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ABSTRACT

Context: As a result of the growth of non-developer users of OSS applications, usability has over the last
ten years begun to attract the interest of the open source software (OSS) community. The OSS community
has some special characteristics (such as worldwide geographical distribution of both users and
developers and missing resources) which are an obstacle to the direct adoption of many usability
techniques as specified in the human-computer interaction (HCI) field.

Objective: The aim of this research is to adapt and evaluate the feasibility of applying four usability
techniques: user profiles, personas, direct observation and post-test information to four OSS projects from
the viewpoint of the development team.

Method: The applied research method was a multiple case study of the following OSS projects: Quite
Universal Circuit Simulator, PSelnt, FreeMind and OpenOffice Writer.

Results: We formalized the application procedure of each of the adapted usability techniques. We found
that either there were no procedures for adopting usability techniques in OSS or they were not fully
systematized. Additionally, we identified the adverse conditions that are an obstacle to their adoption in
0SS and propose the special adaptations required to overcome the obstacles. To avoid some of the
adverse conditions, we created web artefacts (online survey, wiki and forum) that are very popular in the
OSS field.

Conclusion: It is necessary to adapt usability techniques for application in OSS projects considering their
idiosyncrasy. Additionally, we found that there are obstacles (for example, number of participant users,
biased information provided by developers) to the application of the techniques. Despite these obstacles,
it is feasible to apply the adapted techniques in OSS projects.

Keywords: Open Source Software, Usability Techniques, User Profiles, Personas, Direct Observation,
Post-Test Information.

1. Introduction

Open source software (OSS) has spread so swiftly that it now rivals commercial software systems in
terms of deployment [1]. Some OSS communities nowadays do not have processes in place to guarantee
that, taking into account the features of this community as a whole, the developed software is good [2].
Shortcomings with respect to process, activity, task and technique definition in the field of OSS
development has led researchers from different fields to take an interest in this field of research and try to
remedy the failings [3-5].

Usability is one of the key software development quality attributes [6]. In recent years, OSS has come to
be an important part of computing [7-18]. However, several authors have acknowledged that the usability
of OSS is poor [19-21]. In the empirical study conducted by Raza et al. [22], 60% of respondents (hon-
developer users) claimed that poor usability is the main obstacle to be overcome by OSS applications in
order to encourage users to migrate from commercial software [21]. The main reasons for the generally
poor usability of OSS developments are: OSS developers have tended to develop software for themselves
[4,23], the developer community is very much in the dark about who its users are [19,24], OSS
communities operate according to a meritocracy based on software code input, and, due to the
unavailability of resources, testing and bug reporting are almost exclusively conducted by volunteers and
end users [7].

On one hand, the human-computer interaction (HCI) field offers usability techniques whose key aim is to
build usable software. However, they are applied as part of HCI methods and not within the OSS
development process. On the other hand, the OSS development process focuses on source code and thus
on feature development. The OSS development process has special characteristics (e.g., the members of
the community are geographically distributed, resources are in short supply and the culture may be quite
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alien to interaction designers) [7] [20] [22]. This prevents many of the HCI usability techniques from
being adopted directly [25].

The OSS community has now started to adopt some usability techniques, mostly usability evaluation
techniques [25]. The OSS community has not adopted many techniques related to requirements analysis.
Some usability techniques have been adapted ad hoc for adoption in OSS development projects [25]. The
adoption of usability appears to be less straightforward in the OSS development process than in
commercial development due to some of the characteristics of the OSS community, like: (i) its feature-
centred development, (ii) worldwide geographical distribution, (iii) shortage of resources, (iv) a culture
that may be alien to interaction designers [7] [20] [22]. Consequently, usability technique adoption is a
demanding task because most HCI techniques are not designed for the type of environment in which OSS
is developed [25]. Our research aims to determine how to adopt a set of usability techniques in the OSS
development process. To do this, we analyse and identify which obstacles have to be solved to be able to
apply these techniques in OSS projects. Our research work addressed two areas: SE and HCI. With the
aim of bringing these two areas together, we use usability techniques as a bridge in order to adopt
knowledge of the HCI area in the SE area, specifically in the OSS development process [25].

This research has two aims. First, we intend to adapt four usability techniques (two requirements
engineering techniques and two evaluation techniques) for adoption in the OSS development process. The
selected techniques related to requirements engineering were: personas and user profiles to conduct user
analysis. The evaluation-related techniques were: post-test information and direct observation to evaluate
the usability of installed systems. For our research, we selected the first two techniques (user profiles,
personas) because they should improve and enrich the requirements analysis activity and the last two
(post-test information and direct observation) because they are useful for improving usability in response
to errors identified in software evaluation. Second, we set out to determine the feasibility of adopting
these four usability techniques adapted to four real OSS projects. In the following, we describe the criteria
used to select the OSS projects. On one hand, Quite Universal Circuit Simulator (QUCS)* and PSelnt?
were chosen considering that they were not very ambitious software development projects with a low
level of coding. Additionally, they were at very early stages of the development when user segments have
not yet been defined. On the other hand, FreeMind® and OpenOffice Writer* were picked because they are
projects that have organized and structured user communities, which is beneficial for software usability
evaluation. The research method that we used to validate the feasibility of our proposal for adopting
usability techniques adapted to OSS projects is a multiple case study [26]. This method is useful for
extending the information on the phenomenon under study (adoption of adapted usability techniques) and
determining whether or not the results are consistent, achieving sounder conclusions with a real setting
(OSS projects). Consequently, we had to volunteer for OSS projects and join the respective OSS
communities.

This paper is organized as follows. Section 2 introduces related work. Section 3 reports the research
method followed to apply the usability techniques in OSS projects. Section 4 describes the identified
adverse conditions and the adaptations made to usability techniques. Section 5 reports the multiple case
study design and planning. Section 6 reports the results of multiple case study. Section 7 discusses the
results. Section 8 describes the study validity threats. Finally, Section 9 outlines the conclusions and
future work.

2. Related Work

In recent years, the worldwide OSS community has adopted just over 50% of evaluation-related HCI
techniques. However, only about 20% of usability techniques related to requirements engineering and
design activities have been adopted [25]. Therefore, more research is required to support the adoption of
techniques related to requirements engineering in OSS developments. In view of the importance of HCI
and SE, it is only logical to study the user-centred software development activities in OSS projects. This
is especially true of the requirements engineering stage, because the discovery of user requirements
during the early development activities is useful for putting right any software defects detected later on
[27].

! https://sourceforge.net/projects/qucs/?source=directory

2 http://pseint.sourceforge.net

3 https://sourceforge.net/projects/freemind/?source=directory
4 https://sourceforge.net/projects/openofficeorg.mirror/



There are papers in the literature reporting the usability evaluation of some OSS applications [14,28,29].
Assa et al. [14] studied the usability issues facing software developers using code analysers by evaluating
one of the popular open-source static-code analysis tools. Al-Odan and Al-Daraiseh [28] conducted a
thorough study, placing five of the most popular free and open source software tools side by side for
comparison with respect to both user acceptance and technical specifications. Ternauciuc and Vasiu [29]
tried to inventory existing methods for testing and improving usability, with a particular focus on e-
learning platforms. However, usability technique definition and integration into OSS projects is a
complicated process, which has not been researched at length [20,27,30-32]. Existing papers suggest that
usability techniques should be reconceptualized. However, they do not explain how the OSS community
should go about adaptation. Nichols and Twidale [4] and Ternauciuc and Vasiu [29] are the only authors
to put forward some general ideas for improving usability. However, the issues to be taken into account in
order to adopt such techniques in OSS developments are unclear.

On the other hand, Castro [25] proposes a framework for integrating usability techniques into OSS
developments. This framework is composed of a number of adaptations in response to the adverse
conditions for adopting usability techniques in OSS development projects. In order to adopt usability
techniques in OSS development projects, it is necessary to: (i) study the adverse conditions preventing the
use of HCI techniques, and (ii) analyse what types of and which adaptations are necessary if these
techniques are to be used in OSS projects [25]. The adverse conditions are classified into three major
groups (families of adaptations). First, some usability techniques require a usability expert (most OSS
projects do not have experts on their team). Second, some techniques require the participation of one or
more users meeting face to face (OSS users are geographically distributed all over the world). Third,
some techniques have to be applied step by step, prepared in advance or require preliminary information
(0SS community work is wholly voluntary and done by members in their spare time) [25].

Although research examining usability in OSS has been published, there is no standardized procedure for
determining how to adopt usability in OSS development [33] [34] [35]. Likewise Scacchi states that there
is no internationally accepted OSS development model defining OSS development in practice [36]. The
first step in our research is to study how the OSS community uses usability techniques in its development
projects. In order to discover the activities conducted in the OSS development process, we conducted a
systematic mapping study (SMS) [33].

Castro’s is the only published research to study usability problems and techniques occasionally adopted in
OSS projects in an integrated manner and to report the current state of usability in the OSS community
[25]. As a result of the literature review, we can say that only one of the research papers reports a general
and systematic proposal for integrating usability techniques into the OSS development process,
considering the particular characteristics, philosophy and idiosyncrasy of the OSS development process,
without forfeiting the essence of usability techniques [37]. Two SMS related to usability in OSS were
conducted in advance of our research. A SMS reviews the literature on a particular field of interest [37].
The first SMS was conducted by Castro [25], reviewing papers published up until 30 July 2013. The
second SMS was conducted with a search range from 1 August 2013 to 30 April 2015 [38] and later
updated considering 30 July 2017 as the search end date.

