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Abstract—In this paper, we propose a new method for the
modeling of use case diagrams in the context of global software
development. It is based on think-pair-square, a widely used
cooperative method for active problem solving. The validity of the
developed technology (i.e., the method and its supporting envi-
ronment) has been assessed through two controlled experiments.
In particular, the experiments have been conducted to compare
the developed technology with a brainstorming session based on
face-to-face interaction. The comparison has been performed with
respect to the time needed to model use case diagrams and the
quality of the produced models. The data analysis indicates a
significant difference in favor of the brainstorming session for the
time, with no significant impact on the requirements specification.

Keywords-Controlled experiments; Global software engineer-
ing; Functional modeling; Requirements engineering;

I. INTRODUCTION

Splitting the development of a software product (e.g., sys-
tem or service) among distributed sites is increasingly becom-
ing a common practice in the software industry. Academy
and industry community refers to this relevant phenomenon as
global, distributed, or multi-site software development [1]. In
the recent years, an increasing interest has been devoted to this
field since it offers several benefits for software organizations,
such as working cost reduction, enhanced availability of skilled
development staff, proximity to the market, and flexibility and
efficiency for in-house staff usage to adapt quickly to volatile
business needs [1].

Both in the traditional and global software development con-
texts, requirements engineering aims at defining the features
that the system must have (i.e., functional requirements) or
constraints (i.e., quality or pseudo requirements) that it must
satisfy to be accepted by customers. In order to model func-
tional requirements, several approaches have been proposed
in the past, and of these, behavioral modeling is a common
part of the most broadly employed ones [2]. Behavioral
modeling includes the requirements elicitation phase in which
stakeholders communicate and cooperate to solve problems
and to represent functional requirements in terms of use case
diagrams and use cases [3].

In this work, we have modified the original definition of
the think-pair-square method [4] to make it suitable for the
global software engineering. In particular, we have modified
this method to support the requirements elicitation phase. The

new method has been implemented in a software environment,
thus enabling both the distributed modeling and synchronous
communication among team members. Two controlled ex-
periments have been conducted to compare the developed
technology (i.e., the proposed method and the supporting
environment) with a brainstorming session based on face-to-
face interaction. The comparison has been performed on the
performances of the involved participants with respect to a
traditional requirements elicitation task in which they were
asked to develop a part of a functional model by employing
use case diagrams (in the following we will also refer to
it as high level use case diagram). The performances have
been assessed with respect to the time needed to model a
high level use case diagram and the overall quality of this
diagram. The second experiment is a replication, where the
same participants as the original experiment were involved
on different modeling tasks. The rationale for conducting this
replication was that we were interested in verifying whether
better trained participants benefit more from a high level of
familiarity with our technology.

The remainder of the paper is organized as follows. We
discuss the proposed method in Section II. The experiments
are introduced in Section III, while the results are presented
in Section IV. The discussion of the results and threats that
may affect the validity of the investigation are highlighted in
Section V. Final remarks and future work conclude the paper.

II. METHOD AND ENVIRONMENT

We propose a new method for global software development
with application to the requirements elicitation. In the follow-
ing, we first recall the general definition of the think-pair-
square method and then how it has been modified and imple-
mented in our modeling and communication environment.

A. Background

The think-pair-square method [4] has been conceived for
promoting active learning to solve problems in a cooperative
fashion. In fact, it gives individuals the opportunity to discuss
their ideas or possible solutions for a given problem and
provides means to observe problem solving strategies of the
others. Individuals are grouped in homogeneous or heteroge-
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neous way and are asked to solve a given problem through the
following sequential three steps or phases:

think is individually accomplished to approach a solution
for a given problem. The prompt should be limited
so that each individual can really focus on the start
point. This step helps individuals control the urge to
impulsively shout out the first answer that comes to
mind.

pair is performed in pair, who share the possible solutions
individually identified in the think step. In this step
the ideas achieved in the previous step may be
revised.

square is performed by all the individuals, who work on the
common solution of the given problem. Individuals
share the work made in the pair phase by two or more
pairs, thus forming a square and discussing again
possible solutions for the original problem. This step
allows identifying a shared and more comprehensive
solution.

Individuals perform the pair and square phases in the same
physical setting through face-to-face interaction. The rationale
for performing these steps relies on the fact that if one pair is
unable to solve the problem, the other pair can often explain
their answer and strategy. Finally, if a suitable solution for
the problem is not identified, the pairs combine results and
generate a more comprehensive solution.

