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Abstract—This work describes a framework for teaching of
global software engineering (GSE) in university undergraduate
programs. This framework proposes a method of teaching that
incorporates adequate techniques of software requirements elicitation
and validated tools of communication, critical aspects to global
software development scenarios. The use of proposed framework
allows teachers to simulate small software development companies
formed by Latin American students, which build information
systems. Students from three Latin American universities played the
roles of engineers by applying an iterative development of a
requirements specification in a global software project. The proposed
framework involves the use of a specific purpose Wiki for
asynchronous communication between the participants of the process.
It is also a practice to improve the quality of software requirements
that are formulated by the students. The additional motivation of
students to participate in these practices, in conjunction with peers
from other countries, is a significant additional factor that positively
contributes to the learning process. The framework promotes skills
for communication, negotiation, and other complementary
competencies that are useful for working on GSE scenarios.

Keywords—Requirements analysis, distributed requirements
engineering, practical experiences, collaborative support.

I. INTRODUCTION

HE process of software development tends, with
increasing emphasis, to be distributed globally where the
protagonists of this process (stakeholders) are dispersed
geographically. This modern form of work is called Global
Software Development (GSD). There are a number of reasons
for this scenario: cost reduction, better global use of the scarce
availability of human resources, more hours of work available
in relation to the different time zones, incentives to invest in
emerging markets and a significant growth in software
demand around the world [16]. It is acceptable to maintain that
these new working contexts will involve adaptations in the
forms and contents of the teaching of Software Engineering,
seeking to prepare professionals for a globalized labor context.
It is known that the success of a software project depends
on a large extent on a correct execution of the Software
Requirements Engineering (SRE) process. Having a correct
definition of the software requirements is key to obtaining a
quality product that meets the needs and expectations of the
customer/user. The need to have an SRE process within the
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software engineering process is imperative to obtain quality
products [12]. SRE is fundamentally a communication process
between a requirements specialist and the customer’s
stakeholder [1].

The requirement elicitation stage is the most critical of all
the phases in software development, since the mistakes made
at this stage are more expensive and difficult to resolve owing
to their impact upon the other stages [13], [23]. Likewise, the
quality of the requirements improves to the extent that there is
greater stakeholder participation. This participation gets
difficult when the SRE process is carried out in a distributed
environment of development, that is to say, when the actors
are geographically dispersed. According to Damian's work [8],
achieving the appropriate participation of system users and
field personnel is one of the challenges identified in these
scenarios and that are caused both by inadequate
communication and time difference. Therefore, the need to
pay attention to the teaching of SRE in distributed
environments of software development. The teaching model
should promote and facilitate the collaboration of those
involved, being the requirements elicitation techniques and the
tools of communication key elements to serve this purpose.

Most of the current teaching models of SRE do not consider
these new distributed scenarios. Moreover, they rarely attain
practical professional experience, and teaching is frequently
centered on theory, while students’ seldom get involved in real
projects [5].

This work presents a framework for teaching distributed
software engineering. The framework addresses the execution
of software engineering practices with teams that are formed
by students and professors of Latin American universities. The
model is supported by collaborative strategies based in Wikis,
videoconferences, and emails. The model is applied on
software requirements elicitation practices and involves
activities of communication and interaction between all the
distributed participants of the software projects (i.e.,
requirement engineers, developers, users, etc.).

The organization of the article is as follows: Section II
presents recent initiatives in the area of SRE in distributed
contexts. In Section III, the teaching framework proposed is
presented in detail, including a description of the experiences
on which the framework was founded. This section also shows
an analysis and discussion of the results obtained after the
application of the proposed framework. Finally, Section IV
offers the conclusions of the work.

