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Visual information presented in diagrams promotes information processing both in an 

individual and in collaborative work. Previous literature has identified the role of diagrams in 

understanding information processing in a variety of disciplines. In software engineering, 

diagrams are a prevalent method involved in process development: diagrams are used for 

system comprehension, design of architecture, design and improvement of usability and 

communication with developers. Free/Open Source software (FOSS) development is a highly 

distributed environment where developers and users share content over multiple sites and 

communicate through computer-mediated channels. However, prior research lacks a deep 

understanding of diagramming practices in OSS. To understand how and why diagramming 

practices occur in FOSS, we first conducted interviews with nine contributors from a single 

project, Ubuntu. Next, to generalize our study, we conducted a large-scale survey with 

contributors from a wide range of FOSS communities as well as follow-up interviews that 

provided insights into understanding their diagramming practices. We found that although 

contributors mostly agree that diagram use has positive effects toward development, FOSS 

contributors occasionally are not willing to use them due to a lack of supporting tools outside 

of the conventions related to FOSS culture. We propose that diagramming practices can 

support and promote collaboration in FOSS. This thesis is composed of three manuscripts. 

First, we study diagramming practices in the Ubuntu project. Second, we report diagramming 

practices, focusing on design-oriented activities in which developers and designers extensively 

use diagrams in collocated development. We also investigate whether or not OSS contributors 

appreciate diagramming practices for design-oriented activities in non-collocated 

development. We finally report how and why diagramming practices occur in FOSS 

communities. 
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1 Introduction 
 
The software engineering community pays close attention to human activities in software 

development. (Perry et al., 1994, Zhang et al., 2005). Currently, research has focused on 

collaborative software development where communication and coordination play a crucial role in 

the production of a successful system.  

Herbsleb et al. (1995) show that, in many contexts, software development processes require 

extensive communication in the form of written and spoken language, as well as visual 

representations like diagrams and drawings. Specifically, countless literature identifies the 

importance of diagrams as a device for carrying out effective communication. They point out that 

information and knowledge described in diagrams become important source to aid collaborative 

development processes; other developers and designers refer and use them to solve problems, 

help understanding, refine ideas and promote creative thinking. The dominant method to create 

diagrams is sketching on a whiteboard (Cherubini et al., 2007). Developers and designer 

frequently get together sketch and share and elaborate their ideas.  

In distributed development where developers are geographically dispersed in different time zones, 

languages and cultures, the problems in communication and coordination are more noticeable. 

Communication and coordination in distributed development occur predominantly through 

computer-mediated communication such as mailing lists and IRC. We proposed a question about 

whether diagramming practices occur in OSS, a highly distributed development environment.  

This study discusses diagramming practices as a mode of communication in OSS. This work is a 

two-study design. In the first study, our aim was to investigate whether diagramming practices 

exist in open source development. For this purpose, we conducted interviews with nine 

contributors who actively participated in the Ubuntu community. We adopted nine scenarios 

identified in collocated development by Cherubini et al. study: understanding code, ad-hoc 

discussion, design, design review, explaining a system to stakeholders, explaining a system to 

users, explaining a system to new comers, maintaining awareness and documentation (Cherubini 

et al., 2007). By adopting these scenarios, we were able to compare differences in diagramming 

practices between collocated and distributed development.  

Our aim for the next study was to generalize the result of diagramming practices found in the 

Ubuntu community and whether or not diagramming practices are carried out throughout diverse 
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OSS communities. For this purpose, we conducted a large-scale survey where data was collected 

from 230 participants from OSS communities. We quantified how often diagramming practices 

occur in nine scenarios, how much contributors agree to do diagramming, which audiences 

diagrams address and diagram-sharing methods over the Internet. We also conducted follow-up 

interviews with contributors who participated in the survey. They provided us with a deep 

understanding of how and why diagrams may occur and may not occur.  

This thesis is composed of three manuscripts. The first manuscript reports results from the first 

study—an investigation on diagramming practices in a single project, Ubuntu. We explored how 

and why our participants exercised diagramming practice.  

In the second manuscript, we report results from the second study— diagramming practices 

across diverse OSS communities, focusing on design-related activities. Many researchers have 

shown the motives and positive effects of diagramming practices related to design process in 

collocated development. For example, Herbselseb et al. (2003) argue that design activities 

seemed to require great amount of a collaborative effort. We developed the study to answer the 

question: How frequently do diagramming practices occur in design-related activities in OSS and 

why? In the third manuscript, we discuss overall diagramming practices in OSS by drawing 

insight from both the first and second studies. We provide a deep understanding of diagramming 

practices, ‘why’ and ‘how’ contributors use diagrams and the challenges that hinder diagram use.  
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2.1 ABSTRACT 
Some of the most interesting differences between Open Source Software (OSS) development and 

commercial collocated software development lie in the communication and collaboration 

practices of these two groups of developers. One interesting practice is that of diagramming. 

Though well-studied and important in many aspects of collocated software development 

(including communication and collaboration among developers), their role in OSS development 

has not been thoroughly studied. In this paper, we report our investigation on how and why 

Ubuntu contributors use diagrams in their work. Our study shows that diagrams are not actively 

used in many scenarios where they commonly would be in collocated software development 

efforts. We describe the differences in the use and practices of diagramming, discuss their reasons, 

and present design considerations for potential systems aimed at better supporting diagram use in 

OSS development. 

2.2 INTRODUCTION 

Open source software (OSS) efforts use an open software development model where the source 

code as well as the software is made freely available to everyone. OSS itself can often be 

redistributed and used anywhere, while commercial software often has restrictions on its use, 

modification and/or distribution, and development occurs within a closed community or 

organization. As one of our participants succinctly described below, open source is a license as 

well as a philosophy, impacting the practices surrounding its usage as well as its development: 

Open source is a license. It’s a legal issue if you look at it that way. It’s a license to apply 

to the work that is freely available. If you look at it from a development process, it’s a 

philosophy. It’s a different development method. And the way of communication is 

something different. [P2] 

Another key feature of many OSS development efforts is that they are most often based on 

volunteerism, and rarely involve any collocated developers or teams, whereas most traditional 

commercial software development efforts involve paid collocated teams. This difference has 

forced changes to many aspects of the development process, most visible in the ways developers 

communicate and collaborate. For instance, OSS developers depend almost exclusively on 

Internet-based communication to maintain an awareness of each other (Gutwin et al., 2004). 

Though collocated teams use the Internet as well, it is not their only means of communication and 
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co-ordination. When moving to a purely or primarily online organizational structure, many 

practices need to change. 

Cherubini et al. discussed the role of diagrams1 (including drawings and figures) in the software 

development practices of collocated teams (Cherubini et al., 2007). They found that the use of 

diagrams played an important role in their participants’ practice; for example, they were used for 

understanding the code, fostering discussions, designing, explaining aspects of the software to 

others, and supporting documentation or presentations. Given the significance and prevalence of 

diagrams in collocated commercial software development, important is to understand how these 

practices have been adopted and migrated in OSS efforts, specifically with respect to:  

RQ1.      How do OSS developers use diagrams?  

RQ2.      Why do OSS developers use diagrams?  

RQ3.      If they do not use diagrams, why? 

RQ4. If they do not use diagrams, how do they compensate for the lack of  diagrams? 

To answer these questions, we conducted semi-structured interviews of active Ubuntu 

contributors from a variety of locations, backgrounds, and roles within the project. Our study 

reveals both positive and negative attitudes towards the use of diagrams. We found that diagrams 

served a variety of purposes, as they do in commercial software development, but that some of 

these differed from the ones seen previously (Cherubini et al., 2007). We also learned that some 

participants try to avoid using diagrams and have developed practices for completing their tasks 

and communicating with others without the use of diagrams.  

The paper is organized as follows. We first review relevant work, focusing particularly on 

previous studies on the software development practices of OSS projects and distributed 

collaboration. Next, we describe our methodological approach. We then discuss the findings from 

this study, describing the practices surrounding the use of diagrams in Ubuntu. We present design 

considerations for future systems aiming to better support diagramming in OSS development.   

                                                             
1 We refer to any kind of visualization containing information as a diagram. Thus, a diagram may describe code structure, 
interactions among modules, the organization of a team, or a development schedule. A diagram can be drawn using an 
analog medium (paper or whiteboard), software (e.g., Visio, Dia, or PowerPoint), trough Unified Markup Language 
(UML), or even using ASCII characters. 
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2.3 RELATED WORK 

2.3.1 Collocated Collaboration and Software Development 

In a study of how Integrated Product Teams physically collocated work together and their 

requirements for working across distances, Poltrock and Engelbeck (1999) learned that scheduled 

meetings and opportunistic interactions amongst developers were valuable in facilitating 

communication, collaboration, and coordination in team work. Similar findings were made by 

Sawyer et al. (1997) in their study of the effects of a team room (a room to support intense team 

work with electrical meeting facility) when they interviewed and surveyed developers in one 

software development laboratory. In addition, they found that a team room provided a closed 

environment for the project, which allowed the developers to concentrate on their work 

intensively. Ko et al. explored how collocated developers acquire information necessary for their 

work (Ko et al., 2006). Their observations of 15 developers at work revealed that co-workers 

were their most common information source. However, when surveyed, developers reported that 

they did not find an awareness of co-workers to be very important. 

Diagrams are important artifacts which have been shown to facilitate collocated software 

development. For example, Dekel (2005) studied two collocated scenarios where participants 

were given the task of producing an object-oriented framework for developing case management 

applications. They found three major factors to the success of these collocated meetings: 

flexibility of drawing space, team structure, and awareness of focus. The importance of a flexible 

drawing space shows that visual communication plays a critical role during discussion sessions. 

Additionally, Cherubini et al. (2009) interviewed nine software developers about how and why 

they use drawings. They documented nine distinct uses for diagrams in software development 

teams; additionally, they found that developers themselves would in most cases quickly generate 

these diagrams (on paper or whiteboard). 

2.3.2 Distributed Collaboration and Software Development 

Some important contextual information (e.g., facial expressions or body language) available in 

collocated collaborations is often lost in distributed collaborations. This loss of context results in 

different types of issues. Bellotti and Bly (1996) identified four problems in their study of 

collaboration practices between geographically distributed team members of a design consulting 

firm: Team members had difficulty locating people, maintaining awareness of the location and 

status of other team members, keeping synchronicity in communication, and coordinating 
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collaborative activities. These problems led these designers to prefer collocated collaboration 

even if it required some physical efforts, such as travel to another site to meet face to face. Olson 

and Teasley’s (1996) case study of how the use of groupware in distributed collaboration affected 

the behaviors of members of a design team showed that social responsibility and commitment 

diminished or disappeared when the team members did not meet face-to-face. To address 

coordination problems in distributed collaboration, Redmiles et al. (2007) advocated a new 

paradigm for distributed software development, called Continuous Coordination, where both 

formal approaches (e.g., workflow management systems) and informal approaches (e.g., emails 

and instant messaging) are used to provide scalability and flexibility in coordinating within a 

project.  

OSS developers are often geographically dispersed. Because they face the challenges described 

above, many have developed their own practices to cope with these problems. Gutwin et al.’s 

examination of group awareness within OSS projects revealed that text-based communication, 

such as mailing lists and chat systems, contains valuable information for maintaining group 

awareness (Gutwin et al., 2004). Robertsa et al.’s (2006) examination of email communication in 

the Apache project found that core developers tend to form sub-groups and communicate 

intensively within these rather with the whole. Although diagrams play an important role in 

software development, including facilitating communication and collaboration between 

collocated developers, their significance and use in OSS projects remains under explored. 

2.4 METHOD 

In this section, we will explain the procedure for our study. To gain a deep understanding and 

appreciation of how and why diagrams are used in OSS development, we performed a series of 

semi-structured interviews with contributors to one particular project—Ubuntu. First, we discuss 

why we chose Ubuntu. Next we discuss how we recruited participants and describe those who 

took part in our study. Finally, we describe how the semi-structure interviews were conducted. 

2.4.1 The Ubuntu Project 

Because of the potential cultural differences across OSS efforts, we opted to focus on one large 

and diverse project. Ubuntu is a Linux distribution with a regular release schedule and active 

developer base. The project has two types of core contributors; members and developers. 

Members are those who have made any type of significant contribution to Ubuntu (including non-

programming chores). Developers are members who have successfully contributed code to 
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Ubuntu. There are about 430 active members and 110 developers as of September 2008 

(https://wiki.ubuntu.com/).  

Ubuntu has a collection of teams and projects which either develop software or organize efforts. 

As of September 2008, there are over 30 project-based development teams which focus on 

specific functions or applications in Ubuntu and about 180 local communities (called LoCo 

Team) which support localization. Additionally, there are two major communities which oversee 

the overall organization. The Technical Board is responsible for all technical decisions, such as 

the package policy, release feature goals, and package selection for new releases. The Community 

Council manages the social aspects of the project, including: Code of Conduct; team creation and 

appointment of team leaders; and the creation of new organizational structures and processes.  

2.4.2 Participants 

We recruited participants through a short message posted on four Ubuntu mailing lists. 

Participation was open to anyone currently working on Ubuntu or Ubuntu-related project in 

regular communication with other contributors. We used this recruitment criteria to obtain a good 

cross sample of individuals who serve various roles in the community as well as people from as 

many parts of the world as possible. This resulted in nine participants with a diverse set of roles 

(see Table 2.1). All participants were male, ranging in age from late-10s through late-50s, 

representing Europe and North America. They had on average about two and half year experience 

working with Ubuntu. We compensated participants with $30 USD (or 20 Euros). 

Table 2.1 Interview participants 

Participants Country Roles 

P1 USA Translation, community building, patches 

P2 Netherland Marketing 

P3 France Code development, community building 

P4 USA Team planning, testing, community building 

P5 Germany Package maintenance 

P6 Hungary Translation, back-porting, bug reporting 

P7 USA Release manager, bug reporting 

P8 Canada Package maintenance 

P9 Canada Project leader, package maintenance 
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2.4.3 Procedure 

Our study had two phases. First, we asked participants to complete a questionnaire and provide us 

with some materials for discussion in the second phase of the study. The questionnaire featured 

questions about participants’ OSS experience, project participation, their roles in each project, 

and basic demographics. We also asked participants to share any diagrams that they had created, 

modified or used in other ways as part of their work on Ubuntu. 

In the second phase of the study, we conducted semi-structured interviews with participants. We 

asked questions about their communications with others from the Ubuntu project and their 

diagram use in the project. Participants were asked to refer back to diagrams that they provided to 

us in phase 1 as well as any other that they used or had seen in the past. Though many 

participants were not native English speakers, interviews were conducted in English. The 

interviews took between 40 and 60 minutes. All interviews were recorded and transcribed with 

consent.  

Approximately 200 excerpts were extracted for in-depth analysis. Two of the researchers 

conducted open-ended inductive coding on the quotes to identify nine themes pertaining to how 

OSS contributors communicate and use diagrams (see Table 2.2). The coding scheme was 

discussed amongst the research team and refined. A third researcher then performed the coding 

again for inter-rater reliability (Cohen, 1960, Landis, 1977). Given the qualitative nature of the 

interviews and the modest size of the participant pool, when numbers are presented, it is to give 

the reader an idea of the prevalence of certain behaviors across our sample. These numbers are 

not intended as statistical evidence of frequency and their described practices cannot be assumed 

to generalize across all OSS efforts or within Ubuntu. However, the actions and reasons that our 

participants expressed illustrate interesting behaviors which may merit further research.  
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Table 2.2 Themes identified in the study 

Theme Observed agreement Cohen’s kappa 

Communication conventions 0.97 0.88 

Reasons/purposes for offline meetings 0.99 0.91 

Sharing offline meetings 0.99 0.85 

Reasons/purposes for diagrams 0.96 0.88 

Creating diagrams 0.94 0.71 

Updating diagrams 0.98 0.81 

Comparing diagrams 0.99 0.85 

Sharing diagrams 0.97 0.68 

Lack of diagrams 0.96 0.88 

 

2.5 RESULTS 

2.5.1 Project Communication and Coordination 

Because Ubuntu contributors communicate regularly over the Internet, they have developed 

conventions to make their communication more effective. All participants agreed that the main 

communication channels are email and IRC, and that communication is predominantly text-based, 

corresponding to the findings of Gutwin et al. (2004).  

Main source of communication is probably email with mailing lists. Other big source of 
communication is IRC… Especially, in Ubuntu, we have a very large, very comprehensive 
wiki, wiki.ubuntu.com. [P5] 

As seen in the comment of P5, Ubuntu contributors communicate over the website (e.g., a wiki or 

a blog) as well. Launchpad (https://launchpad.net/ubuntu/) is an important web-based medium 

used by this project to share ideas about the project, bug-reports and information about the 

projects’ members. It is also used for creating diagrams (discussed later). 