The literature review discovered some papers reporting and describing studies that report the adoption in
0SS projects of the user profile [27,39], personas [20,27,40,41], direct observation [27,42—44] and post-
test information [45] techniques. Just a few papers reported the use of the user profile techniques: [27,39].
The user profiles technique has been adopted in some OSS projects (e.g., GIMP, a 3D animation package,
a bitmap graphics application) to define representative user types. The adoption of this technique
provided information about non-user developers [27,39]. These projects in particular had the resources
required to apply the user profiles technique as specified by HCI.

Very few research papers have reported the use of the personas technique in OSS development projects
[20,27,40,41]. According to research by Cetyn and Gokturk [20,40] and Terry et al. [27], the necessary
information for applying the personas technique was gathered from descriptions provided by the OSS
community and not through face-to-face interviews of user groups. Faily and Lyle [41] presented four
guidelines that software engineering tools should incorporate to support the design and evolution of
personas. This technique was not applied as specified by HCI because these guidelines are based on their
experiences of modifying the open-source CAIRIS requirements management tool to support design and
development activities for the EU FP7 webinos project.

Very few papers have reported the use of the direct observation technique [27,42-44]. According to Terry

[27], direct observation was performed informally when family and friends of the developers used the
application or when advanced users performed demonstrations at conferences. There is no predefined
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object of study for such observations. This technique was adopted in several OSS projects, including a
bitmap graphics application and a desktop tool. The direct observation technique was used to compare
effectiveness, efficiency and satisfaction with task performance on two OSS library information
management systems (Koha and Evergreen) [42]. In the Pika OSS project (tool for library catalogue
information search), the direct observation technique was used to evaluate usability problems. This
evaluation was carried out across two sessions. Four users participated in the first session. They were
observed while performing tasks designed by the author. The second session took place after improving
the interface design and introducing new system functions, during which four users performed new tasks
set by the researchers [43]. Neither of the studies [42,43] identified adaptations to the direct observation
technique for adoption in OSS projects. Jing et al. [44] evaluated the application of LITE, which is used
to manage healthcare resources. Observation in this study was not performed in situ as specified by HCI.
Instead, observation took place online via teleconference, where one of the researchers observed the
participants during task performance, offered assistance and answered questions raised by participants
about how the LITE tool worked.

In regard to the post-test information technique, we found only one paper reporting the application of this
technique in an OSS project [45]. We discovered that this technique was adopted with adaptations in the
Roguelike roleplaying game: a group of students led by a usability expert applied the technique standing
in for usability experts as specified by the HCI community.

3. Research Method

The research method used to validate our research is the multiple case study [46] according to which we
gather the results and experiences of applying usability techniques adapted to OSS projects This research
method is used when the phenomenon under investigation (in this case, the adoption of an adapted
usability technique) is studied within its real setting (in this case, an OSS project). OSS projects are the
perfect setting for the case study reported here because OSS communities are, according to several
authors [7,24,29,47], unfamiliar with usability techniques, do not have resources to conduct usability
testing and no usability experts are involved in their projects [4,7,19,24,29,48,49]. Small project teams in
particular have little information about what techniques are at their disposal for improving usability
[20,49-52].

According to Runeson et al. [26] the key feature of a multiple case study is that it offers more information
because: (i) more data are gathered than in an ordinary case study, and (ii) the different case study
characteristics round out the information. However, it is important to note that the cases studies should
never be confused with statistical replications and statistical sampling. Multiple case studies have to be
replicated literally or heuristically based on the theoretical framework of the research. Therefore, the
choice of the second and subsequent cases should be derived from the first case study because, otherwise,
there would be no logical line of continuity of the research [26]. In other words, the cases cannot be
selected at random, as they should be clearly related. All four of our case studies are related to each other
by their characteristics (e.g., they are OSS development projects without usability experts).

The main criterion for the selection of this method (multiple case study) is that there is little room for
experimentally manipulating the phenomenon under study: the adoption of usability techniques in a real
0SS project [53]. Additionally, it is a qualitative study requiring the collection of data using techniques
that do not aim to measure or associate measurements with numbers such as group discussion, open
interviews, group or community interaction and introspection [53]. Therefore, we decided to use web
artefacts (e.g., online surveys, forums, wikis) to collect data. The research questions are stated in Section
5 and are related mainly to how to adapt usability techniques for adoption in real OSS projects. We
adapted four usability techniques. On one hand, user profiles, personas, were applied to the QUCS,
PSelnt projects, respectively. On the other hand, the post-test information and direct observation
techniques were applied together to the FreeMind and OpenOffice Writer projects. Figure 1 illustrates
how we conducted our multiple case studies [26][53]. The bullet points listed below the activities
(Conduct case study) within the methodological process of a multiple case study show how the
information is output for the respective case study by applying techniques like virtual meetings, online
surveys, forums, online interviews, observation and questionnaires.
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Figure 1: Activities carried out during the development of the multiple case study (adapted from [26][53])
4. ldentified Adverse Conditions and Usability Technique Adaptations

The techniques analysed in this research (user profiles, personas, post-test information and direct
observation) need to be adapted for adoption in the OSS development process because these OSS
communities have characteristics that the HCI world does not account for like, for example, worldwide
geographical distribution of their members, a code-centred world view, unavailability of resources and a
culture that may be somewhat alien to interaction designers [7] [20] [22]. Although usability techniques
require conditions that cannot be generally met in the OSS world, they can be adapted to the idiosyncrasy
of OSS projects.

The usability technique adaptation protocol entails specifying the techniques for adoption in the OSS
development process. HCI authors do not specifically define the procedures for applying usability
techniques in OSS projects. Besides, the procedures are, generally speaking, not defined in enough detail,
that is, this problem applies not only to OSS but also to usability techniques generally. Therefore, the
adaptation of the usability techniques that we propose is a four-stage process: (i) formalize all the steps to
be taken to adapt the usability technique, that is, clearly specify the details of the steps of which the
technique adaptation procedure is composed, (ii) analyse each of the steps to identify the adverse
conditions that are an obstacle to technique application in OSS, (iii) propose the adaptations required to
overcome the above obstacles to their adoption in the OSS development process, (iv) apply the adapted
technique in the selected OSS project. In the remainder of this section, we describe the adaptations that
have been taken into account for the adoption of these techniques in OSS projects.

4.1.  User profiles technique and its adaptations

User profiles are a way of gathering information about the planned system users [54]. Different
procedures for applying this technique have been reported in the analysed literature [54,55]. The approach
proposed by Mayhew [55] is a good option because it offers a comprehensive description of the technique
as regards what to do and how to do it. According to Mayhew, the user profiles technique is divided into
14 steps. In the following, we describe some of these steps, detail the adverse conditions that are an
obstacle to its adoption in OSS projects and specify the adaptations proposed to overcome these adverse
conditions.

According to HCI prescriptions, project developers have to meet in person in Steps 1 and 2 (Determine
user categories and key user characteristics) to discuss user categories and characteristics. This is a
condition that cannot be met due to the special characteristics of OSS projects. Therefore, the technique
needs to be adapted in order to remotely and asynchronously request feedback from the project
administrator (via email) regarding the information required to create user profiles.

In Steps 3, 4 and 5 (Prepare, gather management feedback on and review the draft questionnaire), the
researchers designed the draft questionnaire to create the user profiles. As the members of the OSS



community are distributed all over the world, it is not practicable to hold face-to-face meetings to discuss
the structure and content of this draft questionnaire. Instead, we propose that the questionnaire design
should be sent by email to the OSS project administrator for review. Table 1 summarizes the steps,
identified adverse conditions and proposed adaptations for the user profile technique.

Table 1. Summary of the identified adverse conditions and proposed adaptations for the user profiles technique

User profile technique steps [55] Adverse conditions Proposed adaptations
1. Determine user categories. o Email the project administrator for a
2. Determine key user e OSS project developers are required description of the categories and
characteristics. to meet in person. characteristics of the possible user
profiles.

3. Prepare draft questionnaire.

4. Gather management feedback « Developers are required to participate . Em_all the project admlnl_strato_r fora
on draft questionnaire. face to face. review of the draft questionnaire by
5. Review questionnaire. email.

6. Pilot questionnaire. o Meetings are online; they are replaced

e Users are required to participate face by a wiki where users can give their

to face. . - . -
opinion on the questionnaire design.
7. Fine tune questionnaire .
according to pilot test. o There are no adverse conditions. e N/A

8. Select user sample. o Developers are required to participate ¢ Ask the project administrator by email
face to face. for the list of user emails.

9. Distribute questionnaires. e There are no adverse conditions. e N/A

10. Design data input format. e Document structure associated with e Specify the structure of the output
this step is not specified. product.

11. Enter data.

12. Summarize data. o A usability expert is required to apply * Replace the usability expert by a team of

junior experts supervised by a senior

this technique step. expert

13. Interpret data.

o (There are no adverse conditions. The
proposed adaptation is based on the
work method applied by the OSS
community).

e Publish study conclusions on forums
and also distribute by electronic mailing
list to OSS community.