II. SRE EDUCATION
SRE is a vital part of the Software Development life cycle
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[6]. Research endeavors in software development have found
that failures and deficiencies of software systems are often
rooted in the requirements activities undertaken [9], [14], [29],
[31]. One possible reason of this is the lack of appropriate
skills and knowledge of those engaged in SRE activities [3].
For this reason, the improvement of SRE teaching in
universities should be a concern. Software Requirements
Engineering Education (SREE) is an important topic and
needs to be further explored [21]; however, the gap between
what the industry needs and what the graduates learn from
SRE courses is still very large [27]. In [6], the deficiencies in
an SRE curriculum have been reported, and authors have
emphasized the importance of requirements engineering
education in Software Engineering and Computer Science
programs and have provided recommendations for its
improvement.

Many studies have been carried out to evaluate and to
propose models, guidelines, frameworks, and solutions for
SREE. However, academics and practitioners are still
searching for the effective methodology to adopt, in order to
deliver high quality and relevant RE courses [21]. Despite the
increasing interest in SREE, we found few studies that discuss
and try to address the education of Distributed SRE. Most
studies found were focused on the application of SRE in the
industry, under colocalized contexts.

The work of the reference [11] proposes a framework to
integrate the SRE research and education to improve
educational performance. In [24] and [25], the authors have
used an experimental approach for teaching SRE using a
business game board that demonstrates the social/design
problems, complexities, and richness of a software
development organization in the distress of creating a new
product. In [30], the authors have also designed and used a
board game to introduce SRE good practices to small novice
organizations. Authors of [4] have described classroom
experiences, successes, and challenges in teaching the
unknown reality of SRE.

Authors in [17] shared an experience of teaching SRE by
integrating it in several courses and challenging the students
with authentic cases taken from business practices in which
they had to apply theories and train their competencies at a
Business Information Technology Program at the University
of Twente. Authors of [7] discussed the design and delivery of
a master’s course in SRE designed to overcome some of the
issues that have caused research-practice gap. Students were
encouraged to share their experiences in a peer learning
environment to improve the potential for effective
collaborations, ~whilst simultaneously developing the
requirements engineering skill sets of enrolled students. All
the mentioned articles present studies carried out in
colocalized scenarios. There are few works done in SREE
under distributed contexts which are the focus of this paper.

A gap exists about GSD since this is neither considered
within the curricula, nor does it explicitly form a part of the
body of knowledge [26]. GSD [15], [16] is one of the current
challenges of teaching and training in the requirements
elicitation process [10].

Reference [20] exposes an SREE work in an undergraduate
SE course, where students were able to develop and improve
their skills in documentation activities and requirements
management, using a template-based approach to document
requirements high quality.

The work of [10] reported an experience of teaching a
course intended for preparing graduates for SRE activities in
global customer-developer relationships. The course was
taught in a collaboration of three universities in disparate
locations, time zones, and culture. The students from the three
locations played the roles of a client and a developer, and they
experienced the iterative development of a requirements
specification in global projects. Standard communication tools
were used, and the students were free to choose them. The
Wiki is not identified as one of the tools used for
communication or registration of requirements. Another issue
is that elicitation techniques are not considered, being
important in the framework proposed in this article.

In [22], there is an important design of a GSE course that
uses the Scrum methodology with adaptations for this
scenario, combined with better GSE practices, for the teaching
of critical skills in GSE, such as team work and distribution
communication, using appropriate communication tools.

The article in [26] proposes a simulating environment
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
requirements based on a stakeholder’s needs using an
interview technique and computer mediated communications,
the ability to work in an international context, and an
understanding of the cultures and customs of other countries.
This is a proposal that has not been implemented yet, so there
are no results regarding the educational achievements of it.

The educational framework presented in this paper is based
on educational experiences carried out by different Latin
American universities regarding the teaching of GSD.
Specifically, the framework involves elicitation techniques
and communication tools. It focuses on the requirements
engineering stage, obtaining valuable conclusions for the
SREE.

III. THE PROPOSED FRAMEWORK

The framework proposed for the teaching of the distributed
requirements engineering at the university level of education
is based on experimental works carried out with this purpose.

