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Abstract
Many studies have been conducted to understand how people
develop software. Still, software development process is mostly
unclear. In this study we propose an idea of a cycle in daily work
of developers. We investigate how the developers distribute their
time and navigate among tools during their daily work. This
understanding would be useful for identifying effective strategies
for improvement, both of the development processes and of how
computers and tools within computers are designed and used.
Data for this have been collected non-invasively from team of
professional software developers and represents a time span of 10
months.

Categories and Subject Descriptors
D.2.9 [Software Engineering]: Management – productivity,
programming teams

General Terms
Management, Measurement, Human Factors.

Keywords
Cycles of work, non-invasive data collection, tool usage

1.

The Research Problem and Motivation

In the last several years there have been countless studies on the
positive effects of Pair Programming (PP). The claimed benefits
of PP are several, including:
•
reducing defect rate [24; 31; 32];
•
improving design [4];
•
increasing productivity [15; 20];
•
improving the structure of a code [34];
•
shortening the time-to-market [7; 10; 14; 23; 24; 25; 30];
•
enhancing knowledge transfer and team communication
[3; 5; 7; 8; 30; 31; 33];
•
increasing job satisfaction [29] etc.
However, there are also studies that contradict these results,
especially regarding productivity and cost-efficiency. [22] indicates no positive effect on development time. [16] evidences inconsistencies on the effects of PP and quality of the resulting software
product. A large industrial case study [1] evidences that neither PP
reduces time required to correctly perform change tasks nor increases the percentage of correct solutions. Results of the survey
conducted by [3] in Microsoft indicate that there is a high level of
skepticisms over efficiency of PP inside the organization. Alto-

gether, there is a lack of precise qualifications of the effects of PP
in real working environments. This work attempts to move in this
direction taking a slightly different approach. It is not another empirical evaluation of effects of PP on various relevant aspects of
software projects, such as defect rates, time-to-market, etc. Rather,
it aims at studying empirically the effects of PP on the specific actions that people take when working. The understanding of such
effects could then create a solid framework for understanding the
consequential effects of PP on the other variables. This approach
follows the lines of the approach of analytical generalization via
the principle of causal explanation as detailed by [26] and applied
in Software Engineering by [13]. In particular, we try to determine
in a specific case study how PP affects how much developers stay
focused on their tasks. Being focused on a task has been proven to
have several positive effects on the work being performed, as explained in Section 2. We consider in particular three aspects of development sessions: how much time people spend in directly productive activities, how often they switch between tools, and how
long they stay focused on a task before switching to another one.
We analyze the work of a real software development team using a
non-invasive measurement system. The team is part of an ICT department of a large Italian manufacturing company. It includes 17
developers and uses some of the practices of Extreme Programming [2] and a customized version of PP – Spontaneous Pair Programming. Developers decide themselves when and with whom to
work. The data for this study is collected non-invasively by means
of PROM [27]. PROM is an application that runs on a developer’s
machine and collects data about what people do without the need
of any personal intervention, thus not altering their working
habits. The result of this case study is that PP notably increases
the focus people have on their work. When working in pairs, developers spend significantly more time in directly productive
activities, switch less often between tools, and spend longer time
on a task before switching to another task. Needless to say, this is
one case study; replications are needed to identify strong causal
relationships.
Despite almost 50 years of studies, it is still mostly unclear
how people develop software, especially how they interact with
each other and with computers to achieve the desired results. Such
understanding would enable the definition of very effective
strategies for improvement, both of the development processes
and of how computers, and tools within computers, are designed
and used. In particular, it is still mostly unknown how people use
tools to work on their tasks. We know only that people tend to use
classes of tools for specific tasks: say, they typically use IDE
(Visual Studio, Eclipse, ...) for development, Word Processors