14. Report data.

Table 2 gives, for each of the proposed user profiles steps, a brief description of the tasks to be performed
for their application in an OSS project. The numbering of the original version (column 1, Table 1) and the
adapted technique (column 1, Table 2) differs due to the changes made to the technique for the purposes
of adaptation.

Table 2. Steps and tasks of the user profiles technique adapted for application in an OSS project

User profiles technique steps Tasks
1. Determine user categories and key user | e Email the project administrator to ask for possible user categories and
characteristics. characteristics.

2. Prepare draft questionnaire. o Create a questionnaire template adapted to OSS project needs.

8. 23;25;;?;??;“ on the draft o Ask the project administrator to review the draft questionnaire.

4. Review the questionnaire. o Review the feedback provided by the project administrator for inclusion in the
questionnaire.

5. Pilot the questionnaire. o Invite two application users to take a pilot questionnaire via a wiki.

6. Review the questionnaire. o Review the feedback from the two users given via the wiki for inclusion in the
questionnaire.

7. Select user sample. o Select a user sample for application in the final survey.

8. Distribute questionnaires. o Distribute the questionnaires as an online survey.

9. Design data input template. o Design a data input template as a spreadsheet to facilitate data summary.

10. Data statistics. o Enter, analyse and summarize the data using a format similar to the one
suggested by [54].

11. Report data. ¢ Report conclusions and design implications for the OSS community.

4.2.  Personas technique and its adaptations

The aim of the personas technique is to output a representation of end users as guidance for application
design [56]. This technique is capable of gathering, analysing and synthesizing information related to
users that are to interact with the software system and, therefore, help to focus software analysis and
design on the features and objectives of the product end user [54]. The personas technique cannot be
applied directly in the OSS development process because the OSS community has characteristics to
which the HCI world is unaccustomed (e.g., a code-centred world view, unavailability of resources and a
culture that may be somewhat alien to interaction developers). The personas technique [56] is composed
of seven steps. In the following, we describe the several steps of this technique and report the adverse
conditions that are an obstacle to its adoption in OSS developments.



The aim of Step 1 of the technique (Identify behavioural variables) is to identify the behavioural variables
of product end users (e.g., attitude towards information technologies). Cooper et al. [56] suggest that
users be interviewed to gather the necessary information from which to put together the behavioural
variables. However, OSS project users are geographically distributed all around the world. Thus, this
characteristic of OSS projects is an adverse condition for technique application. To deal with this adverse
condition, we propose that users participate in an online survey. The researchers designed the
questionnaire (questions and measurement scales) used in the online survey. Step 2 (Map interviewed
subjects to behavioural variables) establishes ranges on the behavioural variables identified from scalar
responses to the questions designed for the survey proposed in Step 1. Cooper et al. [56] do not specify
how to calculate the behavioural variable ranges for mapping. This step has to be performed by a usability
expert, which is an obstacle because experts very seldom participate in OSS development. As no usability
expert is available, we propose substituting the usability expert by a team of junior experts supervised by
a senior expert. In the Step 3 (Identify significant behavioural patterns), Cooper et al. [56] do not specify
how to identify behavioural patterns. This step requires technique and usability expertise. As no usability
expert is available, we propose substituting the expert by a team of junior experts supervised by a senior
expert. Table 3 summarizes the adverse conditions identified and the main adaptations proposed for
Cooper et al.’s personas technique [56].

Table 3. Summary of the identified adverse conditions and proposed adaptations for the Personas technique

Personas technique steps [56] Adverse conditions Proposed adaptations

1. Identify behavioural variables.

o No users or physical spaces are available
for face-to-face meetings.

e Users participate online via an online
survey.

2. Map interviewed subjects to
behavioural variables.

3. ldentify significant behavioural
patterns.

Expertise of people familiar with the
technique and usability is required.

o The usability expert is either a developer,
an expert OSS project user, or a team of
junior experts supervised by a senior
expert.

4. Synthesize key characteristics and
goals of personas.

Expertise of people familiar with the
technique and usability is required.
The format of the document associated
with this step is not specified.

o The usability expert is either a developer,
an expert OSS project user, or a team of
junior experts supervised by a senior
expert.

e The format of the output product is
specified.

5. Check for redundancy and
completeness.

Expertise of people familiar with the
technique and usability is required.

6. Expand the description of personas
attributes.

Expertise of people familiar with the
technique and usability is required.
The format of the document associated
with this step is not specified.

7. Define and specify types of personas.

o Expertise of people familiar with the

o The usability expert is either a developer,
an expert OSS project user, or a team of
junior experts supervised by a senior
expert.

o The format of the output product is
specified.

technique and usability is required.

We adopted some of the steps proposed by Cooper in order to facilitate the application of the Personas
technique [56]. Table 4 shows, for each of the adapted personas technique steps, the tasks to be performed
for their application in an OSS project.

Table 4. Steps and tasks of the adapted personas technique for application in an OSS project

Steps of the adapted personas technique Tasks

1. Identify behavioural variables and map

behavioural variables e Formulate preliminary virtual survey to identify personas.

e Cluster the survey data of the virtual survey administered to the user
segments.

2. Identify significant behaviour patterns in the

- i . Analyse the data from the virtual survey of the user segments administered
behavioural variables and synthesize key ° 4 y 9

in the previous step.

characteristics and goals of personas.
o Define personas.

e Formulate the second and third virtual survey for the developer and user
segments (selected at random).

3. Check for redundancy and completeness. e Analyse the virtual survey data administered in the previous step.

e Refine the created personas.

Specify the primary and secondary personas.

4. E i fi f .
xpand, describe and define types of personas Create the stories describing the personas specified in the previous step.

4.3. Direct observation technique and its adaptations

The direct observation technique consists of directly observing individual users performing specially
prepared tasks or performing their routine work. Therefore, it requires an observer to take down the
behaviour or record the performance of users, for example, by measuring the time taken to complete
specific sequences of actions. Three or more users are required to apply the direct observation technique



[57]. Nielsen [57] and Preece [58] study the direct observation technique. The approach recommended by
Preece is a good option because it is the simplest description of how to apply the technique. In the
following, we describe the only step of the direct observation technique according to Preece, the
identified adverse conditions and the proposed adaptations for adoption in OSS development projects.

The only step for the execution of the direct observation technique is (data collection). It involves visiting
users while they are doing their job [58]. The goal is for the observer to take notes on what he or she sees.
The observers should be non-intrusive so as to ensure that the users do their job as usual. At times, the
user may be interrupted to ask questions to clarify the activities that he or she is performing, although this
should be done as little as possible. This step is an obstacle insofar as the users of OSS applications are
geographically distributed all over the world, and observation at the site where they use the applications is
out of the question. Additionally, a usability expert acting as an observer is required to apply the
technique. On this ground, the technique needs to be adapted for application.

Three adaptations are required. First, we propose the use of a biased sample including family and friends
of the observer as users. Second, we suggest replacing the usability expert by a team of junior experts
supervised by a senior expert. Third, we recommend observing geographically distributed OSS users
remotely. For this purpose, we used different tools to transfer text, audio and video files over the Internet.

Table 5 shows, for each of the adapted direct observation technique steps, the tasks to be performed for
their application in an OSS project.

Table 5. Steps and tasks of the adapted direct observation technique for application in an OSS project
Steps of the adapted direct
observation technigue

Tasks of the adapted direct observation technique

o A usability expert establishes goals, requirements and task to be performed by
users.

e Users are invited via the project forum or email to participate in technique
application.

e The session is scheduled according to the dates and times when participants are
available.

e Users are asked whether they are interested in participating in technique
application.

e Participants are informed about the reasons for the usability study.

e The observation session should be a non-intrusive as possible.

3. Report the results of the e A usability expert must analyse, summarize and report the results of executing

observation session. the observation session to the OSS community.

1. Prepare the observation session.

2. Conduct the observation session.

4.4. Post-test information technique and its adaptations

The post-test information technique involves interviewing each user at the end of the usability test. The
aim of the interview is to ask the user for feedback and suggestions with regard to both the test conducted
and the tool that is being evaluated [59]. In the analysed literature, the post-test information technique
was studied by Constantine [59]. In the following, we describe what is, according to Constantine, the only
step of the post-test information technique, the adverse conditions that are an obstacle to the adoption of
this technique in OSS development projects and the proposed adaptations to overcome the above
conditions. The only step of this technique (Hold interview) requires the participation of a usability expert
who is responsible for designing the interview and interviewing the user [59].

As OSS application users are geographically distributed all over the world, and, as a general rule, OSS
projects do not have usability experts on their team, it is necessary to make three adaptations to be able to
apply the post-test information technique. First, we propose recruiting a biased sample including family
and friends of the interviewer as users. Second, geographically distributed OSS users should be
interviewed remotely. Third, the usability expert should be replaced by a team of junior experts
supervised by a senior expert. Table 6 shows, for each of the adapted direct observation technique steps,
the tasks to be performed for their application in an OSS project.

Table 6. Steps and tasks of the adapted direct observation technique steps for application in an OSS project

Steps of the adapted post-test

information technigue Tasks of the adapted post-test information technique

Decide the interview approach. Define the main aim of the interview.

