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ABSTRACT

Programming is challenging work. Programmers must navigate and understand large and
complex source code, and the careful coordination of many peoples’ efforts is often required.
Information visualization promises to help programmers cope with these challenges. On this
basis, the use of visualization in programming is investigated in empirical studies.

Three studies show evidence of the usefulness of fisheye interfaces for navigating and
understanding source code. Overall, participants in two experiments prefer using fisheye
interfaces. Also, participants in a long-term field study adopt and use a fisheye interface in
their own work. However, the fisheye interfaces that were studied do not seem useful in all
tasks and problems detract from the usability of the interfaces. Issues that seem fundamental
to the design and use of fisheye views are highlighted for further research. Analysis of
participants’ interaction with the fisheye interfaces shows that participants perform some
tasks with less physical effort. It seems useful to show readable information in the fisheye
interfaces and participants find semantically related information the most useful.

The results suggest that a particular fisheye interface may not support all tasks in
programming equally well. We argue that transient use of visualization may support specific
infrequent tasks without permanently changing the interface. Two comparative evaluations of
transient and permanent interfaces show no significant differences in task performance.
Participants prefer a transient interface in one study and a permanent interface in the other.
Results suggest benefits of a transient interface but also suggest problematic issues in
designing transient visualizations for complex work.

A visualization to support coordination in programmer teams is investigated. Results
suggest two uses of such visualization: for use during meetings and for occasional use to
maintain awareness of the team’s work. Issues with the visualization’s design distinct to these
two uses are found in a field study of the visualization deployed with two teams.

Multiple research methods are used to investigate fisheye interfaces in programming.
Limitations of individual methods are thus offset and richer data are collected for analyzing
and understanding how fisheye interfaces are used in programming. Regardless of the method
used, however, participants seem to lack proficiency in using the fisheye interfaces. Finally,
the field study triangulates multiple methods: experience sampling, logging, thinking aloud,
and interviews. Benefits of combining multiple methods are identified and opportunities for
improving the triangulation approach are suggested for further research.



DANSK RESUME

Programmering er udfordrende arbejde. Programmerer skal navigere og forstd omfattende og
kompliceret kildetekst, og neje koordinering af mange personers indsats er ofte nedvendig.
Informationsvisualisering kan potentielt hjelpe programmerer til at overkomme disse
udfordringer. P& denne baggrund undersoges anvendelsen af visualisering i programmering i
empiriske studier.

Tre undersggelser viser tegn pé fiskegjegraensefladers brugbarhed til at navigere og forsta
kildetekst. Samlet foretraekkes fiskegjegreenseflader af forsggspersonerne i to eksperimenter.
Endvidere tager forsegspersonerne i et langtidsfeltstudie en fiskegjegraenseflade i brug og
anvender den i deres eget arbejde. Fiskegjegrensefladerne som undersgges synes dog ikke
nyttige i alle opgaver og der er problemer som forringer deres brugsvenlighed. Spergsmal
som synes grundleggende for fiskegjevisningers design og brug fremhaves til videre
forskning. Analyse af forsegsdeltagernes interaktion med fiskegjegreensefladerne viser at
nogle opgaver udferes med mindre fysisk anstrengelse. Det synes fordelagtigt at vise lasbar
information i fiskegjegrensefladen og forsegsdeltagerne finder sterst nytte af semantisk
relateret information.

Resultaterne antyder at visse fiskeojegraenseflader ikke understotter alle opgaver i
programmering lige godt. Vi argumenterer for at flygtig brug af visualisering kan understotte
specifikke, ikke-hyppige opgaver uden at grensefladen @ndres permanent. To sammen-
lignende evalueringer af flygtige og faste graenseflader viser ingen signifikante forskelle i mal
for opgavelosning. Samlet foretrekker forsegspersonerne en flygtig grenseflade i den ene
undersggelse og en fast greenseflade i den anden. Resultater antyder fordele ved en flygtig
grenseflade, men ogsa problemer i design af flygtige visualiseringer til komplekst arbejde.

En visualisering til stotte af koordinering i udviklingsteam undersoges. Resultater antyder
to anvendelser af en sddan visualisering: til brug i forbindelse med meoder og til lejlighedsvis
at vedligeholde opmarksomhed om teamets arbejde. Problemer med visualiseringens design
vedrerende disse to anvendelser afdekkes i et feltstudie af visualiseringen med to team.

Flere forskningsmetoder bruges i undersogelse af fiskegjegreenseflader i programmering.
Begraensninger ved individuelle metoder opvejes séledes og omfattende data indsamles til at
analysere og forstd hvordan fiskegjegrenseflader bliver brugt i programmering. Uanset
hvilken metode der anvendes, synes forsggspersonernes kunnen i fiskegjegrensefladernes
brug dog at vere begrenset. Endelig bruger feltstudiet triangulering af flere metoder:
experience sampling, logning, tenke-hejt, og interview. Fordele ved at kombinere flere
metoder identificeres og muligheder for at forbedre trianguleringsmetoden foreslds til
yderligere forskning.



PREFACE

This thesis is submitted to obtain the PhD degree at the Department of Computer Science,
Faculty of Science, University of Copenhagen (DIKU). The work described in the thesis was
carried out between June 2006 and July 2009.

The thesis consists of two parts. First, the introduction summarizes the contributions in the
PhD. Second, five papers comprise the main part of the thesis. The papers are referred to with
the numbers 1 to 5 and are listed on page 6. The full papers are included from page 18 and on.

Thanks are due first of all to my supervisor Kasper Hornbzk. He sparked my interest in
research and it has been a pleasure to learn from his experience ever since. Kasper is always
inspiring, trusting, and helpful. I thank him for that. I also thank my other colleagues at
DIKU. In particular, I have had many rewarding discussions with Erik Frekjer and Tobias
Uldall-Espersen. I am grateful to Erik for his guidance and generous help, and to Tobias for
being a role model PhD student, which has made life as a PhD student at DIKU a little easier
for me. I visited Microsoft Research in Redmond in the summer of 2008, and foremost I
thank the people there for a worthwhile collaboration. In particular, I thank Mary Czerwinski
for making my visit possible, and George Robertson for welcoming me and for introducing
me to the people in the VIBE and HIP groups from whom I learned much. Many employees
and visiting interns at Microsoft Research contributed to making my stay in Washington a
great experience—thanks. Also thanks to friends and former colleagues who contributed
insight into their programmer experiences, helped in ongoing evaluation of my interface
designs, or helped me gain access to busy programmers for my study. Last, I thank my wife
and family for their great support.

Mikkel Renne Jakobsen
Copenhagen, August 2009



CONTENTS

Abstract 1
Dansk resumé 2
Preface 4
Contents 5
List of papers 6
Introduction 7
BaCKZIOUNG ...ttt ettt et ettt ettt e r e en 7
(10) 1o Lo 114 0] 1 USROS 8
ADSLIACES OF PAPETS ...ttt ettt ettt ettt ettt ettt e be bt ae e bt saneeanes 8
FiSheye INTEITaCES .....cocuiiiiiiiiiiiiiertee ettt s s 9
Transient VISUAIZAtIONS .....cccviiiieiiieeeeciieeeecteeeeite e e eeiee e e seeteeeesetaeeeebaeeeeeseeesensaeeesnsananns 10
Visualizations to support team COOTdiNAtION .......ccc.eevveerieerieenierniinieeterte et 11
Evaluation of visualization techniques in complex WOrK......c..cccceevierienvinncneeneeneenne 12
Conclusion 14
References 15
Paper 1 — Evaluating a Fisheye View of Source Code 18
Paper 2 — Transient Visualizations 29
Paper 3 — Transient or Permanent Fisheye Views: A Comparative Evaluation of

Source Code Interfaces 38

Paper 4 — Fisheyes in the Field: Using Method Triangulation to Study the Adoption
and Use of a Source Code Visualization 47

Paper 5 — WIPDash: Work Item and People Dashboard for Software Development
Teams 58




LIST OF PAPERS

Paper 1:

Paper 2:

Paper 3:

Paper 4:

Paper 5:

Jakobsen, M. R. and Hornbzk, K. (2006). Evaluating a fisheye view of source
code. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (Montréal, Québec, Canada, April 22 - 27, 2006). CHI ’06.
ACM, New York, NY, 377-386.

Jakobsen, M. R. and Hornbak, K. (2007). Transient visualizations. In
Proceedings of the 19th Australasian Conference on Computer-Human
interaction: Entertaining User interfaces (Adelaide, Australia, November 28 -
30,2007). OZCHI '07, vol. 251. ACM, New York, NY, 69-76.

Jakobsen, M. R. and Hornbzk, K. (2009). Transient or Permanent Fisheye
Views: A Comparative Evaluation of Source Code Interfaces, 8 pages, under
review.

Jakobsen, M. R. and Hornbak, K. (2009). Fisheyes in the field: using method
triangulation to study the adoption and use of a source code visualization. In
Proceedings of the 27th international Conference on Human Factors in
Computing Systems (Boston, MA, USA, April 04 - 09, 2009). CHI '09. ACM,
New York, NY, 1579-1588.

Jakobsen, M. R., Fernandez, R., Czerwinski, M., Inkpen, K., Kulyk, O., and
Robertson, G. (2009). WIPDash: Work Item and People Dashboard for Software
Development Teams. 14 pages, to appear in Proceedings of INTERACT 2009 -
12th IFIP TC13 Conference in Human-Computer Interaction (Uppsala, Sweden,
August 24-28, 2009).



INTRODUCTION

This thesis is about the use of information visualization and interaction techniques to support
programming. Before summarizing the contributions made, the background for the thesis is
outlined.

BACKGROUND

Developing a computer-based system is a challenging undertaking in which programmers
play a key role. Programmers are faced with increasingly complex systems and demands for
high quality and reliability. Large and complex systems are difficult to understand and they
necessitate the coordination of many programmers’ efforts. Thus programming has long been
considered challenging both as an individual activity and as a team activity (Weinberg, 1971).

Programming is challenging as an individual activity because it is mentally demanding.
For instance, the programmer often must understand a program by looking at its source code
(Latoza et al., 2006; Ko et al., 2007). For many programs, the source code is large and
complex, and has often been developed over several years, by many people. For instance, the
Debian 4.0 system contains program packages of a mean size of 28,544 lines of code, 288
million lines in all, developed over more than ten years, by more than 1,000 programmers
(Gonzales-Barahona et al., 2009; Debian.org, 2009). Consequently, navigating the source
code to understand a program can be mentally very demanding.

Programming is challenging as a team activity because it typically requires the
coordinated efforts of many people. The programmers in a team must share a common view
of how the system should work, and they must coordinate their work so that it fits together
without redundancy and on time (Kraut and Streeter, 1995). Coordination in teams therefore
adds to the difficulties of programming.

Programming environments, languages, methods, and tools are continuously being
developed to lessen the difficulties of programming, but many difficulties persist. As an
example, object-oriented programming in widespread use today may ease the design of
complex systems. However, object-oriented programming is likely to cause delocalization,
which makes it hard to understand source code because conceptually related pieces of code
are located in non-contiguous parts of a program (Soloway et al., 1988; Dunsmore et al.,
2000). Faced with such difficulties, a hope is for innovations in programming environments
that amplify programmers’ abilities.

One way to amplify the abilities of programmers is through information visualization—
use of interactive visual representations of abstract data to amplify human cognition (Card et
al., 1999). An early example of information visualization in programming is the SeeSoft
system (Eick et al., 1992). SeeSoft uses color to represent statistics associated with the lines
of text, and fits 50.000 lines in a 1280 x 1024 pixel display. When SeeSoft is used on source
code, the programmer can see for example which parts of the program that have been
frequently modified. If adopted in programming environments, information visualization thus
promises to amplify the cognitive abilities of programmers.

Many innovative visualization techniques have been developed, but few have been
adopted and used in real-life work. For wider adoption of visualization techniques, their
usefulness must be convincingly demonstrated, key factors in their design must be
understood, and guidelines must be provided to ease their design. Fortunately, evaluations are
helping us understand how different techniques influence users’ abilities and behavior in
particular tasks (e.g., Cockburn and McKenzie, 2003; Hornbek and Frekjer, 2003), or
demonstrate the usefulness of specific visualization systems to professionals in specific fields
(e.g., Saraiya et al., 2005; Seo and Shneiderman, 2006). Although information visualizations
are increasingly being evaluated, the potential uses and limitations of many visualization
techniques are not clearly understood.



CONTRIBUTIONS

This thesis provides empirically founded insight into the use of information visualization to
support programmers. Two uses of visualization have been investigated; the first aimed at
supporting navigation and understanding of source code, the second at supporting
coordination in collocated programmer teams. Contributions fall in four areas: (1) fisheye
interfaces that aim to support navigation and understanding of source code, (2) transient use
of visualization to support specific tasks in complex work, (3) use of visualization to support
coordination in programmer teams, and (4) evaluation of visualization techniques in complex
work.

ABSTRACTS OF PAPERS

To give an overview of the five papers comprising this thesis, the abstracts of the papers are
included below.

Paper 1: Evaluating a Fisheye View of Source Code

Navigating and understanding the source code of a program are highly challenging activities.
This paper introduces a fisheye view of source code to a Java programming environment. The
fisheye view aims to support a programmer's navigation and understanding by displaying
those parts of the source code that have the highest degree of interest given the current focus.
An experiment was conducted which compared the usability of the fisheye view with a
common, linear presentation of source code. Sixteen participants performed tasks
significantly faster with the fisheye view, although results varied dependent on the task type.
The participants generally preferred the interface with the fisheye view. We analyse
participants' interaction with the fisheye view and suggest how to improve its performance. In
the calculation of the degree of interest, we suggest to emphasize those parts of the source
code that are semantically related to the programmer's current focus.

Paper 2: Transient Visualizations

Information visualizations often make permanent changes to the user interface with the aim of
supporting specific tasks. However, a permanent visualization cannot support the variety of
tasks found in realistic work settings equally well. We explore interaction techniques that
transiently visualize information near the user's focus of attention. Transient visualizations
support specific contexts of use without permanently changing the user interface, and aim to
seamlessly integrate with existing tools and to decrease distraction. Examples of transient
visualizations for document search, map zoom-outs, fisheye views of source code, and
thesaurus access are presented. We provide an initial validation of transient visualizations by
comparing a transient overview for maps to a permanent visualization. Among 20 users of
these visualizations, all but four preferred the transient visualization. However, differences in
time and error rates were insignificant. On this background, we discuss the potential of
transient visualizations and future directions.

Paper 3: Transient or Permanent Fisheye Views: A Comparative Evaluation of Source Code
Interfaces

Transient use of information visualization may support specific tasks without permanently
changing the user interface. Transient visualizations provide immediate and transient use of
information visualization close to and in the context of the user’s focus of attention. Little is
known, however, about the benefits and limitations of transient visualizations. We describe an
experiment that compares the usability of a fisheye view that participants could call up
temporarily, a permanent fisheye view, and a linear view: all interfaces gave access to source
code in the editor of a widespread programming environment. Fourteen participants
performed tasks of both high and low complexity so as to investigate varied programming
activity. All participants used each of the three interfaces for between four and six hours in
all. Time and accuracy measures were inconclusive, but subjective data showed a preference



for the permanent fisheye view. We analyze interaction data to compare how participants
used the interfaces and to understand why the transient interface was not preferred. We
conclude by discussing seamless integration of fisheye views in existing user interfaces and
future work on transient visualizations.

Paper 4: Fisheyes in the Field: Using Method Triangulation to Study the Adoption and Use of
a Source Code Visualization

Information visualizations have been shown useful in numerous laboratory studies, but their
adoption and use in real-life tasks are curiously under-researched. We present a field study of
ten programmers who work with an editor extended with a fisheye view of source code. The
study triangulates multiple methods (experience sampling, logging, thinking aloud, and
interviews) to describe how the visualization is adopted and used. At the concrete level, our
results suggest that the visualization was used as frequently as other tools in the programming
environment. We also propose extensions to the interface and discuss features that were not
used in practice. At the methodological level, the study identifies contributions distinct to
individual methods and to their combination, and discusses the relative benefits of laboratory
studies and field studies for the evaluation of information visualizations.

Paper 5: WIPDash: Work Item and People Dashboard for Software Development Teams

We present WIPDash, a visualization for software development teams designed to increase
group awareness of work items and code base activity. WIPDash was iteratively designed by
working with two development teams, using interviews, observations, and focus groups, as
well as sketches of the prototype. Based on those observations and feedback, we prototyped
WIPDash and deployed it with two software teams for a one week field study. We summarize
the lessons learned, and include suggestions for a future version.

FISHEYE INTERFACES

A fisheye interface combines local detail and global context in a single view of an
information space (Furnas, 1981). One type of fisheye interface in programming aims to help
navigating and understanding source code by displaying those parts of the code that have the
highest degree of interest given the programmer’s current focus. We implemented such a
fisheye view in the source code editor of a widespread programming environment. Based on
that implementation, we compared fisheye views to linear views of source code (papers 1 and
3), and we studied the long-term use of a fisheye interface in programming (paper 4).

Overall, we find evidence in support of fisheye interfaces’ usefulness to programmers.
Participants in two controlled experiments (paper 1 and 3) preferred a fisheye interface to a
linear source code interface. Participants in a field study (paper 4) adopted and used the
fisheye interface regularly and across different activities in their own work for several weeks.
The fisheye interface does not seem useful in all tasks and activities, however. Participants in
one experiment (paper 1) completed tasks significantly faster using the fisheye interface, a
difference of 18% in average completion time, but differences were only found for some task
types. Although the results indicate usability issues, they also suggest that some tasks were
less well supported by the fisheye interface. In addition, data from the field study (paper 4)
showed periods where programmers did not use the fisheye interface, and debugging and
writing new code were mentioned as activities for which the fisheye interface was not useful.

Specifically, the fisheye view enables programmers to perform some tasks with less
physical effort compared with a normal linear view of source code. This was found in
controlled experiments (paper 1 and 3) by analyzing in detail how participants’ performed
tasks with a fisheye view compared with a linear view. Using a fisheye view, participants
directly used information in the context area or navigated with sparse interaction; they read
program lines in the context area or clicked in the context area to jump to a particular line.
We saw this behavior also in observations of programmers using a fisheye interface in real-
life work (paper 4).



Consistently across our studies (paper 1, 3, and 4), we found that lines semantically
related to the user’s focus were the most important—such lines were the most frequently used
and were the most often mentioned by participants as a benefit of the fisheye interface. An
interesting proposition is to expand on the use of semantically related lines in the fisheye
interface with program slicing. Tools for program slicing have been found useful for
debugging in that they help programmers to localize code that contain program faults (Weiser
and Lyle, 1986; Francel and Rugaber, 2001). Integration of slicing in the fisheye interface
could thus potentially increase the utility of the fisheye interface in programming.

Our results support earlier findings that visualization techniques combine with
highlighting of occurrences to different effect (Baudisch et al., 2004). In one experiment
(paper 1), the fisheye interface resulted in faster overall task performance compared with a
baseline interface using a linear view of source code, whereas no differences in task
performance were found in a later experiment (paper 3). All three interfaces used in the latter
experiment featured semantic highlighting of code and an overview ruler that showed
highlighted occurrences. Results from analysis of participants’ interaction suggest that the
highlighting helped participants navigate to occurrences in all interfaces. However, a notable
benefit of the fisheye interface is that some tasks can be performed with less navigation
compared with an overview, because code containing the highlighted occurrences and their
surrounding context can be directly read in the fisheye interface.

The fisheye interfaces studied here automatically change the view to include context
information related to the user’s focus. Earlier research has studied another type of fisheye
interface, called elision interface in the following, that requires users to manually expand or
collapse parts of the document (Cockburn and Smith, 2003; Hornbak and Frekjer, 2003).
The two types of interface share the difficulty of determining which document parts are
important a priori so that the resulting view is useful across tasks (paper 1; Hornbak and
Frekjer, 2003). An advantage of fisheye interfaces that automatically change the view is that
users can see document parts that are related to their focus, even if the parts are located far
apart in the document. In practice, the effort required in collapsing and expanding document
parts in elision interfaces may outweigh the benefits of faster navigation in the document
(Cockburn and Smith, 2003). Finally, automatically changing the view based on changes in
the user’s focus may confuse or disorient users (paper 1 and 4) whereas a text representation
that users can manually change is predictable and thus less disorienting.

In summary, our studies contribute empirical evidence in support of fisheye interfaces’
usefulness in programming. Rich data were obtained by using multiple research methods. The
data show how programmers use fisheye interfaces effectively to navigate and understand
source code, and how a fisheye interface could be used across different activities in
programmers’ own work. However, the results are limited by methodological issues and also
by investigating only particular designs of fisheye interfaces. Although alternative designs
were initially explored—informed by my own experiences as a programmer and by informal
evaluations with others—only one line of iterative refinement of fisheye interface was
investigated, which arguably limits the potential outcome (Greenberg and Buxton, 2008).
Furthermore, the fisheye interfaces studied here provide context to the user’s focus only
within a single source code file. Fisheye interfaces may provide context across the entire code
base (Storey et al., 2000; Kersten and Murphy, 2006) and use diverse task information to
establish the user’s focus, such as previous navigation activity (DeLine et al., 2005) or task
descriptions (Lawrance et al., 2008).

