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ABSTRACT
[Context]: Communication plays an important role in any
development process. However, communication overhead has
been rarely compared among development processes.
[Objective]: "e goal of this work is to compare the
communication overhead and the diﬀerent channels applied in
three agile processes (XP, Scrum, Scrum with Kanban) and in an
unstructured process. [Method]: We designed an empirical study
asking four teams to develop the same application with the four
development processes, and we compare the communication
overhead among them. [Results]: As expected, face-to-face
communication is most frequently employed in the teams. Scrum
with Kanban turned out to be the process that requires the least
communication. Unexpectedly, despite requiring much more
time to develop the same application, the unstructured process
required comparable communication overhead (25% of the total
development time) as the agile processes.
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1 INTRODUCTION
Communication between developers plays a crucial role in
any development process. Moreover, diﬀerent communication
channels and strategies may be applied in diﬀerent processes [9].
In Agile methods, diﬀerent means are used for communication
among developers and customers, such as retrospective meetings
or stand-up meetings. Regarding communication among
developers, diﬀerent communication channels can be used for
synchronous and asynchronous communication. However, to the
best of our knowledge, no empirical comparison has ever been
conducted regarding the communication overhead of diﬀerent
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communication strategies and channels among diﬀerent agile
and non-agile methods.
"erefore, we designed an empirical study with the goal of
comparing the communication overhead (ratio between
development time and communication time). in three agile
methods, namely Scrum, Scrum with Kanban, and Extreme
Programming, and that of an ad-hoc process (“Banana”). We
deﬁne communication time as any communication time the
developers spent for discussing technical aspects related to the
development tasks they carried out.
"e study was designed as a multiple case study with
replication design, performed with four groups of last-year
master students as participants and the same application to be
developed by all four teams. "e teams developed exactly the
same application. "e requirements were proposed by the same
entrepreneur, and the teams elicited them independently.
"e results show that communication time is comparable
among the diﬀerent teams, except for the team applying Scrum
with Kanban, where communication only amounted to 6% of the
whole development eﬀort. Moreover, despite much more time
spent on the development of the same application, the
communication overhead of the ad-hoc team was comparable to
the overhead of the other two agile teams. "e remainder of this
paper is structured as follows. Section 2 introduces the
background and related work. Section 3 presents the multiple
case study and Section 4 the results obtained. Section 5 discusses
results and shows the threats to validity and Section 6 draws
conclusions and highlights future works.

2 BACKGROUND AND RELATED WORKS
Agile methods are based on constant communication and on
sharing information on the project’s development among the
whole team [19], so communication plays an important role. In
Agile, there is a need for continuous and active communication
with the customer and the team members [17][3]. "erefore,
eﬀective communication among developers, operations, support,
customers, management, and business areas is one of the most
important factors for project success [20][4]. Communication in
Agile can be classiﬁed as internal and external. "e internal
communication process involves the developers and project
leaders, while external communication takes place between the
development team and the stakeholders [11]. Bhalerao and Ingle
[17] classify communication on three levels, deﬁning the
“primary level”, involving customers and team members and
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aimed at gathering and understanding the requirements; a “miditeration”, involving team members and sometimes customers so
as to reduce any possible requirements ambiguity, and an “end
iteration” aimed at providing instant feedback and adding
requirements details among team members.
"e communication process can be either active or passive.
Active communication is the physical and synchronous kind of
communication, including face-to-face meetings, telephone
conversations, and video conferencing, while passive
communication is asynchronous and carried out via mail or by
reading documentation [17]. Several works have investigated the
role of communication in Agile processes [7][8][9][10] even
though empirical investigations are not so common. "e
majority of the studies emphasize the strategic role of
communication as a key success factor [12][13][14]. In two
studies [13][14], Mishra et al. [25] analyzed the communication
eﬀects related to diﬀerent team distribution or team size,
reporting that an appropriate workspace environment, such as
the proximity of rooms, the presence of whiteboards, and a
common area, generate a positive eﬀect on communication,
especially in small teams. Abbas et al. [15] investigated the
eﬀectiveness of agile practices, ﬁnding that good communication
increases the quality of the so$ware developed. Moreover, the
studies [13][14][18] conﬁrm that synchronous communication
such as face-to-face meetings with and without a whiteboard
play an important role, from the point of view of both internal
and external communication, by providing instant feedback,
whereas videoconferencing and teleconference calls are not
considered so important from both sides. Taking into account
asynchronous communication, online chat is barely used and if
so, only among developers and almost never with stakeholders.
Pikkarainen et al. [11] conducted a case study to investigate
internal and external communication, reporting that agile
practices improve the communication process even though, in
the case of large development teams and multiple external
stakeholders, some communication problems may occur.
Moreover, they suggest selecting an adequate communication
strategy to avoid these communication problems. Estler et al [29]
presented a case study comparing agile with. structured
distributed so$ware development reporting a higher
communication eﬀort required by the distributed development
while recently, Storey et al [30] present a study presenting the
diﬀerent inﬂuence of social communication channels in so$ware
development.
In Table 1, we summarize the most common communication
strategies reported in the literature.
Table 1: Communication strategies in Agile
Synchronous
•
•
•
•
•