(Microsoft Word, OpenOffice, …) for text processing, etc. Still,
we do not know what they exactly do with their tools – for
instance, they could do some editing of C code with OpenOffice
just because they have OpenOffice open and they would not like
to launch an IDE. Moreover, developers tend to use multiple
different tools to achieve desired results. For instance, often while
developing the code they use both the IDE and the browser: they
use the IDE to write and test the code and the browser to gather
information. Still, very limited research has been done so far on
how multiple tools cooperate together to achieve specific goals.
This problem contains two very important aspects. The first is
on how data are collected on tool usage, so that it is possible to
determine exactly which tool a developer is using at a given time.
This has been addressed using tools like PROM [27]. The main
advantage of PROM is that the developer does not even perceive
that his/her activities are being recorded. Thus, using PROM for
data collection allows to obtain the data that represent developer's
real activities in real working environment. Still, as we know from
statistics, having massive amount of data, such as the one coming
from PROM, is useless unless it is properly structured for
subsequent analysis. The second aspect is therefore how to
structure the data on tool usage. This problem has been
approached recently with L-Graphs [12, 28]. An L-Graph is a
directed, labeled graph containing information on individual tool
usage and on the transitions between tools. However, L-Graphs
do not represent in details how different tools are used together to
perform tasks. Such information is especially important to
establish process improvement initiatives and to design more
effective tools. To this end we introduce the concept of “cycle of
work.”
This work is organized as follows. In Section 2 we present
some of the existing work done in this area; Section 3 describes
the proposed approach; Section 4 discussed the results we have
obtained so far; Section 5 draws some conclusions and outlines
the future research we plan to do in this area.

2.

Background and Related Work

Keeping people focused on what they do is important in many
knowledge-based activities, not only in software development. A
number of studies have been conducted to investigate how different levels of attention affect the quality of work. Organizational
and work psychologists have experimentally found that keeping a
high level of attention results in better and faster work [9]. Furthermore, there are studies that show that in the modern society
people using computers are exposed to the risk of losing attention
[11]. This phenomenon is even more acute for software developers. Hereby, limited attention can cause both lower quality in
specific work tasks and an overall reduction of social ability [17].
This reduction may severely impact the interactions with customers and colleagues, with negative consequences on the overall
software development process. As a consequence of the existing
works, two possible options about how to increase the level of attention have been proposed:
•
an external stimulus that keeps the attention level high;
•
an internal cognitive control mechanism that keeps the
attention aligned with the priorities of the tasks to
complete.
Existing research is mainly focused on externally-driven intrusions on individual workers, but the nature of work, the work
environment, and the team configuration may all influence how
workers handle both externally and self-initiated interruptions. In
software development, PP can act both as an external stimulus and
as an internal control mechanism. It can be an external stimulus

because the two people working together exchange constantly
words, gestures, emotions, etc. It can also be an internal stimulus
because people feel often “morally” obliged not to waste time
when working with others and to do their best in their work; existing works on PP have already evidenced that the developers working in pairs are more motivated to work harder and with better results because they do not want to look incompetent in front their
colleagues with whom they are paired [19]. After all, ethnographic observations indicate that interruption length, content, type, occurrence time, and interrupter/interruptee strategies differ for pair
programmers versus solo programmers [6].
Very limited research has been published on how developers
use tools. Most of the existing works are focused on identifying
purposes and drawbacks of the tools that are used by developers
aiming to propose substitutes or enhanced versions of these tools.
For example, [21] investigates which features are the most used
and best implemented in the installed CASE tools. It has been
found that developers are not satisfied with the existing CASE
tools and most of the advanced features are not used. Furthermore,
in [18] authors aim to identify how to improve the tools that are
used by developers to increase productivity. It has been identified
that there is a need for a tool that would help to explore existing
software. Still, it has not been studied yet how the different tools
are used together and how they interact. The idea proposed in [28]
approaches this problem. In [28] authors focus on time
distribution, frequencies of switching between tools, and average
time to stay in a tool before switching. L-Graphs are used to
visualize these variables. This idea has been applied in [12]. The
results indicate that the developers doing Pair Programming are
more focused on directly productive activities than the developers
working alone.

3.

Approach and Uniqueness

In this study we introduce a definition of a cycle and show some
preliminary results. Informally, we say that a cycle occurs when a
developer starting from an application moves to other applications
and eventually returns to the starting one. More formally, we can
say that a developer initially works on an application A0. Then,
while working, he switches to other applications A1, A2, … An-1,
until he reaches an application An which is equal to A 0, with the
constraint that Ai<>A0, for i∈ [1, n-1]. We call n the size of the
cycle. For instance, if a developer starts working in Visual Studio
(A0 in the definition), and then moves to the Browser (A 1), and
eventually gets back to Visual Studio (A2), we say that there is a
cycle of size 2. Cycles convey the information of the tools that are
actually needed to perform given tasks. In the case above, the
cycle could imply that the developer was initially working in
Visual Studio, then moved to the browser for instance to gather
some information on a specific API, and then returned to Visual
Studio to continue the development.
In this study, we are interested in cycles of size 2, 3, and 4
that originate in Visual Studio (the main development tool). These
cycles reasonably represent the situation when developers move
from the IDE to other tools to gather relevant information and
eventually they get back to the IDE. In particular, we consider the
distributions of these cycles, the effort spent on them, and the
breakdown of cycles per application visited. Also cycles are
automatically extracted from the data collected non-invasively by
the PROM system.
Analyzing cycles could help to understand better how
different people develop software, how they organize their
working process, and how to improve it. If there is a very strong
connection between tools it might be useful to ingrate them.
Moreover, it could help to identify the cycles when developers are