TRANSIENT VISUALIZATIONS

The fisheye interface investigated in paper 1 makes permanent changes to the source code
view with the aim of supporting navigation and understanding of source code. However,
programmers work on a diversity of tasks that may not all be equally well supported by the
fisheye interface: for instance, programmers did not find it useful for debugging or writing
new code (paper 4). This issue is a general one: visualizations often make permanent changes
to the user interface with the aim of supporting specific tasks. However, many applications
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are designed to support a variety of tasks in complex work settings, and changes made to an
interface to improve its use in some tasks may have adverse effects on its use in other tasks.

We argue that transient use of visualizations may support specific infrequent tasks
without permanently changing the interface. Earlier research has lead to similar ideas
(Baudisch et al. 2004), and several lightweight interaction techniques that use transiency have
been researched (e.g., Fekete and Plaisant, 1999; Zellweger et al., 2000; Baudisch et al., 2003;
Bezerianos and Balakrishnan, 2005). To provide a basis for generalizing about transient use
of information visualization, we compared transient and permanent use of visualization in two
experiments (paper 2 and 3). Three notable findings were made that relate to the
characteristics of transient visualizations described in paper 2.

First, we found that for particular navigation tasks, users’ immediate and close access to a
transient map overview can reduce sensory-motor efforts, as indicated by less mouse
movement and perceived user effort, and lead to higher satisfaction and preference compared
with a permanent overview (paper 2). Importance of closeness is also demonstrated by for
instance Drag-and-pop (Baudisch et al., 2003) and Vacuum (Bezerianos and Balakrishnan,
2005): both techniques have been shown to enable quick access to remote objects in the
display by bringing them closer. Minimal physical movement was one design principle
underlying the design of Vacuum (Bezerianos and Balakrishnan, 2005).

Second, it seems a transient visualization may support a specific task more effectively by
allowing users to call up a tailored representation of only the types of information useful in
that specific task. That is, the relatedness of the information to the user’s current focus of
attention may affect the direct usefulness of the visualization for the specific task. In paper 3
we compared a transient fisheye view and a permanent fisheye view that were based on the
same degree-of-interest function. Instead, it might be more effective if the user can call up
different transient fisheye views that each provides only the information pertinent to the
user’s specific focus of attention in a particular task.

Third, the transiency or briefness of a particular transient visualization must match the
briefness of the user’s interaction with information needed for the supported tasks. Some
participants found that the transient fisheye interface disappeared too easily—seemingly, it
disappeared before participants were finished using the information provided in the fisheye
interface (paper 3). In programming, users might benefit from being able to alternate between
a fisheye view and a plain view as appropriate for the task at hand. In contrast, a transient
representation can be appropriate for tasks that require only brief use of the information (e.g.,
paper 2; Fekete and Plaisant, 1999).

The two empirical studies in paper 2 and 3 provide a basis for elaborating on the
characteristics of transient visualizations. However, the comparative evaluation of only two
specific applications of transient visualization with counterpart permanent visualizations is
not enough to reliably conclude about benefits of transient visualizations in general. More
research is clearly needed. One question to consider in future research is how a transient
visualization tailored for use in a specific task can be meaningfully compared with a
permanent visualization that must support varied work activity.

VISUALIZATIONS TO SUPPORT TEAM COORDINATION

Developing a large system is too much work for one programmer. Fortunately, work can
often be partitioned among the programmers in a team. Doing so, however, requires time
consuming communication between team members, for instance to coordinate work (Brooks,
1975; Ko et al., 2007). One reason that coordination requires communication is that visibility
of the work of individual team members, which is useful for maintaining awareness of what is
going on, is lacking.

In paper 5, we aimed to support awareness of a team’s work through visualization of
work items. Work items are descriptions of work tasks partitioned so that individual team
members can carry them out (Knudsen et. al, 1976). However, the systems used to manage
work items are not designed to provide an overview of the work items or the ongoing changes
made to work items. A visualization called WIPDash was designed to address these needs.
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WIPDash was deployed with two collocated teams, running on a large display in each team’s
room and on individual team members’ workstations. The teams were observed during one
week. No effect was found of the visualization in measures of situational awareness and
group satisfaction, but observations, logged activity data, and discussions with the teams gave
insight into the teams’ use of the visualization.

Based on comments from participants (paper 5) and from earlier research, it seems that
programmer teams appreciate a combined view of the entire shared workspace and changes in
it (Biehl et al., 2007). Our results suggest two types of use of such visualizations in a
programmer team environment. First, teams can use the visualization during meetings. In our
study, one team used WIPDash on the large display during daily standup meetings, and they
would like a view that is tailored to those meetings (paper 5). Whereas visualizations aimed at
individual users have long been researched (e.g., Eick et al., 1992; Froehlich and Dourish,
2004; Ellis et al., 2007), little is known about how visualization can support collaboration in
teams, for instance during meetings as seen in our study. Interest is gaining, however, in the
collaborative use of visualization (e.g., the CoVIS’09 workshop).

Second, team members may use the visualization to maintain awareness of the team’s
work by glancing at the display at natural breakpoints in their task (Biehl et al., 2007) or
when entering or leaving the room (paper 5). One problem that detracted from WIPDash’s
usefulness for such occasional glancing seems related to the automatically cycling between
different views in the visualization. An aim of the cycling was to limit the amount of
information in the display, but in practice it was found that nothing of interest was shown in
parts of the cycle. Participants suggested cycling only between views that contain recent
changes, but alternative approaches may be needed to make the display convey an appropriate
amount of information while being consistent. Design and evaluation of this type of display,
often called peripheral display in the literature, is complicated by inconsistent use of
terminology, and frameworks and guidelines have only recently started to emerge (e.g.,
Mankoff et al., 2003; Pousman and Stasko, 2006; Matthews et al., 2007).

In general, improving awareness has been the aim of much research (Schmidt, 2002). In
programming, tools for helping programmers maintain awareness of team members’ activity
in the source code have been found useful for identifying and resolving conflicts (e.g., Biehl
et al., 2007; Sarma et al., 2008). In contrast, WIPDash shows a higher-level view of a team’s
work based on the team’s repository of work items. Grinter (1995) found such higher-level
views in demand but lacking in code-centric tools. An interesting perspective for future
research is to combine information about work items with information about code activity in
one visualization. Finally, WIPDash was aimed at coordination in collocated teams, but
visualization of work items may also be useful to help maintain awareness of work in
distributed teams (Gutwin et al., 2004) and work of other teams (Begel et al., 2009).

EVALUATION OF VISUALIZATION TECHNIQUES IN COMPLEX WORK

Demonstrating the utility of an information visualization system or technique has been argued
to be crucial to the adoption of the system or technique (Plaisant, 1995). To that end,
laboratory experiments are weakened by their lack of realism, which long-term case studies in
contrast are rich in. Yet, understanding the effects of particular design factors of a
visualization technique may further development of the technique and eventually lead to its
adoption and use in practice. To that end, laboratory experiments are arguably strong where
case studies fail in producing precise results about the effects of individual factors in the
design of a visualization (Lam and Munzner, 2008).

All research methods have weaknesses or limitations, but the limitations of different
methods can be offset by using multiple methods (McGrath, 1995). We researched fisheye
interfaces in programming using (1) two different strategies, laboratory experiment and field
study, and (2) multiple data collection methods, or types of measures, in combination. The
research allowed us to assess the methods’ use, individually and in combination, for
evaluating fisheye interfaces in programming.
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First, the laboratory experiments provided basis for understanding participants’
interaction with the fisheye interfaces and how the interfaces affect participants’ performance
in representative tasks (paper 1 and 3). Data from the field study did not facilitate such
analysis, but allowed us to learn whether participants adopted the fisheye interface in real
work, how the interface was used across a variety of tasks, and which types of information in
the fisheye interface that were used (paper 4). The field study offset at least two limitations of
the laboratory experiments: the tools available in the programming environment were
controlled in the experiments, whereas participants in the field study could use any tool
available in their programming environment; and only particular types of tasks were used in
the experiments, whereas the field study investigates participants doing their own work tasks.

Second, the multiple data collection methods combined in the field study provided
stronger evidence of adoption and use of the fisheye interface (paper 4). For instance,
thinking aloud provided concrete situations of use that showed diverse uses of the fisheye
interface, but it is hard to generalize about how participants used the fisheye interface in their
work from the 55 observed incidents of use. In contrast, the 370 hours of activity logging
showed overall patterns in how the fisheye interface was used throughout participants work,
but it is hard to establish participants’ intent from the activity data.

Altogether, the multiple methods provided us with richer data for understanding how
fisheye interfaces are used in working with source code, for uncovering usability issues with
the interfaces, and for further developing the theoretical foundations of fisheye views.
However, some issues limit the conclusions that can be drawn from the results.

Learning is important to consider when interpreting our results. Participants in the
experiments might not have had sufficient time to gain proficiency in use of the interfaces
(paper 1 and 3). Consequently, the effects of the fisheye interfaces on participants’ behavior
and performance measured in experiments may not reflect effects that would be found in
practice after longer time of use. Participants in the field study used the fisheye interface for
weeks, but still did not consider themselves proficient (paper 4). Beyond initial learning of the
interface, participants may need long time to gain experience with using the interface across
work tasks. Moreover, it seems natural that people are focused on getting work done, not on
learning how to work more effectively (Carroll and Rosson, 1987). Researchers and designers
are thus challenged to improve the learnability of new interfaces. In the present research, it
stresses the need for stimulating participants to use of the interface in their work in new and
varied ways, some of which may develop into habits. Perhaps such learning can be impelled
by the researcher’s active involvement in participants’ work in longer-term studies, as
proposed by Shneiderman and Plaisant (2006). In any case, the field study approach does not
allow us to precisely determine what effects the interface has on participants’ productivity,
however proficient participants become.

Further, limitations in our approach to method triangulation in the field study present
opportunities for future research. First, to better understand how participants’ intent relates to
their actions, data from probes could be coupled more strongly to activity logging, for
instance by probing participants conditionally based on their activity. We used conditional
probes in a simple way, but the potential of this approach calls for further exploration.
Second, to allow stronger extrapolation of the observed situations of use, thinking aloud
recordings may be better coupled to quantitative activity data. Alternatively, a broader and
more representative sample of participants’ work may be collected either by using long-term
screen recordings (Tang et al., 2006) or recordings that are triggered by activities (Akers et
al., 2009).

Although participants adopted the fisheye interface and made comments that suggested
that they would continue to use it after the field study, we did not investigate whether they did
continue to use it. The field study reduces the reactivity of measures compared with the
laboratory experiments, but does not eliminate it entirely (McGrath, 1995). Investigating
whether participants use the fisheye interface after longer time using unobtrusive measures
could help demonstrate the utility of fisheye interfaces more convincingly.

Finally, integrating a fisheye interface a code editor so that it is suitable and stable
enough for real-life programming required extensive work and still participants experienced

13



problems. Earlier research has pointed out that visualization systems and tools must be stable
and integrate with existing work practices (Gonzales and Kobsa, 2003; Shneiderman and
Plaisant, 2006). But compared with standalone visualization systems, the difficulties of
properly integrating a visualization technique in an existing tool present a potential barrier to
conducting long-term studies. However, another approach challenges researchers to persuade
participants to use a new tool that implements the visualization technique in question, instead
of a tool they may already be proficient in using.

In all, our research demonstrates benefits and limitations of using multiple methods to
evaluate fisheye interfaces in programming. Combined, the laboratory experiments and the
field study provided more convincing evidence that fisheye interfaces are useful to
programmers. Perhaps more important, however, the multiple methods provided richer data
for better understanding how programmers use fisheye interfaces for navigating and
understanding source code—understanding which characteristics of a visualization technique
that contribute to improving users’ work may be crucial to the further development of the
technique and to its eventual adoption and use in practice. Our results indicate challenges for
future work in evaluating visualization techniques in complex work. For instance, a key
barrier to assessing a novel technique’s potential is that participants may not learn and adopt
the technique across tasks in their work. Opportunities for combining data from multiple
methods have been suggested that may inspire future research in evaluation of visualization
techniques in complex work.

CONCLUSION

The research in this thesis suggests that information visualization can improve programmers’
tools and environments. Looking ahead, I think several problems and opportunities warrant
further investigation. We need to better understand the characteristics of fisheye interfaces
that contribute to enhancing programmers’ abilities and how those characteristics can be more
widely utilized in programming. Also, there are problems specific to the integration of fisheye
interfaces in source code editors: tools that have many diverse uses may not be easily
replaced and we need to better understand how visualizations may extend such tools without
adverse effects. Further, questions fundamental to the design of fisheye interfaces still need
answering: How can we determine degree of interest? How can we distort the view to fit all
interesting information while also supporting effective interactions that feel natural to users?
Lack of design guidelines is a barrier to wider adoption of fisheye interfaces. Finally, there is
arguably a need for novel methods for evaluating visualization techniques. My hope is that
the use of methods triangulation presented in this thesis will be replicated and extended in
further research.
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ABSTRACT

Navigating and understanding the source code of a program
are highly challenging activities. This paper introduces a
fisheye view of source code to a Java programming envi-
ronment. The fisheye view aims to support a programmer’s
navigation and understanding by displaying those parts of
the source code that have the highest degree of interest given
the current focus. An experiment was conducted which com-
pared the usability of the fisheye view with a common, linear
presentation of source code. Sixteen participants performed
tasks significantly faster with the fisheye view, although re-
sults varied dependent on the task type. The participants
generally preferred the interface with the fisheye view. We
analyse participants’ interaction with the fisheye view and
suggest how to improve its performance. In the calculation
of the degree of interest, we suggest to emphasize those parts
of the source code that are semantically related to the pro-
grammer’s current focus.

Author Keywords
Fisheye view, information visualization, programming, Eclip-
se, user study

ACM Classification Keywords
H.5.2 [Information Interfaces and Presentation (e.g., HCI)]:
User Interfaces

INTRODUCTION

Programming is a complex human activity. The programmer
is typically required to develop correct source code from a
general description of how a program should work. As the
source code grows in size and complexity, the navigation
between and within the files comprising the source code be-
comes mentally demanding. In addition, the programmer
must continually switch between writing new code and un-
derstanding existing code, possibly constructed by other per-
sons. Extensive research has aimed to find ways of support-
ing the programmer in these activities [11,12,17].
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One approach to supporting navigation and understanding of
source code is information visualization [10, 14]. The first
instance of such an approach was probably Furnas’s fisheye
views [5]. In fisheye views, all source code lines are as-
signed a degree of interest calculated from their a priori im-
portance and their relation to the line of source code in focus.
Lines with a degree of interest below some threshold can
thus be removed or rendered at smaller sizes for a view that
contains both details and context. Fisheye views promise
to integrate pertinent information in just one view; informa-
tion that in state-of-the-art programming environments like
Eclipse, NetBeans and Visual Studio are presented in sepa-
rate windows or require explicit action on part of the user.

The benefits of applying fisheye views to programming have
not been examined empirically. Empirical studies of fish-
eye views in other domains have shown positive results, for
example [15], but have also shown high task completion
times [6], interference with users’ ability to remember the
location of objects [16], and low incidental learning [8].

This paper presents an extension of a widely used open-
source development environment with a fisheye view of
source code. The design of the fisheye view is described, as
are the underlying decisions. We present an empirical eval-
uation of the fisheye view that emphasizes both measures of
usability and analysis of interaction patterns. Based on the
evaluation, we suggest potential improvements to the algo-
rithms and user interface design underlying the fisheye view.
We discuss in particular the algorithm used to calculate the
degree of interest; this is relevant not only for fisheye views
of source code, but also for the general notion of fisheye
views and for fisheye interfaces in other domains.

RELATED WORK

Fisheye views have been used to visualize source code and
programs at different levels of detail. The SHriMP system,
for example, uses fisheye views on graph representations of
the program structure [18]. Turetken et al. [19] described
how to use fisheye views of models used in systems analy-
sis and design. Below, however, we discuss only the use of
fisheye views, and distortion techniques more generally, on
a single file of source code. In addition we discuss empir-
ical evaluations of applying fisheye views to other types of
mainly textual data, such as electronic documents and web

pages.

Furnas [5] defined a general case fisheye view and suggested
that it could be applied to source code, so as to display con-



text information in addition to the lines of source code that
the programmer focuses on. To create such a view, lines
of source code are assigned a degree of interest based on
(1) their level of detail, or a priori importance, and (2) their
distance from the user’s focus (e.g., the currently selected
line of source code). The level of detail is determined from
the hierarchical structure of the program, as given by the in-
dentation of source code lines. Thus, enclosing conditional-
or loop-statements are considered of greater general interest
than highly indented lines. Likewise, local details are con-
sidered more interesting than remote details: lines indented
on the same level and in the same block as the line in fo-
cus are considered of high interest to the user, while lines in
other blocks are considered less interesting. Furnas’s fish-
eye view hides program lines with a degree of interest below
a certain threshold. The display space gained from hiding
parts of the source code provides for contextual information
(i.e., lines of source code with a high degree of interest not
visible in a traditional view). Furnas argued that the fisheye
view, in virtue of its combination of program lines close to
the focus and higher-level information, would show the lines
of greatest interest to the programmer, thereby facilitating
programming.

Furnas’s paper left unanswered several questions about the
implementation of fisheye views for source code. Below we
discuss these questions to outline related work; the remain-
der of the paper may be seen as an attempt to answer them.
One question concerns the use of display space in the fish-
eye view, in particular how to handle a large amount of lines
with the same high degree of interest. Koike [9] proposed
to keep the total amount of information displayed (i.e., the
number of source code lines) constant, and presented an al-
gorithm that usually, but not always, fills the available space.
No general answer to this question is therefore available.

Another question concerns how to establish the user’s focus
in the source code, needed to calculate the distance compo-
nent of the degree of interest function. In Furnas’s paper the
focus is given by the currently selected line. It is not obvious,
however, that the focus need be only one line, nor clear how
to determine the focus in situations where the user interacts
with the source view using a mouse. An alternative to the
fisheye view, source code elision, requires the user to manu-
ally fold and unfold blocks of program lines, thus avoiding
the issue of defining the focal point. In Jaba [3], for example,
methods in Java classes were elided, diminishing the bodies
of methods while displaying the method signature lines in
normal size. An empirical study by Cockburn and Smith [3]
showed that such elision may improve navigation tasks in
programming. However, the cost of the user’s direct manip-
ulation of the view may in practice prove to outweigh the
benefits of elision. The experimental tasks used in Cockburn
and Smith’s study were simple and required little use of the
folding mechanism, leaving this question unanswered.

A third question concerns whether we can utilize richer in-
formation about the program structure than Furnas did, that
is, enhancing the degree of interest function beyond using
just indentation level. One technique to distort the source
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code that does this is program slicing. Program slicing was
first described as a method used by programmers for reduc-
ing the amount of code to look at when debugging or try-
ing to understand programs [20]. Program slicing limits the
view of the source code to those program lines which affect
the value of a specific variable. Tools for performing slic-
ing automatically have been found useful in debugging [21].
However, program slicing most often uses only variables to
slice the source code, not the structure of the source code, as
Furnas did. The choice of which variables to slice is usually
left to the user. In contrast to the intention of fisheye views,
this requires explicit and deliberate action on part of the user.

Yet another question concerns how to embed a fisheye view
in a source code editor, using the tools available in mod-
ern integrated development environments. As pointed out
by Koike [9], the focus may change continually when a user
edits source code. The effect of such changes on a straight-
forward implementation of fisheye views would probably be
visually very complex. This begs the question how the user’s
interaction with the editor affects the view, and how often the
view should be updated when the user’s focus changes. In
addition, the effects of editing (e.g., pasting or typing) source
code on the visual presentation is not treated in discussions
of fisheye views familiar to us.

We are aware of no evaluations of how fisheye views affect
programming at the level of interacting with individual files
of source code. However, the use of fisheye views on elec-
tronic documents and web pages has been investigated em-
pirically. Paez et al. [13] conducted an empirical study of
electronic documents where the font size was bigger for the
title, headings, and key sentences compared to other parts
of the document. Initially, the entire document was fitted
on the screen, and the user could zoom in on interesting
sections. The empirical study did not find this interface to
perform better than hypertext on measures of time, but did
find some positive user reactions towards the zooming inter-
face. Hornbak and Frgkjer [8] compared a fisheye interface
for electronic documents to overview+detail and linear inter-
faces. In a task that required participants to read documents
as a basis for writing essays, the fisheye enabled subjects
to quickly get an overview of and read the documents. Af-
terwards, however, participants were able to answer fewer
questions about the content. Fishnet [1] extended a web
browser with a fisheye view by using a bifocal display in
which the context area was compressed, while search terms
were kept readable and highlighted. In an empirical study,
Fishnet was found to improve certain web search tasks, de-
pending on the organization of the web page. However, only
3 out of 13 participants preferred the fisheye interface.

In summary, Furnas’s original paper and related work have
only partly addressed the questions regarding how to imple-
ment fisheye views for source code. Additionally, we find
no studies that have investigated empirically how fisheye in-
terfaces for source code work; studies of fisheye views for
electronic documents and web pages show mixed results.
The remainder of the paper therefore explores answers to
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Figure 1. Screenshots of (a) the Linear and (b) the Fisheye interface showing the same source file of 161 lines.

the questions raised, and provides an empirical evaluation of
our implementation of a fisheye view.

A FISHEYE VIEW OF SOURCE CODE

To investigate the questions above, we explored a number of
alternative designs for fisheye views of source code. Figure 1
(b) shows our preferred design, which we refer to as the Fish-
eye interface. Below we explain the design, and compare it
with a baseline linear interface shown in Figure 1 (a).

