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Abstract: Global Software Development (GSD) projects are characterized by the fact that work is distributed throughout
many geographically distanced sites. Software engineering activities in such scenarios face various challenges. Although
interpersonal communication is crucial if a common understanding with regard to the system under construction is to be
achieved, time separation, cultural diversity and economical factors make it impossible for face-to-face meetings to take
place. In this paper, we introduce a basis for analyzing those aspects that might cause communication problems in GSD
environments and suggest some strategies to reduce misunderstandings among stakeholders, with the aim of improving

distributed projects.

1. INTRODUCTION

Global Software Development (GSD) projects take place
in an environment in which stakeholders are dispersed
throughout many distanced sites across the limits of a coun-
try. GSD can be implemented by means of off-shoring (relo-
cating the process in another country but as a part of the
same organization) or offshore outsourcing (hiring an exter-
nal organization to perform certain activities in a different
country to that in which the software is actually developed).

Industry has rapidly adopted these practices owing to
their many economical advantages [1], such as the possibil-
ity of saving costs by locating software development in
countries where salaries are lower. However, geographical
dispersion over multiple sites also has a negative effect upon
the team‘s performance [2, 3]. One of the most important
challenges that GSD must confront in this respect is the lack
of face-to-face interaction, in addition to other factors such
as cultural diversity and time separation, which are also wor-
thy of consideration.

As communication is a well-known challenge during any
requirements elicitation process [4], we consider that com-
munication in GSD projects must be specially analyzed, and
a methodology for requirements elicitation in distributed
scenarios must be defined.

In order to define such a methodology, we have analyzed
the requirements elicitation methodologies for co-located
projects and adapted the different phases to a distributed
environment, proposing strategies to minimize the most
common problems that affect communication. In this paper
we analyze these factors and propose a way in which to
evaluate them, along with a series of strategies to minimize

*Address correspondence to this author at the GIISCo Research Group,
Computing Sciences Department Universidad Nacional del Comahue, Bue-
nos Aires, 1400. 8300 Neuquén, Argentina; Tel: +54 299 4490312; Fax:
+54 299 4490313; E-mail: garanda@uncoma.edu.ar

1874-107X/10

the problems that they may cause in communication. Bearing
this in mind, the remainder of this paper is organized as fol-
lows: in Section 2 we discuss the main problems facing GSD
projects and, in Section 3, we propose forms with which to
collect related information and a list of guidelines to evaluate
it. Based on this evaluation, Section 4 proposes certain
strategies which can be used to minimize the problems
caused by such factors. Moreover, we present the prelimi-
nary results of a controlled experiment in which some of the
proposed strategies have been applied. Conclusions and fu-
ture work are addressed in the last section.

2. IDENTIFYING THE FACTORS THAT INTRO-
DUCE PROBLEMS IN GSD

Most works concerning GSD mention inadequate com-
munication as a key problem for requirements engineering
activities [2, 3], which is mainly caused by the loss of com-
munication richness as a consequence of the lack of face-to-
face interaction. Other problems also challenge communica-
tion and are related to the fact that stakeholders are distrib-
uted throughout different countries. The first of these prob-
lems is the time difference which signifies that timetables do
not overlap or overlap for only a short period. Certain delays
in the project may therefore occur as a result of a lack of
synchronous collaboration [2]. Time separation also refers to
the problem of a lack of timetable overlap. However, time
separation does not only consider time difference but also
cultural issues such as different working hours, lunch breaks,
weekend or holidays times [5]. Cultural diversity is another
problem when team members are distributed in different
countries, since these countries tend to have diverse relig-
ions, languages, and customs [2, 6]. Finally, knowledge
management in GSD projects becomes more difficult in dis-
tributed settings since there is a huge amount of information
from multiple sources that needs to be appropriately shared
among all the stakeholders [2].
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Table 1. Relationship Between Factors and Problems in GSD
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Inadequate Time Cultural Knowledge
Communication Separation Diversity Management
Timetable overlap \ \
Language difference \ \ \
Cultural difference \ \
Stakeholders’ cognitive characteristics \