P2 explained the different purposes to which IRC channels and mailing lists are put, also in line 

with (Gutwin, 2004). 

Most of the time, online IRC conversation is an unofficial platform for communication 
because it’s fairly hard to share the situation and conversation over IRC… Mailing lists, 
the platform to discuss and announce real problems and issues and solutions. In some 
problems, the IRC channel is not used because it takes too much time to read and respond 
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to questions. We are just using mailing lists because it’s far easier to keep track of the 
messages and we can filter out all other stuff. [P2] 

In addition to regular online communication, the project has regular bi-annual meetings, called 

Ubuntu Developer Summits, attended by many members and contributors. Discussions center on 

process and project management, the next version of Ubuntu, and brainstorming new features. 

Mainly technical issues like what new software we want to enable, how to improve process, 
how we develop, also how we communicate, how we handle bugs, mainly what features we 
want to implement in the next or subsequent release. [P5] 

The most important discussion that sometimes happens there is to brainstorm. That’s 
always something good. Most of the time, you see, if it is a new concept or a new idea, it 
can be sent to that kind of meetings. And then we “shoot out”. Everyone asks questions 
about these things. And that’s how ideas are evolved. [P2] 

P2 also mentioned the importance of its social aspects of offline meetings.  

Most of the time, real-life meetings are real social events and make it easier to collaborate 
with other developers. Because you know them in person, you can know what they look 
like, or that kind of stuff. [P2] 

Although most of the participants agreed that an offline meeting facilitates informal discussions 

and strengthens social ties with other contributors, they recognized the inherent logistic 

difficulties. 

This year it was in Venezuela, but I didn’t attend there because it was too far and too 
expensive for me to go there. [P5] 

But since we are located all over the world even for the French community, it’s quite hard. 
We tried to have… Let’s say, we can meet most of them, but for instance, one of us is living 
in New York in the French community. One of my friends is living in New York. And he is 
not with us. So, it’s not easy. [P3] 

Because only a minority of members and contributors can attend an offline meeting, sharing 

materials used or created there is important. Participants usually take notes with a collaborative 

text editor, called Gobby (http:// gobby.0x539.de/) during meetings, and used wiki markups to 

reduce publication effort. 

We usually have, in each group of the sessions, someone who writes specifications, who 
writes down the results… And document is in the Ubuntu wiki and links from Launchpad 
or some other web servers, where can track the dependencies or the needs or that kind of 
stuff…We usually use the wiki markup language in the gobby document, so we can just 
copy and paste it to the wiki.  [P5] 

Videos are also used to archive and share the meetings with their worldwide developer base. 

So, all the sessions, I think, nearly all of the sessions, are recorded, and broadcasted by 
the Internet. So, there are public archives, so you can see them later on. [P5]  
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2.5.2 The Role of Diagrams 

Cherubini et al. identified nine uses of diagrams in collocated software development (Cherubini, 

2007): understanding existing code, ad-hoc meeting, designing/refactoring, design review, 

onboarding, explaining to secondary stakeholders, explaining to customers, hallway art, and 

documentation. Interestingly, only a subset of the purposes that Cherubini et al. described in 

(Cherubini, 2007) was observed in our study. In this section, we discuss how these reported uses 

of diagrams in collocated efforts manifest themselves in Ubuntu as described by participants in 

interviews.  

Understanding Structures 

In contrast to the observations of Cherubini et al., our participants infrequently used diagrams for 

understanding existing codes (we will discuss how they cope without diagrams later). We did, 

however, find evidence of diagram use for visualization of system structures in a similar way to 

what Cherubini described as understanding existing code. 

 We use diagrams to communicate the infrastructure that we have for the server… Because 
we have a lot of servers like system servers, we needed to work to have one clear view of 
them. They have various names… To have a better view of the scheme. Because it was 
[explained by] some quite long paragraphs and I really think that diagrams could be much 
easier to understand. And I would say, it’s a real image of my proposal. That’s why I did 
some drawings for that. [P3]  

P8 commented that he used handwriting sketches when he needs to understand very difficult 

problems or algorithms. 

Figure 2.1 Diagrams created by the participants (some masked for anonymity): (a)  flow 
chart created by P5 with Dia; (b) dependency tree automatically created by launchpad 
based on the declaration made by P4; and (c) ACSII art created by P2. 
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Generally I do not draw anything. Only time I do that is for algorithm or like something 
very difficult and complex to draw picture of mine. [P8] 

These sketches tend not to be shared or maintained. 

 

Ad-hoc meeting 

Contributors have frequent informal discussions over email or IRC, in which diagrams can help 

them explain their idea or opinion to others. P5 created two different diagrams (one of them is 

Figure 2.1 (a)) to convey his idea of package maintenance to other developers. 

At the time when I created this diagram, I noticed a lot of discussions in various mailing 
lists. They argued about how was the better approach, what was the best tool, what was 
the best workflow.…I created the wiki page to explain my view on that matter so that in the 
discussion, I can point people to… “Well, I think this is the best one. This is the best 
approach. Look at this page.” [P5] 

Designing/Refactoring 

P7 shared with us his experience using a handmade sketch when he tried to design a user 

interface for his project. Although he agreed that a handmade sketch was easy to create, he found 

that making modifications to it was hard, and he did not reuse the sketch later. 

I made hand sketch on a piece of a paper with pencils. It was interesting. It required me to 
do a lot of erasing, which is not really fun. I did not get whole codes when I was doing that. 
It probably was not the best work… I mean, doing a piece of paper, while it could work, I 
think, I think it's just so counterproductive just because if you have to make one change, 
you basically change, could change the whole thing I don't even know. You start to put it 
together, and oh, it's not wide enough. That's screwed up everything. [P7] 

 

Design review 

Design reviews happen through feedbacks from other community members, in particular fellow 

developers and testers. However, reviews are primarily done via text rather than using diagrams. 

P7 expressed concerns of using diagrams in design reviews. 

I got a lot of feedbacks from the community once I actually release it on subversion. If 
testers give feedback, I find [it’s] something that I have not thought of. If we use more 
diagrams, then testers want to give more feedbacks on them. Then, the problem on the 
development cycle would be caused. If there is feedback too late, it would make 
repositories delayed. [P7] 

As Cherubini et al. point out, diagrams are sometimes used to reverse-engineer ideas. We also 

observed this. 
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We had reverse-engineering. I did not know that how reverse engineering worked but they 
did. [The] USB diagram was very complex.  So, we had huge information in written form., 
We absolutely had diagrams that the USB interface was not drawn manually but they used 
tools to generate that from data set somehow. [P8] 

Onboarding 

OSS projects are largely volunteer-based, and must, therefore often deal with turnover in 

contributors. Making information necessary for participation available to potential contributors is 

essential to ensuring the long-term success of the project. Two of the participants told us of cases 

where diagrams were created primarily to help new developers who join their teams. 

But it’s fairly important to create diagrams in a project so that new incoming developers 
have a lower-level barrier to contribute to the project because it’s easy to understand how 
the code works (with diagrams). So, I like high-level documentation and high-level 
diagramming. [P2] 

Now in the architecture, we have some figures and something like that. And it was quite 
needed because otherwise when new comers came to this list, they were completely lost. 
[P3] 

 

Explaining to users and secondary stakeholders 

Use of diagrams to explain software to users and secondary stakeholders was not mentioned 

explicitly by participants in the interviews. However, the Ubuntu project uses a project 

management service (i.e., Launchpad) which has a feature, called Blueprints. This feature allows 

Ubuntu contributors to post feature requests, discussions, and development plans. Furthermore, 

Blueprint on Launchpad does contain diagrams that are available to anyone. Thus, diagrams are 

used as communication tools. Although Cherubini et al.(2007) described the struggles and desire 

to make high quality graphics for customers. Launchpad supports the drawing of simple diagrams 

composed of circles and lines of different colors. 

Hallway Art 

As Cherubini et al. pointed out, some diagrams are used for sharing overall system or project 

status awareness. We found one instance of diagram use for this purpose.  

We have some, I would say, some dedicated diagrams for roadmap for various things we 
have… In the French community, we have a website, and we have a forum, and we have a 
wiki and something like that. So, in each, we talk and we organize some of them and we 
have a roadmap for each of that. [P4] 
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Documentation 

Because code can be shared and modified by any developer, code documentation is often used in 

OSS development to assist developers in understanding its structure quickly and accurately. Our 

interviews showed that diagrams were also created for this purpose. Figure 2.1 (c) is an example 

diagram created by P2 for the documentation of his project. 

I found a document about some changes on package managers for debian. And I think it 
was a few months ago. And I created a very basic ASCII art, maybe a few weeks ago, to 
define some projects for documentation of the architecture in the OpenARM project. [P2] 

P2 expressed an interesting perspective on documentation. He felt that a diagram created in the 

design stage could remain as part of the project documentation. This means that diagrams may 

serve different roles over their lifetime. 

Creating the design of something is also documentation. Before you start developing, you 
create the design, and the documentation of your final project. So that’s also where you 
create diagrams. So, before I start typing codes, I also write diagrams. [P2] 

However, P2 also recognized that reuse of documents across purposes and audiences is 

sometimes difficult. He described a case where he needed to create a more sophisticated version 

of a low-fidelity diagram used within the team. 

ASCII arts are often used for internal documentation in the project. It actually work. But 
website, which is used for marketing, for attracting new people and all kinds of stuff. …, 
you have to talk to the audience. [P2] 

 

2.5.3 Practices and Challenges around Diagram Use 

Creating Diagrams 

As seen in Figure 1.1, the participants used different tools and techniques to create diagrams. Two 

participants told us that they had used handmade sketches, but not often. No other participants 

used handmade sketches, which is a departure from the results reported in (Cherubini, 2007). 

Two of the participants told us that they use Dia (http://live.gnome.org/Dia/), an open-source 

drawing tool for software development. Figure 2.1 (a) is a diagram created by P5 with Dia. 

I used a utility called Dia. It’s a tool which is quite common in Linux. It’s developed in 
GNOME project. I’m using Ubuntu and Ubuntu is integrating that. [P3] 

Honestly, two of the guys do diagrams and they also use the same tool I did. Because they 
asked me how I made them and I told them, and they said, “that’s great for me.” So they 
are using it. [P3] 



 
 

16 

Launchpad automatically creates diagrams showing dependencies on other projects or 

components based on the declared specifications. Figure 2.1 (b) shows the dependency tree 

created by Launchpad based on declarations by P4. 

That was generated automatically. I just told the system which project is dependent on [my 
system] and what is dependent on [my system]... Based on the dependency that I declared. 
[P4] 

Our interviews discovered that ASCII art was frequently used for simple diagrams or for internal 

use. Figure 2.1 (c) is an ASCII diagram created by P2. 

I do not use a tool I think is overkilled. Everybody can change ASCII arts. Everybody can 
delete ASCII arts. Sometimes, it’s not official or appealing… Most of the time in the 
development, especially source code development and documentation and how the internal 
structure code works, you use ASCII arts. [P2] 

Screenshots were also mentioned as a way to diagram. Although none of the participants had 

taken screenshots of their projects, P7 told us that contributors working on UI themes shared 

screenshots within his development project. 

They come up with design themes. They have done more the main screen shots and ideas 
and present them in meetings. [P7] 

There are different approaches for OSS developers to create diagrams. However, this flexibility 

can also pose a problem, as P4 explained. 

You know, I mean, it’s very easy to waste time for making it look pretty that could’ve gone 
into just talking about what we want to do or waste time for arguing what format to use or 
what tool to use. [P4] 

P5, who often creates diagrams with Dia, told us that inter-operability of an image format 

constrains him to Dia. 

What has been most annoying is the inter-operability between different programs. I mainly 
choose to use Dia because I can export it to SVG very easily and import it to Inkscape. 
With Inkscape, I can do modifications I cannot do with Dia… I have to choose Dia not 
because it is the best tool but because what I can get out of it, export functions… in that 
way, I can import it into other programs. [P5] 

 

Sharing Diagrams 

Our interviews revealed that sharing diagrams was usually done over the Internet, (e.g., a post to 

a website, or upload to a version control system). 

I just created it in PNG and attached it to the wiki. That’s publishing. [P5] 
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We put them on the website... You can take it from sourceforge and open it. We export the 
stuff and put it on the website. [P3] 

P2 explained that uploading diagrams to a version control system made it easier to share them 

with others. 

We put [diagrams] on the subversion system. That’s the ideal way… We are really in the 
best practice. The best way is to put it on subversion. Everybody can keep the track of the 
changes on the documentations, the website, the presentations and all kinds of stuff. And 
it’s centralized and everybody can access. [P2] 

Interestingly, most of the mailing lists for OSS projects prohibit or frown upon the attachment of 

diagrams in email postings. P2 described how sharing diagrams should be done within 

communication and community conventions. 

And also I sent it via IRC… It’s a convention… You don’t hook up the complete message 
you receive. So, by using an external website, for pasting text and images and that website 
creates a link. And that link, you can send it to the IRC website. Then you can explain what 
kind of information can be found at that link. So, all other people follow the text and the 
conversation can keep going on in the IRC channels. [P2]  

 

Updating Diagrams 

As we describe in The Role of Diagrams section, diagrams are often generated on the fly and 

shared for the purpose of discussion. These same diagrams, therefore, did not necessarily lend 

themselves well for use as official documentation, where update is necessary as the documented 

system is modified. Some participants did not consider this a significant problem.  

If I would have to update the diagram or create a similar one, I would attach the source to 
the diagram in the wiki. So I don’t expect any problem on updating the diagram. [P5] 

Some diagrams were automatically updated; for example, diagrams in Launchpad were updated 

automatically when a project dependency changed. 

Well, it’s automatically updated whenever anyone changes the dependency of any of the 
stacks that are described there. So, so any stack can depend on any other stack, and it 
automatically draws the tree, the diagram by tracing those dependencies. [P4] 

However, updating diagrams seems to be a relatively rare practice according to our interviews, 

and sometime undesired. For instance, P5 told us that when he created a diagram, he did not have 

an expectation that this would ever be updated by him or others. In this case, diagrams are a part 

of the conversational record, and thus, it should be kept static.  

This specific diagram has not been updated. To be honest, I don’t intend to update this 
diagram because at the time when I created the diagram, it was the same time as I created 
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this blog post, a complete wiki page. And this helped the discussion with some friends of 
mine. [P5] 

If diagrams are used as a part of the system documentation, they need to be updated. However, 

we did not find a clear instance of regularly updating diagrams for documentation except using 

automatic diagram generation tools.   

Two of the participants expressed potential problems on updating diagrams, particularly in a 

collaborative manner. One of the reasons may be that updating diagrams collaboratively is hard. 

What would be problematic is that someone else would take the source, and would modify 
on the earlier version of mine. You would have a problem if two separate edits on the same 
file and then you want to merge these two diagrams... Merging changes in a diagram 
would be exceptionally hard. [P5] 

P5 also pointed out that this issue has been resolved for text files, including source files. However, 

the same solutions have not been successfully applied to diagrams.  

We have experience with handling diversions of all packages and software, and we have a 
pretty clever solution of how to merge or how to handle the diversions. However, they 
don’t really apply it to the diagrams or pictures but rather to… how to say… to plain text, 
to plain ASCII text in the source code. [P5] 

P3 allowed others to update diagrams, but recognized that this could become a problem as the 

size of his team grows. 

No. I don’t mind in that case because there are a few people within that [team]. But if we 
had a huge number [of people] or it was open [to public], it [version control] would be 
definitely needed. [P3] 

Another related issue is the establishment of standards and norms for diagrams within a team. P4 

explained that a wide variety of diagram tools and individual contributor’s preferences made it 

difficult to reach consensus. 

There’s also how to edit, you know. Different people use different tools to create diagrams. 
And you wanna be able to communicate to everyone no matter how they are interacting 
with you. Anyone would be able to modify it. And it’s kind of hard to agree on what tools 
to use. There are many many different tools that people use for diagrams and many 
different formats which you can use for diagrams…That’s because it’s a real hassle to 
deal with a mass of different programs and formats and most are proprietary. [P4]  

Updating diagrams also carries significant challenges for OSS communities, where the project 

history may not be captured as well or thoroughly as in collocated teams, or where there may be 

more turnover. Determining which diagrams are current and which are outdated is often difficult. 
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Furthermore, as P4 pointed out, comparing two versions of a diagram can often be visually 

challenging, at least compared to text files, for which tools already exist. 