Communication Strategy
Asynchronous

Face-to-face
Face-to-face at
whiteboard
Online chat
Videoconference
Telephone call

•
•

Email
Documentation
(reading and
writing)

3 THE MULTIPLE CASE STUDY
We aim to compare the communication eﬀort in three agile
development processes and one unstructured development
process. "erefore, we designed this study as a multiple case
study with a replication design [1].
As depicted in Fig. 1, we ﬁrst identify the goal and the
research questions, we select the cases and we identify the data
collection protocol. "en we conduct the studies independently
and we write individual case reports so as to draw cross-case
conclusions.
In this section, we present the study process adopted. We
ﬁrst describe the study goal, questions and metrics. "en we
describe the study design and the study execution.
Cases
selection

Goal
Definition

Data collection
protocol

Conduct XP case
study

Write individual case
report

Conduct Scrum case
study

Write individual case
report

Conduct Scrum +
Kanban case study

Write individual case
report

Conduct Banana case
study

Write individual case
report

Draw
cross-case
conclusion

Fig. 1. The Study Process (adapted from [1])

3.1 Study Goal and Metrics
According to our expectation, we formulated the goal of the
case study following the GQM approach [2] as follows:
Analyze the communication process
For the purpose of comparing
With respect to its effort
From the point of view of software developers
In the context of agile and unstructured development processes.
This leads to the following research questions:
Q1:
Which
development
process
requires
more
communication time?
We expect that Agile processes, because of their nature, require
more communication time than non-Agile ones. Moreover, we
expect that developers working in Scrum and XP will spend
more time for communicating than those working in Scrum with
Kanban since the Kanban board is supposed to speed-up the
identification of tasks to do and in progress. Moreover, we also
expect developers working with Banana process will spent less
communication time, because they should not make daily and
stand-up meetings.
Based on the aforementioned hypotheses, we identify the
following metrics:
M1.1
Synchronous communication time
M.1.1.1 Communication time during group meetings
(retrospectives, stand-up meetings…) (hours)
M1.1.2
Face-to-face communication to support each
other in solving project issues (hours)
Please, note that pair programming was not considered as
face-to-face communication time.
M1.1.3
Online (chat) communication to support each
other in solving project issues (hours)

Comparing Communication Effort within the Scrum, Scrum with
Kanban, XP, and Banana Development Processes
M1.2
Asynchronous communication time (hours).
Time spent for writing emails or GitHub issues to ask for
technical support to other team members.
Q2:
Which development process has the highest
communication overhead?
In this case, we expect all the processes will have similar
overhead.
M2.1
Development effort (hours)
M2.2
Total effort. Includes development and
communication effort.
M2.3
Communication overhead. We define
communication overhead as ratio between development
time and communication time.