Table 2. Linguistic Tags Defined for Each Factor

Factor

Linguistic Tags

Time overlap

low, medium, high

Knowledge about a common language

low, low-intermediate, medium, high-intermediate, high

Cultural difference

low, medium, high

Stakeholders’ cognitive characteristics

type 1, type 2, type 3

Bearing such problems in mind, we shall attempt to iden-
tify certain factors that are related to them with the aim of
defining strategies with which to minimize the problems they
cause, as will be explained in the following two sections.

After studying the main problems detected in GSD pro-
jects, we searched for related factors that could be evaluated
and used as a guide to suggest strategies to minimize such
problems.

The factors chosen for evaluation are: working timetable
overlap, language difference, cultural difference and
stakeholders’ cognitive characteristics. Their relationship
with the main problems in GSD is shown in Table 1, and can
be summarized as follows:

= Timetable overlap is related both to the time difference
between sites and to cultural issues such as habits. It af-
fects communication since it is related to the possibility
(or otherwise) of synchronous interaction.

= Language difference affects both communication and
knowledge management because of the importance of a
common vocabulary.

= Cultural difference is a natural consequence of cultural
diversity. The existence of an indicator regarding cul-
tural difference allows us to discover whether or not it is
necessary to implement a strategy to minimize the prob-
lems caused by cultural diversity.

= Stakeholders’ cognitive aspects refer to the way in
which people behave according to their innate character-
istics. This behaviour influences the way in which peo-
ple interact with the world, and particularly their com-
munication with other stakeholders.

Obtaining an indicator with regard to each one of these
factors will allow us to define when strategies to minimize

the problems related to them are necessary. We therefore
need a means of obtaining a value for each factor from a set
of easy-to-remember linguistic tags, thus providing us with
the possibility of reusing our functions in other projects by
adjusting the various parameters. The tags we have defined
for each factor are shown in Table 2. The following step will
be to define a method to obtain a value for each factor.

3. OBTAINING A VALUE FOR EACH FACTOR

In this section we shall explain how a value for the dif-
ferent linguistic tags can be obtained for each factor pre-
sented in the previous section.

3.1. Timetable Overlap Evaluation

If we consider that a virtual team is the minimal group of
people that must interact during the software requirements
elicitation process, then, we propose the evaluation of how
much time they share in order to be able to interact synchro-
nously. To do so, we propose using a form in which each
stakeholder’s timetable is converted into Greenwich Mean
Time (GMT), and calculating the overlap between all the
stakeholders’ timetables.

As an example, let us consider three stakeholders (S1,
S2, S3), where S1 and S2 are in Spain and S3 is in Argen-
tina. Spanish time is +1 and Argentinean Time is -4, accord-
ing to GMT. If we then consider each person’s normal time-
table: S1’s is from 8.00 to 16.00 (which would be 7.00 to
15.00 in GMT), S2’s is from 10.00 to 18.00 (9.00 to17.00
GMT), and S3’s is from 8.00 to 16.00 (12.00 to 20.00
GMT). This information is placed in Form 6 (as is shown in
Fig. 1) and the overlap is calculated. In this example, the
total overlap is, therefore, 4 hours, which is 50% of the total
time.



16 The Open Software Engineering Journal, 2010, Volume 4

Aranda et al.

Greenwich Mean Time
112 3[4 [5]16|7]|8[9[10]11]12]13[14[15]16]17]18]|19[20]21]22]23|24
S1’s name
S2’s name
S3’s name
Overlap [ T[T
Fig. (1). Timetable overlap evaluation.
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Fig. (2). Fuzzy function for the timetable overlap variable.
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In order to obtain the tags “low”, “medium”, and “high”
for the overlap factor, we propose the following formulas for
a working day of n hours:

= (n+1)/3 is the lowest limit for the “medium” tag

= n-(n+1)/3 is the highest limit for the “medium” tag
= The highest limit for the “low” tag: ((n+1)/3)-1

= The lowest limit for the “high” tag: (n-(n+1)/3)+1

The results for the aforementioned example are shown in
Fig. (2).

