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Abstract. The article presents a controlled experiment in which the conve-
nience of using the Belbin Role Theory for the integration of work teams with
the task of measuring the software is explored. The study is developed in an
academic environment with students of the Software Engineering degree and
analyzes the differences between the metrics obtained with the Function Point
Technique, by teams integrated with the Belbin Theory, and those obtained by
teams integrated with students selected randomly. The results obtained provide
evidence regarding the significant differences in terms of the time spent for the
task; it was observed that teams integrated with the Belbin theory take more
time. Regarding the five metrics obtained to measure the functionality of the
software, differences were found only in the functionality linked to the external
outputs.
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1 Introduction

The body of knowledge of Software Engineering (SE) began to be integrated since the
late sixties in response to a situation known as “the software crisis”. This situation
generated dissatisfaction in customers mainly for three particular situations linked to
the software process: (1) cost overruns in the software process, (2) non-compliance
with the delivery deadlines, and (3) requirements for the delivered software product are
not met. After just half a century, Software Engineering (SE) has a body of knowledge
accepted by professionals and researchers of the discipline [1], which integrates a set of
areas linked to development processes (Requirements, Design, Construction, Testing
and Maintenance) and management processes (Quality, Configuration, Software Pro-
cess) associated to the aforementioned areas. There is also a set of methods, techniques,
tools and good practices that have been integrated into the body of knowledge of the
SE with the intention of improving both the processes as the products generated
through said discipline.
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The improvement of the software process has been studied from several angles, one
of which has had singular interest in recent years, studies the importance of the human
factor in the software development process; this factor acquires singular relevance due
to the fact that several of the processes linked to Software Engineering are carried out
in the context of work teams, and therefore, the human factor can affect the success or
failure of a project of this kind. In this sense, De Marco comments in [2] that the main
problems or causes of the failure of the projects are not of a technological nature, but
rather are due to factors of a sociological nature; for his part, Humphrey in [3] states
that the process of forming and building a software development team does not happen
by accident, the team needs to establish working relationships, agree on objectives and
determine roles for group members.

The purpose of the study described in this article is to explore whether the use of
role theory proposed by Belbin [4] for the formation of effective teams has any
influence on the measurements made by development teams trained with this theory, in
comparison with the measurements made by traditional development groups, integrated
randomly. It is worth mentioning that the controlled experiment was developed within
the framework of a course on Design of Experiments given to students of a Bachelor in
Software Engineering.

The remaining part of this document is organized as follows: Sect. 2 presents a
general description of related work. Section 3 briefly presents the software measure-
ment technique known as Function Points. Section 4 presents the experiment per-
formed. Section 5 presents the results end findings. Finally, the conclusions are
presented in Sect. 6.

2 Related Work

Some researchers [4–6] claim to have identified roles that describe the behavior of
individuals in work teams—team roles—and although there is no evidence that they are
particularly associated with any type of activity, their absence or presence is says that it
has significant influence on the work and the achievements of the team [7].

Among the proposals on team roles, Belbin’s work [4] is surely the most used
among consultants and trainers, its popularity is that, it not only offers a categorization
of roles, but also describes a series of recommendations for the integration of work
teams, which are known as the Belbin Role Theory. In relation to the roles of Belbin,
Johansen in [8] proposed to validate the inventory of self-perception proposed by
Belbin through the observation of the behavior of work teams. As part of his con-
clusions, he indicated that it is worthwhile to use said instrument as a tool to evaluate
the composition and possible performance of the team.