Create the interview. Design the interview guestions.

Pilot test the interview. Pilot test the interview design to assure that it is user friendly.

Hold the interview. Perform the interview.

Bl b I

Report the results. Analyse and report the results to the OSS community.




Note that, before conducting each case study, users were first asked to give their consent to participate in
our research. Therefore, the usability techniques were applied in the OSS projects by the users that gave
their consent.

5. Design and plan the multiple case study

We use a multiple case study as the research method to validate our research. Depending on the context of
the case, a case study can be designed as a single or multiple case study. A multiple case study is
composed of two or more cases from different contexts [26]. Case studies are one of the most popular
forms of qualitative empirical research [46]. A case study investigates the phenomenon of interest in its
real-world context. The phenomenon of interest for this research is the adoption of adapted usability
techniques, whereas the real-world context is OSS projects. The study design is not experimental, because
we neither assign subjects at random nor control the study groups. Additionally, subjects are observed in
a real-world setting [60]. It is not easy to run controlled experiments in the field of OSS because the
characteristics of OSS communities (e.g., availability, expertise, experience, etc.) are unmanageable.
Since not all OSS project team members have the same characteristics, it is impossible to minimize the
effects of external factors (e.g., geographic distribution and time differences). This rules out evaluation by
means of an experiment. On this ground, we selected the case study methodology to validate the
feasibility of our proposal for adopting a usability technique in an OSS project.

There are several approaches to research based on case studies. Considering the adopted paradigm, we
decided to use a positivist case study approach on two grounds. First, the user sample for each OSS
project has different values. Therefore, the sample cannot be specified because the OSS users are
volunteers. Second, the researcher must be a member of the OSS community to apply the usability
techniques. A positivist case study is a qualitative method that is particularly suitable for researching
information systems. Research based on positivist case studies is characterized by: (i) the study must
focus on real situations, the phenomenon is studied in its real-world environment, (ii) only one or just a
few entities (people, group, community) are examined, (iii) the phenomenon of interest is not isolated
from its context and there is no controlled observation involving the manipulation of the experimental
unit [61]. Our research has these characteristics.

We describe the case study following the guidelines set out by Runeson and Host [26]. According to these
guidelines, we divide our research into two parts: an exploratory part and a descriptive part. We start by
looking at what happens in a real-world scenario and then we describe what happens when we apply the
adapted techniques to improve application usability [26]:

RQ1: How can the user profile, personas, direct observation and post-test information usability
techniques be adopted in real OSS projects?

RQ2: Which are the types and characteristics of the OSS projects in which it is possible work with users
and experts to adopt adapted usability techniques?

The usability techniques selected in this research are: (i) user profiles and personas (related to user
analysis), and (ii) direct observation and post-test information (related to evaluation). Note that the last
two techniques (direct observation and post-test information) were combined and applied in two OSS
projects to gather better results and jointly test the usability of the selected applications.

The above techniques were applied to the QUCS, PSelnt, FreeMind and OpenOffice Writer projects.
Initially, this research focused on three educational projects (PSelnt, QUCS and FreeMind). However, it
was then extended to another special-purpose project (OpenOffice Writer). Thanks to this OSS project
diversity, we were able to test and evaluate the usability technique integration framework in different
fields and contexts. The selected case studies cover different application types (electronics, programming,
mental map designer and text editor).

5.1. Case Study Projects
Below we describe the key characteristics of the OSS projects selected for applying the usability
techniques.

Case 1. QUCS. The case study on the adoption of the user profiles technique was conducted on the
QUCS project. QUCS is a multiplatform application for simulating electronic circuits. The size of this
application is 504,526 lines of code, and it is written primarily in C++. It was developed to run on the
GNU/Linux operating system, although it also operates on Windows, Solaris, NetBSD, FreeBSD, MacOS
and Cygwin. We contacted Guilherme Brondarri Torri, the project administrator, who was receptive to
our research. Even though he was unfamiliar with usability techniques, he was interested in the issue. The



project administrator could not provide a list of application user emails. However, he told us that QUCS
application users are mostly students who are new to the electronics field.

Case 2. PSelnt. The personas technique case study was conducted on the PSelnt OSS project. PSelnt is
software that uses a simple, intuitive pseudo language written in Spanish designed to help students
without programming experience to understand basic and fundamental concepts of a computational
algorithm. The size of the software is 35 thousand lines of code, and it is written mostly in C++. We did
not manage to contact the project administrator who did not reply to our email asking for collaboration.
Neither did we have access to an electronic mailing list of the most representative users of the application.
However, when we asked about their level of usability knowledge, we received an email from Pablo
Novara, member of the developer team stating that they had not addressed usability issues.

Case 3. FreeMind. The case study was conducted on the FreeMind project, and two techniques (direct
observation and post-test information) were combined to conduct the usability evaluation. FreeMind is an
OSS tool for building mind maps whose size is 255.6 thousand lines of code programmed in Java. We
contacted the project administrator Christian Foltin, who was neither familiar with the most representative
users of the application nor had a list of emails to start up our research. The administrator admitted that he
did not have any usability background in order to improve project user interface.

Case 4. OpenOffice Writer. The case study was conducted on the OpenOffice Writer project, and two
techniques (direct observation and post-test information) were combined to conduct the usability
evaluation. OpenOffice is currently one of the most popular OSS projects. The size of the software is 11.2
million lines of code, and it is mainly written in C++. OpenOffice Writer is a model of a successful OSS
project. It is a large-scale, well-organized and structured OSS project, which also has a large user
community. We managed to contact one of the project administrators (Rob Weir), who did have an
electronic mailing list of real users of this application. In the case of OpenOffice Writer, we had read that
this project reckoned with usability experts. However, when we contacted the administrators, they told us
that the usability team was not operational.

5.2. Preparation and data collection

The data collection protocol is more or less the same for all usability techniques. First, we contacted the
0SS project administrators to express our interest in applying usability techniques. None of the
administrators of the selected projects, except the OpenOffice Writer, had a list of users or had identified
representative users. Second, we considered that the user was familiar with tool operation and we applied
similar procedures to apply the usability techniques. In the first place, we used the official OSS
community forums to send out the invitation to participate in technique application. Later, however, we
used social networks to publicize the usability technique application in OSS projects and increase the user
participation rate.

We created web artefacts to efficiently synchronize the necessary activities to apply the adapted usability
techniques and improve communication with OSS community members. The web artefacts used to make
the proposed adaptations of each usability technique were: online surveys, wikis and forums. For the
personas technique, we ran an online survey created using Google Forms to gather the behavioural
variables and create the possible OSS application user profiles. For the user profiles technique, we used a
wiki to fine tune the questionnaire used as a basis for determining the user profiles. Additionally, we used
the official project forum to invite users to participate in technique application. For the direct observation
technique, we scheduled a remote meeting where we used a form to record the behaviour of the user and
the time taken to complete previously defined tasks. For the post-information technique, we created an
online survey to record the comments and suggestions about the evaluated tool taken from the interview
of each subject. Thanks to the web artefacts, we were able to create a virtual meeting point with OSS
users to apply the techniques because these users are geographically distributed all over the world. These
web artefacts were designed to gather results separately for each case study because each usability
technique requires specialized information to achieve its aim.

The data collected in all four case studies are mainly qualitative. We were unable to use the same data
collection methods across all the case studies because: (i) differences in the characteristics of each of the
selected OSS applications and (ii) the availability of OSS project users, as most are volunteers and do not
have much spare time. On this ground, we used different data sources so as not to limit the results of the
data interpretation. For example, we gathered the data provided by the developers and users in each OSS
project by means of virtual meetings (such as wikis or forums) and online surveys. Table 7 gives an
overview of the data collection methods and tools used in the four case studies.
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Table 7. Methods and tools used for collecting data for each case study.

Applied Usability | Virtual Online s Online - - :

Case Technique Meetings| Surveys Wikis | Forums Interviews Observation | Questionnaires
Case 1: )
QUCS User profiles X X X X
Case 2:
PSelnt Personas X X X X X
Case 3: Direct observation and
FreeMind | post-test information X X X X X X
Case 4: . .
OpenOffice Direct ob_servatlop and X X X X X

- post-test information
Writer

5.3. Data analysis and reports

The most important part of the data analysis process in this multiple case study was the creation of tables
and forms to summarize the information gathered from online questionnaires, virtual meetings,
interviews, observation and video calls. As the HCI prescriptions on usability techniques do not provide
for any formalized document or special-purpose tool for gathering information and reporting results
during the application of the usability techniques, we propose several new table and form templates for
recording and presenting the information gathered from each of the case studies.

We analysed the data from each case study in response to the stated research questions. As the data
collected from each of the case studies are qualitative, we do not report a statistical analysis. However, we
do provide details on the adaptations made (Section 4) to the usability techniques for adoption in OSS
projects. Additionally, we state the types and characteristics of the OSS projects in which these usability
techniques can be adopted (see Section 5.1).

Our multiple case study addresses each case separately, where each case study provides its own
conclusions, as well as supplying data for the research as a whole. It is important to accurately describe
the information gathered from both users and developers of the selected OSS projects in order to
elaborate the general principles of our research.