B. Distributed Think-Pair-Square

Requirements engineering aims at defining the features (i.e.,
functional requirements) that a system must have or constraints
(i.e., quality or pseudo requirements) that it must satisfy to be
accepted by customers. The most challenging and demanding
phase of the requirements engineering process is the elic-
itation [2]. It is concerned with several activities. Among
these communication, cooperation, requirements modeling,
and problem-solving are the most demanding. These activities
become even more difficult in case software engineers are
distributed.

Based on our experience [5] and on the fact that the think-
pair-square method is used to promote active discussions
and to solve problems, it seemed reasonable to adapt it to
support distributed requirements elicitation. With respect to the
original definition of the think-pair-square method, we have
planned to replace face-to-face interaction with a computer-
supported collaborative tool environment. In particular, face-
to-face interaction has been simulated with a distributed envi-
ronment composed of a text-based chat and a synchronous
use case diagram modeling tool. The chat is in charge of
simulating face-to-face interaction, while the modeling tool is
used to take note of the possible software requirements models
(identified at each step) abstracted by using high level use case
diagrams. The latter tool also enables implicit communication1

[6] among users while performing modeling tasks.

1It is a knowledge transfer process based on communication through a
shared mental or abstract model.

Our environment has been implemented using CoFFEE [7].
It is mainly aimed at developing environments for cooperative
learning and distributed synchronous cooperative activities. To
this end, it provides three main tools: (i) Session Editor, (ii)
Controller, and (iii) Discusser.

The Session Editor tool is used to define a communi-
cation/discussion environment by means of a session that
is in turns composed of steps. The activities that can be
accomplished within each step are defined combining one or
more basic tools. We have used here two tools: the Chat Tool
(CT) and the Shared Drawing Tool (SDT). The Chat Tool
is a traditional synchronous text-based chat, while SDT is a
synchronous environment for modeling UML diagrams [3]. In
our case, we defined a session composed of three steps (one for
each phase of our method). In all these steps, the tool SDT is
provided to specify a high level use case diagram. Differently,
the CT tool is included in the second and third steps to enable
the communication among the users. The users employ CT
to communicate and discuss with the others, while they use
SDT to present a graphical overview of the functionality of
a system. To effectively support our method, at each step
the model created by using SDT is made available to the
subsequent one.

The Controller tool is used to execute sessions previously
defined by the user. This tool has been used here to execute
the session described above and to pass from a step to
subsequent one. We have also used the Controller tool to
compose groups of participants and to constantly monitor them
while performing the modeling tasks.

Finally, the Discusser tool enables users exploiting the envi-
ronment created by the Session Editor tool and executed by the
Controlled tool. The communication among the users follows
the session underlying the communication environment and is
supported by the tools that compose this session.

III. CONTROLLED EXPERIMENTS

In this section, we present the definition, the design, and the
planning of the original experiment (from here on, Experiment
I) and its replication2 (from here on, Experiment II), structured
according to the templates suggested in [9] and [10]. For
replication purposes, the experimental package and the raw
data of both the experiments are available for downloading on
the web3. A technical report is also available there.

A. Definition

The main goal of both the experiments is to investigate
whether our method and its implementation are effective as a
traditional brainstorming session based on face-to-face interac-
tion in the modeling of functional requirements abstracted by
employing high level use case diagrams. In the following, we
will refer to TPS as our developed technology (i.e., method
and environment), while we use F2F to indicate a traditional
face-to-face brainstorming session.

2It is a differentiated replication [8], since we introduced a variation in the
original conditions.

3www.scienzemfn.unisa.it/scanniello/TPS UCDiagrams/
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The goal of the study can be therefore defined by using the
GQM (Goal Question Metric) [11] template: “Analyze the use
of TPS for the purpose of comparing it with respect F2F from
the point of view of the researcher, evaluating the possibility of
adopting TPS in the modeling of high level use case diagrams
in the context of students in Computer Science, and from the
point of view of the project manager, evaluating the possibility
of adopting TPS to model high level use case diagrams in the
context of a global software development project”.

B. Context

The context of the experiments was constituted of second
year Bachelor students and first year Master students in
Computer Science at the University of Basilicata. In particular,
27 were students of a Software Engineering course of the
Bachelor program, while 9 were students of a Computer
Graphic course of the Master program. All the participants
to the experiments were volunteers and no selection was
accomplished.