Pollock in [9] explores whether diversity of roles and personalities among the
members of a team of information systems students can improve the effectiveness of
the team. He concludes that diversity does not have a significant influence on the
effectiveness of the team; however, he says that the presence of certain roles, such as
the Sharper, Chairman and Completer-Finisher, can increase effectiveness. In this same
sense, Henry and Stevens [10] reported a controlled experiment with students in which
they explore the improvement in the effectiveness of software development teams,
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based on the set of roles proposed by Belbin; these authors analyzed the general
usefulness of Belbin’s roles—particularly the roles that the leader can play—in terms of
two aspects: performance and viability; they conclude that teams that contain only one
leader role present better performance than those that do not include it or those that
include more than one leader; in a similar study, Estrada and Peña [11] reported that
some roles have a greater contribution with certain activities, as was the case of the
Implementer role in the coding task. Aguilar in [12] reports that the collaboration skills
presented by groups formed on the basis of role theory (GBF), is significantly greater
than that presented by the groups formed solely taking into account functional roles
(GMF); reports that GBFs spend more time than GMFs in their work sessions. In a
previous work [13] we compared, in an academic environment, the quality of the
readability of the code generated by teams integrated with the Belbin Theory (EB), in
contrast to randomly-formed teams (ET); among the results obtained, it was reported
that EB teams show significantly better results than ET teams.

3 Function Point Analysis

The Function Point Analysis (FPA), introduced by Allan Albrech in 1979, is an
accepted standard for measuring the logical or functional size of software projects or
applications, based on the functional requirements agreed upon with the user [14]. The
general process for measuring the size of a software system can be summarized in the
following steps:

1. Determine the type of Function Point count to be conducted: This technique allows
to measure the functionality at the beginning of the development process, in
maintenance time or when a system is already in operation time.

2. Identify the application boundary. Identification of the scope is established in the
start phase of the project, it is usually documented in the form of software
requirements or use cases.

3. Identify all data functions and their complexity. There are two types of functionality
linked with logical files.

• Internal Logical File (ILF): is a group of logically related data or control
information maintained through an elementary process of the application within
the boundary of the software system.

• External interface file (EIF): is a group of logically related data or control
information referenced by the application but maintained within the boundary of
different application.

4. Identify all transactional functions and their complexity. It is possible to identify
three types of transactions:

• External input (EI): is an elementary process of the application which processes
data or control information that enters from outside the boundary of the software
system.

• External Output (EO): is an elementary process of the application which pro-
cesses data or control information that exits the boundary of the software system.
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• External Inquiries (EQ): is an elementary process of the software system which
is made up of an input-output combination that results in data retrieval.

5. Determine the Unadjusted Function Point (UFP) count. According to IFPUG [15],
the complexity of each of the five types of functions can be determined using a
complexity table (see Table 1).

6. Determine the Value Adjustment Factor (VAF). An adjustment factor is calculated
that considers fourteen general aspects related to the system (i.e. reusability, ease of
change, range of transactions).

7. Calculate the final Adjusted Function Point (AFP) count. VAF is applied to the
Unadjusted Function Point count.

4 Methodology

A controlled experiment was designed to explore the influence of the use of the Belbin
Role Theory in the integration of software development teams. In our case, the
influence was evaluated using the result—product—of applying the technique of
function points. In particular, the five metrics linked to the functionality of the files
(ILF, EIF) and transactions (EI, EO, EQ) declared in an Software Requirements
Specification were compared. Additionally, the time used by the teams to carry out the
task was used as a dependent variable—a metric process.

4.1 Objective, Hypothesis and Variables

With the aim of exploring whether the integrated work teams based on the Belbin Role
Theory—which we will call Compatibles—generate measurements significantly dif-
ferent from those obtained by the integrated teams without using any particular criteria
—which we will call Traditional—five pairs of hypotheses—a pair for each of the
metrics obtained with the function point technique—were proposed, such as the
following:

H01: The average of the ILF obtained with the Function Point Technique by the
Traditional Teams is equal to the average of the ILF obtained by the Belbin
Teams.

Table 1. Unadjusted function point counting weights.

Type Low Average High Total

EI __ x 3 __ x 4 __ x 6
EO __ x 4 __ x 5 __ x 7
EQ __ x 3 __ x 4 __ x 6
ILF __ x 7 __ x 10 __ x 15
EIF __ x 5 __ x 7 __ x 10

Total UFP
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H11: The average of the EIF obtained with the Function Point Technique by
Traditional Teams differs from the average of the EIF obtained by the Belbin
Teams

Likewise, with the objective of identifying whether the time spent by the integrated
software development teams based on the Belbin Role Theory, in the aforementioned
software measurement task, differs from the time that the integrated teams invest
randomly, we proposed the sixth hypotheses:

H06: The average time recorded by the traditional teams in the measurement task is
equal to that reported by the Belbin Teams.