6. Results of the multiple case study

Below we describe the results of the case studies (QUCS, PSelnt, FreeMind and OpenOffice Writer) in
which the adapted usability techniques (user profiles, personas, direct observation and post-test
information) were adopted.

6.1. QUCS Case

The adapted user profiles technique was applied to the QUCS OSS project. QUCS application users are
mostly students that are new to the electronics field. We made contact with the project administrator at
the very beginning of our research, and he was receptive to the application of this technique. We had no
trouble recruiting users, as QUCS users were interested in participating and finding out more about the
user profiles technique.

To create the user profiles, we designed a questionnaire based on the proposal by Mayhew [55].
Additionally, we created the “circuitoselectricoslu”® wiki using the PBWorks® tool to encourage users to
participate in the design of the preliminary questionnaire. Then we used the comments gathered from the
wiki and the feedback provided by the administrator to improve the preliminary version of the survey.
Later, we built an online survey using the improved version of the survey for publication in the
SourceForge community forum. Finally, 14 people completed this survey over a four-month period. The
online survey used for data collection is available at the web site’. Figure 2 shows an excerpt of the form
summarizing the user profiles data created for later publication in QUCS project forums. By applying the
adapted user profiles technique, we were able to form a rough idea of the QUCS application user types: a
segment composed of students and another segment composed of teachers.

During the application of this technique, we detected three problems: (i) it is difficult to gather key
common user profile characteristics due to their worldwide geographical distribution, (ii) it is hard to
schedule a meeting with users to discuss the structure and content of the questionnaire due to the different
time zones, and (iii) a usability expert needs to be on hand to analyse the gathered data.

5 http://circuitoselectricoslu.pbworks.com/w/page/123051369/Electric%20Circuits
8 http://www.pbworks.com/
7 http://goo.gl/EPsIz6
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QUCS PROJECT
SUMMARY OF USER PROFILE DATA
User Category: Intermediate

Demographic Characteristics

1. Age: More than 25 years

2. Gender: Male_

3. Employment Status: Teacher

4.  Professional Title: Electronic Engineer

Attitude and motivation

5. Place where you use your computer: At work.
6.  Computer user experience: More than 11 years
7
8
9

Have you used the circuits application? Yes
Place where you use QUCS: Work
Knowledge area uses QUCS: Circuits

Knowledge and experience

10. Years of experience you have in issues related to circuits: Less than 5.
11. How long you used QUCS? Less than 1 year

12.  Hours you spend in a week using QUCS: Less than 3 hours

13. Level of competence with QUCS: Intermediate

Figure 2: Excerpt of the form summarizing the user profiles data

6.2. PSelnt Case

The adapted personas technique was applied to the PSelnt OSS project. It was hard to recruit real PSelnt
users because the project administrator did not reply to our invitation to collaborate in the research. As a
result, we did not have access to a list of user electronic mails and had no idea who the most
representative users of the PSelnt application were.

With the aim of the gathering the necessary information to apply the adapted personas technique, we
designed a preliminary survey in order to identify behavioural variables related to users’ attitudes towards
technology, computer literacy, frequency, motivation and purpose of application use, profession or trade.
The PSelnt survey was build using Google Forms and is available at the web site®. The survey questions
had a scalar format so that we could group a set of items by multiple values.

We published the PSelnt survey on the official OSS project site forum and received only six responses
over the established four-month period. In view of the low participation rate, we opted to publicize the
survey again, this time on social networks, achieving a participation of 55 users over a four-month period.
Thanks to this high concentration of 55 responses plus the original six responses gathered from the
official project forum, we were able to form a critical mass and cluster the results to draft personas. We
used the Weka tool to analyse the resulting responses to the PSelnt survey, running the k-means algorithm
to generate the clusters. K-means is a clustering method. We use k=2 with the aim of outputting two
segments (cluster 1 and 2), where cluster 1 stands for the primary and dominant persona and cluster 2 for
the secondary persona. Table 8 summarizes the variables and the dominant attribute in each cluster. The
characteristics of the primary and secondary personas are similar, differing with respect to the computer
literacy, tool user type and PSelnt expertise variables.

Table 8. Variables and dominant attribute for each cluster

Variables Dominant attribute for Dominant attribute for
Cluster 1 Cluster 2
Age 15-20 15-20
Educational level |University student University student
Computer literacy |Average High
PSelnt user type  |Beginner Intermediate
PSelnt place of use |[Education Education
PSelnt user type  |Occasional Occasional
PSelnt expertise  |Beginner Advanced

Having identified the primary and secondary personas, we checked for redundancy and completeness. To
do this, we again surveyed a group of developers and users that were representative of these populations
and selected at random from the PSelnt survey. The surveyed persons answered questions about the
previously identified behavioural variables and a psychological test based on the Big Five model. We
administered two new virtual surveys. The first survey, called Personas, is available at the web site®, and

8http://goo.gl/forms/mjBTUwaRA
9 https://goo.gl/ffYnGr
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the second survey, called Personality, at the web sitel®. The Personas survey was useful as an instrument
for validating the data gathered from the PSelnt survey administered out in Step 1 of the technique.
Through psychological testing, we gathered more thorough knowledge of people’s behavioural
characteristics. Based on the data gathered from the surveys and their respective analysis, we drafted the
Personas Foundation. This document contains a summary of the key characteristics and goals of the
created personas. Figure 3 shows an excerpt of the Personas Foundation document for the primary
persona. This document is the main output of the Personas technique.

PERSONAS FOUNDATION DOCUMENT

PERSONA IDENTIFICATION
a.  Full name: Angel Pefia
b.  Age: 18 years
c.  Glasses wearer
ROLES AND TASKS
a.  Angel is a third-semester computer engineering student.
b.  Angel attends classes in the mornings.
¢. Heisavideo gamer and plays an instrument in his leisure time.
d.  He has a regular routine.
e.  His responsibilities are typical of professional training in computer sciences.
GOALS
a.  Angel Pefia’s current goals are to graduate as computer engineer and find a job
SEGMENT
a.  Angel Pefia was born and lives in Puerto Ordaz, Venezuela.
b.  His marital status is single.
¢.  His educational level is upper secondary education and he is currently at university.
SKILLS AND KNOWLEDGE
a.  Angel Pefia likes to see programs running, and this is major motivation for programming.
b.  Angel Pefia is familiar with several programming languages.
c. Heis acomputer user since he was 6 years old and now uses computers for education.
CONTEXT AND KNOWLEDGE
a.  Angel Pefia used the PSelnt programming tool for learning purposes.
b.  Angel Pefia believes that a manual outlining PSelnt would be necessary to understand how this tool works.
c.  Angel Pefia currently uses similar tools for programming.
d.  Angel Pefia is not motivated to continue to use PSelnt for learning purposes.
PERSONAL/PSYCHOLOGICAL DETAILS
a.  Angel Pefia is a sociable, friendly and outgoing person
b.  Heis currently convinced that he wants to study computer science.
c.  He s aconscientious person.

Figure 3: Excerpt of the foundation document for the primary Persona

6.3. FreeMind Case

The adapted direct observation and post-test information techniques were applied to the FreeMind
project. Before contacting users, we entered into conversation with the OSS project administrator to
inform him of our interest in applying usability techniques and seek his support. The project
administrator (Christian Foltin) responded positively to our request and showed an interest in
collaborating with this type of initiatives. The project administrator did not have a list of
representative user emails.

For our research, we considered two user groups: (i) our family and friends, and (ii) real users
(registered in subscriber lists and who regularly use the OSS application). Additionally, real users
were recruited from official community forums. Note that all users were classed into two user
profiles (junior and senior). In both cases (friend and family users and real users), they were classed
as junior or senior user according to the experience that they each had as application users.

The protocol enacted in the direct and remote (usability expert participates online) observation
sessions is more or less the same. There were both junior and senior users to whom an almost
identical procedure was applied. At the start of each session, arranged beforehand with the user, they
were instructed that they were to perform a number of tasks using the application while an observer
took notes. They were told that it was the application and not the user who was being evaluated. The
recorded information reported the problems and difficulties encountered during the activity, as well
as any gestures denoting feelings towards the application. Figure 4 shows an excerpt from the
document designed to record the problems encountered by a junior FreeMind user.

10 https://goo.gl/WHWQom
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Tasks to be performed using the FreeMind tool
(Observer’s notes)

Does the Did the user Other comments
user know encounter any
Task to be performed by user how to problems?
perform the
task?
a. | Open the FreeMind application Yes No
b. | Create a new map Yes No ;Fggnappllcatlon is already
c. | Label the central node as Mental map laws | Yes No
Yes, the user has
d. | Insert a new sibling node labelled Images Yes difficulty finding
the sibling node.
e. | Insert a new sibling node labelled Words Yes No
f Insert a child node labelled Symbols within Yes No
" | the Words node
g. | Delete the node labelled Images Yes No
. . . The user does not use
| ol o e e v cr 2 ut et
' node again
.| Insert a child node labelled Structure
i. s Yes No
within the central node
.| Insert an image of your choice in the node
J- | Iabelled Words Yes No
Insert a new node labelled Style in the
k. central node ’ Yes No
Insert the icon representing the The user uses the options
I. | exclamation mark (!) in the node labelled Yes No displayed by a right-hand
Style mouse click
The user tries to search
Insert another icon, this time representing Yes, because it is for the icon using the
m. . Yes very similar to the right-hand mouse button
a family, in the node labelled Structure ; .
other step. but the icon is not
displayed.
The user deletes the
T . Yes, the user has to | exclamation mark (!)
n. ggg;g?ozrﬁ;ﬁf r(1l)|nserted, that is, the Yes be told where_the using the respective icon
’ delete option is located on the left-hand
side of the interface.
Save the mental map as Mental.Map in the
0. Yes No
Documents folder

Figure 4: Document for recording problems during direct/remote observation technique application

Finally, after completing the tasks, the user was asked to take an interview to gather post-test
information at the end of which he or she was thanked for participating. Contrary to HCI
prescriptions, the interviewer was not a usability expert but a HCI student. The user merely
answered the questions asked by the interviewer (for example, what are the key usability issues you
came across?) and the interviewer took down the answers. The interview was always supervised by a
mentor whose comments were designed to draw out the key points and help the interviewee provide
as much information as possible. Figure 5 shows the document used to conduct the interview.