The Bachelor students were asked to accomplish the con-
trolled experiments as a part of a series of optional laboratory
exercises of the Software Engineering course. As mandatory
laboratory activity of this course, the participants attended
lectures and performed assignments about the development of
an object oriented software system adopting an incremental
process. Moreover, they performed a complete requirements
analysis and high level design of a software system to be
implemented and then they incrementally developed each
subsystem of the designed system. Regarding the requirements
elicitation, the participants were asked to define functional
models based on summary level, user-goal, and sub-function
use cases. The execution of scheduled and unplanned meetings
based on brainstorming sessions was encouraged all along
the development process to solve issues, to cooperatively
modeling the system, and to disseminate and share information
among the team members. The participants were not graded
on the performances achieved on the experiments and were
asked to perform the tasks in a professional way.

The Master students have previously passed a Software
Engineering Course. As mandatory activity of the Computer
Graphic course, the students were asked to develop either
video games (e.g., doom-like game) or three dimensional
environments for software and scientific visualization. Stu-
dents worked individually or in small teams. The controlled
experiments presented in this paper represented an optional
laboratory exercise of the course. It is also worth mentioning
that the students have analysis, development and programming
experience, and they are not far from junior industrial analysts
since most of them have some working experience due to
the internship they made in the industry as final part of their
Bachelor degree.

Bachelor and Master students were volunteers and were
aware of the pedagogical purpose of the experiment, but
they did not know the experimental hypotheses. Note also
that all the participants in their academic career have used
unstructured meetings and brainstorming sessions within the

laboratory activities of programming and modeling, while they
have never employed TPS before.

C. Hypotheses Formulation

The classification proposed by Robert in [12] shows that
the media considered in this investigation are synchronous
(i.e., the communication happens in real time), while they have
a different space dimension. According to this classification,
the participants involved in experimentation are virtually and
physically collocated when interact to accomplish a given task.

We are particularly interested in investigating whether vir-
tually collocated participants may obtain similar performances
(i.e., the quality of the software artifacts produced within
the modeling tasks and the time needed to accomplish these
tasks) than physically collocated ones. Hence, we designed
our investigation with two goals. The first goal concerned the
analysis of the effect of TPS and F2F on the time needed to
model a high level use case diagram (i.e., a part of a function
model) starting from the problem statement4 of the system to
develop. Second, we wanted to investigate whether the use of
TPS and F2F influences the quality of the produced diagrams.

Accordingly, the following null hypotheses have been de-
fined and investigated:

Hn1 The use of F2F does not significantly reduce the
time needed to model high level use case diagrams
with respect to TPS.

Hn2 There is not a significant difference with respect to
the quality of the use case diagrams when using F2F
or TPS.

The first null hypothesis is one sided since we expected
that participants spent less time to accomplish the tasks using
F2F. This is due to both the results presented in [13], [14]
and the fact that it is intuitively clear that people using a
chat tool and a shared editor needs more time to reconcile
their different perspectives compared to participants in a
brainstorming session based on face-to-face interaction. The
second null hypothesis is two sided since we expected that
the quality of the produced high level use case diagrams
is not affected by the means used to accomplish modeling
tasks. In case the considered null hypotheses can be rejected
with relatively high confidence, it is possible to formulate the
corresponding alternative ones that can be easily derived.

We were also interested in assessing whether participants
better trained on our technology achieve better performances.
To this end, two further null hypotheses have been defined and
tested:

Hn3 A higher level of familiarity with TPS does not
significantly reduce the time needed to model a high
level use case diagram.

Hn4 A higher level of familiarity with TPS does not
significantly decrease the use case diagram quality.

4It is a document developed by the project management and the clients as
a mutual understanding of the problem to be addressed by the system. The
problem statement describes the current situation, the functionality it should
support, and environment in which the system will be deployed.
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TABLE I
EXPERIMENT DESIGN

Groups Task1 Task2
A Object1, TPS Object2, F2F
B Object1, F2F Object2, TPS

All these null hypotheses are one-sided since we expected
that better trained participants obtained higher performances
(i.e., spent less time to accomplish modeling tasks and pro-
duce higher quality models). Similar to Hn1 and Hn2, the
corresponding alternative hypotheses (i.e., Ha3 and Ha4) can
be easily derived.

D. Design

Table I summarizes the adopted design. This design has
been adopted to mitigate as much as possible learning/fatigue
effect. It also ensured that each team worked on two different
objects: Object1 and Object2. For Experiment I, Object1 is
Library (a software system to manage books and users of a
library), while Object2 is Film Collection (a software system
for the selling and the rental of films within a shop). Two
different objects were selected for Experiment II. In particular,
Object1 and Object2 were Rent (a car rental software to man-
age available cars, customers, and reservations) and ECP (an
E-Commerce Platform to order CDs and books via the Internet
from an on line catalogue), respectively. The software systems
of Experiment I and Experiment II are similar in complexity
and refer to application domains on which the participants
were sufficiently familiar with. The problem statements of the
systems are available in the experimental package.