3.2. Language Difference Evaluation

Language difference is a common factor in global envi-
ronments as a consequence of the interaction among people
from different countries. After analyzing the probable sce-
narios, we have identified three cases:

= Same language: For example, in a project involving or-
ganizations from Spain and Argentina the language is
the same (Spanish) but differences in pronunciation, in-
tonation, use of different words for the same concept or,
on the contrary, the same word for different concepts,
may cause misunderstandings and confusing situations.

= Different language (native language for one of the sites):
For example, in a project involving people from Spain
and USA, the languages will be completely different.
Since English is widely dispersed throughout the world
as a second language, it will probably be chosen as the
common language.

= Different language (non native language for none of the
sites): For example, in a project involving people from
Spain and The Philippines, their languages will be com-
pletely different. Again, as English is widely dispersed
throughout the world as a second language, it will be
probably chosen as the common language. The differ-
ence this case and the previous case is that, as English is
the second language for the people on both sites, the
stakeholders share a similar difficulty when dealing with
the foreign language, which will supposedly generate
more empathy.

In this case, rather than using a scale to evaluate the lan-
guage difference, we have preferred to use a scale that evalu-
ates the degree of knowledge of a common language. In this
scale the “High” tag is the best choice (which means that
there is almost no language difference), followed by High-
Intermediate, Intermediate, Low-Intermediate and Low. We
therefore propose a form (shown in Fig. 3) with which to
gather the information related to knowledge about a given
language, and propose a scale to classify this difference. We
propose filling in a form for each language that could be
considered as a possible common language and analyzing
which of these obtains the highest mark according to the tags
we have previously defined.

3.3. Cultural Diference Evaluation

Culture is defined as a set of key values, norms and be-
liefs that are shared between members of a society, and can
be described in terms of a series of dimensions [7]. The
Hofstede model is that which is most widely used to analyze



Analyzing and Evaluating the Main Factors

The Open Software Engineering Journal, 2010, Volume 4 17

Possible common

Janguage Language: ...
O  All the stakeholders are from the same country
O Stakeholders do not share the mother language but they have a high level High
of knowledge of the chosen common language.
O Stakeholders share the mother language but they are from different
countries. High-
O Stakeholders do not share the mother language but they have a high- Intermediate
Choose the intermediate level of knowledge of the chosen common language.
options closest to
your virtual team O Stakeholders do not share the mother language but they have at least an Intermediate

intermediate level of knowledge of the chosen common language.

O Stakeholders do not share the mother language but they have at least a low- Low-
intermediate level of knowledge of the chosen common language. Intermediate
O Stakeholders do not share the mother language and all of them have a low Low

level of knowledge of the chosen common language.

Fig. (3). Language difference evaluation form.

cultural differences in GSD projects [6, 8], and can be ap-
plied to many situations, such as analysing behaviour be-
tween bosses and employees, the way in which people privi-
lege individualism or collectivism, etc [9]. The five dimen-
sions for the Hofstede model are:

= Power Distance Index (PDI): the degree of equality, or
inequality, between people in the country's society.

= Individualism (IDV): the degree to which the society re-
inforces individual or collective achievement and inter-
personal relationships.

= Uncertainty Avoidance Index (UAI): the level of toler-
ance for uncertainty and ambiguity within the society -
i.e. unstructured situations.