Both interfaces include an editor, implemented as a plugin in
Eclipse, an extensible development environment!. The plu-
gin extends the Java editor included in Eclipse’s Java Devel-
opment Tools. All features except line numbers and syntax
highlighting of the source code are disabled in the editor.
Both interfaces use an overview+detail approach in which
an overview of the entire document is shown to the right of
the detail view window; previous research [8] suggests such
an interface superior to using just a detail view. The detail
view shows a part of the document that the user has selected.
The overview shows the source code reduced in size to fit
the entire document within the space of the overview area;
the standard source code highlighting is preserved. The text
is unreadable, but it is possible to discern structural features
such as method boundaries and blocks of javadoc comments.
The part of the document shown in the detail view is visu-
ally connected with its position in the overview by lines. The
overview supports the mouse interaction normally expected
from a scrollbar; the thumb can be dragged to scroll the de-
tail view and clicking above or below the thumb scrolls the
detail view one page up or down.

The above features are common to the interfaces; the next
four sections describe the design of the Fisheye interface.
The plugin can be downloaded from the authors’ web sites.

Thttp://www.eclipse.org
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Focus and Context Area

In the Fisheye interface, the detail view of the source code is
divided into two areas: the focus area and the context area.
The total available space is evenly divided between the two
areas. The editable part of the view, the focus area, is re-
duced in size to accommodate a context area. The context
area uses a fixed amount of space above and below the fo-
cus area. It contains a distorted view in which certain parts
of the source code, being of less relevance given the focus
point, are diminished or elided. The focus point is defined
as all lines visible in the focus area. Thus, the context area
is updated when the user scrolls the view, and remains un-
changed when the user moves the caret within the bounds
of the focus area. Our design hereby circumvents the issues
raised earlier concerning how often the focus changes and
the potential problems of frequently updating the view.

Degree of Interest Function

A degree of interest (DOI) function determines if and how
much the lines are diminished in the context area. The de-
gree of interest for a program line x given the focus point p
is calculated as:

DOI(x|p) = API(x) — Dsyntactic(p; ) — Dsemantic(; @)

First, the DOI function is based on an a priori interest (API)
component defined by (a) the type of program line for which
the degree of interest is currently being calculated and (b)
that line’s indentation level. The type of a program line is de-
termined by deducing the most general abstract syntax tree
(AST) node from the line. A priori interest for a node n in
the AST of the source file with root node r is defined as:

API(n) = BI(n) — Jwropd(r,n)

A priori interest is the base interest of the node, BI(n), di-
minished with the factor wrop by the node’s distance to the
root, d(r, n). Program lines containing one of the keywords



Base interest for an indenting program statement 30
Base interest for a package declaration 20
Base interest for a type declaration 20
Base interest for a method declaration 20
Base interest for a field declaration 10
Base interest for a variable declaration 10
Base interest for block closing ”’}” 2
Level of detail weight wyop of node in API(n) 2

Table 1. DOI function constants in the Fisheye interface.

package, class, interface, or method, are assigned a higher a
priori interest than other lines. Enclosing statements —that
is, those lines containing one of the Java keywords catch, if,
finally, for, switch, try, or while—are also assigned a higher
a priori interest. This is similar to Furnas’s proposal. Ta-
ble 1 lists the values of BI(n) for different types of lines
that are used to balance how lines are diminished in the con-
text area. The constants were found through iterations of
the design and evaluation with programmers. For efficiency,
we process consecutive program lines as a block whenever
possible. AST nodes that span multiple lines, and lines of
other types than those mentioned above, for example com-
ment lines, are processed as blocks.

A second component of the DOI function is based on the
line’s distance from the focus point. The distance is calcu-
lated as the sum of the syntactic distance and the semantic
distance. The syntactic distance is calculated similar to Fur-
nas’s proposal; lines in the same indented block as the focus
point are closer to the focus point than lines on other inden-
tation levels and in different blocks, thus contributing to a
higher degree of interest. In addition to syntactic distance,
the Fisheye interface also calculates semantic distance from
the focus point. Lines containing declarations of classes,
methods and variables that are referenced in the focus point
are deemed more relevant than other lines, including syntac-
tically close lines, and are therefore assigned an even higher
degree of interest. This type of line is highlighted with an
alternate background color to express their semantic relation
to the visible lines in the focus point. Thus, our design move
beyond the ideas of Furnas by using semantic information in
the second component of the DOI function.

Magnification Function

A magnification function prioritizes each program line ac-
cording to its degree of interest in order to reduce the size of
the least interesting lines. A line’s magnification is thus de-
termined by its relevance relative to the amount of lines yet
to be allocated space in the context area. Lines with similar
degrees of interest are prioritized according to their distance
in lines from the focus area, so that lines closest to the fo-
cus area are allocated space first. Figure 2 lists a simplified
version of the algorithm used in the Fisheye interface.

We chose this strategy in the design of the Fisheye interface
to solve the problem of deciding how to use the available
display space, an issue that we discussed in the section on re-
lated work. An alternative implementation of Furnas’s fish-
eye view is to use a magnification function that does not take
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linesLeft = countLines(blocks);

foreach (block in prioritized blocks) {
ratio = availableSpace / linesLeft;
zoom = block.getDOI() * SQRT(ratio);
block.setZoomLevel (ZOOM_FACTOR * zoom);
linesLeft -= block.getLines();
availableSpace -= block.getHeight();

}

Figure 2. Pseudo-code for calculating the magnification
of lines in the context area.
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Figure 3. Fisheye view of 161 lines of source code; (a) the

Fisheye interface and (b) with alternative magnification
function that clips the source code to fit the view.

int getSpatialDistance() {

12z  void setSpatialDistance (int noc

the amount of available space into consideration, and simply
clips the view to the available display space. Figure 3 illus-
trates the difference between the two strategies. The fixed
degree of magnification for the source lines in Figure 3(b)
causes lines with a high degree of interest, that are far from
the focus area, to be suppressed or clipped from the view.
Similar approaches were used by Cockburn and Smith [3]
and Hornbzk and Frgkjer [8]. In contrast, our prioritization
strategy in Figure 3(a) first allocates space to the lines with
high DOI to assure that they are included in the view.

User Interaction

The focus area offers the same facilities for interaction as a
normal editor. The caret can be moved within the bounds of
the focus area, scrolling the view contents when moving the
caret against the upper or lower bound. The context area au-
tomatically reduces in size to fit the content; near the top of
the document, for example, when the user scrolls by hold-
ing an arrow key to move the caret past the upper edge of
the focus area, the upper part of the context area retracts.
By moving, or brushing, the mouse over lines in the context
area, those lines are highlighted in the overview. Clicking on
a line in the context area centers the focus area around that
line and places the caret in the line.

EXPERIMENT

To gain a better understanding of the usability of fisheye
views of source code, a controlled experiment was con-
ducted in which the Fisheye interface was compared to the
Linear interface. One goal of the experiment was to mea-
sure the usability of the interfaces for programming tasks,
especially to seek evidence regarding the expectations about
fisheye views raised by Furnas. Another goal was to describe
how users interact with the two interfaces, so as to gain an
understanding of how the design presented in the previous
section affect user’s navigation and understanding.



Participants

The 16 participants (2 female) were students at the authors’
department (7) or professional programmers (9). Partici-
pants were screened to have at least one year of program-
ming experience in an object-oriented language. Half of
them had over five years of general programming experi-
ence. The participants were between 24 and 34 years old.

Tasks

Tasks addressed both navigation and program understand-
ing. Navigation tasks from a study of source code elision [3]
were used to evaluate the hypothesis that the fisheye view en-
ables the programmer to navigate faster in the source code.
We expected that it would be easier to find the information
required to solve the task with the Fisheye interface, because
there would be no need for scrolling the view. In cases
where the information was not directly accessible without
scrolling, we expected the user to navigate more quickly to
the required information once it had been located.

To study whether the fisheye view affects program under-
standing, we also used composite task types that require
more complex user interaction than the navigation tasks.
These composite task types were based on issues in object-
oriented programming, including delocalization, which have
been discussed in the empirically based literature on pro-
gramming (e.g., [4]). Finally, we used a type of task con-
cerning the understanding of control structures in the source
code, similar to tasks used in a study of control structure di-
agrams [7]. Below we describe the instances of these task
types, which make up the 18 tasks used in the experiment.

One-step-navigation tasks

The first of two types of navigation task was of a form sim-
ilar to: ”In the method "update’, find the program line with
the first call to the method "Math.min’.” The tasks of this
type varied only with respect to the names of the methods
and used source files from [3]. The tasks were repeated with
source files of 186—187 lines and 368-376 lines.

Two-step-navigation tasks

The following is an example of the second type of navigation
task used in the experiment: “In the method "hasGreen’, find
the return type of the method that is called last.” Only the
method name in the task text were varied between tasks of
this type. Like the one-step-navigation tasks, this type of
task used source files from an earlier study [3], repeated with
source files of 162—176 lines and 365-366 lines.

Determine-field-encapsulation tasks

One of the composite tasks involved determining whether
or not two fields are encapsulated, that is, whether the vari-
ables are protected from external reference and correspond-
ing get- and set-methods exist. The tasks were of the fol-
lowing form, varying only by the names of the fields: "How
many of the fields ’fText’ and fFont” are encapsulated cor-
rectly?” The source used in these tasks contained 340-361
lines and 34-38 methods—too many methods to be visible
simultaneously in the Fisheye interface.
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Task type Linear Fisheye
One-step-navigation 2 2
Two-step-navigation 2 2
Determine-field-encapsulation 1 1
Determine-delocalization 2 2
Determine-control-structure 2 2
Total 9 9

Table 2. Number of tasks performed by each participant.

Determine-delocalization tasks

Another challenging type of task involved determining delo-
calization in the source code, for example: ”The method *up-
date’ (line 207-214) contains a total of 6 method calls. How
many of the methods called are declared in this file?” These
tasks used source code files from the JHotDraw 5.2 program
(http://www jhotdraw.org/) with a number of method calls
between five and nine, of which several were calls to meth-
ods declared in other files (delocalized code).

Determine-control-structure tasks

The last type of task concerned the control structure within a
single method. An example of a task concerned with count-
ing enclosing statements read: “In the method 'mergeTer-
mlInfos’ (line 201-238), how many for, while and if/else
statements enclose line 233?” An example of a task con-
cerned with finding the closing brace of a block read: ”In
the method 'renameFile’ (line 225-281), find the line con-
taining the *}’ that ends the if-block which starts on line
241 These tasks used source code files from two Apache
Jakarta projects selected to contain methods with a body of
more program lines than visible simultaneously in the Fish-
eye interface.

Materials

Participants used a laptop computer for the experiment with
the screen set to a 1024 x 768 resolution with 16-bit color.
The Eclipse window used all available screen space. For
input, participants used the laptop’s keyboard and an opti-
cal, wireless mouse. Tasks were presented in a task view in
Eclipse next to the editor view. Participants typed their an-
swer to the tasks in the task view and clicked a button to con-
tinue, enabling us to accurately register completion times.

Design

A within-subjects experimental design was used, the inde-
pendent variables being interface type (Fisheye, Linear) and
task type (One-step-navigation, Two-step-navigation, Deter-
mine-field-encapsulation, Determine-delocalization, Deter-
mine-control-structure). Participants performed a set of nine
tasks with each interface, see Table 2. The order of tasks and
interfaces were systematically varied and counter-balanced
across participants.

Procedure

Prior to solving the 18 experimental tasks, participants were
given an introduction lasting about 30 minutes. In the intro-
duction, participants were explained how to operate the two
interfaces, and were given a few minutes to try them. As part



of the introduction, participants also performed a set of nine
warm-up tasks; five tasks using the Linear interface and four
tasks using the Fisheye interface. Participants were allowed
to ask questions during the warm-up tasks. Details of the
tasks were explained and, if participants were hesitant, they
were reminded how to operate the interfaces.

After the introduction, a set of nine experimental tasks were
performed with each of the two interfaces. The participants
were urged to give correct answers as quickly as possible,
without asking questions during the experiment. A question-
naire about the interface just used was administered to the
participants following each set of tasks. This questionnaire
contained five questions from QUIS [2], and eight additional
questions specific to the experiment (see Table 4). A third
and final questionnaire was administered after all tasks had
been completed, asking the participants for their age, gen-
der and programming experience. The questionnaire also
asked participants to compare the Fisheye interface with the
Linear interface on a comparative scale. Additionally, par-
ticipants were asked to write advantages and disadvantages
of the Fisheye interface compared to the Linear interface.
Finally, they were given the opportunity to verbally express
their experiences with the two interfaces. The entire experi-
ment lasted between 60 and 90 minutes for each participant.

RESULTS

The data collected comprised task completion times, accu-
racy, preference, and participants’ satisfaction with the in-
terfaces. Data were analyzed with repeated measures analy-
sis of variance. Because the distribution of task completion
times was positively skewed, the completion times were sub-
jected to logarithmic transformation prior to analysis.

Accuracy

We find no significant difference between interface type in
the accuracy of participants’ answers to the tasks, F'(1, 14)
147, p = .707. In total, 288 tasks were completed by the
participants, of which 129 tasks were completed correctly
with the Linear interface (89%) and 131 tasks completed
correctly with the Fisheye interface (91%).

Task Completion Times

The task completion times are summarized in Table 3. The
average task completion time is lower with the Fisheye inter-
face compared to the Linear interface, F'(1,14) = 4.76,p =
.047. However, tasks and interfaces interact, F'(8,7)
9.57,p = .004, and we thus analyzed data per task to de-
scribe those task related differences.

Completion times show no significant difference between
the interfaces in one-step-navigation tasks, F'(1,14) =
0.57,p = .463. In two-step-navigation tasks, participants
used significantly less time with the Fisheye interface com-
pared with the Linear interface, F'(1,14) = 9.49, p = .008,
a difference of 18% in average completion time. We ex-
pected the fisheye view to generally improve navigation.
However, the results suggest improvements only when nav-
igating to methods that are visible and highlighted because
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Task type Linear Fisheye

M SD M SD
One-step-navigation ¢ 323 162 305 135
Two-step-navigation ¢ 399 139 338 139
Determine-field-encapsulation * 80.7 24.7 96.8 37.6
Determine-delocalization ¢ 92.1 469 61.1 34.1
Determine-control-structure ¢ 439 17.1 50.5 20.7
Average 552 358 498 315

Table 3. Task completion times in seconds. Significantly
lower times are shown in bold. (a) N=32, (b) N=16.

they are being referenced in the focus area, which occurred
in the second step of the two-step-navigation tasks.

Participants tended to complete determine-field-encapsula-
tion tasks slower using the Fisheye interface compared with
the Linear interface, but the difference in average comple-
tion time was not significant, F'(1,14) = 2.24,p = .157.
Though not significant, we did not expect to find inferior
performance of Fisheye compared to the Linear interface.

In determine-delocalization tasks, participants counted how
many of the methods or fields used in the body of a given
method that were declared in the source file. On average,
participants completed those tasks significantly faster (about
51%) using the Fisheye interface compared with the Linear
interface, F'(1,14) = 13.9,p = .002.

The determining-control-structure tasks involved counting
the conditional and loop statements that enclosed a given
program line, or finding the closing brace of a given loop
control structure. Overall, we found no difference in com-
pletion time for these task types, F'(1,14) = 3.85, p = .070.
However, participants used more time to find the closing
brace of a given loop control structure with the Fisheye inter-
face compared to the Linear interface, F'(1,14) = 7.73,p =
.015. When implementing the Fisheye interface, we as-
signed a relatively low base interest to closing braces, Ta-
ble 1. As a result, the closing braces to be found in these
tasks were not visible in the context area. This may explain
why participants used more time with the Fisheye interface,
because they had to scroll the view to find the closing brace.

Satisfaction

Overall, participants preferred the Fisheye interface com-
pared with the Linear interface (t = —5.229,df = 14,p <
.001). Only one participant slightly preferred the Linear in-
terface and one participant did not answer the question.

Average satisfaction scores for the two interfaces are sum-
marized in Table 4 for the 14 questions that the participants
answered. All questions were answered on a scale from one
to seven. Across all questions, the participants rated the
Fisheye interface better than the Linear interface, multivari-
ate analysis of variance F'(1,15) = 10.0,p = .005. Below
we analyse each of the questions; all tests are made with in-
dividual analyses of variance tested against F'(1,15).

In general, participants liked the Fisheye interface better



than the Linear interface (p < .006). The Fisheye interface
also scored better on the scale from terrible to wonderful
(p < .004). There was no significant difference in how the
participants found the two interfaces on the scale from hard
to easy (p > .9). However, three participants mentioned
as a disadvantage of the Fisheye interface that it required
more training to use effectively. Participants found the Fish-
eye interface both more pleasant (p < .03) and more fun
(p < .001) to use than the Linear interface.

On the scale from confusing to clear, the participants found
the Fisheye interface to be significantly less clear than the
Linear interface (p < .04); the only question where the Fish-
eye interface scores lower than the Linear interface. Five
participants commented as a disadvantage of the Fisheye in-
terface that it could be confusing to use, in particular with
scrolling. Also, some participants did not clearly understand
that program lines were shown and highlighted because they
were related to one or more lines in the focus area. We found
no significant difference between the two interfaces in the
participants’ answers of whether they often lost their orienta-
tion in the source code (p > .05), nor was there a difference
in the answer to whether it was clear to them where in the
source code they were looking (p > .25). These results sug-
gest that the Fisheye interface was not confusing in general,

Satisfaction question Linear Fisheye
1. How did you find the interface in general?
Very poor - Very good  4.13 (.34) 5.44 (20)
2.-6. How was the interface to use?
Terrible - Wonderful ~ 4.00 (29) 5.3 (.15)
Hard - Easy  5.19(37)  5.13 (.31)
Frustrating - Pleasant 3.81(41) 5.00 (.29)
Boring - Fun 3.56 (.29) 5.25(.35)
Confusing - Clear 5.81(31) 4.50 (.37)

7. It was clear most of the time where I was in the source code.

I disagree - I agree 5.88 (.31) 5.25 (.36)
8. I often lost my orientation in the source code.
I disagree - I agree 2.88 (43) 2.56 (.26)
9. How do you perceive the tasks?
Very challenging - Very easy 5.31(27) 5.56 (24)
10. How were your answers to the tasks?
Very poor - Very good 5.56 (.26) 5.75 (27)
11.-12. Was the source code...
Hard to understand - Easy to understand 4.81(31) 5.19 (23)
Hard to overview - Easy to overview 4.44 (.38) 4.94 (.28)

13. Were methods you were trying to locate in the source code...

Hard to locate - Easy to locate 3.50 (.39) 5.31(.35)
14. Were other information in the source code...
Hard to locate - Easy to locate 3.50 (.35) 5.60 (22)

Table 4. Average satisfaction scores (and standard error
of the mean) for the 14 satisfaction questions for the two
interfaces. The anchor points on a semantic differential
scale is shown below each question. Significantly better
scores are shown in bold.
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but rather that it was confusing when searching by scrolling
in the source code.

Participants found it easier to find methods (p < .004) and
other information (p < .001) in the source code with the
Fisheye interface than with the Linear interface. Also, most
participants commented in the questionnaire that they felt
the Fisheye interface gave a better overview of the source
code and helped to locate methods and variables. About
half of the participants commented as an advantage that they
could see enclosing statements in the Fisheye interface.

The fisheye view’s poor performance in determine-field-en-
capsulation tasks may be explained by comments made by
some participants. They found it difficult to search for vari-
ables and methods in the context area while scrolling, be-
cause the context area was displaying lines which are se-
mantically related to the lines in the focus area. As lines
scroll in and out of focus, different semantic relationships in
the source code take effect, resulting in irregular changes to
the context area.

The focus area in the Fisheye interface was too small accord-
ing to comments made by 12 out of the 16 participants. A
few participants added that they would find this a problem
when writing or editing the code.

Interaction with the Interfaces

Data describing the participants’ interaction with the inter-
faces were automatically collected during the experiment.
We visualized this interaction with progression maps, which
have previously been used to analyze reading of electronic
documents [8]. Analysis of the progression maps revealed
patterns in the participants’ interaction which, in many of
the tasks, are clearly distinguishable between the two in-
terfaces. The patterns evident in the progression maps sup-
port the conclusions based on the task completion times, but
also indicate some problems with the Fisheye interface. We
show representative patterns and provide counts of partici-
pants who interact in a similar way.

The progression maps are used to show which part of the
source file was visible in the focus area at a given time during
the task (see Figure 4 to Figure 8). Dashed horizontal lines
ending in a circled number to the right of the map indicate
program lines that hold the answer to the task. In progression
maps for tasks where more than one program line is used to
answer the task, the numbers indicate the order in which the
lines are to be used. Certain forms of interaction are anno-
tated with symbols in the progression maps: a hand symbol
when user scrolled the view by dragging the scrollbar thumb
and an arrow-in-document symbol when user clicked in the
context area. Other interaction forms are directly discern-
able from the map, such as scrolling by arrow keys and page
up/down keys respectively.

Typical patterns found in progression maps for two of the
two-step-navigation tasks, see Figure 4, show that with the
Linear interface, participants had to search through the file
for both methods. With the Fisheye interface, 11 out of
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Figure 4. Progression maps, two-step-navigation tasks.

16 participants were able to find the return type in the sec-
ond method directly in the context area. Similar differences
are evident in progression maps for the one-step-navigation
tasks.