In each experiment the participants were asked to accom-
plish 2 tasks (i.e., Task1 and Task2). For each task, the partic-
ipants were asked to create a high level use case diagram on
the basis of the provided problem statement. The participants
had a break between the tasks.

Before the experiments, the students were asked to fill in a
pre-questionnaire to get information on the industrial working
experience and GPA (Grade Point Average). Since the greater
part of the students did not have any remarkable working
experience, we used their GPA to equally distributed high
and low ability participants among 9 teams (the interested
reader can found demographic information of the participants
in the experimental package). Each team contained 3 Bachelor
students and 1 Master student. The teams were randomly
assigned to the groups A and B. In particular, 5 and 4 teams
were assigned to the groups A and B, respectively.

The groups and the teams were the same for both Ex-
periment I and Experiment II. Accordingly, we assumed that
the participants passing from Experiment I to Experiment II
increased their experience and familiarity with our technology.
This design choice also allowed the participants to consolidate
his/her working style and to develop a shared work habit with
the team mate [15].

E. Selected Variables

In order to properly design and then analyze the results,
for each experiment only the main factor Method was con-
sidered. It is a nominal variable with two possible val-
ues: F2F, TPS. Two additional variables (also named factors
or co-factors) have been also considered and controlled in
each experiment: Task (∈ {𝑇𝑎𝑠𝑘1, 𝑇𝑎𝑠𝑘2}) and Object (∈
{𝑂𝑏𝑗𝑒𝑐𝑡1, 𝑂𝑏𝑗𝑒𝑐𝑡2}). To analyze the effect of the participants’
familiarity with the developed technology, we considered the
performances of the participants when they used TPS to
accomplish the tasks within the experiments. Therefore, to test
the null hypotheses Hn3 and Hn4, we considered the nominal
variable Experiment (∈ {𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝐼, 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝐼𝐼}).

To statistically test the formulated null hypotheses, we
selected the following dependent variables:

Time indicates the number of minutes that all the partici-
pants within a given team spent to accomplish a task;

Quality: measures the quality of a model.
We used an approach based on the information retrieval

theory [16] to get a quantitative assessment of the quality of a
high level use case diagram with respect to an oracle (i.e., the
correct use case diagram) in terms of actors/use cases (a/u)
and dependencies (d) between them:

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝑎/𝑢 =
∣𝐴𝑎/𝑢 ∩𝑂𝑎/𝑢∣

∣𝐴𝑎/𝑢∣
𝑟𝑒𝑐𝑎𝑙𝑙𝑎/𝑢 =

∣𝐴𝑎/𝑢 ∩𝑂𝑎/𝑢∣
∣𝑂𝑎/𝑢∣

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝑑 =
∣𝐴𝑑 ∩𝑂𝑑∣

∣𝐴𝑑∣ 𝑟𝑒𝑐𝑎𝑙𝑙𝑑 =
∣𝐴𝑑 ∩𝑂𝑑∣

∣𝑂𝑑∣
𝑂𝑎/𝑢 indicates the known correct set of expected actors/use
cases that can be easily derived by an oracle. Similarly, 𝑂𝑑

indicates the correct set of dependences among actors and use
cases. Instead, 𝐴𝑎/𝑢 represents the set of actors/use cases in
the use case diagram modeled by a participant or a given group
of participants, while 𝐴𝑑 is the set of dependencies between
actors and use cases. Accordingly, 𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝑎/𝑐 measures the
correctness of both actors/use cases belonging to a given use
case diagram. The correctness of the dependencies between
actors and use cases is measured by using 𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛𝑑. On the
other hand, 𝑟𝑒𝑐𝑎𝑙𝑙𝑎/𝑢 measures the completeness of a use case
diagram with respect to its actors/use cases, while 𝑟𝑒𝑐𝑎𝑙𝑙𝑑 is
used to get a quantitative assessment of the completeness of
a use case diagram with respect to the dependencies among
actors and use cases.

Since precision and recall quantitatively summarize two
different concepts, we used their harmonic mean [16] to get
a balance between correctness and completeness of actors/use
cases of a use case diagram (i.e., 𝐹 −𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑎/𝑢). We also
used the harmonic mean of precision and recall to get a balance
between correctness and completeness of the dependences
among objects in a use case diagram (i.e., 𝐹 −𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑).