= Masculinity (MAS): the degree to which the society re-
inforces, or does not reinforce, the traditional masculine
work role model of male achievement, control, and
power

= Long-Term Orientation (LTO): the degree to which the
society embraces, or does not embrace, long-term devo-
tion to traditional, forward thinking values

The values for the first four dimensions were defined by
means of surveys in 53 different countries, while the fifth
dimension was defined by means of surveys in 23 countries.
Table 3 shows the values for some of these countries [9].

In order to obtain a value for cultural difference between
two countries in a scale (low, medium, high), we propose the
following formula, Dag for the cultural distance between coun-
tries A and B, which is calculated as:

Dag = 2 diag)

where:
= | is a dimensions (1: PDI, 2: IDV, 3:UAI, 4:MAS,
5:LTO)

= v;is a value for the i-th dimension for a given country

= and di(A,B) is the distance for the i-th dimension, calcu-
lated

as |vi (A) - vi (B)|

For example, based on the values for Argentina and
Spain obtained from Table 3, we can calculate the cultural
difference between both countries, Dargentina spain, 3 follows:

Argentina 49 46 86 56
Spain 57 51 8 42
Cultural difference 8 5 0 14

DArgentina,Spain = (8+5 +0+14) =27

By applying this formula to each pair of countries, we
have obtained an indicator for the cultural difference be-
tween them. In Table 4 we show the values calculated for the
countries presented in Table 3. The symbol “-” was used to
mark the cells that correspond to the same country. The table
is symmetric since Dyp = Dg 4, since the formula uses the
absolute value to calculate the difference for each dimension,
and addition is commutative. Finally, we marked with an “*”
the cells that it is not possible to calculate because the values
known for both countries do not match (for example, for
Argentina we know the first four dimensions and for China
we know only the fifth one, so calculation is not possible).

Table 3. Hofstede’s Model Values for Certain Countries

Country PDI IDV UAIL MAS LTO
Argentina 49 46 56 86
Australia 36 90 61 51 31
Austria 11 55 79 70
Belgium 65 75 54 94
Brazil 69 38 49 76 65
Canada 39 80 52 48 23
Chile 63 23 28 86
China 118
Spain 57 51 42 86
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Table 4. Cultural Differences for Countries in Table 3
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Argentina - 97 86 55 45 86 65 * 27
Australia 97 - 97 94 156 33 162 87 114
Austria 86 97 - 123 111 102 151 * 103
Belgium 55 94 123 - 64 79 88 * 52
Brazil 45 156 111 64 - 145 52 53 42
Canada 86 33 102 79 145 - 143 95 95
Chile 65 162 151 88 52 143 - * 48
China * 87 * * 53 95 * - *
Spain 27 114 103 52 42 95 48 * -
A
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Fig. (4). Fuzzy function for cultural difference variable.

Finally, based on the indicators for cultural difference for
all the pairs of countries, we define the values for the linguis-
tic tags for cultural difference considering the lowest differ-
ence between two countries (D, = 13; which correspond to
West Africa and Indonesia), and the highest difference be-
tween two countries (Dy,.x = 248; which correspond to Swe-
den and Japan). In doing so, we divided the distance between
Dpin and Dy, into similar parts and defined the values for
the “low”, “medium”, and “high” tags, and the correspond-
ing fuzzy function, as is shown in Fig. (4). In our example of
Argentina and Spain, since the cultural difference indicator
is 27, we can talk about a “low” cultural difference.

3.4. Stakeholders Cognitive Characteristics Evaluation

In order to discover more about stakeholders, we have
analyzed certain instruments from the field of cognitive psy-
chology designed to measure human characteristics and to
explain differences between people [10]. We have specifi-
cally chosen a learning style model, called Felder-Silverman
(F-S) [11], which analyses the way in which people receive
and process information, with the aim of making the envi-
ronment in which they work closer to their cognitive profile.
Stakeholders’ F-S learning styles are obtained by means of a
test that catalogues their preferences in four categories (per-
ception, input, processing, and understanding) as slight,

moderate and strong between two opposite subcategories.
For instance, in the “input” category, people are catalogued
as being verbal or visual on the scale (slight, moderate,
strong). If people are verbal then they prefer to perceive in-
formation by means of spoken words, while visual people
prefer graphics. The form used to gather the test results is
similar to that shown in Fig. (5).