Well, it’s harder to compare to diagrams. You know, if I want to have difference on what 
you said versus what he said…When you use that program, the main goal of the diagram 
they fight is to try to compare two the totally different [diagrams]. [P4] 

 

Surviving Without Diagrams 

Although the participants agreed that diagrams were useful in general, they were not willing to or 

did not feel the need to use them in all cases, or anywhere near as frequent as seen by Cherubini 

et al. (Cherubini, 2007). P3 discussed his reason for not using diagrams in his debugging tasks, 

claiming that sufficient information existed in other forms and sources. 

There is not really a need for visual communication. Most of the information is located in 
bug reports or something like that. It’s enough. There is no need for visual one in that case. 
[P3] 

Large tasks in OSS projects are usually divided into small tasks. In other words, they adopt a 

strict modularity strategy to limit the potential interactions any developer needs to consider with 

other modules.  

It might be the case for people who work on a more complicated program to share 
diagrams that are standard for those programs. But that’s not something that I do. [P4] 

P4, who was generally passive about using diagrams, explained his strategy for dealing with and 

figuring out existing code without diagrams. 

Some systems that we tried out to explain code to somebody using pictures, you know, this 
function calls that function. Sometimes, that kind of things is useful but not nearly that 
often our think (?). What people tend to do is to share the code itself and then everyone 
can use their own favorite editors or integrated development environments, interactively 
move between, you know, who calls this, or who calls that. That interactivity may replace 
the desire for some static pictures… I use Emacs to edit the code or look at the code. 
Defined within the Emacs to… dependency things. Tools that are programmed with Python 
with things like IPython to inquire or find out what functions I have or what the arguments 
are. [P4] 
 

2.6 DISCUSSION 

2.6.1 How OSS Developers Use Diagrams 

As discussed earlier, participants were more likely to use software, web-based systems, ASCII art, 

and screenshots to create diagrams than a piece of a paper. Thus, diagrams for Ubuntu are more 

likely to be digital than analogue. This is of course different from what Cherubini et al. observed 
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in the practices of collocated teams. One reason for this is that most of the materials should be 

sharable within an OSS project as P1 pointed out.  

This is a drawing tool that allows me to do open source collaboratively. It must be share. 
It has to be shared. [P1] 

This naturally leads to changes in the cost and appeal of diagramming, and how diagrams 
are used. 
 

2.6.2 Why OSS Developers Use Diagrams 

Our study showed that five of the identified purposes of diagrams described by Cherubini et al. 

(2007) were common online (ad-hoc meeting, designing/refactoring, onboarding, hallway art, 

and documentation) and two additional purposes existed partially (understanding structures, and 

design review). However, we did not find clear evidence for the other two purposes 

(communicating with secondary stakeholders, and communicating with customers). 

Although we found evidence of diagram use for understanding the structure of a system or 

algorithm, participants did not report a case where they used diagrams to understand existing 

code. One possible reason is that participants have already established their own practices for 

examining code. This circumvents the perceived high cost of standardizing methods and 

conventions for creating and editing diagrams. 

Likewise, we found partial evidence of the use of diagrams for design review. Beyond the 

reported instance where a design diagram was reverse-engineered, none of the participants 

worked on system or user interface design, which may be one reason we could not find strong 

evidence. Another reason is that design review usually involves updating diagrams, which most 

of our participants tried to avoid. After a disappointing experience with a paper sketch, P7 has 

developed a practice of sharing his ideas for user interfaces without using diagrams. He uses 

Glade (Glade), a user interface designer tool for GTK+ and GNOME. He makes a draft user 

interface in it, shares the source code, and lets other contributors revise it. The source code is an 

extended markup language (XML) file, which makes the sharing and updating process easier than 

with an image file. 

If they can download source codes and look at it and look at the UI, then they can make 
tweak themselves. Instead of making suggestions and sending those suggestions in text 
which what they are doing if I have given them screen shots, whereas if I give them source, 
they can give suggestions and they can make changes themselves. [P7] 
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Explaining to secondary stakeholders was another diagramming purpose not reported in our study. 

One explanation for this is the strict modularity of the project. In general, a project is divided into 

many small parts, and they are usually well segmented. Each component is developed or 

maintained by a small group of developers or a single person. Every developer can assume that 

all those involved understand how the components interact with each other (i.e., what the input is, 

or what format the output has). Therefore, there is less need for explaining the details of each 

component. 

Although similarly no clear case for diagrams used to explain to customers was reported in our 

study, it might emerge in the practices of contributors who work in marketing or user support. For 

example, P2, who works for marketing, indicated a gap in the level of investment in diagrams 

intended for internal vs. external use and publication. Therefore developers are separated from the 

task of explaining to end-users. 

 

2.6.3 Why OSS Developers Don’t Use Diagrams 

We found conflicting attitudes towards the use and usefulness of diagrams in our study. On one 

hand, participants who actively used diagrams saw their value: 

I’m a strong believer in creating good documentation with diagrams. One thing you 
always have to remember is that creating a model or a diagram of something, it’s 
simplified [and] better. [P2] 

In contrast, participants who showed an ambivalent attitude towards using diagrams, explained 

that text-based communication is sufficient. 

What I am saying is that it’s not that important to me. I don’t see people saying, “Oh, boy, 
I really… this is... I just saw a diagram. Have you seen it right now?” People just use text 
to describe stuff they are working on. [P4] 

This is clearly different from the findings by Cherubini et al., where collocated software 

developers generally agreed on the importance of diagrams and used them actively. 

Participants gave many reasons for their infrequent diagram use. Our interviews identified two 

potential problems in the process of creating and updating diagrams: establishing a standard for 

creating and editing diagrams and handling the merger of different versions of the same diagram. 

These problems made some participants turn to ASCII art, which can be edited by anyone and is 

handled by current version control systems. However, ASCII art is limited and cumbersome. We 
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therefore believe that addressing these two problems will have a significant impact on the use and 

perceived value of diagrams in OSS development. 

 

2.7 FUTURE DESIGN CONSIDERATIONS 

2.7.1 Sharing the “Source Code” of Diagrams 

One reason some participants gave for not using diagrams was that merging different versions is 

difficult because of a lack of standard mechanisms. One potential solution could be to share the 

“source code” for a diagram, textual codes which define a diagram, such as the XML of Glade 

rather than bitmap files. This would allow existing version control systems to track changes. 

However, the tool to create a diagram from the source code must be widely available, which 

might impose other problems; contributors may have different preferences for tools and 

conventions. 

Even if diagrams are distributed as editable and track-able text representations as described above, 

and important hurdle remains in developing the tools which would merge and represent change in 

a visually obvious, but non-jarring way. Merging two diagrams with slight non-overlapping edits 

should not result in a complete re-distribution of the elements in the diagram unless strictly 

necessary. If not, the tool would likely create more work than it would save.  

 

2.7.2 Coexistence with Established Communication Channels 

For OSS, diagrams need to be shared over the Internet.  However, because the main 

communication channels, used; emails and IRC, primarily focus on text, diagrams have to be 

uploaded to websites and their locations shared through those channels. It is important to follow 

the established communication conventions. Therefore, the process of sharing diagrams should 

occur along a parallel back-channel (for instance a predetermined website) in order not to break 

with conventions while allowing for a smooth exchange of ideas.  

 

2.7.3 Other Requirements  

We discovered several other requirements for diagram tools in this domain. First, the tools 

themselves need to be free software. The method for creating and editing diagrams must be 

accepted by a majority of OSS developers. Free software usually means no out-of-pocket cost for 

OSS developers, and would offer greater licensing compatibility than a proprietary product. There 
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is also a high acceptance barrier that must be overcome, made lower if the tool is also open 

source.  

Many OSS projects are globally distributed. Thanks to the drastic advance of the communication 

technology, many OSS developers have broadband Internet connections. However, there are still 

developers who have limited connectivity. Therefore, tools to support the collaborative 

generation and sharing of diagrams should not assume a pervasive broadband connection. 

 

2.8 CONCUSIONS AND FUTURE WORK 

Diagramming is an established and valuable tool used in software development. We interviewed 

nine Ubuntu contributors to understand how and why they used diagrams. The results show that 

they had conflicting attitudes towards using diagrams, and that even participants who actively 

used diagrams in their work did not use them for some of the purposes frequently seen in 

collocated organizations. We also explored how developers have adapted to coping without 

diagrams, and discussed the reasons why diagrams were not actively used in some cases.  

This study shows that the usage and practices of diagramming is indeed influential in OSS 

development, but that its use is far from simple at times. Further research is needed to develop a 

more comprehensive understanding of OSS diagram usage. Deploying and testing a system 

designed based on our design considerations is another interesting research direction.  
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3.1 ABSTRACT 

In collocated software development, diagramming practices, such as sketching ideas out with a 

pen and paper, support the creative process and allow designers to shape, analyze, and 

communicate their ideas. This study focuses on the diagramming practices used in the design of 

Open Source Software (OSS), where the norm is highly distributed group work. In OSS, text-

based communication (e.g., mailing lists) dominates, and sketching and drawing diagrams 

collaboratively remains difficult due to the barriers imposed by distance and technology. Previous 

studies have examined these practices and barriers in the context of individual projects. To 

understand how contributors across OSS projects use diagrams in design-related activities, we 

conducted a survey of 230 contributors from 40 different projects, and interviewed eight 

participants. Our results show that although contributors understand the advantages of using 

diagrams for design-related activities, diagrams are infrequently used in OSS. This motivated us 

to examine how and why diagramming occurs, and the factors that prevent widespread use in 

OSS. Finally, we propose new ideas for supporting design activities in OSS projects. 

 
3.2 INTRODUCTION 

Research has shown that diagrams play an important role in software development as a way to 

represent knowledge and information, simplify complex information, and promote 

communication between people. Designers and developers extensively use diagrams for these 

purposes, as well as to prototype and share ideas (Henderson, 1999). Focusing specifically on 

sketches, Tversky et al. (2003) noted that the designers’ mind is expressed through such external 

representations, which also become a source of creativity.  

Cherubini et al. (2007) showed that diagram use is very important in collocated development. 

They showed that diagramming practices are primarily rooted in the use of tangible media, such 

as paper or a whiteboard. Despite the well-documented advantages of sketching and drawing for 

design, these practices are not always adopted when work moves to a highly distributed 

environment.  

Open Source Software (OSS) development is a notable example of a distributed development 

model. Previous research has shown that deliberations regarding crucial changes and problems in 

OSS design are often performed through text-based channels —mailing lists or forums (Barcellini 

et al., 2007, Mockus et al., 2002), rather than through shared diagrams as is more common in 

collocated development. This raises a number of interesting questions about diagramming 
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practices in OSS projects: When are diagrams used? How is their use different in OSS compared 

to collocated settings? What is the reason for these differences? 

Motivated by the lack of data about diagramming practices in distributed development, Yatani et 

al.(2009) studied how and why Ubuntu contributors used diagrams in their development process. 

They showed that contributors used freehand sketching of ideas to explore different designs2 as 

well as to get feedback from community members, albeit not as frequently as their collocated 

counterparts. Many of the barriers that their participants encountered were related to the technical 

limitations of current computer-based diagramming tools, and how they conflicted with the OSS 

workflow (Yatani et al., 2009). As Yatani et al.’s (2009) study was only exploratory in nature and 

focused on a single OSS project, we decided to follow up with a much broader study that would 

explore OSS diagramming practices and barriers in greater depth, especially as they relate to 

design, across a broad set of OSS projects. 

In this study, we used a mixed methods approach to gain a better understanding of diagramming 

practices in OSS. We deployed an online survey and recruited 230 respondents from 40 different 

OSS projects. Our key finding from the survey is that although participants from a variety of OSS 

projects appreciated diagrams, they did not use them effectively in their design practice. We then 

conducted semi-structured interviews with eight survey respondents to deepen our understanding 

of their motivations and practices related to diagrams. These interviews revealed how and why 

diagrams are created and used, as well as the challenges that hinder diagram use in OSS. 

 

3.3 RELATED WORK 

Designers typically have a strong need to communicate, consult, and bring together stakeholders 

in order to try out solutions and minimize mistakes throughout the design process (Thimbleby 

and et al., 2002). Diagrams are a crucial tool to support critical thinking, problem solving, 

decision-making and communication (Blackwell and Engelhardt, 2002, Funt, 1995, Larkin and 

Simon, 1987). Larkin and Simon (1987) claims that diagrams externalize the relationships 

between knowledge and information, and therefore help to organize pieces of information, build 

perceptual inferences, and construct ideas. 

Many studies have shown how diagrams promote cognitive processes and social interaction 

between developers and designers. Blackwell lists some desirable properties of diagrams: 

                                                             
2 In this paper, as in Yatani et al.(2009), “design” refers to designing interfaces entangled with interaction between subsystems including 
system behaviors and appearances [Thimbleby et al., 2002, Yatani et al., 2009].   
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encouraging novice programmers, promoting learning processes, and supporting communication 

(Blackwell and Engelhardt, 2002). Hahn and Kim (1999) state that diagrams have been 

extensively used in evaluation and analysis of system design and develop system behaviors.  

Cherubini et al. described nine scenarios in which diagrams (visual representations of project or 

design considerations) were actively used by collocated software development teams. The nine 

scenarios are: understanding existing code, ad-hoc discussion, designing/refactoring, design 

review, on-boarding (helping new members acquire project knowledge), explaining to secondary 

stakeholders, explaining to customers, hallway art, and documentation (Cherubini, 2007). Their 

study showed that diagrams were not just used in official “design sessions”. Developers relied on 

frequent “drop-in” meetings—informal ad-hoc sessions with other project members where ideas 

are shaped through informal sketches on a whiteboard—as part of their creative process. Thus, 

diagrams were created and shared for many different purposes. Though developers and designers 

sometimes invested effort in refining diagrams, in most cases, diagrams were transient and 

therefore,  not archived or modified for the future use. 

Diagrams can also be highly sophisticated. Myers et al. showed that designers occasionally used 

diagramming tools to create and demonstrate system behaviors (Myers et al., 2008). Such 

interactive prototypes of a system facilitate communication and enable designers to explore 

navigation and simplify system behaviors. 

Many have studied the factors that promote coordination, collaboration, and communication in 

OSS development. Because OSS development teams are often highly distributed and volunteer 

drive, OSS developers and designers face a number of challenges associated with spatial, 

temporal, and cultural barriers (Olson and Olson, 2002). However, Gutwin et al.(2004) showed 

that contributors successfully use Computer-mediated communication (CMC), mainly text-based 

communication, to coordinate their work. Barcellinin et al. (2007) show that Python contributors 

communicated with each other through three channels: a discussion space (e.g., mailing lists, 

forums, chat), a documentation space (e.g., blog, wiki, project websites), and an implementation 

space (e.g., source code repositories). These channels, common to most OSS projects, support 

problem solving, clarification, decision-making, and evaluation of design collaboratively. 

Yatani et al. (2009) examined how Ubuntu contributors used diagrams in their project. They found 

that Ubuntu contributors occasionally used diagrams for five of the nine scenarios defined by 

Cherubini et al. (2007). However, diagrams were not found to be used as actively or extensively as 

in collocated teams.   
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3.4 STUDY METHOD 

We designed our study to answer the following research questions: 

1. How frequently do contributors use diagrams for design-related activities in OSS? 

2. How do contributors create these diagrams? 

3. How and why do contributors use diagrams? 

In this section, we describe the two parts of the study: an online survey, and semi-structured 

interviews. 

 

3.4.1 Survey 

We conducted an online survey, running from January 2009 to June 2009, to collect quantitative 

data about diagramming practices and the attitudes of contributors in a variety of OSS projects. 

The survey was divided into three sections: Demographic questions, diagramming practices, and 

wrap up.  

In demographics, we defined 10 common roles in OSS projects (project management, coding 

package maintenance, patch creation, testing, translation, community building, design, marketing, 

and user support), and participants could choose any number of these (at least 1). We asked about 

project membership, length of participation, formal CS training, and whether participants also 

work in collocated development.  

We adopted the diagram scenarios from Cherubini’s study (2007) to examine the different 

purposes for diagramming (see above). Table 1 shows the questions from the diagramming 

practices portion of the survey. The survey took approximately 20 minutes to complete. 

 

Table 3.1. Questions about diagramming practices. 
 