To get a single value (∈ [0..1]) for summarizing the
overall quality of a high level use case diagram we combined
𝐹 − 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑎/𝑢 and 𝐹 − 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 by computing their
arithmetic mean. This mean represent the Quality dependent
variable. In case this variable assumes a value close to 1,
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it means that the students modeled the high level use case
diagram very well, while a value close to 0 indicates that
the diagram is far from an oracle. This variable has been
defined to give the same relevance to the correctness and
completeness of a diagram with respect to both actors/use
cases and dependences between them. The greater the Quality
value, the better is the model.

The authors developed the oracles before conducting the
experiments and so without analyzing the high level use
case diagrams produced by the participants. Successively, an
independent expert reviewed the oracles to detect possible
defects. The obtained oracles enabled us to reduce as much
as possible the computation of Quality in favor of either F2F
or TPS. However, the reader may object to the fact that there
could be more ways to model the use case diagram of a given
software system. This may be true for tasks accomplished with
both F2F and TPS. However, it is worth pointing out that
this issue is not so strength for the modeling of high level
use case diagrams based on summary level use cases, since
these diagrams aim at providing a description of the high level
functionality that the system is intended to deliver.

The computation of a value for Quality may be also affected
by ambiguities in the associations between the names of the
use cases of an oracle and the names of the use cases of a
modeled diagram. To effectively carry out this association the
use cases of a use case diagram should be deeply analyzed and
comprehended. This was not possible since the participants
were not asked to model use cases. The rationale for this
design choice was inspired by the need of achieving a trade-off
between complexity of the tasks and the fatigue to accomplish
them. To control as much as possible threats related to the
association between the use case names of an oracle and the
use case names of the diagram modeled by the participants,
the authors conducted a meeting to solve all the possible issues
and ambiguities.

F. Pilot, Procedure, and Preparation

Before Experiment I, we conducted a pilot experiment with
four students of the Bachelor program in Computer Science at
the University of Basilicata. They were volunteers and were
not successively involved in the controlled experiments. The
goals of the pilot were: (i) getting some indications on the
complexity and the needed time to accomplish the tasks; (ii)
testing the used integrated environment. The results indicated
that the tasks were well suited and that one hour and a half
was sufficient to accomplish them.

The participants involved in the study attended a lesson
in which we posed great care to explain the required gran-
ularity level in the specification of use cases. In particular,
we explained that we were interested in the specification of
use case diagrams based on summary level use cases rather
than user-goal or sub-function use cases. Instructions on the
experimental procedure to follow were provided together with
details on the method and the environment.

The experiments were performed in a laboratory at the
University of Basilicata. No interaction was allowed among

the participants when they used TPS, so simulating as much
as possible a modeling task in a global development scenario.

At the end of each experiment, the participants were asked
to fill in a post experiment survey questionnaire. For space
reasons, we did not present the results achieved. The reader
can find details in the technical report available on the web.

Regarding the preparation of the PCs used in the experi-
ments, we installed the CoFFEE Controller on 5 desktops (i.e.,
the server nodes), while the CoFFEE Discusser was installed
on the participants’ PCs. All the PCs were equipped by a
3.0 GHz Intel Pentium 4 with 1 GB of RAM and Windows
XP Professional SP 3 as operating system. The participants’
PCs were connected to the corresponding servers by a LAN.
The size of each monitor was 15 inches with a resolution of
1024x768. The discusser was run in full-screen mode and the
iconizable button was disabled. This forced the participants to
use only our environment in the experimentation.

G. Execution

In order to carry out each experiment, the participants
were provided with a pencil, some paper sheets, and the
following hard copy material: (i) The introductory presentation
of both the experiment and the environment; (ii) The problem
statements of the software systems to be used in the tasks (the
problem statement of Task2 was provided after the partici-
pants accomplished Task1); (iii) The post-experiment survey
questionnaire to be filled in at the end of the experiment.

Note that the size of the text within the problem statements
of the systems was nearly the same. The problem statement
of ECP (i.e., Object2 of Experiment II) included some screen
mockups to clarify some functionality to implement [2]. This
difference was deliberately introduced and properly controlled
(see Section V-A).

H. Analysis Procedure

To analyze the collected data and to test the defined null
hypotheses, statistical tests have been used. In all the tests, we
decided (as usual) to accept a probability of 5% of committing
Type-I-Error [9], i.e., of rejecting a null hypothesis when it is
actually true.