In order to define the types of virtual teams regarding the
stakeholders’ learning style, we focus on the strongest pref-
erences (values -11, -9, 9, and 11). For example, in the case
shown in Fig. (5), the stakeholder is strongly active and
strongly intuitive.

The information gathered regarding the virtual team
members’ cognitive profile is summarized in Form 8 (Fig.
6).

Since when preferences are stronger people may have
difficulty in learning in an environment that does not support
their preference [12], we decided to classify teams according
to the occurrence of strong preferences, as follows:

= Type 1: There are no strong preferences in the team.

= Type 2: There are strong preferences but not on the op-
posite sides of the same category. For instance: if there
are strongly visual people in the team, and there are no
strongly verbal people, communication should be based
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Strong Moderate  Slight Moderate Strong
1109 -7(-5/-3|-1|1|3|5]|7]9 |11
Active v Reflexive
Sensitive v Intuitive
Visual < Verbal
Sequential v Global

Fig. (5). Analyzing cognitive styles with F-S test.

N° N°

Calculate the number of
stakeholders with strong
preferences for each
subcategory and fill in the
middle columns

Strongly ACTIVE (-11,-9)

Strongly VISUAL (-11,-9)

Strongly SENSITIVE (-11,-9)

Strongly SEQUENTIAL (-11,-9)

Strongly REFLEXIVE (11,9)
Strongly INTUITIVE (11,9)
Strongly VERBAL (11,9)
Strongly GLOBAL (11,9)

Have all cells been filled with zeros?

O Type 1 (non-strong preferences group)

Verify each row and
choose the question whose

Are there one or more non-zero cells and are
their adjacent cells (in the same row) always

Type 2 (strong preferences without conflict

also non-zero?

answer is “YES”. The 2610? group)
team type is in the right- -
hand column Are there one or more non-zero cells and is O Type 3 (strong preferences with conflict

one of their adjacent cells (in the same row)

group)

Fig. (6). Virtual team evaluation regarding stakeholders’ cognitive characteristics.

on diagrams and written words, since this will increase
the involvement of visual people, and those people with
slight and moderate preferences will not experience dif-
ficulties in becoming accustomed to them.

= Type 3: If there are strong preferences on the opposite
sides of the same category, then there is a conflict of
preferences. For example, if there are one or more
strongly visual people, and also some strongly verbal
people, communication should support both kinds of
styles, as we shall discuss later.

The rationale behind our decisions is supported by re-
search results in the field. In the following sections we shall
analyze the possible strategies to be used by a given virtual
team, once all these factors have been evaluated.

4. DEFINING STRATEGIES TO MINIMIZE GSD
PROBLEMS

Once values for time overlap, cultural difference, lan-
guage difference and team type regarding cognitive aspects
have been obtained (as was previously explained), we rec-
ommend three main strategies to minimize the problems
caused by such factors. These strategies focus on:

A. How to minimize problems related to high and in-
termediate degrees of cultural and language diver-
sity, by means of training in the cultural differences

that may appear.

B. How to minimize problems related to high and in-
termediate degrees of language diversity, by means
of ontologies as a communication facilitator.

C. How to minimize problems related to communica-
tion by means of the study of the cognitive nature of
people and the characteristics of their environment.

These strategies are analyzed in the following sections.