3.2 Study Design
In order to compare the communication time among
different processes, we designed this study as multiple case
study with replication design [1]. We involved four development
teams in the context of a web application development, asking
them to develop the same application, with the same
requirements, as reported in Fig. 2.
The study population was composed of master students in
computer science from two universities that are part of the
Software Factory Network [6]: University of Bolzano-Bozen
(Italy) and University of Oulu (Finland). The population had a
very similar background since they were all master students in
computer science and both universities have similar programs
due to the shared European Master in Software Engineering
(EMSE) [21]. All the students have knowledge in Agile software
development and in all the processes adopted in the study. The
software factory is the perfect environment for conducting
empirical studies with next generation developers, since
participants represents the typical developers entering to the
job-market[6]. This is also confirmed by the results of several
empirical studies conducted in the past [4], [5], [16], [24], [26],
[27]). The groups were defined in a random manner without
influencing the study results.
Entrepreneur

XP

Scrum

Scrum with Kanban

Banana

Project1

Project2

Project3

Project4

Fig. 2. Study Design
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3.2.1 Study Preparation
We randomly assigned the developers to the different
development processes. However, we took care to have at least
one experienced developer in each group and to avoid to have a
group composed only by experienced developers.
One group developed in Scrum, one in Scrum with the
support of a Kanbanboard (Scrum+Kanban), one in Extreme
Programming (XP) and another one in an ad-hoc process we call
“Banana” as commonly used term among practitioners to
describe processes that produce immature products, which have
to “ripen” after being shipped to the customer, like bananas.
Teams were required to work collocated, in a dedicated
room, for minimum of 250 total working hours per person.
The four groups had to develop the same application
proposed by the same entrepreneur, who acted as product
owner. The entrepreneur was a designer, with no experience in
software development that made her available for all the teams
with the same effort.
The teams were required to develop an Android application
(Serendipity). The idea was selected in a contest for
entrepreneurs, where entrepreneurs were asked to submit the
minimum viable product [28] description of their project ideas
that could be implemented in the software factory lab.
Serendipity is an Android application and a web application
used to share a set of sounds in a specific location, aimed at
recalling special moments by listening to the sounds. The
entrepreneur initially defined the project idea as:
“Serendipity means “fortunate happenstance” or “pleasant
surprise”. This project is meant to be an experience that mixes
places and sound to enable you to see places you usually go to
with new eyes, in a more poetic, more ecstatic way. While
taking walk, you will have access to six music tracks, developed
from the actual ambient sound of those places themselves. I
specifically chose very popular meeting points in my town
(Bolzano), where many people go without even realizing
anymore what the place looks like. On a map displayed on
your smartphone, these locations are highlighted. When you
arrive there, you can listen to the soundtrack created to allow
you to enjoy the moment. It should be a discovery process. The
perk is that this concept is applicable to any city/place – it
would be nice to spread it and let the sound go local”.
We scheduled the communication process with the
entrepreneur during the retrospective meetings (or general
meeting for the banana process), so as to have another variable
under our control. Therefore, the entrepreneur described the
project to the groups during the same timeframe in which the
requirements were elicited independently.
The two researchers also ensured that the teams
implemented the processes they were supposed to use attending
all the meetings and attending more than 75% of the
development as observer.

3.3 Study Execution
The teams developed the project during the Software Factory
Lab of the two universities. We informed the participants about
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3.2.2 Data collection and analysis
The measures reported in Section 3.1 were collected during
meetings and during the development process. During the meeting,
the researchers took track of the communication time (between
developers and between developers and the entrepreneur) while
during the development the developers kept track of the
communication time spent. Data were collected on a shared online
spreadsheet. The collected measures on the processes are compared
based on sums, medians, and averages.