We should highlight some divergences in the methodology depending on the type of user
participating in the session. All the communication with users participating in a remote observation
had, of course, to take place online, including explanations, supply of materials, post-test interview
and data collection. Specifically, we used two tools: Skype to speak to the user and see his or her
reactions, and TeamViewer to visualize interaction with the application by remotely accessing the
screen view. TeamViewer had a positive feature, namely, option of recording audio and video,
thanks to which we were able to analyse the sessions as many times as necessary. This ultimately
turned out to be a very useful resource because we had to replay the recordings several times in order
to settle doubts (for example, determine whether or not a user performed one of the tasks as specified
in the delivered document) that arose from analysis of the written report on the data collected.
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Information Collection Document during Post-Test Information HCI Technique
Application

Interview date:
Interviewer:

Interview type: __ Direct (face to face) __ Remote
Name of respondent

1.  What did you find most difficult?

2. What were the main usability problems that you had?

3. Do you have any suggestions for improving the interaction with the application?

4. Do you have any suggestions for improving the test?

5. Do you have any criticism or complaint about the user interface?

6. How do you think that the user interface (or part of the user interface) could be
redesigned?

Figure 5: Information collection document for applying the post-test information technique

A total of 22 FreeMind users participated in the application of the direct observation and post-test
information techniques. The first half was composed of family and friends who we could contact
personally. The second half included family and friends, plus real application users from different
parts of the world. The FreeMind real user recruitment process for remote observation turned out to
be doubly challenging, as the project administrator was neither acquainted with the most
representative users of the application nor able to provide a list of user emails as a starting point. As
a result, we decided, at the project administrator’s suggestion, to search FreeMind help forums for
user emails. As it turned out, not all the forum members were suitable targets for technique
application as, from the type of messages that they published (for example, errors when compiling a
particular Java class), some appeared to have overly technical profiles. Therefore, we decided to
select users that published topics or subjects asking for help with the use of FreeMind.

A total of 100 users, including friends, family and real users recruited from the FreeMind project
help forums, were contacted by email. The email sent to these users asked whether they would be
interested in participating in the application of usability techniques. A total of 18 replied to the
email. A second email was sent to this group of interested users describing the usability techniques,
the activities that they would be expected to perform, the time it would take, the tools that they
would need, informing them of the available time slots and asking whether and when they would be
available to perform the activities. A total of 13 users replied to this second email. A third email was
sent to these users to ask for their Skype user name, confirm the date and time of the meeting and
specify the websites from which they could download the tools that they would need. We received a
response from six users. Finally, we managed to set up a virtual meeting with four out of these six
users, whereas another two failed to connect on the date and time as arranged. Table 9 summarizes
the number of users that finally participated in the test by observation type.

Table 9. Number of FreeMind users by observation type.

Observation Type | Junior | Senior | Total

Direct Observation 7 5 12

Remote Observation 4 6 10
TOTAL 11 11 22

As a result of the adoption of the direct observation technique, we identified different usability issues
regarding the FreeMind application. Table 10 shows an excerpt of the list of the most highly relevant
problems encountered during technique application and the improvement suggested by users for each
problem.
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Table 10. Examples of problems encountered by users during direct observation.

Problem User No. of users Improvements proposed by users
The insert new node is not readily visible. Junior 2 Improve the_V'S'b'“ty of the node insertion and
deletion options.
Symbols are hard to find. Junior 2 .Classify icons by categories.
The insert child node option is not readily . Improve the visibility of the node insertion and
. Junior 1 - p
visible. deletion options
It is not possible to delete one of several icons - Enable deletion of an icon that is not
g - Senior 3 p - -
within a particular node. necessarily the last icon inserted.
Symbols are very small. Senior 1 Place the symbols in the tool bar and upsize.
The insert sibling node option is not readily - Improve the visibility of the node insertion and
. Senior 1 . .
visible. deletion options.

Like Table 10, Table 11 shows some of the most highly relevant problems encountered by junior and
senior users during the remote application of the direct observation technique.

Table 11. Examples of problems encountered by users during the remote application of the direct observation technique.

Problem User No. of
USers Improvements proposed by users

;I;heed%n;élsgg};?gde{'&lﬂed by clicking on a node Junior 2 Add more actions to be performed on the node.
Icon deletion is confusing for the user because
he or she cannot identify which icon was Junior 2 Enable the deletion of any icon.
inserted last.
Image is too big. Junior 2 Resize image.
The node colour is not updated when a change Senior 5 Immediately update the node colour after a
is made. change.
Not all of the icons are accessible from the Senior 1 Enable access to all the icons by right clicking
right-hand mouse button. on the mouse.
The user has to save the document when an Senior 1 Do not require the user to save when inserting
image is inserted. an image.

6.4. OpenOffice Writer Case

As for the FreeMind case, we applied the adapted direct observation and post-test information
techniques to the OpenOffice Writer project. For the purposes of user classification (junior and
senior), users were asked to complete a remote questionnaire which was emailed to them. This
questionnaire was designed together with one of the project administrators. Based on a preliminary
version and after several exchanges of electronic mails with improvement proposals for the
questionnaire, we arrived at a final version that satisfied both parties (administrator-researchers). The
information from this survey was used to classify users.

For OpenOffice Writer, 16 users participated in the application of the direct observation and post-
test information techniques (half were family and friends, the other half were real users taken from
the list of project emails). Unlike the other case studies (QUCS, PSeint, FreeMind), OpenOffice
Writer did have a list of user emails and we did not have to search forums. The OpenOffice Writer
mailing list included 9,000 users. As the emails were confidential, one of the project administrators
sent the first email to all the users. This email asked users to complete a survey and sought their
permission to share the survey data with a group of researchers. One of the requested particulars was
an email address to contact the user. A total of 1,121 users completed the survey, of which 956 gave
permission to share their information, but only 644 users provided their email address. Of the 644
email addresses, nine were rejected by the mail server (non-existent addresses). Finally, we managed
to contact 635 users, of which 132 replied.

Of these 132 users, 60 declined to participate, whereas 72 did show an interest. After reading the 72
emails, we made a distinction between two different user groups. On one hand, there were users who
were interested in participating but, due to particular circumstances (for example, they do not have a
web camera, slow internet connection, cannot speak due to an illness), were unable to do so. On the
other hand, there were users interested in and able to participate. Each of these two groups (junior
and senior) happened to be composed of 36 users. The classification was made based experience as
application users. We sent an email to a preliminary group of 15 users at random, willing and able to
participate, informing of the available time slots and asking whether and when they would be
available for a virtual meeting to apply the techniques. Depending on the results for this first user
group, e-mails would be sent to a second user group if more users were required. Finally, we did not
need to email any more users for this case study. Of the 15 emails, 10 received a reply. Finally, we
managed to meet with a total of eight users. Two of the users declined to participate in the end, even
though they had originally showed an interest, whereas the other one cancelled the appointment at
the last minute due to incident at work. Table 12 summarizes the number of users that finally
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participated in the OpenOffice Writer case study. Figure 6 illustrates the instructions given to junior

users for task performance.

Table 12. Number of OpenOffice Writer users by observation type.

Observation Type | Junior | Senior | Total

Direct Observation 5 3 8

Remote Observation 4 4 8
TOTAL 8 8 16

Tasks to be performed using OpenOffice Writer
(Junior user)

Use the OpenOffice Writer application to perform the task outlined below.

