to correct 
the student. The information contained in this database can be 
managed by the instructors through the Rules Editor interface 
(9).  
 

3) Linguistic problems module (10) 
A repository contains the description of the linguistic 
problems and recognized problems that can affect 
communication when participants interact with a non-native 
language.  

This content requires an in-depth study of the common 
problems that can appear and as this is stored in the language 
database (11), it is possible to include any kind of linguistic 
problem regarding the languages involved, classified by the 
kind of problem that they deal with and including any relevant 
information. As in the case of the cultural rules, this 
information is also managed through the Rules Editor 
interface. 

To be specific, this module is meant to bear in mind that 
the use of a non-native language brings with it particular 
problems. Instances of this include the overuse of certain 
verbs of high semantic generality (do, have, make, put, etc.), 
along with the use of false friends (where a word looks or 
sounds similar in two different languages, but differs in 
meaning, possibly causing misunderstandings). Grammatical 
inaccuracies may also lead to a breakdown in comprehension 
[34], [32].  
 

4) Skills required in GSD module 
The skills required in GSD module (12) is a repository with 
best practices classified by the following skills, which we 
obtained from a systematic review on the matter [8]: 

- Performance in the use of synchronous and asynchronous 
means of communication. 

- Ability to communicate effectively using a common 
terminology and language. 

- Informal communication and improvisation skills. 
- Knowledge of language, cultural and ethical issues. 

- Leadership and conflict resolution skills. 
- Time management skills. 
- Ability to think from the perspective of the other side and 

understand people from different backgrounds. 
- Managing ambiguity and uncertainty. Ability to evaluate 

information critically. 
- Knowledge of negotiation skills and contract writing in a 

common language. 
- Collaborative work skills. 
- Skills to gain the interlocutor’s confidence and trust. 

 
5) Workflows Engine 

Responsible for executing the meeting workflows defined in 
VTRML format. Its main components are: the workflow 
orchestrator, which guides the execution of the workflow, and 
the chatbot system, which processes the natural language by 
interpreting AIML (Artificial Intelligence Markup Language). 
This contains the information required to simulate an 
intelligent conversation with the VAs. 

To unpack this idea, we can say that the Workflows Engine 
(13) reads the definition of the meeting and orchestrates the 
sequential execution of the different phases. It does so by 
interpreting their content and by extracting the conversational 
knowledge, together with the linguistic and cultural rules 
defined to extract the AIML information in the context of a 
certain phase in the conversation.  

Moreover, the engine is responsible for controlling other 
aspects that are also established in the VTRML file, such as 
the execution time, the VAs’ actions and emotions, and the 
evaluation of the students’ actions when they make mistakes 
during the conversation. In this respect, the engine also makes 
it possible to save the log through the login unit (14) of the 
conversation, so that the instructor can review it later. 

Finally, as this engine is able to execute several sequential 
workflows concurrently, simultaneous conversations may be 
simulated to take place as they do in real environments. 
 

6) Workflows Designer 
This is a graphical designer that the course designers use for 
defining and modifying the virtual meetings. The virtual 
meetings are structured as sequential workflows made up of a 
set of phases that are assembled on the Workflows Designer 
(15) canvas by dragging them from a toolbox. Although the 
aim of the framework presented in this paper is to minimize 
the role of the instructors, they will also be able to modify and 
adapt the structure of the predefined meetings provided by 
using this designer. 

All the arguments required by the workflow are assigned 
within the designer, including the specific properties of the 
phases, as well as the conversational knowledge and the 
cultural and linguistic rules.  

Based on the graphical workflows, the Workflows 
Designer creates the definition of the workflow on VTRML 
format automatically.  

During its edition, the workflows can be tested by the 
designer, who can execute a specific phase in order to improve 
it, if it finds mistakes. After finishing the definition of a 



workflow it can be uploaded into the training course so that 
students may execute it. 
 

7) VAs profile database 
This contains the information regarding the virtual characters 
involved in the training scenarios (VAs and VCs), defining 
their appearance, emotions and gestures. 