4.1. Strategy A: Training in Cultural Differences

With regard to cultural difference, the main problems are
related to people’s behaviour. For instance, USA ranks high
in individualism, while collectivism is a common character-
istic of the Latin culture [9], so interaction between these
countries may be problematic, leading Latin people to be-
lieve that Americans are not compromised with the group
[13] or Americans to believe that Latin people spend too
much time building up unnecessary social relationships.
Since this kind of misunderstanding about behaviour may be
source of frustration for team members, we propose a first
strategy, called A, which focuses on learning about the other
cultures:

Cultural differences cannot be avoided, but stakeholders
can learn about the differences between the other culture and
their own. Being trained in cultural diversity is crucial if
stakeholders are to be both aware of normal behaviour in
other cultures and conscious of their own behaviour, espe-
cially in aspects that may be offensive or misunderstood. In
order to minimize this kind of problems, we have classified
the strategies used as follows:

= Literature review, seminars, courses, etc.

= Cultural mediation: taking advantage of people who have
visited the other site before — and therefore know about cus-
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toms and normal behaviour related to the foreign culture —
who will become a reference for communication with people
at the other site. These people are called mediators, bridge-
heads [14] or liaison personnel [15].

= Virtual mentoring: based on simulation and virtual actors.
This may be an interesting way of motivating stakeholders in
foreign language training and cultural familiarization [16].

4.2. Strategy B: Using Ontologies as Communication Fa-
cilitators

In addition to cultural diversity, GSD projects must also
deal with language differences. Language difference may
occur on a wide variety of levels, depending upon whether or
not stakeholders share the same mother language. When
people do not share the same native language, the language
chosen for interaction is usually English, and a clear under-
standing of domain concepts and relationships is crucial.
However, when people share the native language, if they
come from different countries, idiomatic differences may
also be a challenge for communication. For instance, people
from Argentina and Spain share Spanish as their native lan-
guage, but pronunciation may differ, and many words may
have different meanings. Since it is crucial to have a com-
mon understanding of the system domain during the re-
quirements elicitation process, our strategy to minimize the
idiomatic differences is that of using ontologies to help
communication.

When stakeholders are not from the same country of ori-
gin, even if they share the same mother language, misunder-
standings may arise as a result of the fact that some words
have more than one meaning, or different words refer to the
same concept, etc. Sharing a common vocabulary, especially
that which refers to the domain components, is crucial, and
we propose a domain ontology to help build said language.
In addition, ontologies play a natural role in supporting
knowledge management, which is of great importance during
requirements elicitation, in which a considerable amount of
data is collected from many different sources. Ontologies
therefore make it possible to clarify the structure of knowl-
edge and allow a clear specification of the concepts and the
terms used to represent them [17].

4.3. Strategies C: Selection of Suitable Technology

Finally, but of no less importance, we have considered
the fact that people in GSD projects apply requirements
elicitation techniques by means of groupware tools. There-
fore, in order to improve people’s communication, we have
focused on analyzing how technology selection can influ-
ence people’s performance. Based on such analysis we pro-
pose a third strategy: “Selection of suitable technology ac-
cording to the environment’s characteristics”

Two types of technology are used during requirements
elicitation: groupware and requirements elicitation tech-
niques. By analysing the factors measured, we aim to choose
the most suitable technology according to the characteristics
of the virtual team.

Various factors are involved in the selection of technol-
ogy. The first is time overlap. In this case, it is obvious that
when time overlap is low synchronous interaction will be
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difficult, so we recommend using asynchronous groupware
tools and avoiding requirements elicitation techniques based
on synchronous interaction (such as brainstorming). Fur-
thermore, when the stakeholders’ mother language is not the
same, and the degree of knowledge of a common language is
intermediate or less, we propose restricting communication
to asynchronous tools, in order to give people the opportu-
nity to read and write with greater care.