Perform the following actions:

1.  Open the OpenOffice Writer application.
2. Open atext document
3. Create a new document
4. Type the following text:
Apache OpenOffice is an open-source office productivity software suite. It contains a word processor, a spreadsheet, a
presentation application, a drawing application, a formula editor, and a database management application. It is available
for several operating systems, like Microsoft Windows, GNU/Linux, BSD, Solaris and MacOS X. It can read and write a
wide variety of file formats, including the default OpenDocument Format file format (ODF), an ISO/IEC standard, as well
as over 110 languages since 2010.
5. Justify the margins of the above paragraph
6.  Right hand mouse click to change the font of the above paragraph to Times New Roman and the font size to 11..
7. Add the following footnote after the Word Solaris: Unix-based operating system originally developed by Sun
Microsystems.
8.  Insert an image (representing a tourist) from the OpenOffice Writer Gallery.
9.  Frame the image inserted above.
10. Change the left-hand page margin to 3 cm.
11. Number all the pages of the document in the bottom left hand corner.
12. Insert a table with two columns and seven rows. Use the Grey Table-Autoformat. The resulting table should be like the one
below:
Application Name | Description
Writer Word processor similar to Microsoft Word
Calc Spreadsheet similar to Microsoft Excel or Lotus 1-2-3
Impress Presentation program similar to Microsoft Power Point or Apple’s Keynote
Base Database program similar to Microsoft Access
Draw Vector graphics editor and diagramming tools similar to Microsoft Visio.
Math Application design to create and edit mathematical formulas.
13. Vertically centre the content of the Application Name column.
14. Save the file as OpenOffice-tasks in the OpenOffice text format (that is, with the .odt extension) to your desktop.
15. Export the file to .pdf format and save it as OpenOffice-tasks to your desktop.

Figure 6: Tasks to be performed by junior users with the OpenOffice Writer application.

As a result of the adoption of the direct observation technique, we identified several problems with
the OpenOffice Writer application. Table 13 shows the most highly relevant problems encountered
by junior and senior users.

Table 13. Examples of problems encountered by users during direct observation.

Problem User u’::rISOf Improvements proposed by users

Right-hand mouse click does not display all Junior 5 Enable the selection of any font type using the

fonts. right-hand mouse button.

Menu options are unclear. Junior 3 Increase the visibility of the basic options.

The insert menu does not include the gallery Junior 3 Include the gallery option in the insert menu.

option.

Page numbers do not appear at the bottom of . Automatically insert page numbers (in the

Junior 2

the page. footer).

Not all fonts are accessible using the right- Seni Enable the selection of any font type using the
enior 2 X

hand mouse button. right-hand mouse button.

Page numbers do not appear at the bottom of Seni Automatically insert page numbers (in the
enior 2

the page. footer).

The insert menu does not include the gallery Senior 1 Include the gallery option in the insert menu.

option.

Like Table 13, Table 14 shows some of the most highly relevant problems encountered by junior and
senior users during the remote application of the direct observation technique. These problems are
directly related to application use.
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Table 14. Examples of problems encountered by users during the remote application of the direct observation technigue.

Problem User No. of
users Improvements proposed by users.
The insert menu does not include the gallery Junior 2 Include the gallery option in the insert menu.
option.
It is hard to find the required options in the Junior 2 Redesign the tools menu to make it more
tools menu intuitive.
The insert menu does not include the gallery Senior 1 Include the gallery option in the insert menu.
option.
The Table-Autoformat tool is not readily visible . Make it possible to change the autoformat
. - . - Senior 1 -
and is only available during table creation. after creating the table.

7.  Discussion of Results
In this section, we discuss and answer the research questions stated in this research.

RQ1: How can usability techniques be adopted in real OSS projects?
Table 15 below shows a comparative summary of the obstacles found during the application of the
usability techniques.

Table 15. Summary of the obstacles and adaptations associated with the adapted usability technique

Tléiizlilétge Obstacle Associated adaptation
o Meetings between developers and users are | e Developers participate online by electronic mail and users
User profiles hard to arrange. participate via a wiki.
o Data analysis requires a usability technique | ¢ The usability expert is replaced by a team of junior
expert. experts supervised by a senior expert.
e User participation is necessary to apply the e Users participate online by means of an online survey.
P technique. e The usability expert is replaced by a team of junior
ersonas L . . : .
o A usability expert is required to apply the experts supervised by a senior expert.
technique.
Direct o ¢ Biased sampling including family and friends of the
observation e User participation is necessary. observer as users.
e Meetings with users are hard to arrange. e The usability expert is replaced by a team of junior
Post-test o A usability expert is required to apply the experts supervised by a senior expert.
- . technique. e Observations/interviews of geographically distributed
information
OSS users are remote.

Usability techniques were created for another type of software development, that is, were not designed
taking into account the specific characteristics of the OSS development process. On this ground, it is
necessary to adapt the techniques. These adaptations are based on the adverse conditions for technique
application. Some of the adverse conditions are overcome using certain web artefacts (for example, wikis,
forums, etc.), which are known to the OSS community. Consequently, OSS community members will be
familiar with many of the adaptations, and this is likely to encourage the application of usability
techniques. Below, we describe the major technique adaptations.

There are mainly two adaptations for the user profiles technique. First, users participate online via
electronic mail and a wiki. Second, we suggest that the usability expert be replaced by a developer, expert
user or a team of junior experts supervised by a senior expert. Again there were mainly two adaptations
for the Personas technique. First, users participate online using electronic mail. Second, we suggest that
the usability expert be replaced by a developer, expert user or a team of junior experts supervised by a
senior expert. In both cases, the usability expert was replaced by a team of junior experts supervised by a
senior expert.

Three adaptations were necessary to apply the direct observation technique. First, we propose the use of
biased sampling including family and friends of the observer as users. Second, the role of usability expert
is played by a team of junior experts supervised by a senior expert. Third, we suggest that geographically
distributed OSS users be observed remotely. For such observations, we used different tools for text, voice
and video transfer over the internet.

In view of the fact that OSS applications users are geographically distributed and, as a general rule, OSS
projects do not have access to usability experts, it is necessary to carry out three adaptations to be able to
apply the post-test information technique. First, we propose the use of biased sampling including family
and friends of the observer as users. Second, geographically distributed OSS users should be observed
remotely. Third, we replace the role of usability expert by a team of junior experts supervised by a senior
expert. When applying the usability techniques to the OSS projects, we met with problems that vary
depending on the technique and selected OSS project (PSelnt, QUCS, FreeMind and OpenOffice Writer).
Below, we describe these obstacles.
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During the application of the user profiles and personas techniques, we came up against two problems.
First, it is difficult, due to time zone differences, to arrange meetings with users and developers in order to
create and discuss documents associated with these techniques. Second, a usability expert is required to
analyse and interpret the results of the application of the techniques. As a result of the application of both
techniques, we discovered that to be able to define user segments, the material for gathering the
information must be distributed using social networks, due to the low OSS community participation rate
(i.e., of users contacted through the OSS forum). Additionally, OSS user participation was lower than
expected on two grounds. First, we expected, based on statistics (user ratings and downloads this week)
reported on the official website of the applications (QUCS and PSelnt), to get a large number of users to
participate. Second, it was hard to contact and engage users to participate in this research.

When applying the direct observation and post-test information techniques, we met with three problems.
First, it was difficult to arrange an appointment with each user due to time differences between the
different countries where they live. Second, some users had problems with their Internet connection. This
made it difficult to see what they were doing on screen or clearly hear what they were saying. Third, a
minority of users did not have the necessary programs installed on their computers (even though they
were repeatedly informed beforehand), on which ground they required help. This added to the technique
application time. As a result of the application of both techniques, we discovered that the number of users
interested in participating is greater when their participation does not require a big time investment. For
example, if participants are asked to install additional software or enable remote access to their computer,
the number of users interested in participating drops considerably. Note, however, that we always found
committed users for which time was not an obstacle.

In the following, we describe the impact generated using the adapted usability techniques with the
application in OSS projects. We suggested to the QUCS and PSelnt project developers that they should
take into account the results of the application of the personas and user profiles techniques when
developing features taking into account the characteristics of the users that they target. By applying the
post-test information and direct observation techniques in the FreeMind case study, we identified several
usability problems that were reported to the project developers. We later found that the developers of this
project had solved some of the reported usability problems (for example, symbol visibility, icon deletion
within a node containing more than one icon, poor visibility of insert new node, insert child node and
insert sibling node options). We found that the OpenOffice Writer project developers did not solve the
problems that we identified and reported. In this particular case, however, we created two plug-ins (the
first plug-in'! to insert a page number in the header/footer and the second plug-in? to apply the capital
letter in a text paragraph) in order to improve some OpenOffice Writer features. Due to the small number
of users, the plug-ins were not sent to the OpenOffice Writer project for feedback from developers at this
preliminary stage of the research project, which is due to be conducted on a larger scale in the near future.

Considering the software life cycle, the user profiles and personas techniques, which are part of the user
analysis activity during the requirements engineering stage, would be adapted and applied before
requirements elicitation to provide details about prospective software users, as OSS user segments are not
previously defined. On the other hand, the post-test information and direct observation techniques, which
are part of the evaluation stage, would be adapted and applied after creating the software product so that
users can execute the most relevant tasks and evaluate system usability.

Note that the results of the usability technique application were sent to the selected software project
developers. Some responded that our results would be used at a later date. Note, however, that these
results are potentially applicable by any OSS development team. On one hand, the results of the
application of the user profiles technique are useful for developers to determine the profile of the users of
their applications and thereby facilitating requirements elicitation tasks. Likewise, the results of the
personas technique would facilitate the adoption of usability mechanisms as part of requirements
engineering activities, thus helping to improve the usability of the software system under development.
On the other hand, the post-test information and direct observation techniques can help developers
understand how users perform their tasks and correct the problems encountered before releasing the
software product.

1 https://drive.google.com/open?id=1_LKagXaysohK7PWjQB_YWaMNwWEUDMc7A
12 https://drive.google.com/open?id=1kjTImeooF8_K2Jn4JgXjeTNo-S_rwhKR
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RQ2: Which are the types and characteristics of the OSS projects in which it is possible work with
users and experts to adopt adapted usability techniques?