H16: The average time recorded by traditional teams in the measurement task differs
from that reported by the Belbin Teams

The factor to be controlled in this experiment is the integration mechanism of the
software development teams, which has two alternatives: (1) Belbin Teams, and
(2) Traditional Teams. On the other hand, the six response variables (ILF, EIF, EI, EO,
EQ, Time) obtained by applying the technique of Function Points in the ERS, will be
recorded in the instrument that the work teams deliver at the end of the activity.
Aspects such as the complexity of the problem to be solved, the time available for the
task, as well as the degree of experience of the participants, are considered parameters
that do not affect or skew the results of the study, because they are homogeneous
parameters for all the teams of development; in the case of the degree of experience,
teams are composed of students who are in their training process and, at the time of the
experiment, still unaware of the technique, are also homogeneous.

4.2 Participants/Subjects

The participants in the experiment were twenty seven students of a Bachelor in Soft-
ware Engineering from the Autonomous University of Yucatan, who were studying the
Software Engineering Experiments Design course in the August-December 2016
semester, subject located in the fifth semester.

With the students enrolled in the course, nine software development teams of three
members each were formed; we used the information obtained—primary roles in
students—after the administration of the self-perception inventory of Belbin, and we
integrate five teams with compatible roles (Belbin Teams: BT) and four additional
teams with students assigned in a random way (Traditional Teams: TT). Given that the
measurements would be obtained on the products generated by the development teams,
the experimental subjects in this case were the nine work teams integrated by the
researchers. The conformation of the five teams (with three members) based on the
Belbin Role Theory are described in Table 2.

4.3 Experimental Design

A Factorial Design with “one variation at a time” was used, the independent variable
corresponds to the way of integrating the work teams, in the study there are two
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experimental treatment factor levels: BT and TT. Table 3 illustrates the assignment of
the nine teams to each of the treatments.

4.4 Execution of the Study

The study was carried out in three work sessions; in the first one, the self-perception
study was administered to the students, this session was carried out in the last half hour
of a class session of the subject. Subsequently, in a second session that lasted two
hours, participants received instruction on the technique function point analysis. In the
third session, the experiment was executed.

As the first activity in the experimental session, the nine teams were integrated
based on what was described in Sect. 5.2, and they were provided with the ERS of a
case study, as well as a report sheet with the scheme of Table 2; brief description of the
activity was described and they were asked to identify the team, as well as record the
start and end time of the activity.

5 Analysis and Results

This section presents both the descriptive statistical analysis of the measurements
collected and the inferential statistical analysis.

For the descriptive analysis, due to the limitations of space in the publication, six
simultaneous boxplot were generated (see Fig. 1); we selected that type of graph
because they represent a descriptive way of comparing treatments. In Fig. 1 we can see
that only the graphics (a) and (f) do not present overlaps in the treatments, so it is very
likely that they present differences between them; also, in the first case, a measure
obtained for EO, the BT average was closer to the real value. We can also observe that
in the two measurements linked with data functions, BT present greater dispersion and
asymmetry than TT; As for the other two measurements related to transactions, no
differences were observed in the dispersion of the treatments, however the BT have
outliers in both cases.

Table 2. Integrated teams with Belbin Theory (Compatible teams).

Teams Integrating roles

I (1) Implementer, (2) Monitor-Evaluator, (3) Coordinator
II, IV (1) Implementer, (2) Implementer, (3) Completer
III, V (1) Team Worker, (2) Team Worker, (3) Plant

Table 3. Experimental subjects by treatment.