Finally, we propose using knowledge about the
stakeholders’ cognitive characteristics for technology selec-
tion. As was explained previously, one of the factors that it is
possible to discover in a virtual team is the cognitive charac-
teristics that are innate to people and are related to the way in
which people perceive information and understand it. Since
communication in GSD projects takes place by means of
groupware tools and requirements elicitation techniques, we
have proposed a model to obtain preference rules at the indi-
vidual level [18] along with strategies to combine the tech-
nology according to the type of virtual team (type 1, 2, or 3),
which depends on the occurrences of people with cognitive
strong preferences in the given virtual team [19]. Such
strategies can be summarized as follows:

= Strategy C1 for Type 1 Groups (groups with non-
strong preferences), is expressed as:

C1 ({g}, GS1, GS2, ..., GSn) —gi €{g}

where GS; represents the groupware tool that fits the i-th
stakeholder’s preferences (which have been defined by
mechanisms based on fuzzy logic and fuzzy sets), and g; €
{9} is the tool that appears most frequently.

Fig. (7) shows an example based on this strategy. As this
figure shows, according to the preference rules, Chat is the
groupware tool recommended for P1 and P2, while Email is
recommended for P3. Since all the stakeholders have slight
and moderate preferences, the recommended groupware tool
for the group is Chat, which has more adherents.

= Strategy C2 for Type 2 Groups (groups with strong
preferences without conflict), is:

C, ({0}, ({GS1}, wsy), ({GSzhwsy), ...,
({GSn}wsn) — gi €{0} 2 gi E{GS;}

A WSj = max(Ws;, WS,... , WSp)

where GS; represents the groupware tool that fits the i-th
stakeholder’s preferences and ws; is the weight —meaning
how strong the preferences are—, and the resulting g; is a
tool that is appropriate for the stakeholder whose personal
preferences are the strongest.

An example of this strategy is shown in Fig. (8).

As this figure shows, according to the preference rules,
Chat is the groupware tool recommended for P1 and P2,
while Email is recommended for P3. Since P3 has the
strongest preferences, the recommended groupware tool for
the group is Email, in order to make this stakeholder feel
more comfortable with the groupware and knowing that the
remaining stakeholders using this groupware will not experi-
ence difficulties since they have slight and moderate prefer-
ences.
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(MAc, MSe, MVi, SGI)

P1

______

(MAc, SSe, SVe, MSq) (MRe, MSe, SVi, SGI)

P3

{  Chat ) Email

Fig. (7). Strategy C1 represented for 3 stakeholders with slight and moderate preferences (Type 1 Group).

(MAc, MSe, SVi, SGI)

P1

(MAc, SSe, SVe, MSq)

Groupware tools
Preference rules

Chat Chat

EMAIL

(MRe, VSe, VVi, VSq)

Strongest
preference

_____

Fig. (8). Strategy C2 represented for 3 stakeholders with strong preferences without conflict (Type 2 Group).

= Strategy C3 for Type 3 Groups (groups with strong
preferences with conflict), improves the process by us-
ing a different machine-learning algorithm. By doing so,
we aim to develop an algorithm that, for each rule, re-
turns a ranking of output variables, rather than only one.
Therefore, when a conflict is detected, as we have a
ranking for each person, we can browse through the
ranking for those people with the strongest preferences,
and the tool that is located in the highest position for all
of them will be the best choice for the team, although it
would not be the first choice for some, or even any of
them.

An example is shown in Fig. (9). As this figure shows,
since P1 and P3 have strong preferences on the opposite
sides of the same category (Verbal-Visual), the recom-
mended groupware for the group is chosen by looking

through the ranking from both stakeholders. In doing so, we
find that Chat is the best choice for both, despite the fact that
it is in the second place in both rankings. As was explained
previously, we do not take into account the preference rules
for stakeholder P2 because we know that s/he will not expe-
rience difficulties in getting accustomed to it, since s/he has
slight and moderate preferences.

Table 5 summarises the strategies suggested for a combi-
nation of factors. Only the table for the “low” cultural differ-
ence is shown owing to space limitations, but rows for the
“medium” and “high” values, can be added by simply filling
in the strategy A column with a “@®”character.