Progression maps representative for determine-field-encap-
sulation tasks are shown in Figure 5. The patterns indicate
that while participants found places of interest and jumped
by clicking in the context area in the Fisheye interface, they
also needed to scroll to search the 34-38 methods. Analysis
of the progression maps does not yield any explanation why
participants solved this type of task slower with the Fisheye
interface, as the task completion time results suggest. One
possible cause is that participants searched more slowly by
scrolling in the Fisheye interface than in the Linear interface.

Typical interaction patterns can be seen in the representa-
tive progression maps for determine-delocalization tasks in
Figure 6 (involving variables) and Figure 7 (involving meth-
ods). The progression maps confirm that participants made
several searches and jumps in the source code with the Lin-
ear interface. Being asked to determine how many of the
called methods were defined in the source file, they had to
search for the definition of each method, returning each time
to find the name of the method called next, start searching
again, and so forth. The progression maps for the Fisheye
interface show that once participants had navigated to the
method, they were able to use the fisheye view’s context area
to find the information necessary to complete the tasks. In
the Fisheye interface, 12 out of the 16 participants completed
the tasks with minimal interaction.

Figure 8 shows the progression maps for the two determine-
control-structure tasks that involved counting program state-
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Figure 5. Progression maps, determine-field-encapsula-
tion tasks.
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Figure 6. Progression maps for determine-delocalization
tasks involving variables.

(a) Linear

ments enclosing a given line. In the first task, all participants
using the Linear interface scrolled down to the specified line,
and were then able to answer the task without scrolling fur-
ther, Figure 8(a). Six out of eight participants using the Fish-
eye interface continued to scroll the focus area to determine
the control structure and answer the task, Figure 8(b). The
Fisheye interface thus makes the task of finding the enclos-
ing statements harder for participants. The second task, Fig-
ure 8(c) and 8(d), shows a different result. All participants
using the Linear interface, once they had found the specified
line, had to scroll back at least once to determine the con-
trol structure. Seven of eight participants using the Fisheye
interface, however, could determining the control structure
using the context area without scrolling any further. These
interaction patterns confirm our hypothesis that the Fisheye
interface helps to determine large control structures faster.

For determine-control-structure tasks where participants had
to find the closing brace of a loop-structure, the progression
maps did not show any apparent differences in how partici-
pants interacted with the Fisheye interface compared to the
Linear interface. The inferior performance with the Fish-
eye interface in these tasks, with respect to task completion
times, could be caused by the smaller focus area.

DISCUSSION

The results from our experiment show an overall improve-
ment in task completion times with the fisheye interface for
representative program navigation and understanding tasks.
Yet, strong differences in task completion times were found
among tasks. Participants were equally accurate in answer-
ing the tasks. They much preferred the Fisheye interface and
scored it significantly higher on 6 of 14 satisfaction ques-
tions, for example concerning whether the interface was eas-
ier or more pleasant to use. By analyzing progression maps,
we identified great variation in how the participants inter-
acted with the Fisheye interface. In spite of the short time
the participants used the interface, several of them displayed
very effective use of the fisheye view. The context area was
frequently used for searching and navigating in the source
code. Many tasks were completed with sparse interaction
resulting in reduced physical effort compared to the interac-
tion with the Linear interface.

To discuss our design and empirical results, we return to the
questions raised in the section on related work. The first
question concerned how to use the display space in a fisheye
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Figure 7. Progression maps, determine-delocalization tasks involving methods.
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Figure 8. Progression maps for determine-control-structure tasks concerned with counting enclosing statements. The
line numbered 1 indicates the program line given in the task, line 2 the farthest line needed to answer the task.

view. Many fisheye views of text [1,3, 8] show mostly di-
minished text in the context area. We propose to have mainly
readable text displayed in the context area. This allows direct
use of the information in the context view, which is evident
in the tasks where users directly read source lines displayed
in the context area or when they click in the context area to
jump to a certain line. Further experimental work is needed
to understand the difference between these two approaches
to displaying content in the context views. Alternative ap-
proaches should be considered; for example, dispensing with
a static context area and displaying context information in
proximity to the focus point would make it clear to the user
why that context information is displayed.

A second question concerned how to establish the user’s fo-
cus point in the source code. Our solution to use a focus
area spanning many lines as the focus point gives the inter-
face stability, because the context view rarely needs updat-
ing. Some participants, however, were confused about what
semantic relation that caused program lines to be shown and
highlighted in the context area. How to make transparent to
users why lines are shown in the context view is not easy.
One solution could be to allow the user to control the fo-
cus point more accurately, for example by the position of the
caret. This would allow for an easily understandable relation
between focus point and context information, but would also
make the interface visually busy.

We succeeded in using richer information in establishing
the degree-of-interest, a challenge also raised in the section
on related work. Our data show that the Fisheye interface
helped participants to find and navigate to a method, if the
method is semantically related to the focus area. Partici-
pants also spent less time using the Fisheye interface to de-
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termine which methods are called in the focus area. The
significant effect of showing lines in the context area that
are related to the focus area may have been influenced by
those lines being highlighted. Nevertheless, we argue that
fisheye views in source code editors should include program
lines which are referenced by the lines in the programmer’s
focus. In contrast, the results of our experiment leads us to
believe that the Fisheye interface is less useful for display-
ing lines containing declarations of methods and variables,
which are not directly related to the programmer’s point of
focus. In common programming environments, such lines
are typically displayed in outlines of the edited source file.
Considering the tradeoff between showing those lines in the
context area compared to having a larger focus area for edit-
ing source code, we think that the base interest assigned to
such lines as method headers in the Fisheye interface seems
too high (see Table 1). Future work could examine the rel-
ative utility of the various kinds of information that could
be shown in the context area, but also alternative ways of
creating the degree of interest function; automatically, for
example, by using eye tracking or logging of participants’
navigation.

The fourth question raised in the section on related work
concerned how to integrate fisheye views in a modern de-
velopment environment. Our plug-in works with Eclipse,
but some issues remain. In particular, our implementation
of how the fisheye view changes when scrolling is still un-
satisfactory: the information needed when scanning during
scrolling seems much different from that needed while read-
ing and editing source code.

At least three problems and limitations of the experiment
should be considered when interpreting the results. First,



participants were given relatively short time to practice with
the interfaces before the experiment. Informal observations
made during the experiment suggest that participants some-
times hesitated or expressed doubts, leading us to suspect
that they were given insufficient time to become confident
in using the Fisheye interface. Second, the realism of the
programming environment was reduced because we limited
the tools available to the participants during the experiment.
Modern source code editors often offer advanced features,
such as hyperlinking and advanced highlighting. Also, many
tools are usually available in addition to the editor, such as
the outline view mentioned earlier, which may affect how
programmers use the editor. Our results do therefore not
necessarily reflect the effect of the Fisheye interface in prac-
tice. Third, simple programming activity was investigated
in this paper. In particular, we investigated only navigation
and program understanding of static programs, not of pro-
grams that are created or modified by the user. We still face
the challenge of uncovering what long term effects fisheye
views in source code editors may have on programming.

CONCLUSION

We have presented a design and empirical evaluation of a
fisheye view applied to source code. The aim has been
to support programmers in navigating and understanding
source code by displaying those parts of the source code that
have the highest degree of interest given the programmer’s
current focus. In designing the interface, we have priori-
tized to retain a static division between the focus and the
context areas of the fisheye view, and to saturate the context
area with readable information. Further, we have introduced
semantic relations between parts of the source code in the
calculation of the degree of interest. The interface is fully
integrated with the Eclipse development environment.

In an experiment, we compared the usability of an interface
using the fisheye view with an interface using a linear view
of the source code. Sixteen participants performed nine tasks
with each of the two interfaces. Overall, the participants per-
formed the tasks significantly faster with the fisheye view,
although an effect of task type was present. The participants
generally preferred the interface with the fisheye view. The
experiment illustrates how participants interacted with the
fisheye view, thereby identifying information in the context
area that was useful to participants. Semantically related in-
formation seems important, while source code displayed be-
cause of a high a priori degree of interest was less useful.

In summary, fisheye views seem promising for displaying
source code. Our study suggests, however, that further work
should attempt to improve performance across all tasks, and
that the degree of interest function may be further refined.
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ABSTRACT

Information visualizations often make permanent changes to the
user interface with the aim of supporting specific tasks. However,
a permanent visualization cannot support the variety of tasks
found in realistic work settings equally well. We explore
interaction techniques that transiently visualize information near
the user’s focus of attention. Transient visualizations support
specific contexts of use without permanently changing the user
interface, and aim to seamlessly integrate with existing tools and
to decrease distraction. Examples of transient visualizations for
document search, map zoom-outs, fisheye views of source code,
and thesaurus access are presented. We provide an initial
validation of transient visualizations by comparing a transient
overview for maps to a permanent visualization. Among 20 users
of these visualizations, all but four preferred the transient
visualization. However, differences in time and error rates were
insignificant. On this background, we discuss the potential of
transient visualizations and future directions.

Categories and Subject Descriptors

H.5.2 [Information Interfaces and Presentation (e.g., HCI)]:
User Interfaces, 1.3.6 [Methodology and Techniques]:
Interaction Techniques

General Terms
Design, Human Factors

Keywords
Interaction techniques, visualization, transient, lightweight, fluid,
overview+detail, fisheye

1. INTRODUCTION

Many information visualizations make permanent changes to the
way the visual structure of information appears in the user
interface. Different mechanisms are used toward this change, such
as transforming the visual structure, adding features to the visual
structure, and using multiple views. For example, Fishnet [1]
permanently applies a bifocal display transformation and adds
search-term popouts to the visual structure of a web page, and
Popout Prism [15] permanently adds a zoomed-out overview to
the detail view of a web page.

Designing permanent visualizations that are suitable for realistic
work environments is complicated by the diversity of tasks that
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need to be supported. For example, consider a fisheye view of
source code that presents context information relevant to the
current focus. Such as view may support navigation and
understanding, but the same fisheye view is inappropriate for
writing and editing code because programmers want a large view
of source code for those tasks [11]. Based on the observation that
a particular design of a permanent visualization may be suitable
only in some scenarios, Baudisch et al. [1] recommended that
users should be allowed to bring up visualizations on demand, for
example by using a keyboard shortcut.

We discuss transient visualizations, interaction techniques for
transient use of information visualizations close to the user’s
focus of attention. Many user interfaces successfully employ
techniques that provide users with transient information in the
context of their focus of attention, including tool tips and context
menus. Also, the HCI literature presents numerous techniques that
involve transiency, lightweight interaction, and visualization [e.g.,
4,9,10]. However, we are unaware of any attempts at generalizing
about using information visuali-zations transiently. Therefore, the
general benefits of transient visualizations and the factors that
advance and restrict their use are unclear. In this paper, we present
examples to probe potential benefits of transient visualizations,
and report an initial validation of one instance of a transient
visualization.

Contributions of our work are (a) to direct researchers’ awareness
toward transient uses of information visualizations that may help
avoid problems inherent in the design of permanent visualization
interfaces, (b) to provide a basis for practitioners to consider how
transient visualizations may be utilized in the work practices they
seek to support, and (c) to present encouraging initial data about
the usability of transient visualizations.

2. CHARACTERISTICS OF TRANSIENT
VISUALIZATIONS

Transient visualizations have four characteristics:

¢ Immediacy; to bring the user into direct and instant
involvement with the information representation.

*  Transiency; information is only displayed tempo-rarily,
and is easily dismissed, which means that no display
space is used permanently.

*  Closeness; the information is shown close to the region
of focus in the display (e.g., cursor or caret), resulting in
fast access to the information because of minimized
sensory-motor efforts of the user.

*  Contextuality; the information is related to the user’s
current focus of attention, for example by adding context
for interpreting the information in focus.



We contrast transient visualizations with permanent information
visualization interfaces, such as overview-+detail interfaces where
permanent display space is allocated to an overview window [15].
First, designers are challenged with deciding what information is
needed in various contexts of use and fitting the information into
the limited display space of a permanent visualization. In contrast,
using transient visualizations to facilitate infrequent and
unpredictable contexts of use, the original permanent view can be
dedicated to information used in frequent contexts of use.

Second, adopting permanent visualizations to improve an existing
tool may break established uses of the tool. However, the means
of invoking and interacting with transient visualizations can be
tailored to particular contexts of use, thus supplementing
established interaction habits.

Finally, rich and dynamic views in permanent visualizations may
visually disorient and annoy the user. In contrast, using transient
visualizations that appear only temporarily and under the user’s
control helps prevent visually complex and disorienting interfaces.

3. EXAMPLE APPLICATIONS

To provide concrete arguments for the potential of the idea of
transient visualizations, we present sketches of transient
visualizations that support tasks in three different domains, and
describe a prototype of a transient visualization in a programming
environment.

3.1 Searching in Documents

In conventional web browsers, ‘Find’ automatically jumps to the
first instance of words as they are typed. However, scrolling
between found instances may disorient the user [15]. Recent
studies have shown overview+detail visualizations [15] and
bifocal displays [1] to be efficient and preferred by users for
searching in documents. Among the advantages experienced by
participants using an overview+detail interface, Suh et al. [15]
report that the interface gives “a sense of context, density, and the
ability to see all occurrences of a keyword at once” and provides
orientation support for navigating in the document.

In the design mock-up in Figure 1, we show a transient
visualization to support in-document search; our approach extends
a conventional browser window by calling up a thumbnail
overview when the user invokes the ‘Find’-bar. As the user begins
to type keywords, instances of the words are highlighted in the
overview. The user can move between highlighted words using
the keyboard, or drag the field-of-view window using the mouse.
Behind the overview, the original view scrolls the document
accordingly, visually coupling the overview to the original view.
Finally, the overview can be dismissed to scroll back to the
original location in the document by suspending the ‘Find’ action
(e.g., with the Escape-key).

We believe that our suggested design provides the same support
for in-document search as a permanent overview by giving an
overall sense of the location, density and co-occurrences of
keywords. Additionally, in contrast to a permanent overview, (1)
the overview does not compete for permanent display space, and
(2) fluid keyboard interaction allows the user to complete their
task without having to switch to mouse. In reading tasks,
Hornbzk and Frekjar [8] found overviews to support navigation
and help to get a structural overview of the document, yet the
overview may also distract the user. A study by Nekrasovski et al.
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Figure 1: Sketch of transient overview of document with
popout instances of words entered in the ‘Find’ bar.

[13] showed no performance effects of overviews used for
navigating large hierarchical trees, but participants perceived them
as beneficial. These results indicate that a transient overview may
support particular uses such as searching or providing structural
overview for navigation with less risk of distracting the user
compared with a permanent overview.

3.2 Planning and Navigating Routes in Maps
Viewing and interacting with maps has received much attention in
HCI research, and have been addressed by different visualization
approaches including panning and zooming, overviews, and
distortion techniques such as fisheye views [7]. A common use of
maps is for planning and navigating a route to a destination. When
navigating toward a remote destination, travelers commonly use a
detailed map to orient themselves at their current location.
However, an overview of the route to the destination may
occasionally be needed to support a sense of direction and
awareness in travels ahead. Getting an overview using
conventional map applications may require considerable zooming
in and out and panning the map to find road names and landmarks
on the route ahead.

The mock-up presented in Figure 2 shows a way to extend a
conventional map view with a transient visualization to address
this problem. The user invokes the visualization by clicking on the
route, calling up a map of a higher scale, thus showing the route
farther toward the destination. In Figure 2, the user has further
clicked three times on the route, to call up maps of continually
higher scales, until the complete route is revealed. Finally, the
visualization can be dismissed by clicking on the original map.
The route provides fixing points for “stitching together” the maps
of different scales, and the selected route can also be used to
deduce contextual information, such as road names along the
route that should be highlighted.
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Figure 2: Route visualization where transient zoom-outs at
progressively higher scales of a map have been called up by
clicking repeatedly on the route to show the way to the
destination.

This example shows how to extend the design space of
information visualizations to transient use in a particular context,
where permanent visualization techniques do not seem useful.
Fisheye interfaces that geometrically distort maps are useful only
to a limited degree of magnification and the distortion may inhibit
users from recognizing shapes of roads and locations of
landmarks [18]. Overview+detail interfaces may give an overview
of the route, but to discern landmarks and road names along the
route the user has to move the detail view. Zooming interfaces
require the user to pan or continually zoom out to get an overview
of the route, and then zoom in to see details of the route. In
summary, while these different techniques may be useful for
frequent contexts of use, it may be worthwhile to pursue transient
visualizations for particular tasks such as the focus of this
example.

3.3 Programming

Programming is a complex human activity that information
visualizations potentially can support [11]. However, as
mentioned earlier, applying a permanent visualization to source
code can be complicated. Figure 3 shows a transient fisheye view
of source code implemented as a plug-in for the Eclipse Java IDE.
The visualization is invoked using a keyboard shortcut; popup
views then appear above and below the editor window. The views
contain lines with references to the variable that the user has
currently selected with the caret. Arrow keys are used to select a
line and pressing ‘Enter’ centers the view on the selected line. The
visualization can be dismissed with the ‘Escape’ key.

Our design aims to support source code navigation and program
understanding by providing lightweight access to contextual
information relevant to the current focus in the source code.
Compared with a permanent fisheye view, our design allows a
large view of source code that programmers seem to prefer for
writing and editing code. Furthermore, we aim to support fluid
interaction with the transient fisheye view in programming by
extending existing uses of the keyboard. A recent user study of
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programmers has shown extensive use of keyboard shortcuts for
navigating in source code [13], and transient views showing
outlines and type hierarchies are familiar in common
programming environments such as Eclipse. We thus believe
programmers may easily adopt transient visualizations that are
invoked using keyboard shortcuts.

3.4 Writing

A very common task in writing is to find the right word at some
point in a sentence. A thesaurus can be particularly effective for
this task when writing in a language different from your mother
tongue. In many word processors, finding the right word involves
selecting a word, looking it up in the dictionary or thesaurus,
browsing the definition and navigating links to synonyms.

Figure 4 shows a mock-up of a transient thesaurus visualization
overlapping a text that the user is editing. The visualization is
called up with a keyboard command to show words that are
related to the word at the caret position. The user can interact with
the visualization to explore more synonyms of a particular
meaning; the highlight box can be moved with the cursor keys or
mouse to one of the connected words, and selecting a word
animates the visualization to center around that word, thus
revealing more synonyms of that word. Also, the user can call up
a window with the definition of a selected word. Finally, the
visualization can be dismissed either to replace the original word
in the sentence with the selected word (e.g., by hitting Enter) or
without making changes to the text (by hitting Escape).

Our design utilizes the hierarchical organization of words in a
thesaurus. In contrast to a linear textual representation, users can
visually perceive from the visualization how synonyms of a word
are grouped by similar meanings. Also, synonyms are presented
close to the word and its surrounding text so that users can
imagine how other words fit into the text. Finally, by making the
visualization easy to invoke and dismiss, we aim for the use of the
transient thesaurus to become an effortless part of writing.

4. RELATED WORK

We have aimed to demonstrate alternative uses of information
visualizations by extracting and refining ideas from previous
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work. This section overviews such related work in HCI research
that use transient representations of information and light-weight
interaction.

Excentric labeling provides labels for a neighborhood of objects
located around the cursor [5]. By showing labels temporarily
when the cursor stays over an area for more than a second, the
technique avoids information clutter and the need for extensive
navigation. Side Views uses transient views to provide dynamic
previews of multiple commands by visualizing the outcome of
commands on the current selection, for instance using bold, italic
or underline on selected text [16]. Zellweger et al. [19] studied the
impact of lightweight, animated glosses for link anchors on
hypertext browsing. Altogether, these transient preview
techniques help users to probe relevant information without
navigation and display switching, and to assess possible actions
without resorting to “trial-and-undo”.

Context menus that pop up near the mouse cursor or text caret
present commands related to the current focus (e.g., for changing
the font of selected text). Hotbox extends context menus with
multiple menu bars centered around the cursor and with access to
additional menus via mouse gestures [12]. See-through tools are
another technique that provides close and contextual access to
commands without requiring permanent display space [4].

Many information visualizations use brushing to highlight (or
affect) instances in other views of an object that the user brushes
over [2]. Highlighting techniques have been adopted, for example,
in the Eclipse Java source code editor, where the caret can be
placed in a variable to highlight all references in the code to that
variable. Similar ideas have been demonstrated in spreadsheets
[9]. These techniques provide immediate and non-intrusive
visualizations through lightweight interaction.

Large and small displays accentuate problems in human-computer
interaction, which have prompted HCI research to generate novel
interaction techniques to temporarily bring objects that are
otherwise hard to interact with closer to the user. The interaction
technique called Vacuum helps reach remote objects through
proxies that are transiently placed close to the cursor for easy
manipulation, reducing the physical demands of the user [3].
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Similar challenges in small displays have brought about
techniques to visualize and navigate to off-screen targets with
halos and proxies [10].

5. EXPERIMENT

To provide initial data about the wusability of transient
visualizations, we conducted a study comparing two interfaces for
viewing maps, shown in Figure 5. Both interfaces include a view
that can be panned to show different parts of a map; the user
clicks and drags the mouse opposite the panning direction (i.e.,
the map follows the mouse). The interfaces also contain a
semitransparent overview of the entire map. The overview partly
covers the detail view so that it is possible but hard to discern map
details in the detail view under the overview. However, it is not
possible to “click through” the overview to interact with map
details. Interaction with the overview differs between the
interfaces. In the Permanent interface (PI), the overview is
permanently shown in the upper right corner of the detail view.
The user can click and hold the left mouse button to drag a field-
of-view box in the overview in order to pan the detail view. In
contrast, the Transient interface (TI) does not permanently show
an overview, but a transient overview can be invoked at the
location of the mouse cursor by pressing and holding down the
right mouse button; the overview appears so that the mouse
cursor’s location in the field-of-view box corresponds to the
cursor’s location in the detail view. Moving the mouse pans the
detail view, and the overview disappears when the mouse button
is released. Our primary goal is to compare the Permanent
interface and the Transient interface. Therefore, we do not aim for
our study to be realistic, but try to tease out differences in how
users interact with the two interfaces.