At the time of carrying out the experimental works
described in this section, the teaching of the SRE in computer
science programs in most Latin American universities was
framed in colocalized scenarios. Taking into account this
described situation and the emergence of the new GSD
scenarios, the experiments considered the need to investigate
requirements  elicitation  techniques and  adequate
communication tools for the requirements engineering process
in these scenarios. These experiments made it possible to
propose this framework for the teaching of the SRE in
university computer science programs.
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A.Distributed Elicitation of Software Requirements: An
Experimental Case between Argentina and Colombia

In this case [32], acquiring knowledge from the stage of
distributed elicitation of software requirements in the new
scenarios of GSD was intended, determining the more
convenient techniques of elicitation of requirements to use. A
controlled experiment with two factors was carried out jointly
with professors from the National University of San Juan
(Argentina), the University of Cauca (Colombia) and the
University of Quindio (Colombia). The factors were: context
of elicitation (distributed/colocalized) and elicitation
techniques used (three different combinations of techniques).
Thus, two similar experimental phases were executed. The
first applied to a distributed software development context,
while the second was applied in a traditional colocalized
context. The experimental design was finally a 2x3 factorial
design as shown in Table I.

The elicitation techniques used in this experiment are the
most used by small software development companies in
Argentina: interview, questionnaire, and brainstorming [2],
which is also true throughout Latin America. Understanding
that, in real situations, the combination of techniques is used
in the elicitation process, three alternatives (factors) of
combination techniques to experiment were defined:
interview/questionnaire, interview/brainstorming, and
interview exclusively.

TABLEI
EXPERIMENTAL DESIGN WITH TWO FACTORS

Applied Elicitation Techniques

Technique 1 ~ Technique 2  Technique 3

Stage 1: Students Students Students
Distribut'e 4  groups Tecl- groups Tec2- groups Tec3-

Elicitation Dist Dist Dist

Context Stage 2: Students Students Students

Colocaliz.e 4 &roups Tecl- groups Tec2-  groups Tec3-
Coloc Coloc Coloc
Advanced students from the different universities

mentioned played the role of requirements engineers, while
professors acted as remote clients/users. The requirements
engineers, forming elicitation teams, were required to prepare
a Software Requirements Document (SRD) as the final
product of their work. That document would subsequently be
the subject of quality measurement. In order to obtain the
SRD, the requirements engineers had an initial descriptive
document that presented a general and preliminary overview
of the problem. Then, they had to apply the combination of
elicitation techniques that were randomly assigned to each
elicitation team until obtaining the final SRD. To achieve the
goal, they had to interact with the client/user of the system to
be developed.

The researchers who designed the experiment, prior to its
execution and together with expert teachers, developed a Basic
Requirements Document (BRD) which contained all the
software requirements necessary to adequately satisfy the
development of the requested system. This document, which
was prepared and validated by expert professors, would be

subsequently used as a reference for the evaluation of the SRD
produced by students. In order to measure the quality of the
resulting SRD, and that such measurement is an indicator of
the effectiveness of the applied elicitation technique, the
metric used in [18], [19] was chosen, adjusting it for this
particular experimental case. In this way, the metric used in
the present experiment involved four sub-indicators to be
measured:

a) Adequacy Degree of the Document (ADD): It measures
aspects of the organization of the document that arise as a
result of the action of elicitation. For example: the
classification of requirements in order of importance,
feasibility, and/or implementation effort. This indicator
takes values between 1 and 100.

b) Percentage of evolved requirements (ER): It measures the
percentage of SRD requirements that are identified as an
evolution of a software requirement that was already in
the BRD. They are the requirements that needed a deeper
and more thorough elicitation, which show a richer and
more effective interaction between the requirements
engineer and the client/user.

c) Percentage of requirements without defect (RWD): It
measures the percentage of requirements that do not have
precision defects, vagueness, ambiguity, etc. which means
defects attributable to deficiencies in the elicitation
process.

d) Percentage of supported requirements (SR): Percentage of
requirements that are in the BRD are also found in the
SRD produced by the requirements engineers. This sub-
indicator is related to the completeness of the SRD
produced. This indicator best represents a successful
elicitation process. In case where this indicator reaches
100%, it means that all the necessary requirements for the
application in development were discovered.