Their image may appear in the theoretical material in order 
to show examples. For instance, the instructor could show 
examples of typical gestures in certain situations within a 
specific culture. In the theoretical scenarios these will appear 
in the conversations. For instance, during a chat they will 
gesticulate and show emotions according to the context of the 
conversation. 

Instructors can access the management of the VAs profile 
(16) through the VAs profile management module (17), to 
include new characters or modify existing ones, and also to 
incorporate them into the theoretical materials or practical 
scenarios. 
 

8) Evaluation unit 
The Evaluation unit (18) informs both students and instructors 
about their skills and results from the use of this framework, 
providing a continuous evaluation of the students’ skills. 

Instructors can use this information to determine what 
skills the students must improve, according to what these 
evaluations show. The goal is to assign an appropriate training 
module to them, focusing on their particular needs. 

  To be more specific about all this, we should explain that 
our framework measures factors like: time consumed in each 
theoretical module, evaluation in the practical exercises and in 
the theoretical exams, delay in the upload of the deliverables, 
etc., and also several factors regarding the activity of the 
student during the virtual meetings.  We could, for example, 
take into account the percentage of conversational knowledge 
that was not triggered, average response time, number of 
corrections made by the VC, including the type of the 
mistakes corrected and their relative severity in the context of 
the conversation. 

B. Virtual Interactions 
The virtual interactions are supported by means of the 
following plugins: 

Chat plugin: which trains in synchronous communication 
with one or more VAs. In this case, the meeting is guided by a 
VC. The VC helps the students to cope with the meeting and 
corrects their actions, providing rationales and explaining their 
consequences. This plugin is set out in subsection A. 

E-mail plugin: for giving instruction in asynchronous 
communication. In this case, the student will send and receive 
e-mails from a VA. 

The interactions carried out through these plugins are 
defined in a workflow that determines the flow of the 
conversation. The definition of these workflows is based on 
VTRML (VenTuRe Markup Language), which allows the 
definition of all the elements required. It is an extension to the 
XAML (Extensible Application Markup Language) 
declarative language. 

The VTRML-based sequential workflows contain the 
AIML language embedded in their definition. In Figure 3, an 
example is shown of the definition of a workflow which is 
based on an XML scheme generated automatically by the 
Workflows designer. 

These workflows, executed by the workflow engine, are 
responsible for orchestrating the sequence of actions during 
the interaction through the different VAs. This engine reads all 
the information related to the simulation and for each phase it 
makes the appropriate transformations so as to generate the 
AIML language. It does this by using the transformation unit 
(19) to obtain information that is understandable by the 
chatbot system (19). 

C. Synchronous Interactions Specification 
In this section we give a description of how the virtual 
meetings for the chat plugin are designed, as well as how they 
are executed form the students’ point of view. 

In this regard, virtual meetings are defined through the 
Workflows designer as a sequential workflow composed of a 
set of phases containing the main information for their 
definition as follows: 

- VAs which are involved in the scenario and are going to 
take part in the conversation. 

- conversational knowledge for each VA, containing the 
patterns and the predefined answers for each template. 

- cultural and language problems that can appear in the 
context of that phase of the interaction. 

- resources (artifacts) that may be needed during the 
interaction and which are referenced by the VAs as 
hyperlinks. 

- emotions and gestures that the VA’s will express in the 
context of a phase during the interaction.  

- type of cultural or language problem and its severity, 
which allows the nature of the problems that the user 
encounters during the phase to be quantified, depending on 
the particular cultural and language rules that are triggered. 
The Workflows designer makes it easy to define this 

information through a wizard, in which the instructor will 
design the conversation phase by phase. The specific linguistic 
and cultural rules that can be relevant in the context of each 
phase are taken into account. These cultural and linguistic 
rules can be imported from the linguistic and cultural 
databases.  

The conversational knowledge, along with the linguistic 
and cultural rules are codified by using AIML- This is 
interpreted by the chatbot system used by the chat plugin, in 
which a pattern is a string of characters intended to match one 
or more user inputs. They may contain wildcards, which 
match one or more words and can also manage synonyms so 
that the different ways of saying the same thing are taken into 
account. A template specifies the response to a matched 
pattern that will be expressed by a VA. 