5.1 Participants
20 students (4 female) at the authors’ department participated in

the experiment. The participants were between 21 and 50 years
old (M=29.3,S8SD="1.9).

5.2 Tasks

Two types of task were used in the experiment. Both tasks involve
maps of randomly placed circles with random names and
randomly connecting lines. Maps are generated to resemble social
networks. Colored circles are randomly scattered in the map,
requiring participants to move the detail view to see them.

The first task type involves selection of 10 red circles in the map
by finding and clicking on them. The selection task is designed to
make participants alternate between navigating and interacting
with objects in the map. Our hypothesis is that participants are
slower with the Permanent interface, because they must move the
mouse cursor between the overview for navigation and the detail
view for clicking on circles, whereas in the Transient interface,
the overview can be invoked and used immediately without first
moving the mouse cursor.

The second task type involves comparison of 5 blue circles in the
map and clicking on the smallest of them. The comparison task
makes participants navigate and compare the size of blue circles at
different locations in the map. We do not expect the Transient
interface to have an advantage over the Permanent interface in this
type of task. First, participants do not alternately navigate and
interact with objects in the map; participants can navigate
continually to the blue circles to compare them. Therefore the
closeness of the transient overview is not important. Second, the
overview may cover blue circles in the detail view that



participants must see to compare their size. Although the
overview covers part of the detail view in both interfaces, the
fixed corner position of the permanent overview may help
participants learn to consistently move blue circles into the visible
part of the detail view. In contrast, invoking the transient
overview at different positions can make it harder for participants
to consistently move blue circles into view. However, participants
can simply dismiss the transient overview to get a clear view of a
blue circle when it has been located.

Since the overview used in this experiment shows the entire map,
large maps result in a higher zoom factor than small maps. We
varied the size of the maps used in the tasks to investigate the
effect of varying zoom factors and varying distances between
colored circles used in tasks. First, selection tasks with large maps
require more precision in mouse movement when interacting with
the overview. For example, the field-of-view box is smaller at
higher zoom factors, which makes it is harder to move the mouse
cursor from the detail view and target precisely in the permanent
overview. Thus, we expect participants to perform worse with the
Permanent interface compared with the Transient interface in
tasks with large maps. Second, multiple red circles may be visible
simultaneously in the detail view if the map is small, whereas
large maps require participants to move the detail view to show
each of the red circles in turn. As a result, the cost of targeting the
mouse pointer in the permanent overview increases.
Consequently, we expect participants to complete tasks faster with
the transient overview in selection tasks with large maps
compared with small maps.

5.3 Materials

Participants used a MacBook Pro laptop computer with an optical
wireless mouse for the experiment. The screen was set to a 1440 x
960 resolution, and the size of the window containing the map
interface was 700 x 700 pixels. Participants were guided through
the experiment by a task view to the left of the interface window.

Joan

- e

Kathy

scott

Frank

Janice

E

]
Permanent interface (PI)

Two sizes of maps were used in the experimental tasks: small
maps of 2000 x 2000 pixels (containing 200 circles) and large
maps of 5000 x 5000 pixels (containing 600 circles). In small
maps, two or three red circles may be visible simultaneously in
the detail view, whereas only one red circle may be visible in
large maps.

5.4 Design

We used a repeated measures design where four factors are varied
within-subjects: interface type (PI, TI), size of the overview
(Ogmalts Onarge), task type (selection, comparison), and map size
(small, large). Participants performed a set of 16 tasks with each
interface. The order of interface and overview size was
systematically varied across participants. The order of task type
and map size for the eight tasks performed with each interface and
overview size was also systematically varied. Thus 32 tasks with
randomly generated maps were used; eight tasks for each
combination of task type and map size.

We used two sizes of overviews because the size of the overview
may affect the usability of the two interfaces. We expect
participants to prefer a small overview in the Permanent interface
because it covers a smaller part of the detail view compared to
large overview. In contrast, a large transient overview does not
permanently cover part of the detail view, so we expect
participants to prefer a larger overview to a small overview in the
Transient interface. The small overview used is 25% the width of
the detail view and the large overview is 40% of the width of the
detail view.

5.5 Procedure

Initially, participants were given an introduction lasting about ten
minutes. In the introduction, participants were explained how to
use the two interfaces and given a few minutes to try them. Next
in the introduction, participants performed 16 warm-up tasks; four
selection-tasks with PI, four selection-tasks with TI, four
comparison-tasks with PI, and four comparison-tasks with TI.
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Figure 5. The interfaces used in the experiment contain (left) a permanent overview in the upper-right corner and (right) a
transient overview that is only visible when the right mouse button is pressed.
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Participants performed two sets of tasks, one with each of the two
interfaces. The participants were told to complete tasks correctly
as quickly as possible. Following each set of tasks, a questionnaire
about the interface just used was administered to the participants.
The questionnaire contained six questions from QUIS [5] and five
questions specific to the concerns of the experiment. A third
questionnaire was administered after all tasks had been
completed, asking the participants for their age and gender. The
questionnaire also included three questions asking participants to
compare the Transient interface with the Permanent interface on a
comparative scale: first participants were asked which interface
they preferred in general, then participants were asked which
interface they found most appropriate for each type of task.
Finally, participants were asked to write benefits and drawbacks
of each interface and other comments. The entire experiment
lasted between 30 and 45 minutes for each participant.

6. RESULTS

The results of the experiment consist of task completion times,
accuracy and participant satisfaction. Of the 640 tasks that were
completed across conditions, 13 tasks were discarded. First, due to
an error in the experimental setup, two participants performed
duplicate tasks and we discarded eight repeated tasks (two with
TI, six with PI) because of possible learning effects. Second, we
discarded three tasks (all with PI) where participants mistook a
compare task for a selection task and clicked on the first blue
circle that was visible. Third, two outlier tasks (both with TI),
which either took more than 60 seconds for selection tasks or 30
seconds for compare tasks, were discarded.

6.1 Task Completion Times

Average completion times for the tasks are summarized in Table
1. We expected that participants would complete selection tasks
faster using the Transient interface compared with the Permanent
interface. In contrast, we did not expect comparison tasks to be
performed faster with the Permanent interface. However, there
was no significant difference in task completion times with the
two interfaces for either type of task, F(1, 19) =.293, ns.

6.2 Accuracy

All of the selection tasks were completed correctly. In contrast,
273 of 310 comparison tasks were answered correctly. Accuracy
is summarized in Table 2. Participants answer more tasks
correctly with a large overview than a small overview, F(1, 19) =
6.32, p <.05. However, we find no influence of interface type on
accuracy, F(1, 19) =.812, ns.

6.3 Satisfaction
Overall, participants preferred the Transient interface compared
with the Permanent interface (¢ = 3.387, df = 19, p < .005), with

Table 2. Accuracy in comparison tasks for different interfaces,
overview sizes and map sizes.

Permanent interface Transient interface

Ogmat Olargc Avg. Oy Olargc Avg.
Smallmap 82.5% 97.4% 89.7% 90.0% 919% 90.9%
Largemap 84.6% 972% 90.7% 800% 86.8% 83.3%
Average 835% 973% 902% 85.0% 893% 87.1%

16 participants preferring the Transient interface and only four
participants preferring the Permanent interface. There was no
significant difference in what interface participants perceived to
be most appropriate for selection tasks (¢ =2.070, df = 19, p > .05)
or comparison tasks (¢ = 1.761, df = 19, p > .05), although
participants tended to prefer the Transient interface for both task
types.

Average satisfaction scores for the two interfaces are summarized
in Figure 6 for the eleven questions that the participants answered.
Overall, participants scored the Transient interface higher as
assessed by multivariate analysis of variance, Wilk’s lambda =
421, F(1, 19) = 3.00, p < .05. The results confirm our
expectations that a transient overview reduces mental and physical
efforts required of the user compared with a permanent overview.
We had hypothesized that participants would prefer a large
overview in the Transient interface and a small overview in the
Permanent interface, but there was no significant difference
between the interfaces in the size of overview that participants
preferred.

6.4 Interaction Patterns

We analyzed the interaction data logged during the experiment to
uncover differences in the use of the two interfaces. In selection
tasks, interaction alternated between using the overview to bring
circles into view and clicking on circles in the detail view. We
expected the Transient interface to help participants complete
these tasks with less mouse movement compared with the
Permanent interface. To investigate this, we summed the distances
that the mouse pointer traveled between mouse button events.
Distance was calculated as the diagonal between screen
coordinates of the mouse pointer. There was a substantial
difference in the average distance per task for the two interfaces; a
decrease of 60% from the Permanent interface to the Transient
interface. Thus, the Transient interface appears to have reduced
the sensory-motor efforts of the participants.

In comparison tasks, participants navigated between blue circles
in the map to compare their sizes. The overview covered part of
the detail view, especially in the large overview condition. Thus
participants had to move the detail view, or dismiss the overview
in the Transient interface, to get a clear view of the circles.

Table 1. Task completion times in seconds for different interfaces, overview sizes and task types.

Permanent interface

Transient interface

Osmall Olargc Average 0small Olargc Average
. M 30.2 28.6 29.4 29.5 29.2 29.3
Selection tasks
SD 6.0 5.0 5.6 6.4 6.8 6.6
. 13.3 12.9 13.1 12.6 12.7 12.7
Comparison tasks
SD 5.3 3.5 4.5 4.2 4.5 4.3
M 21.8 21.0 21.4 21.0 21.2 21.1
Average
SD 10.2 9.0 9.6 10.0 10.0 10.0



Interestingly, participants mostly completed the tasks using the
transient overview by continuously holding down the mouse
button while navigating between the blue circles to compare them
(in only 20 of 160 tasks, participants invoked the transient
overview more than once). However, informal observations
showed that participants using the Transient interface sometimes
had trouble moving the blue circles clear of the overview—they
did not dismiss the transient overview to get a clear view of the
circle.

In the Permanent interface, most participants mainly clicked in the
overview to move the detail view, a mode of interaction not
supported in the Transient interface. Only three out of 20
participants dragged the field of view box as the main way of
moving the detail view, which was the interaction mode also
supported by the Transient interface.

7. DISCUSSION

The study reported in this paper provides initial insight into the
general benefits of transient visualizations. We used tasks that
focus on navigation to tease out differences between the
interaction with the transient and with the permanent overview. In
all, the results of our study suggest that having immediate and
close access to the overview reduces sensory-motor efforts of the
user. Surprisingly, we did not find this to reduce task completion
times and error rates.

Even though participants preferred the Transient interface and
completed the tasks with less mouse movement by accessing the
overview immediately at the location of the cursor, they did not
complete selection tasks faster. It seems that whereas the
Transient interface helps moving red circles into the detail view, it

Part I: Overall reactions

Terrible — Wonderful **
Frustrating — Satisfying
Dull — Stimulating **
Difficult — Easy *
Inadequate power — Adequate power*
Rigid — Flexible*
Part II: More detailed questions

Smoothness: Very rough — Very smooth**

Mental effort required: Inappropriate — Appropriate*
Physical effort required: Inappropriate — Appropriate **
Accurate pointing: Easy — Difficult

Part III: Overview size

Which size of overview did you prefer? Small — Large

does not help in acquiring the circles with the mouse. It is hard to
move the map precisely using the overview in either interface:
participants must make fine adjustments to position a target close
to the overview if not move the mouse farther to acquire the
target. However, compared with the Permanent interface where
the overview is placed in a corner of the detail view, it is possible
that positioning part of the map into the detail view demands more
effort when the transient overview appears at different screen
locations.

Some limitations must be considered when interpreting the
results. Maps used were limited to sizes that allowed the entire
map to fit in the overview. Larger maps require overviews with
multiple levels of magnification. Furthermore, we focused on
simple navigation tasks and participants used the interfaces for
only a short period of time. Thus, our findings may not reflect
varied, long-term use of the overviews. Additionally, three
problems detracted from the usability of the Transient interface.
First, we saw participants struggle with the overview when
invoking the overview near the border of the detail view, making
the overview only partly visible. Four participants commented on
this problem in the questionnaire. Second, an implementation
problem caused the transient overview to “stick” to the mouse
cursor when dragging the field-of-view box out of the window,
requiring participants to click in the detail view to make the
overview disappear. Third, the data describing the interaction with
the Permanent interface suggests that participants preferred to
click in the overview to navigate in the map. However, the
Transient interface only allowed users to drag the field-of-view
box, because the overview was only visible while holding down
the mouse button. Support for both interaction modes might
improve the usability of the Transient interface. Toggling the

OPermanent
B Transient

1

Figure 6: Average satisfaction scores (and standard error of the mean) for the eleven questions for the two interfaces. The anchor
points on a semantic differential scale are shown for each question. Asterisks denote questions where the Transient interface

scored significantly better (*
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transient overview when the right mouse button is pushed is one
possible solution.

More work is needed to further understand the general benefits
and limitations of transient visualizations. Specifically, in the
examples of transient visualizations presented in this paper, we
have suggested the usefulness of transiently presenting contextual
information related to the user’s focus. Empirical evidence is
needed to support this claim.

In complex work activity, transient visualizations may be useful to
support sporadic tasks for which permanently changing the visual
structure of information in the interface can impede frequent
tasks. Studies are needed to understand what types of task that
transient visualizations are suitable for. Evaluation of our transient
fisheye view of source code may provide insights into the use of
transient visualizations in expert tools.

Finally, conditions that limit the use of transient visualizations
need to be examined. For example, transient visualizations that
give no hint about their use are not accessible to novice users.
Also, design and evaluation of transient visualizations must take
into account that users may need longer practice time to make
effective use of them compared to permanent visualizations that
more readily afford their use.

8. CONCLUSION

We have characterized transient visualizations as interaction
techniques that make immediate and transient use of information
visualization close to, and in the context of, the user’s focus of
attention. In summary, transient visualizations offer a way of
utilizing information visualizations to support specific contexts of
use without making a permanent change to the user interface. We
have presented examples of transient visualizations to support
tasks in different domains.

To uncover how immediacy, transiency and closeness translate to
actual and perceived improvements in the user experience, we
conducted an experiment with map interfaces containing
overviews. The results did not show significant improvements in
time and accuracy with a transient overview compared to a
permanent overview. However, our data suggest that tasks were
performed with less sensory-motor efforts of the user, and 16 of
the 20 participants preferred the transient overview.

Further studies are required to examine the general benefits and
limitations of transient visualizations, to understand what types of
task that transient visualizations are suitable for, and to provide
design guidelines. Our initial data, however, suggest that transient
visualizations may be useful, and that they are preferred by users
to give immediate and close access to overviews.
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Transient or Permanent Fisheye Views:
A Comparative Evaluation of Source Code Interfaces

Mikkel R Jakobsen and Kasper Hornbeaek

Abstract—Transient use of information visualization may support specific tasks without permanently changing the user interface.
Transient visualizations provide immediate and transient use of information visualization close to and in the context of the user’s
focus of attention. Little is known, however, about the benefits and limitations of transient visualizations. We describe an
experiment that compares the usability of a fisheye view that participants could call up temporarily, a permanent fisheye view, and
a linear view: all interfaces gave access to source code in the editor of a widespread programming environment. Fourteen
participants performed tasks of both high and low complexity so as to investigate varied programming activity. All participants
used each of the three interfaces for between four and six hours in all. Time and accuracy measures were inconclusive, but
subjective data showed a preference for the permanent fisheye view. We analyze interaction data to compare how participants
used the interfaces and to understand why the transient interface was not preferred. We conclude by discussing seamless
integration of fisheye views in existing user interfaces and future work on transient visualizations.

Index Terms—Information visualization, fisheye view, transient visualizations, user study, programming.

<+

1 INTRODUCTION

up may support navigation and understanding while still providing a
A fundamental challenge in information visualization is to map dal@rge view of code for reading and editing.
to visual structures and to transform those visual structures intoWe describe an experiment designed to gain insight into the
views suitable for users’ tasks [5]. Seesoft, for example, maps soureaefits and limitations of permanent and transient versions of a
code into a 1-dimensional representation aimed at helping udiskeye view. Compared to an earlier paper on transient visualization
understand changes to the code [8]. Document Lens use$ld, we present richer experimental data from a much more complex
focus+context transformation to allow users to inspect a particutlomain. We use the study to discuss both how to advance research in
part of a document while being able to see the entire documentnformation visualization and to make concrete suggestions for using
stay in context [18]. fisheye interfaces and other information visualizations to support

The wuser's control of the visual structures and viewomplex domains.

transformations used is central to visualization [5]. However, often
visualizations are designed to support a specific task and make figed REg_ATED WORK
mappings and transformations that are effective in that task. . . . - . . .
conF:Pasg real life applications often support a variety of tasks Ji¢ deéa of transient visualizations was introduced in [15]. The idea
complex work settings. Integrating a visualization aimed éﬁmotlvated by the observation that |nformat|0n wsuallzatlons _often
supporting a specific task in existing applications results [jaké Permanent changes to a user interface with the aim of
permanent changes to the user interface. Thus, it seems there is & Y3pOrting specific tasks. However, a permanent visualization cannot
in our understanding of how users can control a visualization $8PPOrt the variety of tasks found in realistic work settings equally

switch between visual structures or view transformations, whi ”"TTIUS’A it n(wje}y tbe 1r5norte usefltjl 1o |<.j|s;zlay V|su.a||zat|(;).nts
make it difficult to integrate visualizations in established us Eel_nsmn y. According to [15], transient visualizations are immediate
interfaces. ring the user into direct and instant involvement with the

One alternative would be to use information visualization withofiformation representation), transient (information is only displayed
permanently changing the user interface. Transient visualizatighgPorarily, and is easily dismissed), close to the users’ focus (the
aim to do that by providing immediate and transient use pyormationis shown close to the region of focus in the display), and
information visualization close to, and in the context of, the usefgntextual (the information is related to the user’s current focus of
focus of attention [15]. By using transient visualizations to supp ention). Other researchers have supported this idea. For instance,

infrequent and unpredictable contexts of use, the permanent view ggfied on the observation that a particular design of a permanent
be dedicated to information used in frequent contexts of u ualization may be suitable only in some scenarios, Baudisch et al.

However, empirical data on the relative benefits of transient afd "ecommended that users should be allowed to bring up different

permanent interfaces are lacking visualizations on demand depending on their particular needs.
This paper studies fisheye views of source code — a visualizatignE@rlier work has applied related ideas of transient representations
that has been shown to help programmers in navigating information and lightweight interaction. For instance, Excentric

understanding source code [14]. The fisheye view as original eling provides Iabels_foraneighborhood_of objects located around
proposed by Furnas balances in a single view “the need for lo cursor [8]. By showing labels temporarily when the cursor stays
detail against the need for global context’ [10]. A fisheye view GV&' a? arela ttfor mgr?h than g fsecon;j, the techm(i_ue a;%ds
source code does so by displaying only those parts of the code Jfgrmation clutter and the need for extensive navigation. Side
the highest degree of interest given the users current foc lews uses transient views to provide dynamic previews of multiple
However, information shown because it has a high degree of intef&dfimands by visualizing the outcome of commands on the current
may not be equally important in all tasks. In some tasks, like ection, for instance using bold, ‘Ita|IC or u.nderllne on §e|ect¢d text
instance reading or editing source code, a fisheye view may eve é Zellweger et a!. [23] studied the impact Of. lightweight,
unfavorable compared to a large “local detail” view of source co imated glgsses for _Ilnk ancho_rs on hypertext browsing. Altogether,
One solution is to allow users to call up a fisheye view on demand'}S€ ransient preview techniques help users to probe relevant

transient fisheye view of source code that can be temporarily calfafprmation without navigation and display switching, and to assess
possible actions without resorting to “trial-and-undo”.
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Context menus that pop up near the mouse cursor or text caregramming and in a much longer-term experiment than that
present commands related to the current focus (e.g., for changingréperted in [15].
font of selected text). Hotbox extends context menus with multiple
menu bars close to the cursor and with access to additional meg]US COMPARING TRANSIENT AND PERMANENT FISHEYE VIEWS
via mouse gestures [16]. See-through tools are another technique

hat . . . N
provides close and contextual access to commands without requiﬁtr‘? investigate how transient visualizations can be used to support
permanent use of display space [4] co%plex work settings such as programming, we implemented a
Many information visualizations use brushing to highlight (otrransllent fisheye view of SOL"E‘? Cfd?rh'n f_E(r:]hpse, a v(\gl_dc_adspreﬁd
affect) instances in other views of an object that the user brusHEY€lOPMENt environment (see Fig. 1). The fisheye view divides the

T : dow of the Java editor into a focus area and a context view. The
over [2]. Highlighting techniques have been adopted, for example Qﬂfﬁ area, the editable part of the window, is reduced to make room
r

the Eclipse Java source code editor, where the caret can be plac% text Vi Th text vi fixed t of
a variable to highlight all references in the code to that variabﬁ% € context view. The context view uses a fixed amount of space

Similar ideas have been demonstrated in spreadsheets [12]. TRESY® andd below ghi focus arfear.] It contains g dlitorted V'?Wl of
techniques provide immediate and non-intrusive visualizatiog@U'¢€ code in which parts of the source code that are of less
through lightweight interaction relevance given the user’s focus in the code are elided. The transient
Novel interaction techniques have been generated to temporaffi/éye View is compared to a permanent fisheye view (using the
bring objects that are otherwise hard to interact with closer to e method for producing the fisheye view as in the transient view)
user. The interaction technique for large displays called Vacu@id (© @ baseline linear view.
helps reach remote objects through proxies that are transiently plaged . .
close to the cursor for easy manipulation, reducing the physiaé;;r Fisheye View of Sou_rce Code ] ] ]
demands of the user [3]. Similar challenges in small displays hd&¥fore we present the experiment, we describe the fisheye views of
brought about techniques to visualize and navigate to off-screétrce code used in the experiment.
targets with halos and proxies [13]. o 3.1.1  Degree of Interest
Despite the above motivations for transient visualizations, the Use g ) ] o
of transient visualizations has to our knowledge only beéhdegree of interest (DOI) is determined for each line in the source
empirically investigated in an experimental study of overview+det&pde file. Lines in the context view are then elided if their DOI is
map interfaces [15]. That study showed how participants preferreBeiow a thresholk. The DOI of a program ling given the focus
transient overview, which appeared temporarily close to the mou$gntp (defined as the lines in the focus area) is calculated as:
cursor, compared to a fixed overview, which was shown permanently
in the corner of the display. Thus we proceed to experimentally
compare interfaces in the much more complex domain of

DOI(x | p) = enclosing(x, p) + occurrences(x) mdx, p)

]
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Working with Java files

The Package Explorer above shows the
hierarchy of packages that contain the Java
source files. The file 'GamePaneljava'is
currently open in the editor and the file is
selected in the Package Explorer

Use the Package Explorer to browse and open
Java files in the editor.