4 STUDY RESULTS
In this Section, we present results related to our research
questions.
In Q1 we aimed at comparing the communication time
among development processes. All the teams except the Scrum
one spent 100% of the communication time on synchronous
channels, while the Scrum team also spent 12.5% communicating
asynchronously via email. No technical communication on
GitHub or other platforms have been used. As reported in Table
2, the teams mainly communicated during group meetings.
Developers generally prefer to discuss problems in group. Only
in the XP and Scrum processes developers communicated in a
one-on-one way, by means of face-to-face meetings or via chat
or videoconference. Figure 3 depicts the percentage of time spent
by each team in the different communication channels.
Taking into account the total communication time (Table 3),
unexpectedly the Banana team spent a huge amount of time for
communication - 17 times more than the Scrum+Kanban team -

compared to the Agile processes. As expected, the team working
in Scrum+Kanban needed less communication than those
working in Scrum and XP. Moreover, as expected, Scrum and XP
teams spent a very similar communication effort.
In Q2 we aimed at identifying which development process
has the highest communication overhead. Unexpectedly, besides
the application to be implemented had exactly the same
requirements, the total effort spent to develop the application by
the different teams was very different, ranging from a total of
340 hours for the Scrum+Kanban team to 1491 hours for the
Banana one (Table 3). This result has an obvious impact on the
communication overhead. As a consequence, as reported in
Table 3 and Figure 4, the communication time ranges from 15 to
25% in all processes, except for the Scrum with Kanban process,
which only took 6.55% of the total communication overhead.
Table 2. Communication effort

Synchronous Communication
Team
XP
Scrum
Scrum +
Kanban
Banana

Asynchronous
Communication

Group
Meetings

Face-to-face
(one on one)

Chat

Email/GitHub

23.50
56

55.30
9

16.10
14.80

0
11.40

22.30

0

0

0

375

0

0

0

100%
90%
80%
70%

Effort (hours)

the study and the usage of the collected data. The four teams
worked on the project at different times: one team at the
University of Bolzano-Bozen from October 2015 until the end of
January 2016, and three teams at the University of Oulu from
February 2016 to the end of April 2016. The minimum
development effort was fixed in 250 hours with iterations every
two weeks for all groups.
The Kanban group was composed of five master students
who developed in Scrum with Kanban. The Scrum group was
composed of five master students who developed in Scrum. The
XP group was composed of four master students who developed
in Extreme Programming (XP) while the “Banana” group was
composed of five master students who developed with an
unstructured process.
In order to ensure the correct succession of requirements and
to prevent the development of the previous project in Bolzano
from influencing the entrepreneur’s perception of her project,
we recorded the audio of every meeting, transcribing every
requirement elicited in Bolzano so as to ask the entrepreneur to
request the same things in the same timeframe, without giving
away any details to the other teams.
Each team independently decomposed the requirements from
the entrepreneur with a different set of user stories or tasks.
Moreover, two researchers attended the requirements elicitation
meetings and reported the user stories and tasks associated to each
requirement.
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60%
50%
40%
30%
20%
10%
0%

Scrum + Kanban
Group Meetings

Scrum

Banana

Face to face

Chat

XP

Email/GitHub

Fig. 3. Communication effort per team
Table 3. Development and communication effort

Effort
Team

Total Effort
(hours)

Development
(hours)

Communication
(hours)

XP
Scrum
Scrum +
Kanban
Banana

486.4
579.2
340.3

391.50
488

94.9 (19.51%)
91.2 (15.75%)

318

22.3 (6.55%)

1491

1116

375 (25.15%)

Comparing Communication Effort within the Scrum, Scrum with
Kanban, XP, and Banana Development Processes
100%
90%
80%

Effort (hours)

70%
60%
50%
40%
30%
20%
10%
0%

Scrum + Kanban

Scrum

Development Effort

Banana

XP

Communication Effort

Fig. 4. Communication vs development effort

5 DISCUSSION AND THREATS TO VALIDITY
As confirmed by the obtained results, the communication
overhead is not influenced by the development processes.
However, the total development time varied dramatically as the
team developing in Scrum with Kanban delivered the project
with less effort, while the team working with the Banana process
took more than 3.5 times as long.
As for the compliance of the selected development processes,
the XP team developed with a test-driven development
approach, while the two Scrum teams (Scrum and Scrum with
Kanban) developed test cases during the process. No test cases
were developed by Banana team. As result of the observation of
the processes, researchers confirm that the three agile processes
were carefully followed. Moreover, as expected, the banana team
did not have structured the process. They simply elicited the
requirements from the entrepreneur, and started to develop the
application in a process that resemble an unstructured waterfall
one. They first defined the architecture of the system. Then a
developer started working only on the database and on the
connection between the code and the database, one developer
worked only on the graphical user interface and the other
developers on all the remaining tasks. As expected, the banana
team was the last one who deliver the first prototype to the
entrepreneur, taking more than two months, while the teams
working with an agile process delivered the first prototype,
implementing only a small set of features, only after four weeks.
This result should not be related to the communication strategies
but to the process itself.
As a side benefit, as confirmed also by the literature [23],
developers reported that the usage of the Kanban Board helped
to speed up the process and to understand the whole project
backlog because of the simpler graphical representation.