We used the non-parametric paired Wilcoxon’s test [17]
to verify the null hypotheses. This test was employed due
to the sample sizes and mostly non-normality of the data.
Furthermore, it has been used in the literature for purposes
similar to ours [18]. Other than testing the formulated hy-
potheses, it is of practical interest to estimate the magnitude
of performance differences of the participants when using TPS
and F2F. Similar to [18], we used the Cohen’s d effect size
[19] to understand how a factor effects a dependent variable.
Typically, the effect size is considered negligible for ∣𝑑∣ < 0.2,
small for 0.2 ≤ ∣𝑑∣ < 0.5, medium for 0.5 ≤ ∣𝑑∣ < 0.8, and
large for ∣𝑑∣ ≥ 0.8. Due to the design, we applied the Cohen’s
d effect size for dependent samples (to be used in the context
of paired analyses).

To assess the effect of Task on the dependent variables and
to analyze its possible interactions with the main factor, we
used a two-way Analysis of Variance (ANOVA) [20].
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TABLE II
EFFECT OF METHOD WITHIN THE INDIVIDUAL EXPERIMENTS

Experiment I
Hypotheses p-value Cohen’s d F2F>TPS F2F<TPS
Hn1 (Time) YES (0.006) Large (1.39) 1 8
Hn2 (Quality) NO (0.677) Small (-0.34) 4 5

Experiment II
Hypotheses p-value Cohen’s d F2F>TPS F2F<TPS
Hn1 (Time) YES (0.001) Large (1.72) 1 8
Hn2 (Quality) NO (0.173) Medium (0.53) 3 6

To estimate the magnitude of performance difference of the
participants when using TPS in Experiment I and Experiment
II, we used the Cohen’s d effect size for dependent samples.

IV. RESULTS

A. Experiment I

Table II summarizes the results of the Wilcoxon test on the
defined null hypotheses and the values of the effect size for
both the experiments. Furthermore, this table also shows the
number of teams that spent more time to accomplish the tasks
with F2F with respect to TPS(i.e., F2F>TPS). The number of
teams that spent less time to accomplish the tasks with TPS
(i.e., F2F<TPS) is reported as well. The table also shows the
number of teams that produced better models using F2F with
respect to TPS (i.e., F2F>TPS). The number of teams that
produced better models with TPS is reported as well (i.e.,
F2F<TPS).

The Wilcoxon test revealed that Hn1 can be rejected. This
results indicate a significant difference in terms of time to
accomplish the tasks (p-value = 0.006). The effect size is
large (i.e., 1.39). Furthermore 8 out 9 teams spent less time
to accomplish the task when using F2F (see Table II).

No significant difference on Quality was observed (p-value
= 0.677) in case participants used F2F and TPS (i.e., Hn2
cannot be rejected). The effect size is small since the Cohen’s
d value is -0.34 (i.e., a small quality difference of the modeled
use case diagram was present in favor of F2F). However, 5 out
of 9 teams modeled better quality diagrams using TPS.

1) Other Factors: Table III summarizes the results achieved
by applying ANOVA on Method and Task. The table also show
the results on the interaction between Method and Task. The
results indicate a positive effect of Method (p-value < 0.001)
and Task (p-value = 0.001)on Time. Differently, the effect of
Method and Task on Quality is not statistically significant
since the p-values were 0.703 and 0.690, respectively. A
significant interaction between Task and Method on Time
is present (p-value = 0.002), while the interaction on these
variables is not significant on Quality (p-value = 0.0414).

B. Experiment II

Hn1 can be rejected (see Table II) since a significant
difference in terms of time to accomplish the tasks was shown
by the Wilcoxon test (p-value < 0.001). The effect size is large
(i.e., 1.72). Furthermore 8 out of 9 teams spent less time when
using F2F. The results of the Wilcoxon test did not enable to
reject Hn2 (p-value = 0.173). The effect size is medium as the

TABLE III
ANOVA RESULTS FOR THE INDIVIDUAL EXPERIMENTS

Experiment I
Factor Time Quality

Method YES (<0.001) NO (0.703)
Task YES (0.001) NO (0.690)
Method vs Task YES (0.002) NO (0.414)

Experiment II
Method YES (<0.001) NO (0.104)
Task NO (0.108) YES (0.025)
Method vs Task NO (0.352) NO (0.156)

TABLE IV
RESULTS OF THE EXPERIMENTS TOGETHER

Hypotheses p-value Cohen’s d ExperimentI>
ExperimentII

ExperimentI<
ExperimentII

Hn3 (Time) YES (<0.001) Large (2.2) 9 0
Hn4 (Quality) NO (0.345) Negligible (-0.09) 3 6

Cohen’s d value is 0.53. Moreover, 6 out of 9 teams modeled
better diagrams when using TPS.