Click 'Continue"

public void starc() |
if (gameOver) reset():

public void stop() {
if (thread '= null) {
threadRunning = false:
thread = null;
speedTimer.stop():

}

public void reset() {
gameOver = false;

Context view

currentShape = getRandomSprite():
nextShape = getRandomSprice():

naturalSpeed = userSpeed = 80:

speedTimer = new Timwer (30000, this):
if (observer_1 '= null) cbserver_ 1l.shapeChange (nextShpe.getImag(®
if (DbsE[vE[_Z = null) |

observer_2.setScore (0):
observer_2.setRows(0):

)
private void setNewCoordinates() {
gameOver = true;

v v

( Continue ]

Overview ruler

Fig. 1. Transient fisheye view called up in Eclipse to divide the Java editor window into a focus area and a context view. Lines containing
occurrences of a selected variable are shown in the context view and in the overview ruler to the right of the scrollbar (as white rectangles).
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lF.HruEwude:nL-.‘(l { I letNewCoordinates () {
gameOver = true:
1 1
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(a) (b) ()

Fig. 2. The three Java editor interfaces used in the experiment: (a) Permanent interface in which permanently context view is permanently
shown, (b) Transient interface in which the context view has been temporarily called up — otherwise it looks like the Baseline interface — and
(c) Baseline interface that shows a linear representation of code. Dashed rectangles are added to emphasize the difference between the
context view used in the interfaces.

First, lines are interesting if theyontain declarations or statements
that structurally enclose the code that is visible in the focus ar@&®  Interfaces
Such lines contain a package, class, interface or method declaratigfiee interfaces to a Java editor were used in the experiment (see
or one of the keywords for, if, while, switch, etc. If lirgs such a Fig. 2). The three interfaces all contain syntax highlighting, line
line and it defines a block that encloses the code in the focup argiymbers, and the highlighting of occurrences, which was described
thenenclosing(x, p) = k _ ~ above. The interfaces also include an overview ruler next to the
Second, lines that are semantically related to the code in fogftor's scrollbar, in which highlighted occurrences are shown as
may be interesting to the user. The Java editor in Eclipse alloysite rectangles. Clicking on a white rectangle jumps to the line
programmers to highlight occurrences of a variable, method, or ty@taining the occurrence and places the caret at that line. All
to better see where it is referenced. For instance, a variable cafeBgures except those described above are disabled in the Java editor.
selected by placing the caret in the variable name whereby Bélow we describe each of the three interfaces in turn.
references to that variable are highlighted in the source code. Linesthe permanent interface contains a fisheye view of source code.
containing such highlighted occurrences of a selected element i@ editor window is permanently divided into a focus area and a
interesting. Further, lines that contain declarations of methods thghtext view—permanently transforming the view of the visual
enclose these occurrences are also of interest since they pro¥iflgcture of information is the typical implementation of fisheye and
context for the occurrences. Thumcurrences(x) = kadds to the focus+context interfaces. The user can interact with the focus area
DOI of line x that contains an annotation or declares a method tfjgé a normal editor. The caret can be moved within the bounds of
enclose an annotation. . the focus area, scrolling the view contents when moving the caret
Third, a distanceline(x, p) L7[0; K] proportional to the number of against the upper or lower bound. The context area uses one third of
program lines from line to focus areg detracts from that line’s the display space in the editor window. However, the context view
DOl automatically reduces in size near the top and bottom of the
L ) document. When near the top of the document, for example, when
3j1'2 Sgurce Cod.e Elision in the C?onte.xt View the user scrolls by holding arf) arrow key to move the careFt) past the
Lines are included in the context view if they have a degree L%per edge of the focus area, the upper part of the context view

interest above the threshdtdif there are not enough lines WilfOl  retracts. Clicking on a line in the context view jumps to that line and
> k to use all the space available in the context view, linesD@h  places the caret at the line.

<=k are added to the context view in descending order of DOI. This The Transient interface contains a linear view of source Code’
includes lines that are directly adjacent to the focus area. but allows the user to call up a transient fisheye view. The user calls
Placing the caret in a variable may cause many lines tod@ve yp the context view with a keyboard shortcut. The context view
> k because they contain highlighted occurrences of the selectgghains visible until the user either hits Esc, clicks outside the
variable. Similarly, in code that is heavily indented, many lines maygntext view, or clicks on a line in the context view. Clicking on a
have a high DOI because they contain declarations or statements|thatin the context view jumps to that line and places the caret at the
structurally enclose the code in the focus area. However, all lingg. Alternatively, the user can use the arrow keys to select a line in
cannot be shown simultaneously in the fixed amount of space of {he context view and jump to that line by hitting return.
context view. Clipping or magnifying lines in the context view may One general characteristic of transient visualizations is that they
result in some lines becoming unreadable, yet all lines may jB@olve no permanent use of display space, because information is
important to the user. Thus, to guarantee users that the context \é@¥y shown temporarily and is easily dismissed [15]. When the user
contains all lines that are important, the windows containing t@glis up the context view in the Transient interface, we hypothesize
upper and lower context view can be scrolled. The context vigWat information in the focus area is less important because the user
automatically scrolls to show lines closest to the focus area whensigits their attention to the context view. We therefore think that it is
contents change.
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useful to show a larger context view in the Transient interface thasks. We expected that participants would complete more of the
uses more display space than in the Permanent interface, so aasks, coming up with equally good or better answers using either of
allow more lines to be visible simultaneously in the context view tie fisheye interfaces than using the baseline interface.

the Transient interface than in the Permanent interface. The ratio_of .

focus area size to context view size is therefore 2 to 3 in thé-2  Low-complexity tasks

Transient interface, whereas the ratio is 3 to 2 in the PermanEive types of low-complexity task were used. These tasks involved

interface (compare Fig. 2 (a) and (b)). While this confounds contesvigating and understanding source code. The order in which these
view size with transience, we think it is the best implementation tyfpes of task were used in the experiment was systematically varied.

the Transient interface. Tasks were taken from previous studies of programming activity
The Basdline interface contains a linear view of source codg7][14]. The five types of task were:
similar to the normal Java editor in Eclipse. ¢ Navigate-method tasks, for instance: ”"In the method
'hasGreen’, find the return type of the method that is called
3.3  Participants last.” Only the method name in the task text was varied between

The 14 participants (one female) were computer science students tasks of this type. ) o
enrolled at the authors’ department. They were between 24 and 44 Determine-control-structure tasks that required finding a
years of age (M = 30.1). All had at least one year of experience Ccontrol structure within a s!ngle method, for instance: "In t.he
programming in an object-oriented language and all but two Method 'mergeTerminfos’ (line 201-238), how many for, while
participants had experience with Java. Half of the participants had and if/else statements enclose line 233?" o

used Eclipse before, but only one had used Eclipse within the last Determine-dependencies tasks, for instance determining calls

month. to a particular method: “How many methods in this file contain
calls to ‘computeProposals' declared on line 470?”
3.4  Tasks « Determinefield-encapsulation tasks involved determining

whether or not two variables in a class have corresponding get-
and set-methods defined, for instance: "How many of the fields
fText' and fFont’ have both a get-method and a set-method

Two sets of tasks were used in the experimeligh-complexity
tasksinvolved investigating the source code of a prograow-
complexity tasksvolved five types of understanding and navigation . g
task. Tasks of high complexity vary in the degree of structure, |mplem_ented. N . .
concreteness of the answer, number of paths to the answer, and thePctermine-delocalization  tasks involved determining
amount of information needed to answer the task. Tasks of low delocalization in the source code, for example: "The method
complexity are well structured, have a single path to a single precise UPdate’ (line 207-214) contains 6 method calls. How many of
answer, and limited information is needed to answer the task. the methods called are declared in this file (that is, excluding

High-complexity tasks were included to see how participar’lg inherited methods)?”

used the interfaces during varied program investigation activity tifayerall: we ?ﬁpegted partlctlpatntsf to comt;;let_tle_ Iow-‘coin.pltex?y ta?ﬁs
includes reading code and switching between different files. BecalR¥e" Using the Permanent interface or the Transient interface than

these tasks are ambiguous, containing several paths to an ansfwdrd the Baseline interface.
they give rise to individual approaches of participants to seek %1% Materials
information they need to answer the tasks. In contrast, low- ) ] o ]
complexity tasks focus specifically on navigation and understandifdle experiment was conducted in a laboratory with six identical
that is, programming activity for which fisheye interfaces may @mputers with 19" CRT monitors at a resolution of 1280 x 1024.
particularly useful. Because these tasks focus on specific aspect®@feach computer, Eclipse was set up with its window using all
source code navigation and understanding in obtaining a singlailable screen space. Tasks were presented in a task view to the
answer, they allowed us to compare in detail how participad@ft of the editor in Eclipse (see Fig. 1). Participants typed their
interacted with the interfaces to provide the answer. answer to the tasks in the task view and clicked a button to continue.
Participants performed high-complexity tasks before lown the set of high-complexity tasks, the Eclipse window was
complexity tasks in the experiment. Participants thus had time G@nfigured to contain a Package Explorer view above the task view
learn to use the interfaces before performing low-complexity taskg, the left of the editor. In the set of low-complexity tasks, the
which may increase the reliability of the results in those tasks. Bel&&lipse-window was configured to contain only the editor window
we describe each set of tasks in detail. and the task view. In all interfaces, the editor window contained 50
lines of text and was 100 characters wide.
34.1 High-complexity tasks

The high-complexity tasks required participants to investigate tA  Design
source code of an open source graphics program. Participants cdwd factors were varied in a within-subjects design: interface
browse all files comprising the source code of the program, but siifPermanent, Transient, Baseline) and task complexity (High-
we focus on the interaction with the editor, we provided names afmplexity, Low-complexity). We wanted each participant to use all
particular source files in the tasks as a starting point. three interfaces for at least one hour each. To avoid tiring out
These tasks used source code from three open source progrpauticipants, the experiment was divided into three blocks to take
11 tasks used TinyUML (tinyuml-0.13_02-src.zip downloaded froplace on separate days (see Fig. 3). In each block, participants used
http://sourceforge.net/projects/tinyuml/ contained 18 thousand lin@se of the three interfaces. The order of interface was systematically
of code), 11 tasks used JDraw (jdraw_v1.1.5.src.zip downloadetied across participants.
from http://jdraw.sourceforge.net/ contained 23K-LOC) and 10 tasks
used Magelan (magelan-1-3.zip downloaded fro®.7 Procedure
http://sourceforge.net/projects/magelan/ contained 39K-LOC). Soeeach block of the experiment, participants were first given an
tasks involved more than one file, for example: “Classgstroduction to the interface they were about to use. The introduction
‘AbstractNode’ and ‘AbstractConnection’ (in org.tinyuml.draw) argncluded a written explanation of the interface and exercises to try
diagram elements. What is the field ‘parent’ used for in the twRe interface. Then, participants performed a set of high-complexity
classes?” ) ) ) _ tasks. If participants had not finished in 55 minutes, a message dialog
The difficulty of high-complexity tasks was aimed at makingnformed participants they had five minutes to complete the current
participants spend about an hour to complete as many tasksagR. After the first set of tasks, participants were allowed a break
possible; we did not intend for all participants to complete all thgd then continued to perform low-complexity tasks. For these tasks,

42



Introduction  High-complexity Low-complexity Questionnaires

Block 1 | | | < 11 tasks | | 8 + 8 tasks | | Satisfaction |
Block 2 | | | < 11 tasks | | 8 + 8 tasks | | Satisfaction |
Block 3 | | | < 11 tasks | | 8 + 8 tasks | | Satisfaction | l Preference

Fig. 3. The experimental design in which interface was varied between the three blocks.

participants were instructed to give correct answers as quicklylgsthe first author, 100 answers were accurate in that participants
possible. Participants completed eight training tasks and eight fstvided a correct answer that covered all aspects of the task, 151
tasks, and were then administered a questionnaire about the interdmssvers were correct, but missed at least one aspect of the task, and
just used. The questionnaire included six questions from QUIS [E answers were incorrect in at least one aspect but were otherwise
and two questions asking about strengths and drawbacks of dbgect. Scores 3, 2, and 1 were given to these answers. All other
interface. After completing the third block of the experimentasks were given a score of 0, including 39 tasks answered
participants received a questionnaire asking them to compare itfmrrectly, 59 tasks that participants abstained from answering (e.g.,
three interfaces and rank them in the order of their preference. Tihey did not understand the task), and 64 tasks that participants did
guestionnaire also asked the participants for their age, gender moid have time to complete within the 55 minutes. Table 2
programming experience. summarizes the answers given by participants using the three

Participants met in the laboratory on three days for each of iheerfaces. In average, participants spent 49 minutes solving high-
three blocks of the experiment, except one participant completed weomplexity tasks with each interface. Because of the 55-minute limit
blocks in one day. The experiment lasted between four and six hdorssolving the high-complexity tasks in a block, participants only
per participant. The experiment was conducted over a period of @oenpleted all tasks in 23 blocks (55%).
week. Hence up to six participants were present in the laboratory at a here was no difference in the total score of participants’ answers
time. The experimenter was present in the laboratory to answeth the interfaces,F; 3 = .243, ns. If anything, participants
questions during the introduction, but otherwise participangppeaed to complete fewer tasks using the Transient interface than
completed the experiment unsupervised. Permanent or Baseline.

Participants’ interactions with the interfaces and answers to tasksTable 1 shows average completion times for high-complexity
were logged. Time used to complete the tasks is derived from thsks where participants completed all tasks within the time limit.
logged data; answers to the tasks were also logged and from the Famstasks where participants completed all tasks within the time

accuracy could thus be inferred. limit, completion times with the interfaces differed significantly,
F2243 = 4.34,p < .05. Although participants appeared to complete
4 RESULTS fewer tasks using the Transient interface, participants who completed

. . N aILtasks spent less time with Transient compared with Permanent (p
Resuts from the experiment include the objective measures of tas 05 in Bonferroni adjusted post-hoc tests). Completion times did

completion times and accuracy, the subjective measures rﬁt differ significantly between Transient and Baseline.
preference, satisfaction scores, and comments from participants. We

also describe data on participants’ interaction with the interfaces. 42 | ow-Complexity Tasks

41  High-Complexity Tasks Data from 25 Iow—complexiy_tasks (o_ut of 336) were discarded from
ur analysis because participants did not appear to understand the
estion (7), wrote ambiguous answers (5), or wrote verbose answers
n Finally, an outlier that was more than three times above the
quartile range was discarded.

In the first task set comprising high-complexity tasks, participa
provided 384 answers. Every answer was assigned a score bas
an assessment of how correct and complete the answer was. Ju

Table 1. Average Task Completion Times in Seconds for Different Interfaces and Task Complexity

Per manent Transient Baseline
N M SD N M SD N M SD
High-complexity tasks 106 267 132 64 210 111 74 248 118
(partcipants completing all tasks)
Low-complexity tasks 112 471 20.1 112 494 243 112 49.1 249

Table 2. Summary of Answers Given to High-Complexity Tasks Using the Three Interfaces

Score Per manent Transient Baseline Total
Accurate 3 32 34 34 100
Correct, but incomplete 2 55 43 53 151
Partly incorrect 1 11 11 13 35
Incorrect 0 12 16 11 39
Abstained 0 22 16 21 59
Tasks not completed (no time) 0 17 29 18 64
Participants completing all tasks (number of tasks) 10 (106) 6 (64) 7(74) 23 (244)
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DO1st o2nd O3rd
Permanent 9 [ 2 ] 3
| |
Transient 3 | 7 [ 4
| |
Basdine | 2 | 5 [ 7

Fig. 4. Number of participants ranking each interface as 1st, 2nd or 3rd
choice (from left to right). For example, nine participants ranked
Permanent as their first choice.

Overall, 85% of the lowcomplexity tasks were swered
correctly. There was no difference in accuracy with the 1
interfacesF; ;3= .089, ns. Nor were task completion tindifferent
between interfacess; ;3= .310, ns. Average task completion tin
are summarized in Table While interface was found to intere
with task type,F;;3 = 2.19,p < .05, there were no significa
differences in completion times with the interfaces for any tyg
task.

4.3 Satisfaction

After having used all three interfaces, participants complet
questionnaire to rank the interfaces. Participants’ ranking o

interfaces differed significantlyf; 13 = .035,p < .05. Fig. 4 shows

participants’ preferences. All but two participants prefe
Permanent or Transient which is a strong indication that they 1
the fisheye view useful. Also, two thirds of the participants rai
the Permanent interface first.

Participants rated their satisfaction with the interfaces or
questions. Overall, participants’ ratings varied for the t
interfaces, though not significantly at the .05 level as found
multivariate analysis of variance, Ws Lambda = .027F; 3 =
1.78,p = .069 The main reason for this trend was that particip
rated the interfaces differently only on a scale from boring tc
(F113 = 4.63,p < .05), finding both Permanent and Transient n
fun to use than Baseling & .05 in Bonferroni adjusted p+hoc
tests).

Five participants commented that they liked the Tran:
interface because the fisheye view couldcaléed up temporari. In
contrast, three participants said about Permanent that it was go

the fisheye view was there all the time. Howe'some participants

commentedhat the fisheye view in Transient “disappears too e
—has to call it up several times to get all the needed information
that it was “confusing when it disappears.” Orarticipant who
ranked Baseline as first choice notachis preference questionna
that “if the fisheye view [in Transientiouldn't disappear all tt
time, then [Transientjwould be ranked ”.
comments suggest that users may find it useful to be able to :
the fisheye view on and off on demarso they can use it for long
periods of time than is possible with the sHiwed fisheye view in
the Transient interface.

4.4 Interaction with the Interfaces

We analyzed the data logged during the experiment to unde
how participants used the interfacese \Wummarized interactic
data from high-complexity task$éo measure how particints
adopted and used the context view in the fisheye interfWe
visualized the interaction data from lmemplexity tasksin
progression maps (similar to [11][344nd analyzed these maps
understand how participants usegch interfac to solve the tasks.
The progression maps show which part of the file was visible i
focus area at a given time durinbe task (se Fig. 5). Dashed
horizontal linesindicate program Ines that hold part of the ansv
to the task, and symbols in the progression maps annotate «
types of interaction (e.g., a hand symbdien the user dragged t
scrollbar thumb;a text caret when the user placed the caret it
focus area, for instee to highlight a method). Other interact
forms are directly discernable from the map, such as scrollir

Together, these

00:00 00:04 0008 00:12 00:16 0020 00:24 0028 06:33 00:37  00:41

Fig. 5. Progression map for a Determine-dependencies task using
Permanent interface.

pageup/down keys. Interpreting the progression maps is not al
straightforward For instance, the task shown Fig. 5 involves
finding calls to a particular meth« The user places the text caret
after 12 seconds and then two more times, presumably in the m
before scrolling to see the highlighteccurrences. It is not clear in
this task, however, why the user places the caret three Because
high-complexity tasks varied in structure, and in some ¢
involved multiple files, we did not use progression maps to an
those tasks.

4.4.1  High-Complexity Tasks

In average, participants interacted with the context view in 64
the higheomplexity tasks they completed using the Perms
interface and 70% of the tasks using the Transient interface.
participants used the context view an averaf eleven times to
navigate in the code, equally often with the Permanent interfac
the Transient interface. While the context view was always sho
the Permanent interface, participants had to explicitly call uj
context view to use it in the Tnsient interface — they did so 27
times in average in all tasks.

Using the Permanent interface, ten participants interacted
the context view in more than half the tasks. Participants may
have looked at information in the context view without racting
with it, but we were unable to determine such use from the
logged in higheomplexity tasks. Using the Transient interface,
participants did not once use the context view, whereas the otl
participants used the context view in more half of the tasks.