5.1 Threat to Validity
Concerning the internal validity, the subjects were trained in
the use of the processes before the studies started. All the teams
were composed of master students sufficiently motivated since
the project to be developed was part of the lecture program.
From our observations, we did not notice any big difference
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among students. However, beside we tried to select students in
the second year of the master, students may have different levels
of experience, which may have influenced their communication
needs. Students personality could have influenced the results.
Different types of personalities may behave differently in the
tasks they are assigned, and hence the communication behavior
of the group may differ [22]. Even if we tried to provide the same
environment and criteria to students, additional confounding
factors may have influenced them (motivation to study, grading
criteria, etc.). As the teams were small, 4-5 persons only, the
background differences in experience and in motivation could
have affected the communication. Moreover, the conformance to
the processes has been verified by two researchers, so as to
assure that the constructs on the usage of the specified processes
can be validated.
As for external validity, the software developed was a real
project, not a toy project as commonly used in studies involving
students, with requirements defined by a real entrepreneur.
Regarding the conclusion validity, the multiple case study
was designed by different experts on empirical studies and it was
ensured that the subjects of both groups had similar
backgrounds and knowledge regarding software development.
Concerning the construct validity, we followed the Goal
Question Metric (GQM) approach [2] to define the goal, the
questions, and the relative metrics. The goal was refined into
clearly defined metrics to avoid misunderstandings.

6 CONCLUSION AND FUTURE WORKS
Communication among developers plays an important role
with regard to project success. Several works propose
classifications of communication channels and approaches but,
to the best of our knowledge, no studies have conducted
empirical studies on the comparison of communication
techniques among different projects.
For this purpose, we designed an empirical study with next
generation developers as participants (master students in their
last year). We asked four development teams to develop the
same project, whose requirements elicited from an external
entrepreneur, applying three agile methods and an unstructured
process.
The results show that, unexpectedly, the effort overhead
(ratio among communication effort (hours) and development
effort (hours)) of the unstructured process is comparable to the
one reported by the teams working in Agile.
Analyzing the different communication strategies adopted,
all the teams mainly communicated in person. However, while
the team working with Extreme Programming had a lot of oneon-one communication to solve project issues, the team working
with Scrum with Kanban preferred group meetings and reduced
communication as much as possible. This result could be caused
by the availability of a dedicated room for the development.
Therefore, developers mainly worked collocated and did not
need to communicate offline.
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It is important to notice that the communication taking place
may not be considered as negative, in particular in a learning
environment.
This was a preliminary study on the communication effort
overhead in agile teams. Although we attempted to keep threats
to validity under control by randomizing the participants of the
study and controlling the external variables, we are aware that it
might not be possible to generalize the results because of the
small sample of the study. The research method adopted was the
best compromise to keep external variables under control. Time
constraints and the limited availability of the participants did not
allow us to perform a controlled experiment. The four processes
we used in this study are well known and adopted in industry.
However, beside the lower communication time required by the
agile processes, the results of this study also confirm that agile
processes allow to deliver software in a short timeframe.
With this study, we contribute to the body of knowledge by
providing the first empirical study comparing the
communication effort among agile and non-agile development
processes.
Future works include a closer analysis of why some
processes need more communication than others, by identifying
the strategies which improved and corrupted communication.
Therefore, we look forward to replicate this study in a controlled
environment and with experienced developers, reducing the
scope of the study to analyze specific methods or techniques
more than complete methodologies in order to isolate better the
different factors.
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