Integrating these four sub-indicators, each one with
different weightings as shown in the following, the indicator
of quality for the requirement specification document (QRSD)
was obtained. This indicator indirectly reflects the
effectiveness of the applied elicitation techniques.

QRSD = (0.05 « ADD + 0.3 * ER + 0.25 * RWD + 0.4 = SR) (1)

The ER and SR sub-indicators are the ones that best reflect
the effectiveness of an elicitation process, which is why they
have a greater weighting in the QRSD indicator. At the end of
each phase of the experiment, and according to the defined
sub-indicators, a group of expert professors, which is external
to the experiment, evaluated and qualified the SRD documents
produced by the different elicitation groups. This process
consisted in evaluating each SRD document presented by the
groups of students taking as reference the BRD document
prepared by the researchers and the metric defined above. It is
important to note that prior to the start of the evaluation, a
meeting with the experts was held in order to combine criteria
for assigning values to each sub-indicator. The evaluation was
made by a group of four expert professors, who first
performed an individual review. A group review where they
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agreed on the final QRSD value of each SRD was
subsequently done. The details of each of the two phases of
the experiment are given below.

1)Experimental Phase Executed in a Distributed

Environment

In this phase, 22 students and six professors participated.
The students were randomly distributed in 11 groups of two
students each. Each group forms an elicitation team. In turn,
each group was randomly assigned a professor who would
play the role of a client/user for such elicitation team. Also, at
random, each group was assigned one of three combinations
of techniques selected for this experiment. In this way, four
elicitation groups that applied the interview technique were
formed, four groups applied the interview-questionnaire
combination technique; and finally, three groups applied the
interview-brainstorming technique.

In order to simulate the distributed environment,
communication between the requirements engineers and the
clients/users was at all times via emails, chat, or IP
videoconference. Both parties are free to opt for the specific
application of their preference. It is important note that the
requirement engineers and customers/users never interacted
face to face. Different communication tools were used
depending on the applied elicitation technique. For the
interview and brainstorming, the subjects preferred to use
videoconference. While for the questionnaire, it was mainly
email and chat to a lesser extent. General-purpose standard
communication applications were used to understand that
these are the most widely used and most preferred by small
software companies that are faced for the first time with the
construction of distributed or global software.

This phase of the experiment took about ten days to
complete. Table II shows the results obtained by each group
regarding the quality of the resulting requirements documents.

brainstorming technique.

The communication between requirements engineers and
customers/users was always on-site. Ten days included the
execution of this phase approximately. Table III shows the
results obtained by each group of students, discriminating the
results of each one of the four sub-indicators (ADD, ER,
RWD and SR).

TABLEIII
RESULTS OF THE COLOCALIZED EXPERIMENTAL PHASE
Group Techniques ADD ER RWD SR QRSD

—_

Interview+Questionnaire  92.50  85.71  91.25 36.00 67.55

Interview+Brainstorming 75.63  86.36 87.73 52.00 72.42
Interview 76.88 8438 88.28 56.00 73.63
Interview 92.50 95.65 95.00 42.00 73.87

Interview+Brainstorming 75.00 9333 91,67 52.00 7547
Interview +Questionnaire 71.88 100.00 90.24 62.00 80.95

Interview 73.13 100.00 98.48 64.00 83.88
Interview +Questionnaire 74.38  95.56 8533 76.00 84.12
Interview+Brainstorming 80.63  93.75 93.85 72.00 84.42