Q1. Please indicate how often you currently engage in each of the nine activities. 
(Daily / Weekly / Monthly / Yearly / Never) 

Q2. Please indicate the frequency of your diagram use for the nine activities.  
(All the time / Very often/ Sometimes/ Rarely / Never) 

Q3. Please indicate which medium you use to create diagrams for the nine activities. 
(Paper sketch / Software tool / Blueprint / ASCII art / Diagram not created) 

Q4. Please indicate how much you agree to use diagrams for the nine activities. 
(Strongly agree / agree / neutral / disagree / strongly disagree) 
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We recruited participants by posting to the mailing lists of 40 OSS projects. A total of 230 people 

completed the survey, five of which were randomly selected to receive a $30 gift certificate as 

compensation. 

 

 3.4.2 Follow-up interviews 

We performed eight follow-up interviews with a representative selection of the survey 

participants to gain a better understanding of specific diagramming practices. Four interviewees 

explicitly stated they were currently involved in design activities. All but one participant had 

some experience with design. During the interviews, we asked participants questions about their 

experience with diagramming in OSS projects, as well as clarifying questions about their survey 

responses. All interviews were conducted over the phone, and lasted 50 minutes on average. All 

conversations were recorded and transcribed. We compensated all participants with a $30 gift 

certificate. 

These interviews and the open-ended questions in our survey provided us with qualitative data 

from which to draw a more in-depth understanding of diagram use in design activities. We 

extracted 77 quotes related to design. Three of the authors conducted an iterative open coding 

(Sharp et al., 2007) of the extracted quotes, and constructed the code set in Table 5. We identified 

recurring themes and events associated with diagramming and design-related activities, the roles 

of diagrams in the OSS workflow, and requirements for future tools.   

 

3.5 RESULTS 

3.5.1 Demographics 

Our participants claimed to assume 4 different roles on average within their OSS projects. Code 

development (66%), bug reporting, and testing (both 61%) were the most common roles (see 

Table 2). Only 19% of participants identified themselves as designers. However, our question 

about frequency of activities revealed that 40% of participants (see Figure 1) were inolved in 

design/refactoring and design review activities on a daily or weekly basis. Unlike in collocated 

development teams, roles in OSS projects are more loosely defined and fluid (Nakakoji et al., 

2002). Contributors are more likely to engage in a number of activities, and move across roles as 

the project and their interests evolve. 

The majority of subjects (80%) had a Computer Science (CS) background, in this case defined 

as having taken some formal CS classes. We compared the frequency of diagram use in two 
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design-related activities (design review and design/refactoring) between those with and without a 

CS background. We used a Mann-Whitney’s U test, appropriate for comparing two independent 

sample groups of ordinal data, and we found statistially significant differences between two 

groups (Mann-Whitney’s U test: Z=-1.94, p=.05 in designing/refactoring, and Z =-2.18, p<.05 in 

design review). Contributors with a CS background were likely more aware of the advantages of 

diagramming, and the tools and techniques for doing so than their colleagues, and therefore more 

willing to do so. 

The number of our participants also working in collocated environments was 44%. We do not 

have data on whether this was collocated proprietary or OSS development. However, we 

expected these contributors to carry over practices common in collocated development into their 

OSS work. Our results showed that collocated contributors used diagrams significantly more 

often than non collocated contributors (Mann-Whitney’s U test: Z=2.78, p<.05 in designing/ 

refactoring, Z=3.41, p<.05 in design review).  

 
Figure 3.1. Frequency of activities. 
 

Table 3.2 Diagram use for design: Developers with CS vs. non-CS background . 
 

 CS background Non CS background 

 Designing/ 
Refactoring 

Design 
review 

Designing/ 
Refactoring 

Design 
review 

All the time 8% 9% 6% 2% 

Very often 21% 19% 9% 11% 

Sometimes 27% 27% 23% 26% 

Rarely 14% 13% 26% 19% 

Never 30% 32% 36% 43% 

14%	  

11%	  

26%	  

30%	  

35%	  

37%	  

12%	  

11%	  

13%	  

11%	  

0%	   20%	   40%	   60%	   80%	   100%	  

Designing/Refactoring	  

Design	  review	  

Daily	   Weekly	   Monthly	   Yearly	   Never	  



 
 

32 

 
 

Table 3.3 Diagram use for design: Collocated vs. non-collocated developers. 
 
 

 

 

 

 

 

 

 

 

3.5.2 Attitudes to and frequency of diagram use.  

We examined how often participants used diagrams for design-related activities. 27% of the 

participants answered that they diagrammed “all the time” or “very often” for design review, and 

24% of participants answered that they diagrammed “all the time” or “very often” for 

designing/refactoring (see Figure 3). These contrast with the perceived value of diagramming 

among participants (see Figure 4). While a minority claims to diagram regularly, 76% agreed that 

using diagrams for design related activities has value.  

 
Figure 3.2. Frequency of diagramming practices. 
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Very often 21% 20% 17% 16% 

Sometimes 28% 29% 25% 25% 

Rarely 15% 12% 18% 16% 

Never 24% 26% 36% 41% 
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Figure 3.3. Attitudes toward diagramming. 

 

In the next following sections, we discuss the practices and challenges around using diagrams in 

the design of OSS by examining the results from our interviews with eight participants. 

 

 
Figure 3.4. Methods to create diagrams. 
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Table 3.4. Coding schemes on designing activities. 
 

Theme Sub-theme Agreement Cohen’s Kappa 

Pen and paper 0.99 0.8 

Software tools 1 1 

Creation: Methods 

Collaborative tools 0.99 0.9 

Own understanding 0.99 0.93 

Getting feedback 0.97 0.88 

Aid for others  0.94 0.78 

Documentation 0.99 0.82 

Creation: Purposes 

On-boarding 0.99 0.85 

Update Updating 0.99 0.85 
 
 
3.5.3 Methods for creating diagrams 

In our survey, pen and paper, as well as various software tools were the most popular means for 

creating diagrams, and virtually tied in terms of their frequency of use (33% with pen and paper, 

and 27% with software tools in design/refactoring scenario; and 25% used pen and paper vs. 29% 

using software tools for design review). Approximately 30% of our participants claimed not to 

have created diagrams for these scenarios. 

Three interview participants told us that they used a whiteboard or paper during face-to-face 

meeting. For large OSS projects such as Ubuntu, contributors often hold summits where 

contributors and users physically gather in one place to share ideas and brainstorm for the next 

software release. Our participants also created freehand sketches with pen and paper for their own 

use. They drew icons, a picture of a system, and interactions between subsystems. 

“[W]hen there is something complicated I tend to draw diagrams […] on paper, write a few 

notes, and sketch.” 

In terms of tool use, participants used a variety of tools, including Gimp, Inkscape, Cmaptool, 

Dia, and Photoshop. However, their tool use does not seem as varied compared to collocated 

development where Myers et al. (2008) found that 16 different tools were used for different 

design process.  
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We also found different levels of formality in their diagrams. For instance, they often used rough 

sketches to create mockups in order to present their ideas to other developers. Formal diagrams 

like UML were created for documentation.  

“Very formal diagrams like UML that would be pretty rare only in this case. When refactoring it 

is common, or when designing something new.” 

“If we’re programming, it is very helpful for other people to follow design and UML guidelines.” 

Our interview participants sometimes used a collaborative tool when they needed synchronous 

communication with each other. Traditionally, visual communication among collocated designers 

and engineers has been based around tangible media, such as a whiteboard (Cherubini et al., 2007 

Henderson, 1999). However, such tangible media have no analogue in distributed situations. Two 

interview participants indicated that they used electronic sketching tools for remote design 

meetings. An example of such a tool is Dimdim (http://www.dimdim.com/), which provides a 

shared online space to chat, edit, and sketch.  

“We actually tried to use ‘Dimdim’ to do like a virtual class room or like virtual whiteboard, so 

you can simply use a mouse and draw... Mainly for designing.” 

A collaborative diagramming tool allows developers to synchronously communicate with each 

other. However, our participants also felt that current collaborative tools did not always meet their 

needs. One participant explained that a developer who joined the meeting later could not see the 

artifacts created by others and thus failed to really join the discussion.  

“We actually stopped using it (Coccinella, http://thecoccinella.org/) because it is very confusing. 

What happened was you know, we had ten people in chat room and we were looking at the 

drawing, but then a person number 11 joined late. They cannot see anything that was drawn 

before.” 

In the survey, we also observed that diagrams were created with Blueprint a feature in the 

Launchpad hosting environment, home to Ubuntu. 70% of the participants who used Blueprint 

were also involved in Ubuntu.  

 

 

 

 



 
 

36 

3.5.4 Publication Purposes for Diagrams 

3.5.4.1 Own understading 

We observed that participants created diagrams to deepen their understanding of the systems they 

were developing, or to test ideas. This was also found by Cherubini et al. (2007) and Yatani et al. 

(2009), and we did not observe significant differences from their findings. Thus, we chose not to 

make a further analysis on this scenario. 

 

3.5.4.2 Eliciting feedback 

Eliciting feedback was documented in interviews. We also found that diagrams were circulated 

through mailing lists, Internet Relay Chat (IRC), blogs, and wikis for this purpose. Barcellinin et 

al. (2007) found that discussion channels, such as mailing lists and chat rooms, were capable of 

fostering design discussions and critical evaluations in the Python community. Our empirical data 

supports their finding by showing that diagrams were created to capture the attention of others 

and promote discussions by explaining and expressing them in an easily digestible form. 

“We get user’s immediate idea of what they want, and we catch a lot of problems before the real 
design of the application.” 

 

3.5.4.3 Aid for others’ understading 

Diagrams are also created to aid others’ understanding. In this case, diagrams were intended to 

help others understand the scope of the design and what contributors really care about. 

“It gives us a way of ensuring the design that we make is translated all the way down to code…” 

One participant pointed out that one advantage of diagrams is that they can help bridge the 

language barrier for developers whose first language is not English. This observation is in line 

with findings by Myers et al.(2008), and Olson & Olson (2000).  

“A lot of this stuff is really technical and just talking through it is really difficult to do so that the 
other person understands. Especially if that person does not speak [good] English.” 

Face-to-face meeting can help prevent or clear up misunderstandings. Myers et al. (2008) showed 

that non-verbal cues facilitated the process of resolving problems and misunderstandings in an 

offline meeting. However, frequent offline meetings are not practical in most OSS projects, and 

some of the contributors may not be fluent in English. Although we could find only a small set of 

examples in our interviews, this anecdotal evidence seems to suggest that diagrams may help 

mitigate language and cultural barriers.  
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In collocated development, developers and designers typically have to present their ideas to 

different audiences, such as secondary stakeholders and users (Cherubini, 2007). During these 

stages, diagrams are used to get feedback and help explain developers and designers ideas. Our 

results also show that OSS contributors occasionally engaged in the same types of behavior:  

 “If there is discussion about something on the mailing list and I think I have a good solution, I 
may do a quick diagram, or I may do quick mockup, and send it just to the list. And then, if people 
decide ‘Hey, it might be a good idea, I wonder how others like it, and then I post to the blog. I 
post to the blog if I want it to be really public.” 

“I create a basic design, and then blog about it on Ubuntu planet. That gets a lot of viewers and 
users of Ubuntu. I got a lot of useful feedback from people saying whether they thought that part 
is useful or what feature should be added.” 

 

3.5.5 Documentation and on-boarding 

In our interviews, diagrams were also created for the purposes of documentation and on-boarding. 

Participants referred to documentation presented on a wiki or diagrams saved in a Content 

Management System. One participant shared with us that his team stored design mockups on their 

wiki page. As a result, that page documented how the design has evolved. 

“You can see current design and old… It is a very good tool for documenting changes you make 
with reasons why.” 

Although such a website may be useful for someone who is interested in joining the project, our 

participants also explained that they created diagrams explicitly for people currently in the 

process of joining the team.  

“Occasionally, it [diagrams] is informative. If I am working on a project, and I design something, 
and there is a new contributor, then a diagram helps explain structures, so they can get an 
understand of how it works.” 

 

3.5.6 Relationship between creating and publishing diagrams 

Four of the documented purposes of creating diagrams (eliciting feedback, aiding others’ 

understanding, documentation, and on-boarding) were usually intended for publication. As we 

can see in the above sections, diagrams were also created for different audiences. Table 5 

illustrates the relationship between the purposes for the diagram and the target audience as 

observed from our participants. 

We believe that documentation and on-boarding are different from the other two purposes we 

identified. Diagrams for documentation and on-boarding are intended to be more archival. On the 
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other hand, diagrams for getting feedback and supporting understanding generally aim at 

addressing problems of current interest, which can be described as “transient diagrams” 

(Cherubini, 2007).  

Our results also indicate that OSS contributors often use communication channels other than 

mailing lists to circulate their diagrams. Mockus et al. (2002) showed that analyzing, reporting, 

and discussing problems and new features were often handled in mailing lists, but that posting 

diagrams was generally frowned upon. Our participants preferred to use blogs and wikis to 

contact users. By posting mockups on a blog, they felt that they were able to get feedback from 

users as well as developers in a casual manner. 

 
Table 3.5. Motivating factors for publishing diagrams. 

 
Audiences  

Self Project Others  

Elicit feedback - o o 

Understanding o o o 

Documentation x o o 

Purposes for 
publishing 
diagrams 

On-boarding - x o 

                        o: observed                           x: not observed                      –: not applicable 

 
 
3.5.7 Updating diagrams 

We found that our participants did not update diagrams often. This is in line with what Yatani et 

al. (2009) found. One reason for this may be that each diagram must be maintained in the 

project’s repository for archival reasons and contributors would rather make a new diagram than 

update an old diagram. 

Our participants explicitly pointed out an issue with updating diagrams with repect to tools.  

“I think [not updating diagrams] is mainly a tool issue because sometimes if you have initial 
design, it works. You encounter bugs and you go to quickly fix them. And, there isn’t something 
that pulls in your development, explaining to you that ‘you changed an important code part.’.” 

However, we also observed several notable cases of updating diagrams.  

“These comments were on version number 3. I made changes based on this feedback to create 
version number 4. So, I have 4 versions probably I will end up with at least 6 versions.  I am 
working on version 5 right now.” 
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Gasser et al. (2003) described the process of continuous design, a common practice in OSS. This 

is a process in which developers release prototype systems and iteratively revise them based on 

the feedback they get. These rapid release and feedback cycles make it difficult to keep 

documentation up-to-date. We believe that in order to encourage greater use of diagrams, we need 

a way of linking these to the source code, in order to leverage change-tracking systems. 

 

3.6 DISCUSSION 

Our results show that OSS contributors value their diagrams and use a variety of tools and forums 

to share these. Our participants had very positive attitudes toward diagrams, which was somewhat 

surprising when compared to those reported in Yatani et al. (2009), where some participants 

showed negative attitudes toward diagram use, specifically for design review. We also found that 

contributors with formal training in CS were more likely to use diagrams in their OSS work, 

likely due to training and exposure. 

 
3.6.1 Design implication for a future tool 

OSS contributors do not seem to have a great deal of choice when it comes to diagramming tools 

for design. Several interview subjects stated that OSS contributors tend to stick with OSS tools. 

In addition to the ideological and potential licensing issues involved, OSS projects rely heavily on 

volunteer effort. Thus, the tools projects use should not present a huge burden on their 

contributors, especially in terms of monetary cost.  

We found that because OSS contributors are not always geographically collocated, it is crucial to 

synchronize communication and build shared understanding of their project’s progress. Therefore, 

tracking how the design evolves over time, by providing tracking features could help other 

contributors stay up-to-date on the status of the project.  

Our study also suggests that the integration of diagramming tools into the development 

infrastructure, such as SVN, could facilitate the design and review process. In such integration, 

revision control for diagrams would also be important so that contributors could see the evolution 

of their designs. This would also be a useful resource for those joining the team and needing to 

learn the history of the project. A diagramming tool for OSS projects should be designed to 

accommodate these different purposes. 

“It would be very helpful to have sort of integration in development environment and design 
environment. So, whenever you change something, you can look back whether diagram is correct.” 
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3.6.2 Threats to validity 

There are many active OSS projects we did not study in this project. We did not tightly control 

which OSS projects the participants came from. Thus, our sampling may not be representative of 

the OSS ecosystem. The culture and practices surrounding diagram use might be different across 

different OSS communities. However, given the broad distribution of projects in our sample, we 

believe that we gained a new and broad understanding of diagram use in OSS. We argue that our 

study provides new insight into the differences in diagramming practices between collocated, 

highly distributed development teams and their root causes. Although our sample for the 

interviews was relatively small, we observed the convergence in our data after we finished the 

eighth interview. We believe that the results gained through the interviews cover many of the 

diagramming practices shared by other OSS contributors, which in turn, provides a deep 

understanding of the motivations and practices of contributors diagramming in OSS. 