There is a wide variety of OSS projects classified according to the level of development, size of
community and resources: (i) large projects with an organized and structured user community and with
company support (for example, Sun Microsystems contributed to GNOME [62]), (ii) medium-sized
projects with a sizeable community of members (from 100 to 500 users) and a growing group of
developers (from 5 to 10 developers) without company support (for example, FreeMind), (iii) small
projects with very few developers and without a list of representative users or company support.
Depending on the project type, the adaptations of the technique may vary. For example, for large projects
that have HCI teams [19], it will not be necessary to make adaptations in this respect. Then again, it is
necessary to implement usability technique adaptations for small projects that do not have many
resources.

The QUCS, PSelnt and FreeMind projects are medium-sized communities and they are voluntary projects
that do not have budgets, which means that they cannot afford external experts. In our research, we
adapted usability techniques to medium-sized projects because we believe that developers do not have
access to the resources (usability experts or lists of users to contact) in order to conduct usability testing.
Rajanen et al. [45], who report how to introduce usability in OSS projects, offer an illustrative example of
the shortcomings of this type of projects. On the above grounds, this type of projects could benefit from
the strengths of applying usability techniques to write quality software outside a commercial
environment.

Note that the results of adapting the user profiles and personas techniques may be applicable to similar
(medium-sized) projects to the ones in which we participated as volunteers (PSelnt, QUCS and
FreeMind). With regard to the extrapolation of our proposal to large-scale projects, however, we should
bear in mind that the obstacles will be very different to the ones identified in our study on the following
grounds: (i) large projects are very active and popular in OSS development, (ii) they report errors in
multiples sources, where solutions to common problems are accessible across different web artefacts such
as electronic mail lists, forums, chats or wiki, and (iii) they have documented their practices and tests.
These web artefacts enable bug reporting and usability problem discussion within the community.
Therefore, this type of OSS projects provide for dialogue between usability experts and developers, which
facilitates the adaptation of usability techniques.

OpenOffice Writer is a large and longstanding community. It is a large-scale OSS project, which is well
organized and well structured, and it also has a large number of users. Regarding the application of
usability techniques (direct observation and post-test information), the project administrator had a list of
users but had not identified which were representative. Generally, OSS developers working on large-scale
projects are not acquainted with the profile of their users [24,63].

Finally, note that the adaptation of the techniques for the Pselnt, QUCS and FreeMind projects mainly
affected the projects. However, the adaptation of the techniques for the OpenOffice Writer project
affected both the project and the team. Although the developer playing the role of PSelnt project
administrator did not respond to our email asking for authorization to apply usability techniques, another
developer did answer our questions about the project later on. With respect to QUCS and FreeMind, the
developer playing the role of administrator gave us permission to apply the techniques and always
answered our questions. In the OpenOffice Writer project, not only did one of the administrators give us
permission to apply the usability techniques and answered our questions, he also directly participated in
the design of the questionnaire used to apply the user profiles technique.

8.  Study limitations
There are some limitations on the validity of this study, because it is eminently qualitative [64]. We
identified the limitations of our results using the guidelines provided by Runeson [26].

As regards construct validity, only one person provided feedback to improve the wiki-based survey
design in the case of QUCS. The information gathered on survey design was sent to the OSS project
administrator who had to make the respective corrections, that is, the data collection instrument was
validated by the project administrator but no more feedback was received before administering the final
online survey. No construct validation problems were identified for the other cases (PSelnt, FreeMind and
OpenOffice Writer).

With respect to internal validity, age, educational level and tool user experience may have had a positive
or negative influence on the use profiles usability technique in the case of QUCS. Initially, survey

20



credibility may vary depending on whether or not data are omitted or the meaning of the question is
distorted. The online survey should be applied again at different times throughout the research process to
ensure that the results are not biased. No internal validation problems were identified for the other cases
(PSelnt, FreeMind and OpenOffice Writer).

With regard to external validity, the main limitation of our study in the case of QUCS and PSelnt, is that
we adapt only one technique for application to only one OSS project. Therefore, more case studies need
to be carried out applying the selected usability technique to other OSS projects in order to validate the
proposed adaptations. On the other hand, the selected usability techniques were combined in the case of
FreeMind and OpenOffice Writer to improve the application usability results. Finally, with regard to
reliability, all the case studies should provide for the participation of all OSS user types, that is, we should
not just recruit real users (regular OSS tool users that are registered with the community). Therefore,
before applying the techniques, we suggest that other options for recruiting users who are genuinely
interested in participating in this type of research (for example, social networks) should be explored.

9. Conclusions

The aim of this research was to adapt and evaluate the feasibility of adopting HCI usability techniques in
real OSS projects. Technique adaptations are necessary to address some adverse conditions caused by
0SS development characteristics that are an obstacle to the application of techniques prescribed by the
HCI area. In particular, we made adaptations to the user profiles, personas, direct observation and post-
test information for application in the QUCS, PSelnt, FreeMind and OpenOffice Writer OSS projects.

The main adverse conditions that we found the techniques to have in common are: (i) the need for a
usability expert to apply the technique, (ii) user participation, and (iii) the need for several users to be
present in person to apply the technique. To address these conditions, we propose four adaptations: (i)
substitute the usability expert by a team of junior experts supervised by a senior expert (a MSc in
Usability Engineering student supervised by two HCI expert researchers); (ii) remote user participation,
that is, the users use web artefacts (for example, online surveys, wiki); (iii) use biased sampling including
family and friends of the observer as users; and (iv) conduct remote observations/interviews of
geographically distributed OSS users using different tools for text, voice and video transfer over the
Internet.

Collaboration is one of the principles underlying OSS community [27,65]. However, we did not get much
collaboration during the application of the usability techniques, perhaps because real users (i.e., users
registered on the SourceForge project website) were short of time, unfamiliar with the importance of
usability, or had no incentive to participate. On this ground, we suggest using social networks to publicize
technique application and recruit as many participants as possible.

The results for these case studies (QUCS, PSelnt, FreeMind) will possibly be applicable to small- and
medium-sized OSS projects like the ones in which we have participated as volunteers, because small- and
medium-sized OSS projects do not have a large user base, do not report bugs in multiple sources,
solutions to common problems are not accessible through online infrastructures (e.g., email lists, forums,
etc.), and their work practices and tests are not documented.

In the following, we detail the key recommendations that researchers and developers should consider to
apply usability techniques in OSS projects: (i) encourage the OSS community to start to attach
importance to software development questions addressed by HCI, (ii) use other means of communication
(like social networks) to promote the application of techniques and not only official OSS project forums,
(iii) promote some sort of incentive to recruit as many participants as possible for these initiatives, and
(iv) consider the software development status when selecting the OSS technique and project.

After analysing and applying the usability techniques in the requirements engineering and evaluation
activities for OSS development projects, we found that all four of the implemented case studies had
adverse conditions, such as the number of participants, biased information provided by developers,
geographical and temporal distribution, and OSS community motivation. Despite all these problems, it is
feasible to apply the adapted usability techniques in OSS projects. We believe that it is necessary for this
community to start to attach importance and take note of the repercussion of the software development
issues dealt with by HCI. Thus, as it is necessary to adapt the HCI techniques for adoption in OSS
development projects, this community should take a broader view of software development to consider its
usability and not just focus on feature development.

Below we detail how our research has advanced the state of the art in this field. Terry et al. [27] propose
the reconceptualization of HCI methods for adaptation to OSS but do not explain how to carry out this
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reconceptualization, that is, they do not define the steps required to carry out each HCI and the web
artifacts to be used for adoption in OSS. However, we set out the adaptations for the adoption of some
usability techniques in OSS, specifying the steps and tasks associated with each step. These adaptations
are implemented in different case studies (real OSS projects). Some researchers have evaluated the
usability of OSS applications without the participation of application users [42] [43]. However, our
research was carried out with real users, as OSS users have different requirements and needs to
developers. Additionally, the problems that we found in our evaluations were validated by experts (junior
and senior) and then presented to the developers in order to improve their application usability. Castro
[25] proposes a general framework for usability technique integration in OSS development projects. This
technique framework is very generic and does not report the steps for applying the above techniques in
OSS. The research reported here is an advance insofar as it specifies the usability techniques for
application in the OSS projects, specifically describing the steps for each technique, as the procedures
proposed by the original authors are not explicitly defined.

As future work, we intend to conduct further case studies to adapt and apply other usability techniques for
OSS projects. These OSS projects will preferably be small- or medium-sized because, unlike large
projects that do have online infrastructures for bug reporting and usability problems, they do not have the
resources to achieve usability improvements. We will analyse other web artefacts that can be adapted to
0SS communities in order to improve communication (for example, social networks) and gradually raise
the awareness of OSS developers about the benefits of applying HCI usability techniques.

Considering that OSS has some characteristics in common with other types of software, such as global
software development (GSD), where collaborative members with cultural differences are separated by
distance and work in different time zones [12] and start-ups, which have small teams that are
geographically distributed all over the world and a shortage of resources, the proposed adaptations could
also be extrapolated to deal with some of the negative issues faced by other similar project types.
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