O 00 N AN L AW

TABLEII
RESULTS OF THE EXPERIMENTAL DISTRIBUTED PHASE
Group Techniques ADD ER  RWD SR QRSD

Interview+Brainstorming  100.00 89.47 9526 44.00 73.01

2 Interview+Questionnaire ~ 80.00 94.74 87.11 42.00 70.80
3 Interview 90.00 81.48 92.96 46.00 70.36
4 Interview+Questionnaire  70.00  80.00 81.00 30.00 59.58
5 Interview+Brainstorming  70.00  65.38 89.23 60.00 69.25
6 Interview 90.00 9394 98.18 46.00 75.40
7 Interview 100.00 55.56 84.81 32.00 55.42
8 Interview+Questionnaire  100.00 92.59 99.07 80.00 89.29
9 Interview+Brainstorming  80.00  80.00 92.25 32.00 63.66
10 Interview+Questionnaire  80.00  90.00 91.50 66.00 80.08
11 Interview 80.00 86.96 86.30 36.00 65.86
2)Experimental Phase Executed in a Colocalized
Environment

In this phase, 18 advanced students participated along with
five professors. Similarly, as described in the aforementioned
phase, the students were divided into nine groups: three
groups of elicitation that applied the interview technique, three
groups applied the combination interview-questionnaire
technique, and three groups applied the interview-

The average results of the QRSD can be seen in Tables IV
and V, grouping them by the elicitation techniques applied in
the two elicitation processes done. In the other words, they are
distributed and colocalized, respectively.

TABLE IV
AVERAGE RESULTS OF THE DISTRIBUTED PHASE
Techniques Average QRSD
Interview 66.76
Interview + Questionnaire 74.94
Interview + Brainstorming 68.94
TABLE V
AVERAGE RESULTS OF THE COLOCALIZED PHASE
Techniques Average QRSD
Interview 77.12
Interview + Questionnaire 77.54
Interview + Brainstorming 77.44

The experimental data obtained suggest that the
combination of more effective requirements elicitation
techniques in a distributed context would be interview-
questionnaire, which reaches a level of effectiveness that
exceeds in 9% the next most effective combination of
techniques, which was interview-brainstorming. It is also
noted that the interview technique, used in a unique ways, is the
least effective of the techniques evaluated in this distributed
context. In addition, according to the preliminary results
obtained, it can be noticed that, in these new distributed
scenarios, the average efficiency of the traditional techniques
of elicitation would be 10% lower than the average of those
same techniques applied in colocalized environments.

B. The Use of a Wiki in SRE under Distributed Contexts

The experience that is presented in [28] reports a controlled
experiment conducted at the National University of San Juan
(Argentina) using a Wiki in the SRE process in distributed
software development scenarios. The Wiki used was Softwiki,
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a project funded by the Ministry of Education and Research of
the German Government and supported by the universities of
Duisburg-Essen and Leipzig.

In this second experiment, it was intended to teach students
of the computer science program to use a Wiki (specifically
designed for the SRE process), evaluating its performance in
distributed software development scenarios in order to
determine its incorporation into the teaching of the distributed
SRE.

This experiment, as already mentioned, was carried out in a
university context, where the subjects of the experiment were
advanced students and professors of a degree course in
computer science of the university. There were nine SRE
groups or teams, each made up of two students playing the
role of requirements engineers and one teacher, who served as
the client/user. The work scenario was distributed. The
requirements engineers were remotely located with respect to
the clients/users. The assignment of students to the groups was
randomly done, taking into account that the students had
similar previous experience and knowledge profiles. The
assignment of teachers was also random.

In order to simulate the distributed environment,
communication between requirements engineers and clients/
users was always done by email, chat, videoconference, or
wiki. At no time was there face-to-face interaction.

In the framework of the experiment executed, the
requirements engineers, role that was assigned to the students,
had to elicit information regarding the requirements of the
software to be implemented. For this, they interacted with the
clients; role that was assigned to the professors. The software
to be developed, object of the SRE process, was a small/
medium size information system intended for the management
of administrative information. The same problem was posed to
all SRE groups that participated in the experiment. The
information elicited was registered in the wiki and
progressively and cooperatively converted into well-
formulated software requirements.

At the beginning of the experiment, the requirements
engineers were provided with an initial descriptive document
that exposed a vague and general view of the problem, and
from there, they had to start with the requirements engineering
process until a definitive software requirement document
(SRD) was obtained, using the communication tools
mentioned. Requirements engineers specified in the Wiki tool,
along with the client, the functional and nonfunctional
requirements of the SRD, a document that would subsequently
be subject to quality measurement.