 
3.7 CONCLUSION 

Although the importance of diagramming in software development is recognized, few studies 

have investigated the practices and problems of diagramming in distributed environments. We 

studied how and why contributors in various OSS projects use diagrams for design-related 

activities. Our results revealed that our participants have strongly positive attitudes toward 

diagramming, yet diagram use is not adopted as fully as in collocated development. We also 

found that OSS contributors used an analog medium for diagramming despite the problems 

associated with sharing such diagrams over the Internet. Our study fills out some of the gaps 

pointed out by Yatani et al.’s (2009) study, and contributes further understanding of how OSS 

contributors, particularly those who engage  design-related activities, use diagrams. 
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4.1 ABSTRACT 

Free/Open Source work (FOSS) development efforts have become models for distributed 

collaboration, overcoming the challenges of global time zone differences, lack of collocation, and 

a culturally diverse developer population. Collaboration, coordination, and the free flow of ideas 

are key components to the success of any FOSS project. FOSS developers primarily rely on 

relatively simple text communication channels to maintain awareness and coordinate, and seem to 

do so successfully. This has led many researchers to investigate the way that contributors use 

these computer-mediated communication channels. However, the role of visual artifacts in FOSS 

project communication has not previously been studied, which begs the question: Do FOSS 

contributors use diagrams3 in their projects, and if so, do they use them in the same way that 

collocated development teams? Our findings show that even though FOSS contributors use 

diagrams for the same purposes as traditional collocated teams, the frequency of use is relatively 

lower. In this article we discuss how and why FOSS contributors use diagrams and why their use 

of diagrams differs from that seen among collocated teams.  

 

4.2 INTRODUCTION 

Computer supported cooperative work (CSCW) requires information sharing, coordination 

among group members, and sharing, merging, or collaboratively creating artifacts. CSCW is an 

increasingly important aspect of information work, and many organizations have shown that this 

model can work (Massey et al., 2001, Liu et al., 2008). Free/Open Source Software (FOSS) 

communities are examples of such organizations. Despite the challenges of distance, cultural 

barriers, primitive communication tools, and often a lack of paid developers or strong financial 

backing, users and developers from around the world share, discuss, and work together on FOSS 

projects in order to develop highly successful software artifacts. Linux is one notable example of 

a successful open source software development effort involving international collaboration on a 

large-scale (Godfrey and Qiang, 2001). The complexity of Linux has been growing at super-

linear rate, and this growth has come with the addition of new features rather than bug fixing 

(Godfrey and Qiang, 2001). In terms of community size, the popularity of FOSS in general is 

growing. The Sourceforge FOSS repository currently hosts more than 230,000 projects with more 
                                                             
3 In this article, we refer to diagram containing any kind of visualized information created during software 
development. The information may include code structure, interaction between modules, database table, 
mock-ups, the organization of team and team schedule, etc. Diagrams can be created by hand (sketching), 
with tools (drawing) or automatically generated when importing information into an existing system.    
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than 2 million registered users (developers) (http:// www. Sourceforge.net/about). 

Communication in OSS plays a key role in the success of projects (Raymond, 1999). Many 

researchers have investigated how contributors communicate. In FOSS development, text-based 

communication channels such as mailing lists, IRC, and forums, dominate. Discussion is often 

public and archived, and covers a wide range of development processes, including development 

agenda and priorities, design decision, and discussions of problems and suggestions (Rigby and 

Hassan, 2007, Barcellini et al., 2007).  

While text communication in FOSS, developers in collocated projects frequently use visual 

representations of ideas and artifacts (such as sketching or drawings) in order to communicate 

ideas to each other and users. Diagramming is frequently used in order to depict and describe 

system architecture, interfaces, and different levels of abstraction in a system. It has been shown 

that developers and designers often work together by proposing ideas with sketches (Gross, 1994). 

Tversky et al. (2003) showed that designers use diagrams intensively to generate, flesh out, and 

assess ideas through sketching. Cherubini et al. (2007) studied inter-developer communication 

using diagrams in collocated setting. They showed that diagrams are used extensively to support 

the presentation of knowledge and information, as well as aids to communicate with users, 

secondary stakeholders and developers. They also found that developers and designers use 

diagrams to understand code and work through designing alternatives. Diagramming occurs daily, 

informally, and often as part of unscheduled “drop-in” meetings with coworkers.  

Although it is well known that diagrams facilitate communication in a co-located setting, their 

impacts and benefits to FOSS communities have not been examined extensively. Transferring 

common development practices like diagramming is not straightforward when moving to 

distributed or online environments such as FOSS. Creating and sharing diagrams can be created 

and shared through a number of online whiteboard applications, but these do not necessarily fit 

into the FOSS work model.  Issues arise when people try to merge a highly interactive and 

collaborative process, as diagramming often is, with an asynchronous communication model, as 

often employed by FOSS projects. The same can be said for the sharing of visual representations 

through channels primarily focused on text-based communication.  

In this study, we conducted a survey and open-ended interviews of FOSS contributors focused on 

how and why these contributors use diagrams in their FOSS projects; what activities they use 

diagrams for, and how they have adapted their diagramming practices to fit into a distributed 

asynchronous work model. Our research summarizes two incremental studies. First, we 
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conducted an interview study about diagramming within a single FOSS project, Ubuntu, to 

explore the collaborative practices of a large scale, well-organized FOSS project, as well as get 

some initial data on how and why diagrams were used. Second, we conducted a survey targeting 

projects of different sizes to see if these findings could be generalized, and finally, we carried out 

detailed interviews with eight of our survey participants in order to explore practices more in 

depth.  

This article is organized as follows: First, we review previous work on FOSS development and 

diagramming practices. We then explain our study methodology, and present our results related to 

the motivations and practices surrounding diagram use in FOSS. We wrap up by discussing the 

challenges and the paradoxes we found related to diagramming in FOSS.  

 

4.3   RELATED WORK 

4.3.1 FOSS philosophy and culture  

The term “free software,” later popularized as Free/Open Source Software (FOSS), was coined in 

1984 by MIT researcher Richard Stallman (Raymond, 1999, Elliott and Scacchi, 2003). The 

FOSS development model is clearly different from the proprietary software development model 

in a number of key ways: First, free access and right to modify and redistribute source code are a 

fundamental right. FOSS source code is available to public, open for study, modification, and 

redistribution with the stipulation that users of this modified code retain the same rights (Scacchi, 

2007). This rule was in part derived from the idea that if ideas are made public, they can be 

improved and be built upon (Dempsey et al., 1999). Likewise, when source is open and publicly 

available, it promotes the evolution of source code. This philosophy can also be seen as a social 

movement (Scacchi, 2007). 

Another common characteristic of FOSS projects is that they are often composed of loosely 

coordinated volunteer development teams. Scacchi (2007) described individuals’ motivations for 

participation in FOSS community: Sometimes they participate in OSS development for the fun or 

challenge of it, or see the FOSS community as a venue for improving and developing their 

technical skills. However, they tend to contribute for free, driven by intrinsic motivations such as 

ego and altruism rather than external rewards such as personal needs or potential future returns 

(Hars and Ou, 2002). Contributors may face difficulties juggling personal time and the demands 

of the FOSS project, but they are driven to participate by the lure of peer recognition, self-

promotion, and a belief in the inherent value of free software (Scacchi, 2007). This helps form 
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non-hierarchical team structures that allow contributors to select assignment with a great deal of 

autonomy and freedom while building community. The belief in freedom, free software, and 

freedom of choice form a common bond for FOSS contributors (Elliott and Scacchi, 2003). 

In a FOSS community, the common goal is achieved primarily through computer-mediated 

communication (CMC). There are two primary types of CMC: asynchronous and synchronous. 

CMC enables developers to engage in teamwork without physical interaction (O’Hara-Devereaux 

and Johansen, 1994). Textual communication channels such as Internet Relay Chat (IRC), 

mailing lists, CVS (Concurrent Versions System), email and blogs dominate as forums for 

discussion in FOSS, with contributors freely sharing their opinions, ideas and knowledge. This is 

because text-communication is easy to use and access for any developer, new contributor, or user 

(Scacchi, 2007).  

In collocated development, developers maintain team awareness through observation and 

meetings, and brainstorm and share information through face-to-face interaction. Developers 

frequently interrupt each other and engage in impromptu communication (Cherubini et al., 2007).  

However, such communication is often transient—not archived—which may limit follow-up 

communication and the accurate tracking of team history, or ensuring the entire team is up-to-

date. FOSS environments, on the other hand, tend to archive all communication and make it 

publically accessible (Bird, 2006). This open characteristic has enabled researchers to look closer 

at how these groups collaborate and manage their projects. These archives are rich information 

sources that can be accessed, studied, revised, and redistributed (Scacchi, 2007). A study by 

Gutwin et al. (2004) found that FOSS developers are able to find resources and keep their 

projects organized through text communication, with mailing lists being especially important. 

Blogs and wikis were also good resources for keeping developers synchronized and trigger social 

interactions between developers and users in a less formal and more conversational manner. For 

example, the Gnome and KDE communities provide a blog service for developers through which 

anyone can see developers’ activities, events and processes. This narrows the gap between 

developers and users.  

Olson and Teasley (1996) observed that even when synchronously remote communication is 

possible, it is often not as effective as face-to-face communication, which evokes more social 

responsibilities and commitment. Due to the geographically and largely volunteer driven nature 

of FOSS, synchronous communication is less likely to occur. Major FOSS projects such as the 

Linux Kernel, Ubuntu and Gnome occasionally have global summits where developers and users 
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gather together in one place. During these gatherings, developers and users engage in extensive 

and intense discussion and brainstorming sessions to work out pressing problems and together 

plan out future directions. These summit sessions are important activities since they provide an 

opportunity to build trust and consensus through social proximity interaction. Remote 

communication—primarily IRC based—is a key tool for keeping teams of developers 

synchronized, but not for planning. IRC provides a channel for ad-hoc communication of both 

informal and work-related natures. IRC adds dynamism to FOSS projects in a similar way to 

what we see in collocated teams (Gutwin, 2004). 

Although FOSS contributors use CMC effectively to communicate and manage their projects, 

communication can break down due to the challenges of geography, time and cultural differences 

(Olsen and Olsen, 2000). The communication and coordination of these projects, as for most non-

collocated projects, requires additional overhead. Yamauchi et al. (2000) points out that this in 

part results from the absence of face-to-face communication and limitations imposed by CMC: 

communications inability to relay social cues. CMC often allows for multiple interpretations, 

misunderstandings and difficulty in reaching agreement (Olsen and Olsen, 2000). Our interest is 

to see whether diagrams are being used to support communication in these communities.  

 

4.3.2 DIAGRAMS 

Diagrams encode the real world or ideas with geometric components: arcs, lines, triangles, 

squares, etc. They are a language for representing and modeling how nature is or could be 

organized by simulating an action and interaction between components at certain levels of 

abstraction. This abstraction allows one to perceive spatial similarity and conflicts between 

objects. In this case, diagramming serves as a tool for conveying information intrinsically—

cognitive operations, and extrinsically—social interactions.  

Cognition researchers emphasize the importance of diagramming and how these work with the 

imaging system. Diagramming manages attention (Clark and Schaefer, 1989, Larkin and Simon, 

1987), promotes memory by increasing recognition, and aids in decision-making (Larkin and 

Simon, 1987) and problem solving (Novak, 1994). These elements are woven together to 

facilitate rapid and in-depth processing of information. Larkin and Simon (1987) compared 

diagrams to textual representations. They claim that the fundamental difference between diagrams 

and words is that diagrams explicitly express the relationships between bits of information while 
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words do not. As the relationship between bits of information grows, the overall complexity 

grows as well.  

A human’s ability to parse information is highly sensitive to the way that information is presented. 

Explicit representations of information help evoke memories so that recognition is sped up. 

Paivio’s (1969) dual coding theory suggests that this occurs in our imaging system, which has 

better attention and memory capacity than our verbal system. As a result, the recognition process 

can be sped up through the use of diagrams. This may also mean that diagrams are more easily 

encoded into memory, since diagrams may more easily hold our attention.  

Diagrams can also guide the decision-making process. Most decisions are made in a state of some 

degree of uncertainty and ambiguity. When faced with alternatives, the key to making an optimal 

choice lies in quickly assessing the outcome of possible decisions accurately. Making a decision 

is not immediate, and usually evolves over a period of time where data is used to inform the 

decision-making (Zelony, 1982). Diagrams group and refine information, guide the flow of 

information, retrieve information from memory and aid in drawing conclusion (Toth and Lewis, 

2002).  

Diagrams can help to generate new ideas through the exchange of ideas and knowledge. Prior 

research shows that graphical representation facilitates group communication and agreement 

(Tversky, 2001). Incorporating diagrams into group discussions generates more conversation and 

interaction. A group discussion using diagrams is a real world example of distributed cognition, 

which describes mutual cognitive operation across members of a group (Hutchins, 1995). By 

sharing diagrams within a team, information processing can become more dynamic and 

collaborative, promote knowledge sharing, and enhance creativity (Cherubini and Pol, 2005). In 

addition, diagrams used to ground discussion can help clarify and simplify problem solving as 

well as facilitate external offloading (McDonald and Ackerman, 1998).  

Although there have been numerous studies about diagrams and information processing, the 

social role of diagrams in software development have barely been explored. A study by Cherubini 

et al. (2007) showed that developers rely heavily on drawings on whiteboards to aid their 

communication in a variety of settings. They drew code structure, design ideas and suggestions, 

and used them to maintain group awareness and support communication. Interestingly, 

developers put different degrees of time and effort into rendering and evolving diagrams for 

different purposes and different people, and diagrams were often treated as ephemeral artifacts. 

Other work has shown that when developers and designer work together, diagrams are often 
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indispensable; developers and designers depict and manipulate diagrams extensively by sketching 

on a whiteboard or pen and paper, or drawing with a software tool (Tversky et al., Gross, 1994, 

Cherubini et al., 2007).  

 

4.4 STUDY METHOD 

We first hypothesized that contributors in FOSS would use diagrams since diagrams are integral 

to traditional collocated software development (RQ1). We conducted interviews with nine 

contributors to the Ubuntu project to see if we could find evidence of diagram use. Based on our 

findings in this initial exploration we formulated a set of additional research questions (RQ2-4). 

We then designed and deployed a large-scale online survey to collect quantitative data to answer 

the questions derived from the first study. Finally we did follow-up interviews with eight survey 

participants to get more detailed data. 

Our resulting research questions: 

RQ1: How and why do Ubuntu contributors use diagrams? 

RQ2: Can we generalize what we found from Ubuntu community?  

RQ3: How and why do FOSS contributors use diagrams? 

RQ4: If they do not use diagrams, what are the difficulties to use diagrams?  

4.4.1 Interviewing the Ubuntu community 

An interview study is a research technique designed to reveal causes, effects and consequences of 

a certain phenomenon. The purpose of this interview study was to investigate diagram use in the 

Ubuntu community, one of the largest end-user oriented FOSS communities. We selected the 

Ubuntu project because it is used and distributed widely, and has a large numbers of contributors, 

which implies successful project management. We thought it likely that we would be able to 

observe a wide variety of diagramming practices, which would allow us to learn how and why 

Ubuntu developers use diagrams for communication. We advertised our study to the Ubuntu 

communities and interviewed nine participants. Table 1 gives demographics details for all our 

participants (the nine of this part of the study as well as the eight in the follow-up interviews). 

Prior to the interviews, we asked participants for information about their background and 

involvement in Ubuntu. Interviews lasted approximately 40 minutes and participants were 

compensated with a $30 Amazon.com gift certificate. All conversations were recorded and 

transcribed for analysis. 
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4.4.2 Survey of the FOSS community 

Our survey was designed to give us a broader understanding of how diagrams are used across a 

wide range of FOSS projects. Data was collected through an online survey from January 2009 to 

June 2010. We conducted pilot studies to make sure that the questionnaires were readily 

understandable. We advertised on the mailing lists of approximately 40 different FOSS projects. 

We selected primarily large and medium scale FOSS projects, including Ubuntu, Fedora, Firefox, 

OpenOffice, Drupal, Gnome, KDE, Apache, Gentoo, Mono, Gimp, etc. The scope of the study 

was to explore whether diagrams exist and are widely used across FOSS communities. Because 

our study extends the first study, including large and medium size of projects is necessary to 

allow us to generalize our findings. As a result, a total of 534 developers accessed the survey, and 

243 participants completed it. Data from 13 participants was discarded after review due to 

subjects gaming the system. A total of 230 participants were therefore included in the final 

quantitative data analysis.  