unproductive and to identify the reasons why it so. In this paper
we propose only a research idea of and analyze some preliminary
results.

4.

Results and contributions

The dataset for this study comes from the same team as in [28]
and represents a time span of 10 months: from October 2007 to
July 2008. The data have been collected from a team of
professional software developers working in a IT department of a
large Italian manufacturing company which prefers to remain
anonymous. The team is composed of 17 developers who have
more than 15 years of programming experience. In [28] we
identified 9 tools that covered more than 80% of the total time
spent in all 26 tools. In this study we focus on the same 9 tools:
(1) Visual Studio;
(2) Browser;
(3) Outlook;
(4) Microsoft Office Word;
(5) Microsoft Office Excel;
(6) Microsoft Management Console;
(7) Microsoft Messenger;
(8) Remote Desktop;
(9) Microsoft Windows Explorer.
The analysis of cycles confirms that developers working in
pair are more focused than the ones working alone. As mentioned,
we focus our attention to cycles of size 2, 3 and 4 that originate in
Visual Studio (the main development tool). Table 1 contains the
average effort spent in cycles. We notice that when doing PP
developers spend considerably more effort in each individual
cycle, with the implication that the process is more focused and
the acquisition of information is more accurate. These differences
are significant at the 0.01 level.
Table 1. Breakdown of the Size 2 Cycles per Target Application Visited by Pairs and Solos (VS stands for Visual Studio)
Cycles

Pairs

Solos

VS → Browser → VS

8.9%

16.7%

VS→Outlook→VS

23.9%

30.9%

VS→Word→VS

1.9%

4.1%

VS→Excel→VS

27.1%

11.5%

VS→Messenger→VS

13.9%

9.4%

VS→Windows Explorer→VS

17.0%

18.4%

VS→Management Console→VS

4.4%

5.0%

VS→Remote Desktop→VS

2.9%

4.1%

Table 3 details the breakdown of the cycles of size 2 per application to switch. When working alone developers cycle more
than in pairs the most to gather information already existing:
• to Outlook, where the requirements are stored;
• to the web browser, probably checking APIs and code
snippets.
When doing PP, on the other side, they cycle more than when
alone to acquire additional information:
• to Excel, to evaluate possible hypothesis for computations;
• to the Messenger, to ask other people in the company
details about the requirements they posed
Also in this case we can interpret the results in the direction
that PP enables developers to make better usage of the information available and that the switch to other tools is motivated more
to acquire new, specific information than to gather basic or
already provided information.

Table 3. Breakdown of the Cycles per Size for Pairs and Solos
Size 2

Size 3

Size 4

Pairs

88.9%

7.0%

4.1%

Solos

75.8%

16.9%

7.3%

5.

6.

Table 2 contains the breakdown of cycles per size. In both
cases there is a prevalence of the shorter cycles of size 2.
However, such prevalence is much higher when working in pairs,
with a reasonable interpretation that when doing PP developers
are more effective in directly identifying the information they
need and in directly moving to such application, rather than
navigating between tools before finding what is needed.
Table 2. Average Effort (in Seconds) Spent in Cycles by Pairs
and Solos
Size 2

Size 3

Size 4

Pairs

258

450

526

Solos

71

111

146

Conclusions and Future Work

This study provides a novel contribution to the literature about PP
focusing on how people approach software development when
they work in pairs compared to when they work alone. According
to our data, people change in a relevant way their working habits
when they work in pairs and tend to focus more on productive
activities. They have significantly longer and uninterrupted
working sessions focusing more on the assigned tasks and
reducing the needs of retrieving information from sources other
than the partner (e.g., through the Internet). This study is just a
preliminary investigation about the working habits that PP
modifies and a further investigation about the effectiveness of
such modifications is required to understand if and how much PP
contributes to increase the quality of software products.
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