Treatment Teams

Belbin Teams (BT) I, II, III, IV, V
Traditional Teams (TT) VI, VII, VIII, IX
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In order to evaluate the differences observed in the EO variables—as a product
metric—and Time—related to the process—with the descriptive analysis and determine
if they are significant from the statistical perspective, the following statistical
hypotheses were raised:

H0EO : lBT ¼ lTT;H1EO : lBT\[ lTT ð1Þ

H0Time : lBT ¼ lTT;H1Time : lBT\[ lTT ð2Þ

Fig. 1. Boxplot for each of the six comparative analyzes.
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We proceeded to use the one-way ANOVA; the associated linear statistical model
is the following:

Yij ¼ lþ bi þ eij;

where Yij is the ij-th observation (value of the j-th replica under treatment i), l is a
parameter common to all treatments called general or global mean, bi is a parameter
associated with the i-th treatment called effect of the i-th treatment and eij is the random
component of the error. Tables 4 and 5 present the results of these analyzes.

The ANOVA table decomposes the variance of the variable under study into two
components: an inter-group component and an in-group component. Since the P-value
of the F-test is less than 0.05 in both study variables (EO:0.013 & Time:0.016), we can
reject the null hypothesis and affirm in both cases that there is a statistically significant
difference between the mean of the variable under study between a level of Treatment
and other, with a 5% level of significance.

H1EO : lBT\[ lTT & H1Time : lBT\[ lTT

The ANOVA Model has associated three assumptions that it is necessary to vali-
date before using the information it offers us; the assumptions of the model are: (1) The
experimental errors of your data are normally distributed, (2) Equal variances between
treatments (Homoscedasticity) and (3) Independence of samples.

To validate the first assumption, we will use the normal probability graph. It is a
graphical technique for assessing whether or not a data set is approximately normally
distributed. As can be seen in the graph of Fig. 2, the points, in both graphs, do not
show deviations from the diagonal, so it is possible to assume that the residuals have a
normal distribution in both cases.

In the case of Homoscedasticity, we generate a residuals vs. fitted plot and we
observed if it is possible to detect that the size of the residuals increases or decreases
systematically as it increases the predicted values; as we can see in the two graphs of

Table 4. ANOVA for EO by teams.

Source SS Df MS F P-Value

Between groups 99.7556 1 99.7556 10.94 0.0130
Within groups 63.8 7 9.11
Total (Corr.) 163.556 8

Table 5. ANOVA for time by teams.

Source SS Df MS F P-Value

Between groups 1012.94 1 1012.94 9.96 0.0160
Within groups 711.95 7 101.707
Total (Corr.) 1724.89 8
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Fig. 3, no pattern is observed by which we can accept that the constant variance
hypothesis of residuals is met.

Finally, to validate the assumption of data independence, we generate a residuals
vs. Order of the Data plot; in this case, we observe if it is possible to detect any

Fig. 2. Normal probability plot for (a) EO and (b) Time.

Fig. 3. Residuals vs. Fitted plot for (a) EO and (b) Time.

Fig. 4. Residuals vs. Order of the data plot for (a) EO and (b) Time.
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tendency to have gusts with positive and negative residuals; in the case of our analysis,
we can see in Fig. 4 that in both cases no trend is identified, so it is possible to assume
that the data come from independent populations.

6 Conclusions

In this paper, we present a controlled experiment in which we compare the performance
—metrics linked to the product and the process—of work teams in tasks related to
software development, particularly, software measurement using the Function Point
Technique. The two treatments to be compared, were linked with the way of integrating
the work teams; firstly, the traditional way of randomly assigning its members, and on
the other, the proposal to integrate teams using the Belbin Role Theory. The results
regarding the process metrics showed significant differences only in the EO metric;
however, no prior information is available that explains in any way the observed result;
that is, it is not clear that the type of activity carried out for the measurement of the EO
was particularly different than that used in the other metrics, such that this could be
influenced by the type of conformation of the team; what could be observed, is that
although the average value in both types of teams was far from the real value, the BT
averaged a value closer to the real, which coincides with that reported in [13].
Regarding the metric associated with the process, in this case, the time that the teams
used to carry out the task, the results showed significant differences; that is, the BT use
more time than the TT, which coincides with one of the experiments reported in [12], in
the sense that the teams formed according to the Belbin Role Theory develop in their
work sessions a greater degree of interaction, which means that they invest more time
in trying to reach a consensus in the decisions of the team.
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