The survey was divided into three sections: demographic questions, questions about diagramming 

practices, and whether they agreed to a follow-up interview. For diagramming questions, we 

adopted the nine diagramming scenarios identified by Cherubini et al. (2007). Their scenarios 

characterize the subjects’ motives for creating diagrams, as well as the effort spent generating 

diagrams. We applied these scenarios because it allowed us to compare motive, purpose, and 

effort required between collocated and FOSS developers. In addition, Cherubini’s (2007) 

scenarios enabled us to examine diagram use in FOSS from the perspective of social interaction. 

The survey took approximately 20 minutes and we compensated 5 randomly selected participants 

with a $30 Amazon.com gift card. 
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Table 4.1 Interview participants 

 

It is important to confirm the reliability and validity of a survey to minimize errors and yield 

accurate results (Litwin, 1995). To check the reliability and validity of the survey, it was 

necessary to measure whether participants responded consistently to questions in the 

questionnaire. We paid close attention to participants who claimed not use diagrams, and whether 

these subjects consistently applied these answers to other questions. To examine this we used the 

ID Country Roles 

P1 USA Translation, community building, patches 

P2 Netherland Marketing 

P3 France Code development, community building 

P4 USA Team planning, testing, community building 

P5 Germany Package maintenance 

P6 Hungary Translation, backporting, bug report 

P7 USA Release manager, bug reporting 

P8 Canada Package maintenance 

P9 Canada Project leader, package maintenance 

P10 USA Design 

P11 USA Code development 

P12 Denmark Package maintenance, bug reporting, testing, translation, community 
building, marketing, user support 

P13 Germany Maintaining infrastructure 

P14 Italy Project management, code development 

P15 Venezuela Code development, testing, design 

P16 Canada Code development, bug reporting, testing, community building, design 

P17 UK Creating patches, bug reporting, testing, user support 
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Kuder-Richardon 4 statistic technique. Our test gave an alpha value of 0.801, which exceeds the 

common acceptance threshold of 0.7.  

4.4.3 Follow-up interviews 

For follow-up interviews, we tried to select participants who were engaged in a wide variety of 

FOSS activities and diagramming practices. We randomly selected eight participants after 

dividing our survey  population into smaller groups; including a diagramming group and non-

diagramming groups. During these interviews, we first verified their responses to the survey. We 

then asked about their diagram use and explored specific examples of diagrams they had 

generated. We performed all interviews over Skype and each interview lasted approximately 50 

minutes. All conversations were recorded and transcribed for analysis.    

 

4.5 Results  

4.5.1 Demographic results of the survey 

The majority of the participants were male. Only 6% (15 participants) of participants reported 

being females. Most of participants were between 20 to 40 years of age (80%). As the Figure 4.1. 

(c) shows, most of participants (58%) were engaged in two to five different projects. 41% of 

participants were from North America, and 40% from Europe. These demographics are in line 

with previous FOSS survey studies (Hars and Ou, 2001, Li et al., 2005). The Figure 4.1.(e) shows 

that the majority of participants (80%) have some CS education (here defined as having taken at 

least one college level CS class). We did not find any studies of how education background 

affects FOSS participation, which suggests future study is needed to understand the relation 

between he two factors. Figure 4.1.(f) shows that 44% of participants are involved in some form 

of collocated development effort, though this is not necessarily related to their FOSS work.  

                                                             
4 The mechanism of Kuder-Richardon alpha is the same as Cronbach’s alpha, commonly used as a measure 
of the internal consistency or reliability for survey instruments for Likert scales (Santos, 1999).  
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Figure 4.1 Demographic results (a) gender distribution (b) age (c) number of projects (d) 

country of residence (e) CS education (f) work environment 
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We assumed that contributors with a CS educational background would be more likely to use 

diagrams, as they were more likely to have been exposed to these practices. Our results did 

indeed show that contributors who have some CS education use likely to use diagrams for 

design/refactoring, design review, explaining to newcomers, secondary stakeholders and users. 

We also assumed that contributors who are involved in collocated development are more likely to 

use diagrams as they take their collocated work habits online. Our results show that contributors 

who are involved in collocated development effort do use diagrams more frequently for all 

activities except code development. These results may provide some understanding of individual 

differences with regard to diagramming practices, and suggests that more research should be done 

to examine how background affects FOSS contributors’ work practices.   

Table 4.2: Diagram use: CS vs. Non-CS 

 CS Non-CS 

 All the time Very often All the time Very often 

Code development 10% 13% 6% 9% 

Ad-hoc meeting* 6% 13% 0% 15% 

Designating/Refactoring* 8% 21% 6% 9% 

Design review* 9% 19% 2% 11% 

Explain to new comers* 8% 17% 6% 11% 

Explain to secondary stakeholders* 6% 13% 0% 4% 

Explain to user* 10% 14% 4% 9% 

Maintaining awareness 5% 7% 0% 4% 

Documentation 9% 20% 4% 13% 

*Statistically significant p< .05 (Mann-Whitney’s U test) 
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Table 4.3: Diagram use: Collocated vs. non-collocated developers 

 Collocated Non-collocated 

 All the time Very often All the time Very often 

Code development 10% 15% 9% 9% 

Ad-hoc meeting* 11% 18% 0% 10% 

Designating/Refactoring* 13% 21% 4% 17% 

Design review* 14% 20% 2% 16% 

Explain to new comers* 13% 21% 3% 12% 

Explain to secondary stakeholders* 8% 17% 2% 6% 

Explain to user* 14% 13% 5% 13% 

Maintaining awareness 8% 8% 2% 5% 

Documentation 14% 27% 4% 12% 

*Statistically significant p< .05 (Mann-Whitney’s U test) 

 

 

Figure 4.2 Frequency of each activity. 
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Figure 4.3 Frequency of diagram use in each activity. 

 

Figure 4.4 Attitude toward diagram use in each activity. 
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scenarios, the frequency of their diagram use under each scenario, and their attitude toward 

9% 

5% 

8% 

7% 

7% 

5% 

9% 

4% 

8% 

12% 

14% 

19% 

17% 

16% 

11% 

13% 

6% 

19% 

22% 

25% 

26% 

27% 

23% 

20% 

19% 

11% 

25% 

25% 

20% 

17% 

14% 

12% 

21% 

16% 

21% 

18% 

32% 

37% 

31% 

34% 

41% 

44% 

43% 

57% 

30% 

0% 20% 40% 60% 80% 100% 

Code comprehension 

Ad-hoc meeting/discussion 

Designing or refactoring 

Design review 

Explaining to new project members  

Explaining to secondary stakeholders  

Explaining to users  

Maintaining team awareness  

Documentation 

All the time 

Very often 

Sometimes 

Rarely 

Never 

25% 

25% 

35% 

36% 

33% 

23% 

26% 

11% 

37% 

41% 

39% 

41% 

40% 

42% 

42% 

30% 

20% 

35% 

27% 

30% 

19% 

20% 

20% 

29% 

34% 

41% 

23% 

0% 20% 40% 60% 80% 100% 

Code comprehension 

Ad-hoc meeting/discussion 

Designing or refactoring 

Design review  

Explaining to new project members  

Explaining to secondary stakeholders 

Explaining to users  

Maintaining team awareness 

Documentation 

Strongly 
agree 
Agree 

Neutral 

Disagree 

Stronly 
disagree 



 
 

58 

diagramming practices for each of these scenarios/purposes respectively. Only between 10% and 

27% of contributors, by scenario, responded that they used diagrams all the time or very often. 

However, contributors had a very positive attitude toward diagramming (more than 56% agreed 

or strongly agreed) except in the ‘maintaining team awareness’ scenario (11% for strongly agree 

and 20% for agree). The positive attitudes toward diagramming in FOSS are very similar to those 

found among collocated developers, where almost 70% felt that diagrams were important for 

most scenarios (Cherubini et al., 2007). This tells us that though contributors were aware of the 

importance and benefits of diagramming, they avoided or had difficulty using them. To gain 

insight into the diagramming practices of FOSS developers, we explore how diagrams were used 

under each scenario.  

 

4.5.2 Diagram scenarios 

Code comprehension and code development 

Code comprehension was the most common scenario encountered by our participants. About 70% 

engaged in code comprehension daily or weekly. However, only 20% of them used diagrams for 

this purpose all the time or very often. P3 and P12 shared similar experiences and opinions about 

diagramming for code comprehension. P3’s project included an intricate server system visual that 

he and his team members needed. If a system has a complicated structure with a lot of 

dependencies, it is difficult to understand and interpret the behaviors of the system through code 

inspection alone. As a result, he used a diagram to represent one scheme instead of long 

paragraphs in his code.  

[Why do you have that diagram?] “To have a better view of the scheme. Because it was 

[explained using] some quite long paragraphs and I really think that diagrams could be 

much easier to understand.” [P3] 

Through diagrams, contributors easily interpret code without spending the time to read through 

thousands of lines of code. As P12 states, diagrams support perception and help developers 

navigate a system structure within source codes.  

“For me [a] diagram is very helpful for narrowing down [to a] piece of code that I 

actually care about.” [P12] 

We also found evidence of diagramming to support code development. P8 created diagrams to 

understand an algorithm he was implementing by sketching it out with pen and paper. 

“Generally I do not draw anything. [The] only time I do that is for an algorithm.” [P8] 
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There were two different perspectives on diagramming practices for code comprehension: 

individual and collective. Contributors use diagrams to recall the logic behind code they have 

written in the past. P11 had an experience where he had to go through code written six months 

prior. To do this he jogged his memory by following the logical flow of the code through the 

diagram he had created to represent it. Contributors also use diagrams for collaborative code 

comprehension and development. Contributors working on Ubuntu shared diagrams from 

Blueprint, a tool provided by their project hosting site, Launchpad.net. Blueprint (Figure 4.5 (a)) 

provides lightweight code association diagrams generated automatically from the code. These 

diagrams consist of geometric shapes including rectangles, circles, and arrows, with colors 

indicating which developers are working on which piece of code. 

 
Figure 4.5 Diagrams created by the participants (a) Dependencies retrieved from Ubuntu 

Blueprints in Launchpad. (b) A contributor’s mockup and notes. (c) Demo of Xoradio for 

OLPC laptop.  

 

Ad-hoc meeting/discussion 

In FOSS development, there are two types of ad-hoc meetings or discussions: face-to-face and 

online. Large-scale projects, such as the Linux Kernel and Ubuntu hold summits every six 

months where contributors from around the world gather in one place, have intense discussions, 

and brainstorm about the next release. During these summits, diagrams are used to present ideas, 

opinions and allow for instant feedback. These tend to then be laboriously transcribed and shared 

with the whole developer community. P10 shared her experience related to contributors sketching 

and modifying diagrams together, standing in front of a whiteboard, collaborating on the initial 

design of a system. This experience is similar to the ad-hoc meetings seen in collocated 
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development. Collocated developers frequently interrupt one another and use whiteboards to 

share ideas and solve problems (Cherubini et al., 2007). Perry et al. (1994) showed that 

developers spent an average of 75 minutes per day in unplanned, informal meetings between 

developers.  Because the summits are the best opportunity to have these types of interaction, 

contributors seem to take maximum advantage of these limited face-to-face meetings.  

“Every six month, we have a conference that everyone flies in [and] we have a lot of 

brainstorming session where we all get together in front of whiteboard we kind of make 

diagrams together.” [P10] 

Contributors occasionally conducted online meetings over IRC, and diagrams were sometimes 

used. P5 had difficulties supporting his ideas on package evolution in a mailing list discussion. 

Once he saw the disparity of interpretations of his idea he was motivated to create a diagram to 

explain more clearly. He provided a link to the diagram during an IRC session, and his diagram 

helped him rectify misunderstandings.  

Text communication emulates the turn-taking structure of human conversation (Smith et al., 

2000). While text channels supports social interaction, they are prone to misunderstandings.  

“And what I am doing in this post and those vcs-packaging tool posts were […] to 

discuss very specific problems ... and it is way easier to explain it in a diagram, to 

explain visually.” [P5] 

 

Designing/refactoring  

Diagrams are used extensively in the early design processes of collocated development teams, 

especially freehand-sketches (Gross, 1994, Plimmer and Apperely, 2004). In a similar pattern, 

contributors use diagrams early in the FOSS design process. In this way someone can brainstorm 

and minimize the cost of mistakes. It also provides a benefit to other contributors who can get an 

overview of the system design, how components interact with each other, and how a system will 

behave.  

Designing/refactoring is the most common scenario for diagram use among FOSS contributors. 

27% of participants claimed to use diagrams all the time or very often for designing/refactoring. 

P12 and P15 used diagrams to establish a clear mental picture of their system design before 

implementation.  

“There are people who like to sit [and] explore while they are doing it [design]. I like to 

[do] all design and sit down [and] implement afterwards. [It] is really good to ensure 
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correctness.” [P12] 

“I do design diagrams before I sit down to code because you sit and design and think and 

see the whole aspects of what you are going to [do]. It is better than to start working with 

code and realize [you are] doing it wrong and go back … I use them for design. So, 

before writing code, it is often helpful to have a picture of what exactly code would 

contain and which elements [it] talks to…”[P15] 

 

Design review 

Design review is the second most common scenario according to participants. 24% of participants 

claimed to using diagrams all the time or very often for design review. The design review process 

is an important activity as contributors evaluate, improve or make changes to the proposed design.  

“If I am working on a refactoring or new design, then I like to use some UML to flesh that 

out and maybe show it to other people for review. “[P12] 

Our data shows two contradictory attitudes toward diagramming for design review. On the 

positive side, contributors like to use diagrams to receive feedback about current design. We 

found that a large number of participants are responsive to diagrams. Most designs are posted on 

developers’ blogs and a lot of people commented on the pros and cons of these designs. Using 

diagrams in the review process also allows others to present counter-ideas. Our participants also 

tried to share diagrams with other developers. 

“I create [a] basic design and then blog about it on Ubuntu planet. That gets a lot of 

viewers and users of Ubuntu so I got a lot of useful feedback from that, people saying 

whether they thought that part is useful or what feature should be added… Some 

feedback [is] of things that was missing [or] I have not thought of. ” [P11] 

Figure 4.5.(b) is shared by P9 who is actively involved with Fedora’s design. When she wants to 

hear what other contributors and users think of her design she usually shares it on her blog. 

Sometimes, small notes (yellow boxes) are added to a design sketch to clarify and explain the 

details of how each feature works. She felt that this was the best way to get useful feedback from 

others and improve her design. On the other hand, P7, who works for Ubuntu, expressed concern 

with using diagrams for design review. He felt that feedback was valuable because he got many 

suggestions for improvement, but he was worried about getting too much feedback and that this 

would delay the release cycle. The Ubuntu community follows a strict six-month release cycle. 

Therefore, though feedback is valuable, it is not always sought.   
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Explaining a system to users 

In FOSS development, the term ‘user’ also covers a large group of people who test, commit bug 

reports, evangelize the project, and help improve the system. Therefore, it is important to help 

users understand system architecture and make support mechanisms visible. Developers in 

collocated development sometimes invest time in explaining the system to users through recorded 

lectures or hands-on labs with high quality graphical representations (Cherubini et al., 2007). Our 

results show that a total of 22% of participants used diagrams to explain a system to users all the 

time or very often. P14 shared with us his posting of a wiki page containing diagrams for users. 

Since he did not expect users to be interested in low-level technical details, he focused on the 

high-level appearance and functions of the system. Most FOSS projects have a wiki page with 

general information about the project, including an introduction to the softwre, system 

requirements, performance, etc. Diagrams can here be used to describe simple system interactions.  

 

Explaining a system to stakeholders 

The term stakeholder refers to both internal and external actors, including project managers, 

testers and other team members who influence on project. They rely heavily on text 

communication for interaction and project related discussions. Our results data shows that our 

participants used diagrams infrequently to communicate with stakeholders. 16% of participants 

responded that they did so all the time or very often. P8 explained the advantage of using 

diagrams to communicate with other developers. 

“Actually, architecture diagrams. So, usually [a] view of different parts of applications 

and which ones are communicating with each other. Basically, it helped the other 

developers see how things are separated and organized.” [P8] 

P12 shared an experience where he used Blueprint in Lauchpad to communicate with Canonical, 

the commercial sponsor of Ubuntu.  

“If I want to implement a feature I would go Launchpad and create a blueprint basically 

that would be a description and steps that are needed […] to implement that and then 

someone from Canonical would review and ask me questions.” [P12] 

In the Ubuntu community, the contributors need to work closely with the people from Canonical 

as they need to share and explain their proposals for future features. Future implementation is 
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approved by the Canonical team. Launchpad plays an important role in connecting Ubuntu 

contributors from all over the world with the main developers in Canonical.  