1) Other Factors: The ANOVA results indicate a positive
effect of Method on Time (p-value < 0.001). On the other
hand, the effect of Task on Time and the interaction between
Task and Method on Time are not statistically significant (the
p-values are 0.108 and 0.352, respectively). The effect of
Method is not statistically significant on Quality (p-value =
0.104), while it is statistically significant on Task (p-value =
0.025). The ANOVA results also revealed that the interaction
between Task and Method on Quality is not significant (p-
value = 0.156).

C. The Effect of Experience on TPS

The results of the Wilcoxon test (see Table IV) show that
the null hypothesis Hn3 can be rejected (p-value < 0.001)
with a large effect size (i.e., 2.2). Therefore, using TPS the
participants spent significantly less time to accomplish the
tasks in the replication. Note also that all the 9 teams spent less
time to accomplish the tasks in Experiment II with respect to
Experiment I. On the other hand, the results of the Wilcoxon
test did not allow rejecting Hn4 (p-value = 0.345). The effect
size was negligible (i.e., -0.09). However, 6 out of 9 teams
modeled better quality use case diagrams in Experiment II. It
is worth noting that the observed difference between the two
experiments could not be due to the increased experience of
the participants when passing from the first experiment to the
second one. This difference could be due to the experimental
objects used in the experiments.

V. DISCUSSION AND THREATS TO VALIDITY

In the following, we discuss the results and the threats that
may affect their validity.

A. Discussion

The data analysis conducted on Experiment I and Experi-
ment II indicates a significant difference of the time needed
to model high level use case diagrams using brainstorming
sessions based on face-to-face interaction, with no significant
impact on the quality. It is possible that the participants
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spent more time when modeling high level use case diagrams
with our technology because they had to write a number of
messages to both communicate each other and accomplish the
modeling task. Further, the agreement within each team passed
trough three steps. Despite more time is needed to accomplish
a modeling task with our technology, the observed results
have meaningful and practical implications. In fact, in case
the time distance is not an issue, but moving people might be
a problem, our proposal could represent a viable solution.

The data analysis on Experiment I alone suggested that the
members within a team need less time to accomplish the sec-
ond task (i.e., Task2) when using a traditional brainstorming
session. Differently, the time needed to accomplish the second
modeling tasks was not affected in case the participants used
brainstorming before. This result enables us to believe that
the execution of a traditional brainstorming session is less
prone to improve the cohesion among team members with
respect to our method. This result is on line with the findings
present in [21], but needs caution since in the literature related
to computer mediated communication contrasting results are
available on the effect of team cohesion when using commu-
nication media with different richness level. Accordingly, we
plan to conduct special conceived investigations to increase our
awareness on this point. Note that the order the participants
used the methods to accomplish the tasks did not affect the
quality of the modeled use case diagrams.

Regarding Experiment II, we observed that the presence
of screen mockups in the problem statement of ECP did not
affect the overall quality of the modeled high level use case
diagrams. This is because no interaction between Method and
Task is present (see Table III). A further analysis indicates
that screen mockups in the problem statement did not properly
support participants in the accomplishment of tasks using face-
to-face interaction. In fact, the participants who used first our
technology to accomplish the task starting from a problem
statement without screen mockups produced worse quality use
case diagrams when they successively used a brainstorming
session on a problem statement with screen mockups (0.77
and 0.56, respectively). A slightly difference (0.81 and 0.75)
in terms of use case diagram quality was observed in case
the participants accomplished the task using a brainstorming
session first with screen mockups and then with our technology
and screen mockups. These findings together with the fact
that participants achieved nearly the same results using TPS
(0.77 and 0.75) with and without screen mockups suggest
that the use of our technology in the modeling was slightly
affected by the additional provided material. Since the creation
of additional material (i.e., the design and the development
of screen mockups) may have a cost [14], this result may
have practical implications. Further investigations are needed
to understand the effect of employing our technology with
additional material.

The results also indicated that the effect of the familiarity
on the technology did not significantly affect the quality of
the modeled use case diagram. Although we cannot conclude
anything definitively as we were not able to reject Hn4, a

further analysis indicated a possible positive effect of the
participants’ familiarity on the diagram quality. This result
suggests that also participants, who are not perfectly trained
may benefit from our technology. Also this result has a
practical implication since a training phase could be shortened
without affecting the quality of the produced diagrams.