In order to abbreviate the technology selection strategy
names in Table 5, we have used the terms C1, C2, and C3 for
strategies according to the group type, and we have similarly
called the technology selection strategy based on asynchro-
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Strongly Verbal
(MAc, MSe, VVe, SGI)

P1

1. Email

- -

. 2.Chat o.=>

3. Videoconf

(MAc, SSe, SVi, MSq)

P2

Groupware tools
Preference rules

Strongly Visual
(MRe, VSe, VVi, VSq)

P3

L. Video_
1. Video \‘-32-'155:-}19%‘:
2. Email - mat
3. Chat
CHAT

Fig. (9). Strategy C3 represented for 3 stakeholders with strong preferences with conflict (Type 3 Group).

nous interaction C4, which is related to wide time separation
or low knowledge of the common language.

In order to illustrate the use of this table with an example,
let us consider the case analyzed in a controlled experiment
recently carried out. In this experiment we had at our dis-
posal 24 computer science students and teachers from Span-
ish and Argentinean universities. The cultural difference (as
was explained in the formula in Section 3.3) was 27, and the
value for this factor was “Low”. Virtual teams were made up
of 2 Spanish students and 1 Argentinean teacher and their
time overlap was that used in the example in section 3.1, so,
the value for this factor was “Medium”. Finally, as we had
sufficient people with strong preferences for the visual sub-
category, we formed similar Type 2 groups (one or more
people with strong preference without conflict). Table 5
shows (highlighted in light blue) the strategies suggested to
minimize communication problems in our experiment where:
first, strategy B is chosen, which recommends using a do-
main ontology to minimize misunderstandings due to lan-
guage diversity; and second, strategy C2 is chosen, since a
groupware technology strategy for Type 2 Groups was re-
quired.

The preliminary results of this experiment indicate that
stakeholder perception with regard to communication ap-
pears to be better in those groups that applied the C2 strat-
egy. As can be seen in Fig. (10), the preliminary analysis of
data collected by means of the post-experiment questionnaire
shows that, with regard to the stakeholders' satisfaction with
communication during the experiment, all the people that
participated in those groups applying the C2 strategy ranked
their satisfaction as “very good” or “good”, most of them
considering it to be “very good”. On the contrary, in groups

that did not apply the C2 strategy, most people ranked their
satisfaction as simply “good” and some people also ranked
their satisfaction as “indifferent”, which did not occur in the
first group.

As improvements in communication are expected to be
related to improvements in requirements quality, we have
asked a group of software engineering teachers to analyze
the requirements specifications written during our experi-
ment. We are currently analyzing this data.

5. CONCLUSIONS

GSD has been widely adopted in software development
organizations owing to the advantages that it represents in
minimizing costs. However, the cultural diversity and the
time difference present in this kind of projects, challenge the
team performance, especially in software engineering activi-
ties in which communication is crucial for a common under-
standing of the problem.

In order to minimize such problems, we have proposed a
method with which to evaluate the factors that are related to
GSD challenges and we propose a set of strategies that can
be used in each case. Our current work is focused on analyz-
ing the results of a controlled experiment that was carried out
to test performance when using domain ontologies and
groupware technology selection in groups with strong pref-
erences without conflict (type 2 group). Preliminary results
indicate that the groups that used the most suitable group-
ware tools, according to our selection strategy C2 for type 2
groups, felt more comfortable with communication than
those groups that did not use them. Nevertheless more ex-
periments should be performed if these results are to be more
conclusive.
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Table 5. Possible Scenarios According to the Values Obtained for Each Factor

Cultural Difference | Timetable Overlap Degree of Knowle;il?;ng a Common Lan- Virtual Team Type Strategies
L M H L M H H HI | LI L 1 2 3 A B C1 C2 C3 C4
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +

Abbreviations: Y=YES, N=No, L=Low, M=Medium, H=High, I=Intermediate
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Fig. (10). Stakeholders' satisfaction with communication in groups that applied strategy C2 and groups that did not.
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