We found an interesting result with communication between foreign contributors. P10 shared an 

experience where diagrams helped communication with international contributors. 

“[It] really is hard to explain in words and get feedback on it because a lot of this stuff is 

very technical and to just kind talk through it is really difficult […] especially the other 

person, if that person does not speak English.”[P10] 

Cross-cultural communication is a common practice in FOSS. Even though there are many 

geocentric projects where contributors speak in their native languages, international FOSS 

projects are widespread and usually communicate in English. Many studies of cross-cultural 

communication in collocated development point to the importance of listening, speaking, 

gesturing and attitude to facilitate understanding (Setlock et al., 2004). In FOSS, because the 

norm is text-based communication, misunderstandings and misinterpretations often arise between 

non-English speakers and English speakers. Therefore, diagrams can enhance cross-cultural 

communication, and are especially beneficial when crossing language barriers.  

 

Explaining a system to newcomers 

CSCW research has often dealt with the motivation behind the participation in online 

communities. In order to sustain projects, continuous recruitment is necessary. Beenen et al. 

(2004) points out that a number of online social environments fail due to a lack of interest. A 

steady influx of newcomers is a critical factor to the success of most of these communities. 

Therefore, attracting newcomers’ attention and promoting participation is an essential part of 

project management. We found evidence of diagrams being directed toward newcomers. Our 

survey shows that contributors are slightly more likely to diagram for newcomers (24%) than 

users (22%) and secondary stakeholders (16%). We found that contributors occasionally created 

diagrams to appeal to newcomers. P17 shared his experience. 

“This type of diagram is also aimed at new developer,s so they would easily see, when 

they come to the project, if they ask what [a] piece of [the] application does then I could 

simply show them [the] diagram and they would be able see.” [P17] 

To participate, newcomers must first understand the project. Newcomers may want to see future 

plans or get an overview of the project. Diagrams can provide a roadmap, a big-picture visual of 

development, or map out the delegation of responsibility.  
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Maintaining awareness 

Endsely (1995) states that a key component to collaboration and coordination is awareness or 

knowing what others are doing. Cherubini et al. showed that collocated developers occasionally 

display system architecture diagrams or other visual information in a team space. This is one of 

the ways to ensure teams are “on the same page”. According to Gutwin and Greenberg (1999), 

the difficulty of maintaining awareness increases in a distributed work. This is supported by one 

of our participants, P14, who explained how effort was sometimes wasted due to a lack of 

awareness.  

“You do not know who is doing what, I mean sometimes works get done twice. Sometimes, 

nobody does something because it’s too boring to do.” [P14] 

Gutwin et al. (2004) shows that text-oriented communication through mailing lists, IRC and 

commit logs are common tools for identifying a leader and active contributors who hold 

information about what needs to be done, and maintain group awareness. They did not explain 

whether visual representation was used to maintain awareness, though one of their participants 

disagreed with the use of diagrams for maintaining awareness, claiming that text communication 

was sufficient. Our study contradicts this. Figure 4.5.(b) shows how many commits different 

contributors make. The graph may also encourage contributors to be more productive and 

compete with one another. Gutwin et al. (2004) emphasizes that for maintaining awareness is 

important to identify a right person. Contributors and newcomers occasionally search for a 

person with expertise or knowledge in a certain application area. They show several ways to find 

the right person: the last person to commit the file, the most active, most email sent to a mailing 

list, etc. In our study, we found that visual status of contributors was one of the ways to find a 

right person.  

  
Figure 4.6 Visual maps and graph shared on OSS host website (a) Location of developers. (b) 

Each developer’s number of commits 
 



 
 

65 

In a different thread, P12’s team members also used diagrams to monitor the evolution of their 

project design 

“We have a lot of design going on in one of the projects that I am working on and for 

those cases; it was very good to have diagrams available so you can see the current 

design evolves.“ [P12] 

According to Weisband (2002), since uncertainty about other’s behaviors is higher in distributed 

work environment, contributors need to be up-to-dated continuously; sharing information and 

informing others’ work progress are essential activities to maintaining awareness. By observing 

the evolution of design, contributors can keep track of others’ actions and progress which keeps 

maintain awareness of where they are and how far they need to go to meet their goals. 

Contributors may be able to anticipate outcomes of project by observing the evolution of design.  

 

Documentation 

In FOSS, documentation provides information about the evolution of a project (its history), 

introduces new contributors and users to the functionality of a system and provides user manuals. 

In our study, contributors designated documentation as a high-frequency scenario for which to 

use diagrams (27%). In an interview, we found several examples of where diagrams were used 

for documentation purposes. Importing diagrams into a project’s wiki page was a popular method 

for sharing these.  

“When I post on [a] wiki, I post there for documentation sort of as even for historical 

purposes. And I also post on [the] wiki so that other people can get file.“ [P10] 

P10 used diagrams to document her progress as a story and then shared it with others. 

Incorporating visuals in an explanation can help users understand a system or method. As P10 

explained, a wiki page is a cheap, easily maintainable, and accessible form of documentation. P16 

shared his project wiki page containing a screenshot that showed a section of a system. A 

screenshot can help readers “see” how a system will look and behave. Figure 4.5.(c) was shared 

on a wiki page for a radio software program for the OLPC project. The diagram gives an 

overview of how a host OLPC user can interact with multiple users, and how a broadcaster 

communicates with listeners.  

We found that diagrams originally created for a specific purpose were later be used as 

documentation. 
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“Creating the design of something is also documentation. Before you start developing, 

you create the design, and the documentation of your final project. So that’s also why you 

create diagrams. “[P1] 

Documentation requires continuously updated information about software development 

(Berglund and Priestley, 2001) and coherent and concise writings. One of the biggest hurdles in 

creating well-defined documentation in FOSS is the difficulty of finding a good writer. We argue 

that composing documentation with diagrams can be one of the solutions to creating higher 

quality documentation.  

 

4.6 DISCUSSION 

We found that contributors use diagrams for various scenarios, and between 10% and 27% of 

contributors responded that diagrams were used all the time or very often. By contrast, between 

56% and 76% felt that diagrams were very useful. This suggests that obstacles exist that 

dissuades a large group of contributors from using diagrams. This section explores the reasons 

why contributors fail to use diagrams more frequently. We discuss creating, updating and sharing 

with diagrams as well as the challenges each use faces in FOSS development.  

 

4.6.1 Creating diagrams and challenges to creating diagrams 

 
Figure 4.7 Medium for creating diagrams.  
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As figure 4.6 shows, the most popular way to create diagrams was with a dedicated diagramming 

tool; between 18% and 41% of contributors responded they create diagrams with a diagramming 

tool. A handful of survey participant claimed to use UML to document a system’s architecture 

and manage components, but this was rare. We do not know the real reasons for this, but we 

suspect that it could be because UML has a steep learning curve. In general, contributors wasted 

little effort creating diagrams and therefore, creating UML could require too much work despite 

its usefulness. Additionally, UML is a specialized language that only people with a background in 

IT are familiar with. Since FOSS contributors and users consist of people from diverse fields, one 

cannot everyone to know UML. To create mock-ups of a system, a diagramming tool and 

screenshots were occasionally used together. P10 shared an experience where she made 

comments using a diagramming tool on screenshots so that users and other developers could read 

her ideas on her mock-ups. Instead of making comments outside of the screenshots, this method 

provided more direct communication. Occasionally, a diagramming tool was used to create 

diagrams collaboratively. P17 shared his experience with a virtual whiteboard. When he and his 

teammates had to make a crucial decision on their project, they logged into a virtual whiteboard 

and designed a system collaboratively.  

We discovered numerous complaints about the lack of effective diagramming tools. If 

contributors wanted to create diagrams of system architecture, they needed to find a custom tool 

that supported that geometry. If they wanted to create mock-ups, they needed to search for a tool 

that provided more extensive features. P2 shared an experience where he had spent a significant 

amount of time searching for a tool to create fancy diagrams for web design. He used to create 

system architecture diagrams with ASCII art in the comment section of his source code. However, 

it was impossible to draw a professional looking mock-up of with ASCII. He therefore searched, 

in vain, for a diagramming tool with the appropriate features. Since FOSS developers rarely use 

proprietary software, his choice of diagramming tools was limited. 

Sketching with a pen and paper, an easy and casual method, was the second most common 

method for creating diagrams, as proof of the lack of easy to use diagramming tools; between 

10% and 35% of contributors responded they create diagrams with a free-hand sketching method. 

We found evidences where diagrams were created during summit session, face-to-face meeting. 

Contributors created system architecture, communication of objects within implementation, and 

user interfaces on a whiteboard or paper with a pencil. In other cases, P3 drew diagrams of 

algorithms on a piece of paper with a pencil to construct ideas. P10 sketched her icon design then 
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scanned it in and shared them. P14 designed his user interface on different pages, then scanned 

these in and shared them.  

 

4.6.2 Updating diagrams, collaborative diagramming and challenges to updating diagrams 

It is well known that designers and developers actively modify diagrams during the early phases 

of software development (Gross, 1994, Henderson, 1999, Plimmer and Apperley, 2004). Once 

diagrams are created, they evolve until the requirements and specifications are sufficiently framed. 

When the specifications and requirements of a system are modified, diagrams are adjusted to 

match the new structure of the system. Our participants shared this experience with updating 

diagrams. 

“Diagrams are often updated in elaboration phases. While when we start to code, we try 

to change them a little less and just fix things which are not ok. But main architecture we 

try to keep it because it is really difficult to otherwise get done if someone continually 

changes specification.” [P16] 

Not only does this reinforce the concept that diagrams are firmly established during the early 

development phase, before implementation, but also that modifications are made throughout the 

development process. An updated diagram can keep the team informed of current structure. It is 

important to keep a team synchronized so that contributors follow up on others’ works easily. By 

updating diagrams, someone can take turns at making modifications and continue to make 

progress on the project.   

Tool compatibility also creates a challenge when updating diagrams.  

“Different people use different tools to create diagrams. And you want to be able to 

communicate to everyone no matter how they are interacting with you. Anyone would be 

able to modify it. And it’s kind of hard to agree on what tools to use. There are many 

many different tools that people use for diagrams and many different formats which you 

can use for diagrams…It’s a real hassle to deal with a mass of different programs and 

formats and most are proprietary.” [P4] 

As P4 states, different people use different diagramming tools based on their preferences. When 

updating each other’s diagrams, contributors may face compatibility issues. P4 explains that each 

diagramming tool has different specifications and functions, which make it difficult to select the 

appropriate tool. In some cases, contributors agree on a diagramming tool before they diagram. In 

distributed development, however, it is much harder to reach consensus and cumbersome. 
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In another scenario, combining two different diagrams becomes an issue. P5 shared his 

experience:   

“What would be problematic is that someone else would take the source, and would 

modify an earlier version of mine. You would have a problem if two separate edits on the 

same file and then you want to merge these two diagrams. “[P5] 

Current change tracking systems support only text files, and do not recognize updated diagrams 

nor merge them. In this scenario, contributors may have to create a diagram from scratch to 

combine separate, existing diagrams. P15 suggested a system that integrates visual information. A 

system that automatically recognizes changes or merges different versions of diagrams would 

facilitate interactive visual communication.  

 

4.6.3 Challenged with sharing diagrams  

 
Figure 4.8 How diagrams are shared. 

In order to make diagrams available to everyone, these must be saved in an image format like 

JPG, PDF, or GIF. Diagrams are shared through various channels such as mailing lists, blogs, 

IRC, wikis, and SVN (see Figure 4.8). Blogs and wikis are also popular channels.   

“It is quite difficult to put diagrams on the list […] Open source mock-ups and diagrams 

are in blogs and then they provide a link on the mailing list to blog article. Actually that 

is really common.” [P14] 
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Regardless of size, most projects have wiki pages, and many contributors post diagrams on these 

pages, then provide a link to it on the mailing lists, through email, IRC or at offline meetings. 

Crowston et al. (2007) studied how tasks are assigned in OSS projects, and found that these are 

frequently self-assigned. After contributors introduce problems or think up ideas, they assign 

themselves the task of addressing these. Since this “isolation” likely means that work the 

intermediate steps in development will neither be seen nor shared, diagrams created as part of this 

process disappear. We found that contributors sometimes use diagrams for their own benefit and 

usually do not share these diagrams with others. 

Transience is a common characteristic of diagrams. In most cases, diagrams are neither archived 

nor shared with others online (See Figure 4.7). This limits the exchange of information and 

requires contributors to be present when the diagram is created. This is similar to what Cherubini 

et al. found in their study of collocated developers. This transience is in part due to a lack of tools 

suitable for sharing diagrams. Sometimes, diagrams created during face-to-face communication 

were recorded by taking a picture and shared on websites. But, it was a rare case; we found only 

one instance, and most of diagrams were on present contributors’ mind. While P10 participated in 

an offline ad-hoc meeting, she and team members used a tool called Coccinella, which supports 

synchronous collaborative editing. Coccinella allows users to write text, draw basic geometric 

figures and color code, but it does not record their collaboration. As a result, contributors who did 

not attend the meeting were not up-to-date with concepts and progress in the project and non-

collocated contributors failed to synchronize with the rest of the group. In one case, pictures were 

taken at a face-to-face collaboration session and posted online. This method was infrequent. 

 

4.6.4. Diagramming practiced influenced by the culture of FOSS  

In addition to creating, updating and sharing diagrams, we found that diagram were associated 

with the culture of FOSS. The FOSS community prides itself on altruism, community, 

volunteerism and productivity. These traits can have an influence on diagramming practices.  

P11 demonstrated that he used diagrams as a result of his altruistic sensibility for other 

developers.  

“A lot of these [diagrams] are informative so they can learn how something works...I 

have contributions in those as well so it is clear that people are using them and then 

keeping them up- to-date and adding to them.” [P11] 
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Altruism is one of the intrinsic motivations in FOSS, providing something for others at their own 

investment (time, energy, opportunity costs) (Hars and Ou, 2002). Conversely, the avoidance of 

diagrams is also common in FOSS culture. A survey participant pointed to a common maxim 

used in FOSS: “shut up and code.” Because code is considered the paramount resource, 

contributors place less value on other tasks like diagramming.  

The size of community can matter; there are more small FOSS communities than large. In a 

smaller community with fewer contributors, users may be able to more easily figure out who is 

responsible for certain tasks or module, as well as what tasks need to be completed, thereby 

limiting the need for diagrams for these purposes.  

“[A diagram] is not very important because we are working with a just small team.” [P4] 

With the popularity of text-based communication, communication beyond text can be difficult.  

IRC channels, mailing lists, wikis and blogs provide an environment for sharing.  P14 notes that 

the FOSS community values quick, easy and comfortable communication; the positive benefits 

that diagramming provides may not offset breaking with existing conventions.  

Time management also creates a barrier to more widespread diagramming. The majority of FOSS 

contributors volunteer their work, and many work in their spare time. Contributors therefore 

occasionally run into time conflicts. Wilson (2007) points out that FOSS developers tend to work 

on code first in order to meet a deadline. P1 shared his opinion about understanding the FOSS 

time scheme.  

 “If you have really full-day work [schedule], or you have personal issues bothering your 

mind, you probably don’t want to sit down on the computer and start firing off emails. So, 

that’s one thing to keep in your mind. “[P1] 

In terms of communication, since there is a push for code development with existing time 

constraints, a contributor who works full time may not want to spend much time communicating 

with contributors or developers. P4 complained about this. 

“It is very easy to waste time making it look pretty that could’ve gone into just talking 

about what we want to do. “[P4] 

He argued that he could easily talk about his ideas and plans instead of creating diagram. This 

leads us to suspect that contributors may either not be able to, or want to spend time to create 

diagrams. 
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4.6.5 Does a diagram support collaboration? 

The various research on this topic points to the fact that coordination and collaborative work is 

difficult across geographical distances. Herbsleb and Grinter (1999) emphasized the importance 

of informal communication, and that different time zones, cultural differences, and language 

create barriers to communication.  Hinds and Mcgrath (2006) found that geographically 

distributed teams deal with more miscommunications, misunderstandings and difficulty sharing 

information. Therefore, distributed development teams need more effective ways of coordinating 

and exchanging information (Hersleb and Grinter, 1999) 

In conclusion, our results show that even though contributors use diagrams less frequently than 

collocated development teams, they were aware of the importance of diagrams. This result 

indicates that obstacles exist that hinder creating, sharing and updating diagrams. This suggests 

that further investigation is required to design better collaborative diagramming tools for FOSS 

projects.  
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5 Conclusion 

 

Diagrams are a crucial tool that developers and designers use daily to aid cognitive processes and 

social interactions during software development; this  is a case study highlighting the 

diagramming practices as a method of communication in OSS. This work describes two aspects 

of diagramming practices in OSS communities; first we show how and why diagramming 

practices exist in OSS communities, second, we show why diagramming practices do not occur in 

the same frequency as collocated development.  