As for the only requirements elicitation technique employed
in this study, one of the most commonly used by small
software companies in Argentina was chosen [2]. Prior to the
execution of the experiment, the research team developed a
Reference Software Requirements Document (RSRD), which
contained all the necessary software requirements to
adequately satisfy the development of the requested system.
This RSRD would later be used as a reference for the SRD
evaluations produced by the requirements engineers of each

group.

To verify the contribution of the wiki usage in order to
obtain a higher quality SRD, only three quality attributes of
RSRD were considered: Completeness, Non-Ambiguity, and
Precision. To satisfy these attributes, it is necessary a reflexive
interaction (of meditated responses, not instantaneous) based
on textual support (to analyze mainly ambiguity and precision)
between the requirements engineers and the clients. These
characteristics make one think that the wiki would be a valid
tool for that process. For this purpose, three indicators were
used for these attributes:

a) The RSRD Completeness Indicator (ql) determines the
extent to which the requirements present in the RSRD are
supported in the SRD of the group. The result is a ratio
(values are given between 0 and 1). As this value
approaches 1, the degree of completeness is greater.

b) The Non-Ambiguity of Requirements Indicator (q2)
determines the degree of non-ambiguity of RSRD
requirements. The result is a ratio between the
requirements evaluated as unambiguous and the total
requirements of the SRD. As this value approaches 1, the
greater the degree of non-ambiguity of the SRD produced.

¢) The Accuracy of Requirements Indicator (q3) determines
the degree of accuracy of the RSRD requirements. The
result is a ratio between the requirements evaluated as
accurate and the total requirements of the SRD. As this
value approaches 1, the greater the degree of accuracy of
the SRD produced.

A group of experts from the UNSJ, foreign to the
experiment, evaluated the SRD produced by the students in
order to determine these indicators. Prior to the evaluation, the
experts met to agree and unify the weighting and assessment
criteria of each one of the indicators.

Table VI shows the results obtained by each SRE group
regarding three quality attributes of the Software
Requirements Document: Completeness, Absence of
Ambiguity and Precision. Another index measured is the
degree or level of use of the wiki tool done by each group.
This index was obtained from the own log records of the wiki
tool.

By doing an analysis of correlations between the Use of
Wiki Index and each one of the indicators ql, q2 and g3,
diverse conclusions or indications can be reached. Thus, it
turned out that there is no evidence that the increased use of
the wiki promotes more complete and less ambiguous
requirements documents in distributed environments.
However, there was a high level of correlation between the
Use of Wiki Index and q3, which raises the suspicion that the
greater use of the wiki improves the accuracy of RSRD.

Table VII shows the use of communication tools on the
different days of the experiment, consolidating the data of all
SRE groups. The emails column records the number of emails
exchanged between requirements engineers and customers/
users. In the Wiki Versions column, the total number of
requirements new versions recorded in the wiki tool is counted
per each day of the experiment. In the next column called
Wiki Comments, the total number of comments related to the
requirements that were registered in the wiki tool by the
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requirements engineers and the clients/users are counted.
These last two columns give evidence of the use of the wiki.
Finally, the VC column counts the total minutes of use of the
videoconference communication tool.

TABLE VI
OBTAINED RESULTS
Group Use of Wiki ~ Compleness ~ Non- Ambiguity q2  Precision q3

Index ql Index Index Index
Gl 1.725 0.500 0.800 0.650
G2 1.529 0.540 0.941 0.765
G3 2.345 0.520 0.840 0.800
G4 2.300 0.460 0.700 0.750
G5 2.020 0.600 0.800 0.520
G6 1.618 0.500 0.618 0.382
G7 1.750 0.780 1.000 0.538
G8 1.339 0.520 0.731 0.346
G9 1.283 0.520 0.652 0.174

It should be considered that the first four days were filled
with  activities of initial interaction (presentation,
approximation, etc.) between the parties. It was agreed to
carry out the first interview in that initial period. That is why it
can be said that the elicitation activity actually began on the
fifth day. Taking into account the aforementioned, it is
inferred from the observation in Table VII that
videoconferences have been mainly made in the first sections
of the SRE process. This supports the hypothesis that this
communication tool is mainly used to begin the general
approach of the problem, trying to be an option to determine
the generalities of the problem, its scope, without going into
detail.