4.4.2 Low-Complexity Tasks

Analysis of progression maps for I-complexity tasks revealed
patterns in the participants’ interaction with the interfaln all low-
complexity tasks except for Determ-control-structure tasks,
participants most often selectedmethod or variab and used its
highlighted occurrence® either navigate more quickly or avoid
navigating. Fig. 6 showsrpgression maps at are representative of
this type of interaction using each the interfaces. Using the
Permanent interface or the Transient interface, participants
often find thelines in the context view that contained answer to

Baseline

Transien

Permanent

)

Fig. 6. Progression maps representative of participants’ navigation
when using the three interfaces in (a-c) a Determine-dependencies
task involving method calls and (d-f) a Determine-delocalization task.
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Baseline

Transient

Permanent

(b)

Fig. 7. Example progression maps where participants scrolled
through the entire file to solve a Determine-dependencies task
involving variable assignments.

the task without navigating furtheldsing the Baseline interfac
participants often seemed to navigdte lines with highlighted
occurrences, whicmight contain the answer to the t. Below we
describe the different interactions udedsolve the tasl and how
frequently they were used by participants.

Using the Permanent interface, participants were able to fin
answer to 54 of 84 tasks directly in the context view with min
navigation (see Fig. 6 (a) and (d)Participants navigated
occurrences in the context view to find the answer in six tasl
contrast, in 24 tasks participants navigated to occurrence
scrolling or by clicking in the overview, or they manually searc
the file. Using the Transient interface, participants called up
context view in 55 of 84 tasks and found the answer there
minimal navigation (see Fig. 6 (b) and (d)) 28 tasks participan
navigated to occurrences by scrolling or by clicking in the oven
or they scrolled to manually search through the file. Using
Baseline interface, participants completed 68 of 84 tasks by fii
occurrences in the owgew ruler instead of manually searchi
through the file. Often participants then navigated to occurre
either by scrolling like in Fig. 6 (d)89 task), or by clicking in the
overview ruler like in Fig. 6 (f) (27 tasksparticipants solved two
Determinedelocalization tasks without scrolling or navigating
occurreaces, but seemingly by examining the white rectar
showing occurrences in the overview ruler.

In all interfaces, participants made effective use of highlig
occurrences for navigating. However, ietermin-dependencies
taskswhere participants should determine which hods contained
value assignments to a particular variable (showrFig. 7), all
participants using the Baseline interface ended up scrolling to ¢
manually through the entire file. Similarl'six participants using
Permanent and four using Transient scrolled through the entire
solve the task. This was surprising hesmall participants navigat

effectively using occurrences to solve Detern-dependencies tasks

where they should determine which methods contained calls
particular method (see Fig. 6 (a-c)).

Determine-controktructure tasks asked participants to find
‘}-brace that closes a given block, asked participantto count the
for-, if- and whilestatements that enclose a given . Using
Baseline, participanthiad to scroll to find the closing brace
enclosing statements. Using Permanent, six participants four
line number of the closing brace in the context view whereas
navigated to the closing brace; seven participants read enc
statements inhie context view. Using Transient, five partints
called up the context view, and threkethese read the line numk
whereas two navigated to the closing bratee participants called
up the context view and read the enclosing staten

Two participants did not once call tipe fisheye viewusing the
Transient interfaceand using the Permanent interface, they se¢
to use the fisheye view only in higlomplexity task. Those two
participants were the only ones with no Java experieThe three
participants who preferred therahsient interface used the fishe
view in all low-complexity tasks. In higbemplexity tasks, two of
these participantaised it frequently, whereaone used it only
occasionally.
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5 DiscussionN

We now relate the findingsom our study to previous research in
focus+context interfaces of source c« We then discuss issues with
the transientise of fisheye interfaces in programn based on our
results.

5.1 Focus+Context Interfaces for Source Code

Results from the study confirm eier empirical findings in support
of fisheye views of source co(14] and code elision [7]. All but
two participants preferred either the Permanent or Trar
interface, which contained a fisheye view of code, compared
the Baseline interface, which contained a linear view. In contr
[14], however, time and accuracy measures were inconcliData
logged during the experimershow that participants often used
semantic highlighting of related co Using either Permanent or
Transent interface, participants could often find the answer dirt
in the context view with minimal navigati, whereas using the
Baseline interfaceparticipants had to navigate to find the answe
many of the tasks. ighlighting might have helpe(participants
navigate fastealso in the Baseline interface, especially by use o
overview rulerIn interpreting our results, it therefore important to
note that highlighting was not included in previous studies
focus+context views of source ce. However, highlighting is a
common featurén code editors and therefore perhaps well know
participants. In contrast, the fisheye vie is not well known.
Participants in our studyay not have had time in the study to le
to use it effectively. Ewe longe-term studies may uncover how
fisheye views are used when fully learned and adopted by

5.2  Transient Use of a Fisheye View

We compared the usability of transient fisheye view, which
participants could call up tempora, to a permanent fisheye view.
The transient fisheye viewaimed to support navigation and
understanding while still providing a large view of source codt
other tasks such awading and editingAnalysis of participants’
interaction with the interfaces showeffective use of the fisheye
view in both the Permaneimterface and the Transient interf.
Also, someparticipants’ commen confirm the idea of a fisheye
view that can becalled up temporari. However, only two
participants preferred th&ransientinterface. From participants’
feedback, we learned about issthat might have detracted from the
usability of thetransient fisheye interfacBelow we discuss these
issues and other factors that might have influenced participant
of the transient fisheye view.

First, resultsfrom the present studmay be contrasted to the
empirical findings of [15].That studyshowed preference for a
transient overview, wibh appeared temporarily close to the mc
cursor,compared to a fixed overview, which was shown perman
in the display.In contrast to the tasks used[15], which focused
narrowly on navigationparticipants in the present study perforr
more varied tasks in a more complex dor. For instance,
participantsused the fisheye view for navigating, but also
understading relationships in the de.

Some prticipants mentioned that thcontext view in the
Transient interfaceisappeared too easilWe suspect this may have
been a problem in tasks that involved determining enclc
statements. These types of task involved aligning indentatilines
in the context view to lines in the focus area. In contrast, we th
is appropriate that the context view disappears after haalling
up the context viewo navigate in the co. However, an interesting
alternative which was hinted at by sce participants’ comments, is
to allow users to switch the fisheye view on and off on der

We hypothesizethat the Transient interface would benefit fr
a large context viewhat allowed more important lines to be vis
simultaneously. We haexpectd that users would call up the
context view to use the information contained therein,therefore
not pay muchattention to the focus are:However, several
participants commented that the context view used too much sg
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ABSTRACT

Information visualizations have been shown useful in
numerous laboratory studies, but their adoption and use in
real-life tasks are curiously under-researched. We present a
field study of ten programmers who work with an editor
extended with a fisheye view of source code. The study
triangulates multiple methods (experience sampling,
logging, thinking aloud, and interviews) to describe how the
visualization is adopted and used. At the concrete level, our
results suggest that the visualization was used as frequently
as other tools in the programming environment. We also
propose extensions to the interface and discuss features that
were not used in practice. At the methodological level, the
study identifies contributions distinct to individual methods
and to their combination, and discusses the relative benefits
of laboratory studies and field studies for the evaluation of
information visualizations.

Author Keywords

Information visualization, evaluation methodology, field
study, programming, fisheye view, experience sampling,
logging, thinking aloud, interviews.

ACM Classification Keywords
H5.2. Information interfaces and presentation (e.g., HCI):
User Interfaces (Evaluation/Methodology).

INTRODUCTION

An abundance of techniques and tools have emerged in the
field of information visualization. In the past ten years, it
has become increasingly common to see proposals for new
techniques or tools accompanied by empirical evaluations
of the usability and usefulness of the technique or tool. Not
only do these evaluations provide useful information, they
also testify to the maturation of the field.

The evaluation of information visualizations are mostly
done as laboratory experiments [21]. Typically, participants
spend an hour or two completing predefined tasks with a
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limited set of tools and data. Laboratory experiments allow
precise measurement of the usability of a technique or tool,
and extensive control of the extraneous factors that may
influence use of the visualization.

However, laboratory experiments have general limitations
[e.g., 3,26] and issues specific to information visualization
also restrict their usefulness [e.g., 22,23,31,36]. Let us give
just three examples; many others may be found in recent
work on evaluation of information visualizations [e.g.,
2.4.29]. First, the tasks used in a laboratory experiment
greatly influence the results, but are often simpler than real
life tasks [8,31]. Second, in real-life use visualizations have
to be integrated with other tools and may not fit all
activities or work habits equally well [11,17]; laboratory
experiments rarely focus on integration with other tools.
Third, laboratory studies often do not go beyond initial use
of an interface [31]. An often-suggested answer to these
issues is long-term studies that employ multiple methods
[4,33,36]. While such studies exist, they are rare and advice
about their design and benefits lacking.

The present paper studies a fisheye visualization of source
code by deploying it among professional programmers for
several weeks. While deployed, we collected data using
experience sampling and logging; after participants gained
proficiency, we interviewed them and analyzed videos of
their use of the visualization. These data are used for
method triangulation [7,25] so as to understand adoption
and use, and are also contrasted to an earlier laboratory
evaluation of the visualization [16]. The aim is twofold: (a)
to advance our understanding of fisheye interfaces by
studying their adoption and use in a real-life setting; to our
knowledge this is the first long-term field study of a fisheye
interface and (b) to discuss the methodology of evaluating
information visualizations based on our use of method
triangulation. The results will inform practical work on
fisheye and other distortion interfaces, while advancing the
discussion of how to evaluate information visualizations.

RELATED WORK

This paper aims to combine and make contributions within
two themes: the methodology of information visualization
evaluation and fisheye views for supporting programmers.
Next we summarize the relevant literature for each theme.



Evaluating Information Visualization

During the past ten years, evaluation of proposals for tools
and techniques in information visualization has become
commonplace [5]. For example, out of 16 papers at CHI
2008 with the keyword visualization or information
visualization, 14 contained empirical evaluations (9 of
which were laboratory studies). At the same time, however,
methodology papers [4,36] and workshops [2] argue that
solid evaluation of information visualizations is difficult.

The difficulties of evaluation of information visualizations
may be illustrated with reference to laboratory experiments.
Laboratory experiments are the most widely applied
evaluation method [6,8,21] and perhaps therefore also the
method with which the most difficulties have been
identified. Difficulties include the use of experimental tasks
that are markedly simpler than real life tasks. Also,
durations of laboratory studies are often short. Perer and
Shneiderman [30] reviewed a collection of information
visualization papers and mentioned how only 39 out of 132
papers reported evaluations, and that all evaluations
included less than 2 hours of tool use. Because participants
need time to adopt novel interaction techniques [1],
laboratory studies often do not address gaining proficiency
beyond initial use of an interface [31]. In real-life,
visualization techniques have to be integrated with other
tools and may not fit all activities or work habits equally
well [11,17]; such concerns are ignored in laboratory tasks.
Other aspects of the setting in a laboratory and in realistic
use contexts may impact performance and adoption. Reilly
and Inkpen [32], for instance, studied the effectiveness of
map morphing. They found differences in for instance
recall when running a study in the lab and in a noisy public
space. A final difficulty with laboratory experiments is that
while the choice of participants are crucial to a laboratory
experiment [8], non-professionals are often participants in
such experiments. Taken together these difficulties limit the
validity and generality of findings from laboratory studies.

One answer to the difficulty of laboratory experiments is
new approaches to the evaluation of information
visualizations. For instance, long-term studies of the use of
information  visualizations have been  suggested
[4,33,35,36]. Shneiderman and Plaisant [36] described
multi-dimensional, in-depth long-term case studies,
shortened to MILCs. Their proposal was used by Perer and
Shneiderman [30], who developed a visualization for
analyzing social networks. Perer and Shneiderman had
domain experts use the visualization on their own problems,
and followed a methodology that included training and
changing the software in response to experts’ needs. Other
researchers have used variants of the MILCs approach
[27,39]. While long-term studies may give unique insights,
they are resource demanding and are, as an evaluation
method, often more formative than summative.

Another answer has been methodologies based on self-
reporting, such as diary studies and experience sampling
[24]. One prominent example of this is insight-based
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evaluation [29,33], which aims to quantify the number and
types of insights that analysts get using a visualization.
Saraiya et al. [33] asked two biologists to use five visual
tools to conduct exploratory analysis of microarray data
sets, an actual work task for the biologists. For three
months, the biologists were asked to keep a diary of their
work process, the insights they gained from the data, and
how the tools led to those insights. Saraiya et al. concluded
that their study “indicates the viability and importance of a
longitudinal, motivated, domain embedded, self-reporting
approach to evaluating visualizations.” A general problem
with this methodology, however, is that it is hard to couple
insights and the actual use of information visualizations.

Still another approach has been to systematically apply
qualitative research methods, including systematic
observation [15] and grounded theory [37]. For instance,
Faisal et al. [9] used grounded theory to study a tool for
visualizing academic literature. They argued that grounded
theory helped them characterize users’ experience of using
visualizations.

Fisheye Interfaces as a Case

The specific focus of this paper is on fisheye interfaces
[10]. We focus on this technique for two reasons. First,
Lam and Munzner [23] remarked that “even though
focus+context visualizations have been around for over 20
years, we do not know when, how, or even if they are
useful”’; the inconclusiveness of research on focus+context
techniques includes fisheye interfaces. Second, while many
evaluations have been conducted on fisheye interfaces [e.g.,
1,13,14,34], we are unaware of any long-term studies. Also,
most studies of fisheye interfaces use laboratory studies
only [e.g., 1,16]. Thus, the benefits of the methodologies
reviewed above have yet to bear on fisheye research.

We focus on fisheye use in programming. Programming is a
challenging activity to support with a fisheye interface, but
also to evaluate. It is cognitively complex and any insights
from visualizations are likely to be secondary in relation to
higher-level programming objectives. Two earlier studies
presented relevant empirical insights. Jakobsen and
Hornbak [16] compared a fisheye view with a linear view
of source code in a controlled experiment where 16
participants performed tasks involving navigation and
understanding of source code. Results from the study
suggest that a fisheye view can help programmers to
navigate and understand source code. Kersten and Murphy
[18] used diaries to investigate the utility of Mylar, an
extension for the programming environment Eclipse, that
allows the assignment of a degree of interest to interface
elements. The diaries identified a range of changes to
Mylar. Kersten and Murphy [19] later used logging to
investigate if Mylar improved programmers’ productivity.

In conclusion, a variety of methods are available to assist
evaluation of fisheye interfaces. In particular, it seems that
combinations of the evaluation methods proposed have not
been tried in relation to fisheye interfaces.



= Java - org.eclipsenebula.widgets.gallery/src/org/echipse/nebula/widgets/gallery/DefaultGalleryltemRenderer,java - Eclipse SDK ii‘@é_”
File Edit Source Refactor MNavigate Search Project Run Window Help
H-HE  HBER $-0-4- HHFEEG- @4 ooy~ B>
Ep O [J] *DefaultGalleryltemRendererjava &2 = O[5 Outline 52 =8
- 12 package org.eclipse.nebula.widgets.gallery; - ~H} 3R e w v
. 32 public class DefaultGallerylItemRenderer extends Abstr .
rg.eclipse.nebu =~ 8 org.eclipse.nebul ~
' uf R 2 Color foregroundCelor: = a
nebu 5 boolean showlLabels = true; r = import declaratio
Resize, Toggle, and i - - :
A » loggle, , 5 public boolean isShowLabels() { ©, DefaultGalleryiter
Filter buttons =clips 6 public void setShowLabels (boolean showLabels) { > dropShadow
3 org.eclips . a  dropShadow
éj Abstre & public DefaultGalleryItemRenderer() { 2 dropShadow
[4) Abstr: , e %, dropShadow| _
—JUI Abstr: furebruundCulor = Display.getDefault() .getSyste “ ionFor
Focus area 4] Abstre backgroundColor = Display.getDefault() .getSyste: a E Context view
a n
2} Defau selectionForegroundColor = Display.getDefault() a round|
(7} Galler, selectionBackgroundColor = Display.getDerault() 4 showlabels:
[7} Galler isShowlLabel
[#y Galler, Create drop shadows setShowlabs
Jj Listite createColors () ; DefaultGalle:
(43 NoGre —— A - draw(GC, Ga
= & public void draw(GC gc, GalleryItem item, int ind =«
|41 Rende - ) getFont(Gall
T TreeN 179 gc.setForeground (foregroundColor) = o setDropShad
=a 8 public void setDropShadowsSize (int dropShadowsSiz P
=) JRE System Li ; AT et m createColors
=) Plug-in Depe private void createColors() { L] .fFEEDfUpShE
&y META-INF -~ dropShadowGolors.add(c) : - - @ isDropShado ~
« [Lm » “ il » « m »
e Writable Smart Insert 68 @'} 5 [ @ @&
&
Figure 1: The Fisheye Java editor in Eclipse.
FISHEYE JAVA EDITOR the variable name whereby all references to that variable

Navigating and understanding the source code of a program
are highly challenging activities. The aim of our work is to
support programmers in those activities using information
visualization, specifically, fisheye interfaces [10]. Previous
work has used laboratory experiments to show that fisheye
interfaces may help navigation tasks [16]. As discussed in
the related work section, such experiments are not entirely
satisfactory. Before we describe our evaluation approach,
this section introduces the fisheye editor that we evaluate.

Based on three years of development and experimentation,
our current prototype looks like Figure 1. To be easily
useful for real programming tasks, we have extended the
Java editor provided in Eclipse, a widespread development
environment, with a fisheye view. In the Fisheye Java
editor', the editor window is divided into a focus area and a
context view (see Figure 1). The focus area, the editable
part of the window, is reduced to make room for the context
view. The context view uses a fixed amount of space above
and below the focus area. It contains a distorted view of
source code in which parts of the source code that are of
less relevance given the user’s focus in the code, are elided.

The Fisheye Java editor contains all the features of the
normal Java editor in Eclipse. For instance, the editor
highlights annotations of different types, such as search
results and compilation errors in the source code. One type
of annotation called occurrences allows programmers to see
where a variable, method, or type is referenced. For
instance, a variable can be selected by placing the caret in

' A Fisheye Java editor plug-in for Eclipse is available at
http://mikkelrj.dk/projects/fisheye2009
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are highlighted in the source code. In an overview ruler
shown to the right of the editor’s scrollbar, rectangles
indicate lines in the file that contain annotations. The
Fisheye Java editor takes these annotations into account
when selecting which lines to show in the context view.

Degree of Interest

In the Fisheye Java editor, a degree of interest (DOI) is
determined for each program line in the file. Lines in the
context view are then elided if their DOI is below a
threshold k.

The DOI of a program line x given the focus point p
(defined as the lines in the focus area) is calculated as:

DOI(xIp) = enclosing(x, p)
+ annotated(x)

+ cursor(x)

+ sibling ss1(x, p)

- dline(x’ p)

First, lines are interesting if they contain declarations or
statements that enclose the code visible in the focus area.
Such lines contain a package, class, interface or method
declarations, or one of the keywords for, if, while, switch,
etc. If line x is such a line and it defines a block that
encloses the code in the focus area p then enclosing(x, p) =
k. Second, lines containing annotations, such as errors,
search results, or occurrences of a selected element, are
interesting. To provide context for annotations, lines that
contain declarations of methods that enclose annotations are
also of interest. Thus, annotated(x) = k adds to the DOI of
line x that contains an annotation or declares a method that
enclose an annotation. Third, cursor(x) = k adds to the DOI



of line x containing the editor caret, which may for instance
be important for returning to the position of the caret.
Fourth, lines that contain declarations of methods, fields or
types that are close to the focus area may support
orientation in the code. Thus, if line x declares a member of
a class or interface that can be reached by moving upwards
in the abstract syntax tree from a line in the focus area p
then siblingss7(x, p) = k/2. Fifth, a distance dj;,..(x, p) € [0;
k/2] proportional to the number of program lines from line x
to focus area p detracts from that line’s DOI.

Source code elision in the context view

Lines are always included in the context view if they have a
degree of interest above the threshold k. If there are not
enough lines with DOI > k to use all the space available in
the context view, lines with DOI <= k are added to the
context view in descending order of DOI. This includes first
declarations of methods or fields immediately above or
below the code that is currently visible in the focus area,
and then other lines directly adjacent to the focus area.

Placing the caret in a variable may cause many lines to have
DOI > k because they contain highlighted occurrences of
the selected variable. All lines cannot be shown
simultaneously in the fixed amount of space of the context
view. Clipping or magnifying lines in the context view may
result in some lines becoming unreadable, yet all lines may
be important to the user. Thus, to guarantee users that the
context view contains all highlighted occurrences, the
windows containing the upper and lower context view can
be scrolled. The context view automatically scrolls to show
lines closest to the focus area when its contents change.

Interacting with the Fisheye Java editor

The user can interact with the focus area like a normal
editor. The caret can be moved within the bounds of the
focus area, scrolling the view contents when moving the
caret against the upper or lower bound. The context view
automatically reduces in size to fit the content; near the top
of the document, for example, when the user scrolls by
holding an arrow key to move the caret past the upper edge
of the focus area, the upper part of the context view retracts.
The context view can be switched on and off. When
switched off, the context view can be call up temporarily
with a keyboard shortcut, and it can be dismissed by hitting
Esc or by clicking outside the context view. Clicking on a
line in the context view jumps to that line and places the
caret at the clicked position. Also, the context view can be
resized, either by clicking on a button in the toolbar or by
using a keyboard shortcut.