The example shows the definition of a tracking meeting 
with the client, in which the student plays the role of software 
analyst through the phases: introduction, in which the 
participants will have the matter presented to them, changes 
request, in which the Virtual Customer makes a request to the 



student and time estimation, in which they will discuss the 
time required to perform the change. How the conversational 
knowledge is represented in the model is set out for each 
phase, as are the linguistic and cultural rules. 

For the definition of this XML-based workflow, we have 
considered the indications of Clear et al. [35], in which the 
structure of a meeting in international collaborative settings is 
described. 

 

 

 
 
<Workflow Name="Requirements Elicitation Meeting" duration="25:00"> 
  <Sequence> 
    <Phase Name="Introduction"> 
        <!--Not detailed"--> 
    </Phase> 
     
    <Phase Name="Changes Request"> 
        <ConvesationalKnowledge> 
          <category order="1" gesture="concerned"> <!--VirtualCustomer1 starts the conversation (order=1)--> 
              <template VA="VirtualCustomer1">We also need the notifications system for acknowledging  

the reception of new incidents for next week. Will it be ready on time?</template> 
          </category> 
          <category gesture="thinking"> 
              <pattern>*information *</pattern> <!--The student requires further information--> 
              <template VA="VirtualCustomer1" sendFile="NoficationMessage.pdf">I’m sending you an example of our current 

manual messages here:</template> 
          </category> 
          <category> 
              <pattern>*address the incidents*</pattern> <!--The student asks know how the incidences are addressed--> 
              <template VA="VirtualCustomer1">After receiving the notification he will log into the system and indicate  

the time estimated to resolve it.</template> 
          </category> 
        </ConvesationalKnowledge> 
        <CulturalProblems> 
          <CulturalProblem type="Say yes without undestanding" severity="5"> 
            <category gesture="thinking"> 
              <pattern>* yes *</pattern>  <!--Affirmative response of the student without knowing the consequences--> 
              <template VA="VirtualColleague">You should know more the information before responding positively.  

Remember that you also have to finish other tasks.</template> 
            </category> 
            <category> 
              <pattern>of course *</pattern> 
              <template> 
                <srai>* yes *</srai> <!--Using <srai/> we control the multiple possible answers of the student. 
                                     In this case, the entry "of course *" will have the same behaviour as "* yes *"--> 
              </template> 
            </category> 
          </CulturalProblem> 
        </CulturalProblems> 
       
        <LanguageProblems> 
          <LanguageProblem type="false friend" severity="2"> 
            <pattern>attend</pattern> <!--Incorrect use of the word "attend"--> 
            <template>“attend” is a false friend in Spanish. In English it means “to be present at …”. Do you mean  

“address”?</template> 
            </LanguageProblem> 
        </LanguageProblems> 
    </Phase> 
 
    <Phase Name="Time Estimation"> 
      <ConvesationalKnowledge> 
        <category order="1" gesture="concerned"><!--VirtualCustomer1 starts the conversation (order=1)--> 
          <template VA="VirtualCustomer1">Will it be ready for next week?</template> 
        </category> 
        <category gesture="angry"> 
          <pattern>*more time*</pattern> <!--The student considers that s/he need more time"--> 
          <template VA="VirtualCustomer1">But we cannot delay this too much</template> 
        </category> 
      </ConvesationalKnowledge> 
    </Phase> 
  </Sequence> 
</Workflow> 

Figure 3.  Example of an VTRML-based sequential workflow definition. 

Figure 4 shows a fragment of a real conversation based on 
the aforementioned workflow definition. The workflows are 

time-limited, so that the student can pass through to the next 
phase of the conversation when s/he considers that they do not 



need more information to carry on with another part of the 
conversation. Each new phase is reached automatically when 
all the conversational knowledge has been used. The students’ 
scope is therefore to get as much information as possible by 
triggering as many response templates as possible to achieve 
their task and by minimizing the cultural and language errors 
made, taking into account the particular VA culture. 