TABLE VII
OBTAINED RESULTS

Day  Emails Vc\:};]slikolns Co%ril;(eints vC
1 1 0 0 0
2 5 0 0 0
3 3 0 0 0
4 0 0 0 0
5 13 0 0 48
6 11 0 0 0
7 7 83 0 132
8 1 43 17 0
9 3 111 15 84
10 1 4 3 47
11 0 0 0 0
12 5 20 48 0
13 17 42 43 0
14 18 149 125 18
15 3 19 17 0
16 2 25 21 0

Unlike videoconferences, it is noticed that the activity in the
wiki tool is stipulated with greater emphasis in the final
sections of the SRE process. This adds to the belief that the
wiki is a tool that helps in the search for accuracy of software
requirements, an action that is usually executed right at the

end of the software requirements process.

The email exchange activity is the only activity that
maintains at least one moderate activity throughout the SRE
process. It is likely that this is due to the fact that this tool is
used as a means of communication of actions and
synchronization tasks between the requirements engineers and
the customers/users (initial contact, transfer notifications of
tasks control, tasks validation requests, final agreement
regarding the requirements document, etc.), being these
actions present throughout the whole SRE process.

C.Integral Analysis of the Experiments

In the first experiment, it is noticed that the combination of
requirements elicitation techniques Interview along with
Questionnaire are an effective alternative for SRE
environments where the client/user and the requirements
engineer are geographically distant. It is noted that the
interviews were used at the beginning of the requirements
elicitation process, when a more general notion of the client/
user’s needs regarding the system to be developed was
required while the questionnaire technique was used in order
to obtain more specific or focal information.

The findings of the first experiment are compatible with
those found in the second one. In the latter, in addition to
showing that the wiki tools help to obtain a more precise
requirements document, it is also observed that
videoconferences are used at the beginning of the SRE
process. Furthermore, the wiki reaches its greatest use towards
the end of the process; and finally, emails are used throughout
the whole process, mainly to communicate coordination
activities among remotely located actors.

D.Framework Definition for Distributed

Requirements Engineering

Teaching

Based on the experimental evidence obtained and presented
in the previous section concerning the requirements elicitation
techniques and communication tools used in GSD scenarios,
we propose in this article a framework for the teaching of SRE
in a GSD scenario where the client/user is remotely located
with respect to the requirements engineer. The proposed
framework can be seen in Fig. 1.

The framework proposes, based on the experiences made,
the use of requirements elicitation techniques and
communication tools in different phases of the SRE process.
The proposal tries to maintain a continuous interaction with
the client/user during the whole process, having the same
different degree of protagonism in the different phases.

In this sense, the wiki, specifically configured for the SRE
process, is a communication and repository tool that records
the progress of the process. Specifically, the software
requirements established with its associated comments. The
Wiki is accessed by both the requirements engineer and the
client/user. The information that is generated in each phase of
the process is stored in the wiki that supports the process
model.
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Fig. 1 Framework for teaching Distributed SRE

Based on the experimental evidence presented in this paper,
it is proposed that the asynchronous communication provided
by the emails is used throughout the whole SRE process, in all
phases. Normally, emails support the exchange of planning
and coordination messages between the parts of the process.
For example, video-conference requests, termination of
activities notifications, alarms of expiring tasks, and
dissemination of aspects related to the progress of the project,
etc. It is for this reason that the use of emails appears
throughout the whole process.

At the end of the process, the set of software requirements
that will make up the DRS core of the system will remain
registered in the Wiki Repository.