Our findings from the Ubuntu community show: 

1) Five purposes of diagrams [Cherubini]: ad-hoc meeting, designing/refactoring, 

onboarding, hallway art and documentation. These occur online through computer-

mediated communication and also during offline meeting on occasion.  

2) Understanding code and design review were implicitly practiced. 

3) Explaining to secondary stakeholders and users is not identified explicitly by our 

participants.  

The second study shows a broad understanding of diagramming practices across OSS 

communities.  

1) Quantified frequency of diagrams is low. Conversely, attitudes toward diagrams are very 

positive. 

2) The nine scenarios identified in Cherubini et al study exist in OSS communities. 

The key to successful OSS management is coordination and collaboration which can be achieved 

through the use of diagrams. Although the frequency of diagram use is low, contributors tend to 

use diagrams to promote communication, aid project apprehension and synchronize team 

awareness.  

The biggest difference between collocated and OSS development is where communication 

occurs; contributors in OSS primarily communicate with others asynchronously. Consequently, 

sharing diagrams also occurs over the Internet instead of in face-to-face meeting. However, 

current diagramming tools do not neatly support OSS contributors’ needs when they create, share, 

and update diagrams. Although collaborative diagramming tools exist, not many participants 
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knew they existed or found tools that met their needs. Further studies may consider gathering 

specific requirements for diagramming tools suitable for OSS development.   

We believe our study contributors to FOSS community by proposing diagram use as a means of 

communication. We expect FOSS researchers could pay more attention this diagram issue as a 

method to promote communication and coordination. 

 



 
 

80 

6 Bibliography 

 

Barcellini, F., Détienne, F., and Burkhardt, J. M. “ Cross-participants: Fostering design-use 

mediation in an Open Source Software Community,” In Proceedings of the 14th European 

conference on Cognitive ergonomics: invent! explore!, v.250, 57-64, 2007. 

 

Beenen, G., Ling, K., Wang, X., Chang, K., Frankowski, D., Resnick, P., Kraut, R.E. 2004. Using 

social psychology to motivate contributions to online communities, Proceedings of the 2004 

ACM conference on Computer supported cooperative work(CSCW), Chicago, Illinois, USA 

Bellotti, V. and Bly, S. Walking away from the desktop computer: distributed collaboration and 

mobility in a product design team. In Proc. CSCW 1996 ACM Press (1996), 209-218. 

 

Berglund, E., Priestley, M. 2001. Open-source documentation: in search of user-driven, just-in-

time writing, Proceedings of the 19th annual international conference on Computer 

documentation, Sante Fe, New Mexico, USA 

Bird, C, Gourley, A., Devanbu, P., Gertz, M., Swaminathan A. 2006. Mining email social 

networks, In Proceedings of the 2006 international workshop on Mining software repositories, 

Shanghai, China. 

 

Blackwell, A.F., and Engelhardt, Y. “A meta-taxonomy for diagram research,” Diagrammatic 

Representation and Reasoning, London: Springer, 47-64, 2002. 

 

Cherubini, M., Pol, J.D. 2005. Grounding is not shared understanding: Distinguishing 

grounding at an utterance and knowledge level. In CONTEXT 2005.  

 

Cherubini, M., Venolia, G., DeLine, Rob, and Ko, A. J. Let's go to the whiteboard: How and why 

software developers use drawings. In Proc. of CHI 2007, ACM Press (2007), 557-566. 

 

Clark. H., Schaefer. E. 1989.Contributing to discourse. Cognitive Science, 13, 259-294.  

 



 
 

81 

Cohen, J. A. Coefficient of agreement for nominal scales. Educational and psychological 

measurement 20, (1960), 37-48. 

 

Conradi, R., and Westfechtel, B. “Version models for software configuration management,” ACM 

Computing Surveys (CSUR), v.30 n.2, p.232-282, June 1998. 

 

Crowston, K., Li. Q., Wei, K., Eseryel, U. Y., Howison, J. 2007. Self-organization of teams for 

free/libre open source software development, Information and Software Technology, v.49 n.6, 

p.564-575. 

Dekel, U. Supporting distributed software design meetings: What can we learn from colocated 

meetings? In Proc. of HSSE 2005, ACM Press (2005), 1-7. 

 

Dempsey, B. J., Weiss, D., Jones, P., and Greenberg, J. 1999. A Quantitative Profile of a 

Community of Open Source Linux Developers. School of Information and Library Science at the 

University of North Carolina at Chapel Hill 

 

Dimdim. http://www.dimdim.com/ 

 

Elliott M, Scacchi W. 2003. Free software developers as an occupational community: Resolving 

conflicts 

and fostering collaboration. In Proceedings of the ACM International Conference on Supporting 

Group Work, Sanibel Island, FL, November 2003, 21–30. 

 

Endsley, M. R. 1995. Toward a theory of situation awareness in dynamic system. Human Factors, 

37(1), 32-64 

 

Funt, B. B. “ Problem-solving with diagrammatic representations,” Diagrammatic reasoning, The 

MIT press, 33-68, 1995. 

 

Gasser, L., Scacchi, W., Ripoche, G., and Penne, B. “Understanding Continuous Design  in 

F/OSS Projects,” 16th International Conference on Software Engineering & its Applications 

(ICSSEA-03), Paris, France, 2003. 



 
 

82 

 

Godfrey, M., Qiang, T. 2001. Growth, evolution, and structural change in open source software, 

Proceedings of the 4th International Workshop on Principles of Software Evolution, Vienna, 

Austria  

 

Gross, M. 1994. Recognizing and interpreting diagrams in design, In Proc. of AVI 1994, p88-94.  

Gutwin, C., Greenberg, S. 1999. The effects of workspace awareness support on the usability of 

real-time distributed groupware, ACM Transactions on Computer-Human Interaction (TOCHI), 

v.6 n.3, p.243-281. 

 

Gutwin C., Penner, R., Schneider, K. Group awareness in distributed software development. In 

Proc. of CSCW 2004, ACM Press (2004), 72-81. 

 

Hahn, J., Kim, J. 1999. Why are some diagrams easier to work with? Effects of diagrammatic 

representation on the cognitive integration process of systems analysis and design. ACM 

Transactions on Computer-Human Interaction (TOCHI), v.6 n.3, p.181-213, Sept. 1999. 

 

Hars, A., Ou, S. 2002. Working for free? Motivations for participating in Open-Source projects. 

International Journal of Electronic Commerce 6, pp. 25–39. 

 

Henderson, K. 1999. On Line and On Paper: Visual Representations, Visual Culture, and 

Computer Graphics in Design Engineering,” Cambridge, MIT Press, 1999. 

 

Herbsleb, J.D., Grinter, R.E. 1999. Splitting the organization and integrating the code: Conway's 

law revisited, Proceedings of the 21st international conference on Software engineering, p.85-95, 

Los Angeles, California, United States. 

 

Herbsleb, J. D., Klein, H., Olson, G. M., Brunner, H., Olson, J. S., Harding, J. 1995. Object-

oriented analysis and design in software project teams. Human Computer Interaction, 10(2-3), 

1995, 249-292. 

 



 
 

83 

Hinds, P., McGrath, C. 2006. Structures that work: social structure, work structure and 

coordination ease in geographically distributed teams, Proceedings of the 2006 20th anniversary 

conference on Computer supported cooperative work (CSCW), Banff, Alberta, Canada  

Hutchins, E. 1995. Cognition in the Wild. MIT Press, Cambridge, MA, USA. 

 

Ko, A., DeLine, R., and Venola, G. Information needs in collocated software development teams. 

In Proc. of ICSE 2006, ACM Press (2006),  344-353. 

 

Landis, J.R. and Koch, G.G. The measurement of observer agreements for categorical data. 

Biometrics 33, 1, (1977), 159-174. 

 

Larkin, J. H., and Simon, H. “Why a diagram is (sometimes) worth ten thousand words,” 

Cognitive Science, pages 65-99, 1987. 

 

Launchpad for Ubuntu, https://launchpad.net/ubuntu/ 

 

Li, Y., Tan, C., Teo, H., and Mattar A. 2005. Motivating Open Source Software Developers: 

Influence of transformational and transactional leaderships. Proceeding of the 44th ACM SIGCPR 

International Conference on Computer Personnel Research(SIGCPR), Claremont(California), 

USA, April, 2006. 

 

Litwin, M. 1995. How to measure survey reliability and validity 

 

Liu, P., Laffey, J., Cox, K. 2008. Operationalization of technology use and cooperation in CSCW. 

Proceedings of the 2008 ACM conference on Computer supported cooperative work (CSCW), 

p505-514.  

 

Massey, A.P., Hung, Y.C., Montoya-Weiss, M. , Ramesh, V. 2001. When culture and style aren't 

about clothes: perceptions of task-technology "fit" in global virtual teams, Proceedings of the 

2001 International ACM SIGGROUP Conference on Supporting Group Work, September 30-

October 03, 2001, Boulder, Colorado, USA 

 



 
 

84 

McDonald, D.W., Ackerman, M.S.1998. Just Talk to Me: A Field Study of Expertise Location. in 

ACM Conference on Computer Supported Cooperative Work (CSCW ‘98). Seattle, Washington: 

ACM Press 3 15-324. 

 

Mockus, A., Roy, F., Herbsleb, J. “Two case studies of open source software development: 

Apache and Mozilla,” ACM Transactions on Software Engineering and Methodology 11, 2002, 

pp. 1–38. 

 

Myers, B., Park, S., Nakano, Y., Mueller, G., and Ko, A., “How designers design and program 

interactive behaviors,” In Proc. of VL/HCC 2008, IEEE Computer, 2008, 177-184. 

 

Nafus, D., Leach, J., and Krieger, B. (2006). Free/Libre and Open Source Software: Policy 

Support (Integrated Report of Findings). Cambridge: FLOSSPOLS. 

 

Nakakoji, K., Yamamoto, Y., Nishinaka, Y., Kishida K., and Ye Y. “Evolution patterns of Open-

source Software Systems and communities,” In Proceedings of the International Workshop on 

Principles of Software Evolution, May 19-20, 2002, Orlando, Florida. 

 

Novak G. 1994. Diagrams for solving physical problems. Diagrammatic reasoning, p755-774. 

 

O’Hara-Devereaux, M, Johansen, R. 1994. Global work: Bridging distance, culture and time. San 

Franscisco, CA: Jossey-Bass. 

 

Olson, G. M and Olson, J. S. 2000. Distance matters,” Human-Computer Interaction, v.15 n.2, 

p.139-178. 

 

Olson, J. S., Teasley, S. 1996. Groupware in the wild: Lessons learned from a year of virtual 

collocation. In Proc. of CSCW 1996, 419-427. 

 

Pavio, A. 1969. Mental Imagery in Associative Learning and Memory. Psychologial review, v75, 

p241-263. 



 
 

85 

Perry, D.E., Staudenmayer, N., Votta, L. G.. 1994. People, Organizations, and Process 

Improvement, IEEE Software, v.11 n.4, p.36-45. 

Plimmer, B., Apperley, M. 2004. INTERACTING with sketched interface designs: an evaluation 

study, CHI '04 extended abstracts on Human factors in computing systems, Vienna, Austria 

 

Poltrock S. E., and Engelbeck, G. Requirements for a virtual collocation environment. 

Information and Software Technology 41, 6, (1999), 331-339. 

 

Priestleym , M., Utt, M. H. 2000. A unified process for software and documentation development, 

Proceedings of IEEE professional communication conference and Proceedings of the 18th annual 

ACM international conference on Computer documentation: technology & teamwork, p24-27, 

Cambridge, Massachusetts. 

 

Raymond, E. S. 1999. The Cathedral and the Bazaar. O’Reilly.  

 

Redmiles, D., Hoek, A. V. D., Al-Ani, B., Hildenbrand, T., Quirk, S., Sarma, A., Filho, R. S. S., 

Souza, C. D. and Trainer, E. Continuous coordination: a new paradigm to support globally 

distributed software development projects. Wirtschaftsinformatik 49, (2007), 28-38. 

 

Robertsa, J., Hann, I.-H. and Slaughter, S. 2006 Communication networks in an open source 

software project. In Proc. of OSS 2006, 203, 297-306. 

 

Rigby, P.C., Hassan, A.E. 2007. What Can OSS Mailing Lists Tell Us? A Preliminary 

Psychometric Text Analysis of the Apache Developer Mailing List, Proceedings of the Fourth 

International Workshop on Mining Software Repositories, p.23. 

 

Scacchi, W.2007. Free/Open Source Software Development: Recent Research Results and 

Emerging Opportunities. In Proceedings of ESEC/FSE 2007. ACM Press, 2007. 

	  

Santos,	  J.R.	  1999.	  Cronbach’s	  alpha:	  A	  tool	  for	  assessing	  the	  reliability	  of	  scales.	  Journal	  of	  

Extension,	  37(2)  

 



 
 

86 

Sawyer S., Farber, J., Spillers, R. Supporting the social processes of software development teams. 

Information Technology and People 10, 7, (1997), 46-62. 

 

Scacchi, W.2007. Free/Open Source Software Development: Recent Research Results and 

Emerging Opportunities. In Proceedings of ESEC/FSE 2007. ACM Press, 2007. 

 

Sharp, H., Preece, J., and Rogers, Y. ”Interaction Design : beyond Human Computer Interaction 

2nd,” 389-395, 2007. 

 

Smith, M., Cadiz, J.J, Byron, B. 2000. Conversation trees and threaded chats, Proceedings of the 

2000 ACM conference on Computer supported cooperative work, p.97-105, Philadelphia, 

Pennsylvania, United States. 

 

Stappers, P. J. “Creative connections: User, designer, context, and tools,” Personal and 

Ubiquitous Computing, 10 (2-3), 95-100, 2006. 

 

Toth, J., Lewis, M. 2002.The role of representation and working memory in diagrammatic 

reasoning and decision making. Diagrammatic representation and reasoning. 2002. p 207-221. 

 

Thimbleby, H., Blandford, A., Cairns, P., Curzon, P., and Jones, M. “User Interface Design as 

Systems Design,” In Proceedings People and Computers, XVI, X. Faulkner,J. Finlay & F. 

D´etienne, eds., 281–301, Springer, 2002. 

 

Tversky, B. Spatial schemas and abstract thought. In Spatial Schemas in Depictions, pp 77-111. 

MIT, 2001. 

 

Tversky, B., Suwa, M., Agrawala, A., Heiser, J., Stolte, C., Hanrahan, P., Phan, D., Klingner, J., 

Daniel, M., Lee, P., Haymaker, J. “Sketches for Design and Design of Sketches,” In U. 

Lindemann (Ed.), Human Behavior in Design: Individuals, Teams, Tools, 2003. 

 



 
 

87 

Yamauchi Y., Yokozawa. M., Shinohara. T., Ishida. T. Collaboration with Lean Media: How 

Open-Source Software Succeeds. Proc. Computer Supported Cooperative Work Conf. (CSCW 

00), ACM Press, pp. 329–338. 

 

Yatani, K., Chung, E., Jensen, C., and Truong, K. N. “Understanding how and why open source 

contributors use diagrams in the development of Ubuntu,” In Proc. of CHI 2009, ACM Press, 

2009,995-1004. 

 

Zeleny, M. 1982. Multiple criteria decision making.  

 

Zhang, P., Carey, J., Te'eni, D., M. Tremaine. 2005.  Integrating Human-Computer Interaction 

Development into the Systems Development Life Cycle: A Methodology.  Communications of 

the AIS (15), pp 512-543. 

 

Coccinella, http://thecoccinella.org/ 

 

Dia, http://live.gnome.org/Dia/ 

 

Glade, http://glade.gnome.org/ 

 

Gobby, http:// gobby.0x539.de/ 

 

Sourceforge. www.Sourceforge.net. 

 

Wiki for Ubuntu, https://wiki.ubuntu.com/ 

 

 

 

 

 

 



 
 

88 

7Appendixes



 
 

89 



 
 

90 



 
 

91 

 
 

 

 



 
 

92 



 
 

93 



 
 

94 



 
 

95 

 
 



 
 

96 

 
 

 



 
 

97 

 
 



 
 