In the example, we show how the Virtual Customer 
initiates the conversation for each phase. We then see how the 
student interacts with him, falling into a cultural and language 
mistake that is corrected by the VC. 
 

Customer: We also need the notifications system for 

acknowledging the reception of new incidents for the next week. 

Will it be ready on time? 

Student: Yes, it is going to be finished on time. 

Virtual Colleague: You should know more the information before 

responding positively. Remember that you also have to finish other 

tasks. 

Student: What information must the notification provide ? 

Customer: I’m sending you an example of our current manual 

messages here: NoficationMessage.pdf 

Student: How is the technician going to attend the problem? 

Virtual Colleague: “attend” is a false friend in Spanish. In English it 

means “to be present at …”. Do you mean “address”? 

Student: How is the technician going to address the incidents? 

Customer: After receiving the notification he will log into the 

system and indicate the time estimated to resolve it. 

Customer: Will it be ready for next week? 

Student: But this also requires changes into the tracking system. 

That needs more time. 

Figure 4.  Example of a conversation through the chat plugin. 

The chat interface also implements a feedback 
functionality that records student feedback if they believe that 
they have interacted properly but that the VA did not respond 
in a logical manner. This feedback is stored and used in the 
process to refine the scenario in the future. 

D. Asynchronous Interactions Specification 
In the asynchronous interactions executed by the email plugin,  
the messages sent to the VA are analyzed and evaluated 
through the Email analyzer (20). It does that by searching for 
cultural and linguistic mistakes defined for the scenario. In 
this case the VC will correct the student by sending him/her an 
email reporting the mistakes made. The student will correct 
those and send back the email and so the conversation will 
continue.  

The workflows created by the designer define the sequence 
of emails that will be exchanged. These workflows are 
different than those defined for the synchronous interactions, 
since they require different attributes for controlling 
addressees or time of delays in the answers. The phases in this 

case are also different, moreover, and they contain the 
following information, mainly: 

- VAs involved in the interaction. 
- structure of the email and patterns expected from the 

student. The structure of an email is defined as a XML in 
which the different patterns are embedded using AIML 
format. The VC will inform the student if the structure or 
the content of his/her email is not appropriate. 

- templates of answer with the responses that the VAs will 
give to answer a proper interaction of the student. 

- cultural and language problems that may appear in the 
context of that phase of the interaction and which are 
codified by using AIML. 

- type and severity of the cultural and language problem, 
which allows the nature of the problems to be quantified. 

- resources (artifacts) that can be referenced by the VAs as 
hyperlinks. 

V. CONCLUSIONS 
In this paper we have presented a framework that provides 
support for the training of GSD activities, focusing 
particularly on cultural and linguistic diversity of these 
environments. 

We argue that the VENTURE tool removes the problems 
of interacting with distant partners. Moreover, students may 
have training in GSD at any time, making them more 
independent. Furthermore, the learning process is more 
controlled, since the training scenarios are rigorously designed 
to deal with specific problems systematically. The interaction 
focuses specifically on improving the student’s weaker skills. 

Using this framework, the students learn about the 
different kinds of problems that may occur from different 
perspectives. This is the reason why they can play different 
roles in the practical exercises while interacting with VA’s. 
That allows them to train at any time, without depending on 
the availability of other partners or colleagues. Furthermore, 
using VAs reduces the effort required to coordinate distant 
learners or institutions and minimizes the instructors’ effort 
and the costs of infrastructure and maintenance. 

Instructors do not need to be experts in all the stages and 
problems of the GSD, since the lessons and predefined 
training scenarios are designed as the result of research in the 
matter, although our framework also permits their 
customization to be adapted to specific academic needs. 
In this sense, we believe that this framework makes a 
contribution, for both practitioners and researchers. It tackles 
several points which may be interesting for the following 
fields of research and practice: 

- Global collaboration and coordination of practice and 
education. 

- Management of GSD development activities. 
- Global virtual team research. 
- Research into collaborative models and technologies. 
- Computing Education research, Education Technology, 

Distance Learning and e-Learning. 
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