B. Threats to Validity

The Internal Validity was mitigated by the experiment
design since each group of participants worked over two tasks,
on two different objects. Even if the learning effect should
be mitigated by this design, we found in Experiment I a
significant effect of Task on Time (see Table II). Moreover, we
observed a significant interaction between Task and Method
on Time (see Table III). Specifically, in the second task we
observed a reduction of the mean time to complete it. This
could be the consequence of the effect of the method on the
cohesion of team members (see Section V-A).

The External Validity may be present when experiments are
conducted with students, since they could not be representative
as software professionals [22]. Indeed, students could be more
comfortable than software practitioners with our modeling
environment and less experienced with brainstorming session.
In this scenario, the use of students as participants may bring
out phenomena related to the learning of new communication
media. They could be more prone to learn and master our
environment. This is enough unusual for student experiments.
However, the greater part of the involved undergraduate stu-
dents will be integrated in the software industry market soon,
while the graduate students are not far from junior industrial
analysts (most of them have some working experience due
to the internship they made in the industry as final part of
their Bachelor degree). Threats belonging to this category can
be also related to the complexity of the tasks. Another pos-
sible threat might concern cultural and background diversities
among the participants. In fact, space and time are not the
only issues in the global software development [15]. Work
that takes place over long distances means that communication
often involves different cultures. Future work is needed to
investigate whether the achieved results can be generalized
in case participants have cultural and background diversities.

The Construct Validity was mitigated by a proper design.
The selection and the measurement of the dependent variables
could threaten this validity. Regarding the Time variable and
the tasks accomplished with a brainstorming session, we asked
the participants to note down the start and stop time. These
information was validated by the supervisors in both the
experiments. Although this may not be very accurate, this is
a widely adopted in the literature (e.g., [18]).

The selection of the population may affect the Conclu-
sion Validity. However, the participants were not far from
junior developers/analysts. To verify the null hypotheses non-
parametric tests were used. In case differences were present
but not significant, this was explicitly mentioned and dis-
cussed. We used ANOVA to detect possible interactions be-
tween Method and Task. Even if the assumptions of the
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test were not verified, it is quite robust and has been used
extensively in the literature to conduct analysis similar to ours
[18], [23]. The conclusion validity could be also affected by
the sample size. Replications on a larger sample are needed.

VI. CONCLUSIONS AND FUTURE WORK

A typical and meaningful example, where the communi-
cation plays a relevant role, both in the traditional and dis-
tributed software engineering, is the requirements engineering
process [24], [25]. The effect of different communication
media and synchronous/asynchronous modeling tools has been
marginally investigated in the distributed requirements engi-
neering process. For example, Damian et al. [24] show an
empirical study to compare five physical group configurations:
one face-to-face and four distributed. This study indicates
that the highest group performance occurred when clients are
separated and collocated with the system analyst. The effect
of using mixed media in distributed requirements negotiations
is proposed in [26]. The study reveals that the requirements
negotiation is more effective when an asynchronous structured
discussion is conducted before a synchronous meeting.

Recently, we have investigated [5] the effectiveness of pre-
liminarily applying the method proposed here in the modeling
of use cases with respect to a brainstorming session. The
study reveals a significant difference in terms of time needed
to create use cases in favor of the face-to-face interaction
with no significant impact on their quality. Several are the
differences between the investigation presented in this paper
and the previous conducted experiment. The most remarkable
differences are: (i) different participants; (ii) the method is
here applied to model use case diagrams; (iii) the effect of
familiarity with the our proposal is preliminarily assessed.

In this paper, we propose a new application field for the
synchronous method proposed in [5], namely the distributed
modeling of use case diagrams. The validity of our proposal
has been assessed through two controlled experiments. The
experiments have been conducted to compare the developed
technology with a brainstorming session based on face-to-face
interaction. The data analysis indicates a significant difference
in favor of the brainstorming session for the time, with no
significant impact on the quality of the produced models.

Future work will be devoted to conduct a comparison
between our proposal and different communication media
(e.g., video conferencing). It would be also worth analyzing
the effect of the size of the teams on the quality of the
modeled high level use case diagrams when team members
are virtually collocated. We also plan to assess whether our
approach can be also applied to asynchronous communication
and modeling. We also plan to investigate the effect of group
dynamic issues [27] (e.g., lack of focus) of brainstorming
sessions in requirements modeling.
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