In the proposed framework, the SRE process is divided in
four different phases:

a) Elicitation Phase: The framework establishes that in this
first phase of the process, the interview technique must be
done through videoconference. This first approach
between the client/user and the requirements engineer
aims to obtain a general definition, not a precise one, of
the problem to be solved. This is why, as the experiments
show, the unstructured interviews are adequate for this
phase. To this end, the videoconference is a
communication tool of relatively high communicational
richness that adequately supports a remote interview. As
the knowledge of the problem progresses, the use of
questionnaires to obtain a greater accuracy can be made.
They can be managed appropriately through an
asynchronous communication tool such as the email or
web tools of specific use for questionnaires such as
Google Forms.

b) Analysis and Negotiation Phase: The framework

d)

establishes that this phase of the process aims to analyze
the clarity, pertinence, and technical feasibility of the
software requirements. For this purpose, it is necessary to
interact with the client/user to negotiate aspects related to
effort and technical feasibility of the implementation of
the requirements. In this phase, interviews must be done
through videoconferences. As in all phases, the advances
in terms of definition of software requirements are
recorded in the Wiki Repository. At the end of this second
phase is when the wiki tool as a means of asynchronous
communication between the client/user and the
requirements engineer begins to take preponderance.
Specification Phase: This phase of the process aims to
establish a set of well-formulated software requirements.
In other words, requirements with sufficient quality
attribute to ensure the success of the later stages of the
software development process. The framework proposes
the use of the wiki tool in this phase. With it, the
requirements engineer can review and edit the
requirements to improve its quality while the client/user
can verify, modify, and validate the changes. In this
phase, a type of asynchronous, textual, reflexive, and
focal interaction between the parties begins, so
videoconferences are no longer useful, turning the wiki
into the right tool. This phase requires more detailed work
on the requirements, especially in order to give them
precision. This is where the wiki tool brings great benefit
as evidenced by the experimental data mentioned in this
paper.

Validation Phase: Finally, in this phase, both parts of the
process, client/user and requirements engineer, validate
the set of software requirements identified and exposed
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clearly in the Wiki Repository. Again, this tool supports
these tasks of integral revision and validation.

E. Discussion

The framework proposed for the teaching of SRE to
university students presents great potential for training in the
most used elicitation techniques, as well as in the
communication tools, and in the solving of real problems in
distributed scenarios. This was reflected in the high values of
the Intensity of Use and Satisfaction dimensions obtained
from the processing of the surveys carried out to the
participating students (Figs. 2 and 3). To obtain these graphs, a
descriptive statistical analysis was performed for each
dimension.

From Fig. 2, it is deduced that the results obtained are
satisfactory as 75% of the values are greater than or equal to 4.
As Fig. 3 shows, 81.3% of the results obtained are greater than
or equal to 4, which means that they are highly satisfactory.

It was also evidenced that the application of the elicitation
techniques and communication tools proposed in the
framework would positively influence the quality of the SRD
produced by the requirements engineers (students). On the
other hand, the proposed framework, according to the opinions
of students and professors who participated in the experience,
could be improved by including the work products used and
generated in each phase of the SRE process.

Another weakness of the framework is the lack of elements
to deal with problems inherent to cultural differences that arise
in these distributed contexts.

60

S
o

N
o

Percentage

3,00 4,00 5,00

Fig. 2 Frequency graph corresponding to the Intention of Use
dimension
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Fig. 3 Frequency graph corresponding to the General Satisfaction
dimension

IV. CONCLUSIONS
In this work, we present a framework for the teaching of

SRE for distributed scenarios.

The conception of the framework is based on controlled
experiments carried out in university environments of Latin
American countries. The framework proposes a method of
teaching that incorporates both adequate techniques of
software requirements elicitation and validated tools of
communication, crucial for this type of global scenarios.

The additional motivation of students to participate in these
practices in conjunction with peers from other countries is a
significant additional factor that positively contributes to the
learning process. The use of standard communication tools,
easily available in Latin American universities, makes the
proposed framework feasible to implement. Although the
results have been satisfactory in a first controlled experiment,
it must be replicated in order to reach stronger assertions.
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