Filtering and customizing the context view

The user can change whether annotations or enclosing
statements are included in the context view. Also, the user
can select which annotations to show among all the
annotation types available in Eclipse including bookmarks,
errors, occurrences, search results, and tasks. In the
example shown in Figure 1, errors and tasks are enabled,
causing one line with an error and one line with a TODO
task annotation to be shown in the context view. More
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customization options are available in a preference dialog
page, for instance, whether to include the cursor line when
it is scrolled out of view or whether to include all lines that
contain method or variable declarations.

FIELD STUDY WITH PROFESSIONAL PROGRAMMERS
We conducted a field study of the Fisheye Java editor with
professional Java programmers. Our aim was in part to
understand how programmers will adopt a fisheye view of
source code over two weeks and use it in their own work, in
part to investigate the use of multiple methods in
combination in a way not previously tried in evaluations of
fisheye interfaces.

Participants

Ten professional Java programmers from three software
companies participated in the study. Participants had
between 1 and 20 (M = 9) years of programming
experience. Eight participants had IT-related education
whereas two participants had a business-oriented
background. Participants used Mac OS X (2 participants) or
Windows (7 participants) or both (1 participant), and they
all used Eclipse 3.2 or later. All ten participants were male.

Method

We studied the programming activities of participants at
their work place. Our aim was to study each participant
using Eclipse for at least ten workdays; the actual period of
study varied from two to five weeks. To provide a rich basis
for analyzing the use of the Fisheye Java editor in the daily
programming activities of participants, multiple data
collection methods were used (see Figure 2). We were
particularly inspired by Denzin’s [7] definition of
triangulation as "the combination of methodologies in the
study of the same phenomenon" (p. 291) and by the lack of
work that integrates the new evaluation approaches
mentioned in the section on related work.

Two meetings were arranged to interview participants and
observe them while thinking aloud during their daily work.
In the period between the two meetings, data were
automatically logged to describe participants’ interaction
with Eclipse. We probed participants during work using an
adaptation of the experience sampling method [24].
Interviews, thinking aloud, logging, and probes
complement each other to collect quantitative and
qualitative, subjective and objective data; in the Discussion
we return to how this worked in practice. Next, we describe
in turn how each method was used.

2 -5 weeks

Interviews I
Thinking Aloud
Probes
Activity Logging

Figure 2: Use of methods to gather data about participants’
programming activity and their experience using the Fisheye
Java editor.



Thinking Aloud

We observed participants at their work place while they
were thinking aloud, working with programming tasks that
involved use of a Java editor. Because programming is a
cognitively complex task — and because participants were
working on real tasks — we only reminded participants to
think aloud infrequently. To support a detailed analysis of
how participants interacted with the Fisheye Java editor, we
used screen recordings to capture participants’ interactions
with their computers, combined with a web camera that
recorded participants’ utterances. Screen recordings may be
less obtrusive than using physical video equipment in
participants’ work environment and have been previously
been used to record participants without an observer present
[38], thus allowing a broad sample of the daily work of
participants. In our case, however, we wanted participants
to think aloud, so as to provide insights in their intent and
experience of use. Thus, we wanted an author to be present
and only recorded a couple of hours for each participant.

We analyzed the video recordings of participants thinking
using grounded theory [37]. The first author found
segments of recordings where participants either interacted
with the context view using keyboard or mouse, or made
utterances or gestures that indicated they were looking at
information in the context view. We coded each segment
where participants were (1) looking at the lines in the
context view (and possibly scrolling the context view) or
(2) clicking on a line in the context view to navigate to that
line. In all, we recorded 10:41 hours of participants thinking
aloud using Eclipse with the Fisheye Java editor installed.
Technical problems with the recording software caused one
thinking aloud session to yield no usable data.

Activity Logging

In the period of ten work days between the two thinking
aloud sessions, data were automatically collected about (a)
how participants used menus, toolbars, keyboard shortcuts
and views in Eclipse, as in [28], and (b) how participants
interacted with the Fisheye Java editor. We used these data
to characterize participants’ use of the programming
environment, and in particular to describe how they
interacted with the context view and how often they did so.

Probes

We collected data obtained using an adaptation of the
experience sampling method [24], in which we randomly
probed participants with a survey delivered in a dialog
window from within the programming environment.
Participants were probed during periods where user activity
was registered in Eclipse and a Java editor was active.
Interruptions were more than 90 minutes apart. Because we
were interested in situations where participants used the
context view, we delayed probes for up to 15 minutes to be
delivered to participants the moment after they had
interacted with the context view. The probe dialog window
contained five pages asking participants (1) what they were
doing when interrupted (using categories from [20]), (2) if
they used the context view and if so, what they used it for,
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(3) how well they knew the source code they were working
with, (4) what type of task they were working on (e.g.,
correcting a bug or restructuring the source code), and (5)
how long they had been working on the task (ranging from
“less than 10 minutes” to “more than a month”).

Interviews

We interviewed participants before the first thinking aloud
session to gather information about their background and
programming experience, the project they are working on,
and the types of task that they spend time on during their
workday. After the second thinking aloud session, another
interview was conducted to investigate the participants’
experience of using the Fisheye Java editor. Also, the
interview allowed for discussion of benefits and drawbacks
of the editor and possible improvements. Recordings of the
second interviews were transcribed and analyzed, using
open coding and comparison of the coded interview
segments to find common themes in participants’
experiences of using the Fisheye Java editor.

Procedure

The experimenter met with participants at their workplace.
First, participants were interviewed for about ten minutes.
Next, the participant’s computer was set up to capture the
screen of the monitor showing the Eclipse window and a
web camera was set up to record the participant while
thinking aloud. Participants were then instructed to think
aloud while they were working. Having observed the
participant for approximately one hour of programming, the
participant was allowed a break. A plug-in with the Fisheye
Java editor was installed in Eclipse together with a plug-in
for logging participants’ interaction with Eclipse. The
participant was instructed in the use of the Fisheye Java
editor, and then supervised while trying the editor to allow
for questions and clarifications. During the first five days of
the study period, a window with instructions on how to use
the Fisheye Java editor opened twice a day to remind
participants about how to use the editor. Also, the first
author visited or contacted participants to answer any
questions participants might have about the Fisheye Java
editor. Participants were not paid as an incentive for using
the editor and they could at any time switch it off.

At the second visit about ten workdays after the first visit,
participants were observed for an hour using Eclipse with
the Fisheye Java editor installed. Participants were
instructed to think aloud, and the session was recorded
similarly to the first meeting. Finally, participants were
interviewed about the work they had been doing after the
first visit and about their experience with the editor.

RESULTS

Our results consist of recordings of participants’ thinking
aloud, logged data describing participants’ activity in
Eclipse, answers to probes, and interview transcriptions.

Thinking Aloud
Our analysis of participants’ thinking aloud identified 55
incidents where the context view was used. We



characterized what was going on in each incident using
open coding, and we compared incidents to develop
categories for different uses of the context view and the
situations where these uses occurred. Table 1 shows the
most common situations of use with the number of
incidents of each situation.

Most incidents involved the use of highlighted occurrences
of a variable, method, or class. Often participants selected a
method or variable to highlight its occurrences that would
show up in the context view. Typically, participants found
an occurrence and navigated there quickly or looked in the
context view to investigate its dependencies, possibly
clicking on an occurrence to investigate further. For
instance, one participant had to move a set of buttons from
one part of an application window to another. This task
required navigating between at least four files, moving
variables from one file to another. The participants used the
context view, making sure all the dependencies either were
moved along or dealt with in a more appropriate manner.

The second most common use of the context view involved
looking for or navigating to the declaration of a method. In
one situation, participants searched for the right method to
use or investigate further. In another situation, participants
navigated to a method they had recently investigated. Also,
we found three incidents that resembled the situation of
navigating to errors as part of manually refactoring code:
after using the “quick-fix” tool in Eclipse to automatically
add a required method to a class, participants looked in the
context view to find the added method and navigate there.

The third most frequent use of the context view we saw
involved navigating to compilation errors. In five incidents,
participants made a change that caused errors in related
code elsewhere and then immediately navigated to the error
to correct it. A participant later explained that it was
sometimes faster for him to add a parameter to a method
and navigate to errors in calls to the method and fix them,
than it was to use the refactoring tool in Eclipse. Also, in
three incidents participants inspected an error that they had
caused earlier without noticing.

We did not see participants use package declaration or
enclosing statements in the context view, which surprised
us because such higher-level information has been
conjectured to provide important context [10]. A possible
explanation is that participants were simply not working in
long and complex blocks of code with heavy indentations,
but mainly smaller methods or methods with many lines but
no deep indentation.

In conclusion, we saw eight participants use the context
view during thinking aloud. One participant had disabled
the Java Fisheye editor because he experienced problems
with it. Use of the context view varied greatly between
participants; one participant mainly used the context view
to inspect highlighted occurrences of variables, whereas
another participant mainly used the context view for
navigating to errors. This is not surprising, since the use
situations we saw for each participant very likely were
influenced by the tasks and the code that participants were
working on in the small sample of each participant’s work.

Activity Logging

The data that were logged in Eclipse comprise 114 days of
Eclipse use. Each participant used Eclipse for at least ten
days. However, no usable log file was produced for one of
the participants due to technical problems.

From the logged interaction events, we determined periods
where participants used Eclipse. A period was determined
as at least two interaction events with less than five minutes
in between, adding half a minute to the beginning and end
of each period. In all, participants used Eclipse for around
370 hours. Using the method of determining periods of use,
we determined and summarized the length of periods where
participants made changes to the source code. Participants
were editing Java source code for around 207 hours (56%),
and each participant was editing code between 26% and
72% of the time they were working in Eclipse.

We visualized the participants’ interaction with Eclipse by
creating for each participant a series of timelines (one per
day), indicating when the user was interacting with Eclipse

Use Situation N C Example of an incident

Use of Inspected references to a 15 9 Determined which of the methods containing dependencies to a given
highlighted variable variable that should be moved to another file.

occurrences Inspected calls to a method 4 Located and navigated to a call to a given method and deleted the call.
Use of method Looked for a method 8 4 Looked for method that might be used to update a given type of object.

declarations Navigated to method that was 3 3

recently investigated

Navigated to a method, which he had recently investigated, to copy code
for use in the method he was currently writing.

Navigated to a method that 3 3 Navigated to a method that was just created automatically using a
contained a TODO annotation “quick-fix” tool.
Use of errors Navigated immediately to 5 5 Manually refactored code in that he added a parameter to a method and
correct error in related code then corrected a call to the method.
Inspects an error caused by 3 3 Noticed after digressing from a change to a method that the change was

recent change

incomplete and returned to fix the error.

Table 1: Common situations involving use of the context view in the Fisheye Java editor identified in recordings of participants
thinking aloud. N refers to the number of incidents of each situation and C refers to the number of those incidents where
participants clicked on a line in the context view to navigate to that line.
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and with the context view. Figure 3 shows an example of
seven days of interaction for one user. The timeline
visualizations gave three insights into the adoption and use
of the context view. First, the use of the context view is
evenly distributed over days. Only in 10% of the days, do
participants not interact with the context view and then
typically little interaction with Eclipse occurs in the day.
Also, interaction with the context view typically happens
several times during the day (in about 90% of the days).
Second, we do not see a decline of use over time. Across
participants, a comparable number of uses of the context
view are found on the first and last day of logging. Third,
some participants have long durations of activity where
they do not use the context view (in Figure 3 this happens at
the middle part of day 7 and the beginning of day 8). This
typically happens when the participant is not editing.
Overall, the time lines show that participants have very
different work patterns. For instance, one participant who
was filling in for the project leader during the study had
many short periods of interacting with Eclipse during his
workday and only few long periods of programming.

As a measure of how frequently participants used the
context view, we grouped the times where participants
scrolled or clicked in the context view into periods so that
repeated interaction with the context view within a five-
minute window counted as a single period of use. In
average, participants interacted with the context view 1.7
times per hour. For comparison, we determined how often
common tools in Eclipse for searching and navigating in the
current file were used. In average, participants used ‘Find’
0.7 times per hour, an outline of the file 2.3 times per hour,
and a search for references 1.4 times per hour.

Probes

In all, participants were probed 332 times (out of which 193
were postponed and not analyzed further). We discarded six
probes that participants completed more than five minutes
after the interruption, because we did not think those
answers reliably reflected a participant’s experience at the
time of interruption. Of the resulting 133 probes, 36 were
conditional probes (that were made because participants
had just interacted with the context view) and 14 were
unconditional probes where participants reported that they
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Figure 3: Example of timeline visualization of seven days (y-
axis) of interaction with Eclipse and the Fisheye Java editor.
Periods of editing are yellow; periods of interaction with
Eclipse are gray; gray circles indicate use of the context view.
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had used the context view. Thus, 50 probes were answered
after participants had used the context view.

Table 2 shows the activities that participants reported they
were doing when probed. The most frequent activities
participants mentioned doing when probed were editing
(54%), reading code (20%), or testing (17%). Other
activities that participants reported doing when probed
mainly included forward porting (8%), just starting or
resuming work in Eclipse (6%), or synchronizing (4%).
Participants report more often that they navigated
dependencies in the code when they had used the context
view, than when they had not used the context view, and
participants reported navigating when they had used the
context view only in conditional probes. This suggests that
participants used the context view to navigate, but also that
navigating dependencies is a brief activity that only few
unconditional probes interrupted.

The tasks that participant most frequently reported working
on when probed were extending the program with new
functionality (27%), modifying the program’s existing
functionality (23%), or fixing a bug (23%). When using the
context view, participants reported slightly more often that
they were fixing bugs (28% vs. 20%) or extending the
program (54% vs. 40%) compared to when they were not
using the context view. In contrast, they reported less often
optimization (0% vs. 10%) or restructuring (4% vs. 16%)
when using the context view.

When probed after using the context view, participants had
used it to find highlighted occurrences (18), navigated to a
particular line (9), see the declaration of the current class
and method (8), and see enclosing statements (6).

Interviews

Table 3 summarizes the main findings from analysis of our
interviews with participants after they had used Eclipse
with the Fisheye Java editor installed. Concerning adoption
of the fisheye view, eight participants said they would
continue to use the Fisheye Java editor. One participant
explicitly said that it was “a better editor with the fisheye
view than it is without”. We think this is a strong indication
that participants found the benefits of the fisheye view to
outweigh the drawbacks. Furthermore, six participants felt

Use of context view No use

Probe was... conditional unconditional unconditional
Read code 22% 7% 22%
Edit 53% 79% 51%
Navigate 39% 0% 4%
Search 11% 7% 4%
Test 17% 7% 19%
Read API docs 0% 0% 1%
Other 14% 7% 23%

Table 2: Frequency of activities participants answered they
were doing when probed (1) conditionally when context view
was used, (2) unconditionally when context view was used, and
(3) unconditionally when context view was not used. Multiple
activities could be specified, so columns do not sum to 100%.



they had not fully learned and adopted the fisheye view
after the few weeks of having it installed. Altogether, we
took this to mean that some participants would at least keep
the fisheye view installed so as to try to learn using it.

Concerning the overall experience of using the fisheye
view, six participants found it was confusing at times,
because it was hard to know what was shown in the context
view. Three reasons were mentioned: (1) adjacent lines that
filled unused space in the context view made it difficult to
determine where blocks of code were left out, (2) not all
methods declared in the file were shown, and (3) different
types of lines were shown at different times. Five
participants said they disabled or did not care about the
fisheye view when working in tasks where it was not
useful. Also, four participants said they had reduced the
size of the context area. Some comments suggest that it is
not so much the context area that is too large as it is the
focus area that is too small to get an overview of the code in
focus. Some participants mentioned that they would have
liked a taller display, and one participant had in fact pivoted
his widescreen display to use the Fisheye Java editor in a
tall window. Three participants made comments suggesting
that they sometimes would forget that the context view was
there but the visually distinct appearance of an error or an
occurrence could draw their attention to it.

Seven participants said they liked that errors and
occurrences were shown in the context view. One reason
mentioned was: “you learn 400 different shortcuts for
example to navigate between different compiler errors, so I
think it’s a good thing that you actually have something
visual”. In particular, comments of two participants seem to
hint that being able to see in the context view the errors —
noting that some errors follow from others — helps them
determine what code to actually fix to correct the errors.
Participants did not agree about the usefulness of
class/method declarations or of enclosing statements. While
some participants found enclosing statements useful to form
a context for the code in focus, others said that they made
no use of them. One participant, who liked the enclosing

statements, admitted that he once experienced losing
overview of a large method anyway. Finally, three
participants said they used the context view to see methods
that were near the code in focus.

DISCUSSION

Findings on Fisheye Interface in Programming

The main finding is that the fisheye interface was adopted
by participants and integrated in their work. The activity
logging showed that most participants used the context
view regularly throughout the study and that the frequency
of use was comparable to core tools in Eclipse. Most
participants said they would continue to use the Fisheye
Java editor after the study had finished. Compared to some
other studies of workplace adoption of information
visualization [e.g., 11], this is a strong and encouraging
result; in relation to fisheye research [e.g., 1,13,14,34], the
adoption suggest that some ideas in fisheye interfaces may
be useful in real-life tools for tasks as complex as
programming.

While adoption is thus confirmed by several types of data,
some programming tasks were not supported by the Fisheye
Java editor. In interviews, participants said that the fisheye
interface did not support tasks like debugging or composing
new code. The activity logging also shows long episodes of
non-use of the context view. While our notion of focus
point was tied to one editor window, participants’ focus
could easily change between windows or other parts of the
editor. We contend that extending the notion of focus in
fisheye interfaces to encompass different parts of the
interface (similarly to Mylar [18]) could be interesting for
real-life fisheye interfaces. On the other hand, the thinking
aloud sessions showed use of the fisheye interface across a
range of tasks, including some surprising ad-hoc uses.

The usefulness of the Fisheye Java editor was linked to the
highlighted occurrences of variables and methods. Most
incidents of use of the context view in thinking aloud
sessions involved highlighted occurrences; a third of the
probes following use of the context view also mention

Theme Main finding N Examples or quotes
Learning Continued use after the study 8 “lactually think it is good. At least, | have decided to keep it.”
and “I’m not ready to disable it yet”
adopting  Not fully learned and adopted fisheye view 6  “Have been busy ... so, often | have relied on habits ...”
Overall Content sometimes confusing 6  “..difficult to know when it was shown and when it was not.”
experience .t relevant for some tasks 5 Debugging. Writing new code. Copying large code blocks.
Large view of code in focus 4 “It's like [the context view] can use a certain percentage [of the display
space], and then it starts to become noise.”
Unobtrusive 3 “Itis kind of unobtrusive, you can easily forget it is there ...”
Draws attention when something stands out visually.
Use of Inspected and navigated to occurrences 7  “Often faster to use the fisheye view to jump because it shows it ...
context rather than page down or search”
view Determined where to correct errors 4 ”"[In the overview ruler] you can just see there is an error, but down here
you can see there is an error and what the error is.”
Awareness of nearby methods 3 “[Used it] to see nearby methods, click on one and jump in the code.”

Table 3: Main findings from analysis of interviews. N refers to the number of interviews in which a finding was made.
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highlighted occurrences. While the DOI function
underlying the fisheye editor integrates different kinds of
interest, it appears that the direct and transparent

relatedness of highlighted occurrences in the editor and in
the context view matters the most to users. More generally,
the a priori determined components of the DOI function
may matter relatively less in real-life use. This speculation
brings into doubt a defining characteristic of fisheye
interfaces, and is an important focus for future work.

The last finding we want to emphasize is a lack of clarity
and predictability in the fisheye interface. Six participants
mentioned in interviews that they were confused about
when methods and lines were shown and when they were
not (e.g., “it should be more predictable so that you can
guess what you get or understand better what information
you get from the fisheye”). These remarks warrant further
investigation, because they conflict with another defining
characteristic of fisheye interfaces [10], namely that the
view changes based on changes in the focus point. We are
considering how to make it clearer which lines are shown in
the fisheye interface and which lines are elided. A possible
improvement is to allow users to control directly in the
fisheye interface how different types of information in the
context view are shown or elided, perhaps using fold and
unfold mechanisms (e.g., = and F) used in widespread
code editors.

Strengths of Methods in Combination

We found individual methods contributing insights into
adoption, use of specific functions, and participants’ intent
to varying degrees. In combination, the methods provide
stronger evidence of participants’ adoption and use of the
Fisheye Java editor than any method alone, making up for
limitations of individual methods. We give three examples.

First, interviews provide subjective data where participants
explain their full experience and intent, but explanations are
retrospective and hard to connect to concrete situations in
their work and specific functions in the Fisheye Java editor.
In contrast, thinking aloud provides rich insight into
participants’ programming activity based on concrete use
situations.

Second, participants’ assessments in interviews of their
adoption of the fisheye interface are retrospective and thus
ambiguous. Also, observing each participant a few hours
provides only a small sample of their work and it is difficult
to tell if participants have adopted and used the Fisheye
Java editor in all their work activities based on thinking
aloud data. To compensate for these limitations, activity
logging provides quantitative, fine-grained data about
hundreds of hours of work that show that participants used
the fisheye interface regularly. Also, probes provide
subjective data about many hours of participants’ work that
show how participants used the fisheye interface in
different types of activity. These data allow us to
extrapolate on our observations of participants’ use of the
fisheye interface in their work across tasks.
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Third, determining participants’ intent during uses of the
fisheye interface solely from activity logging and probes is
difficult, if not impossible: activity logging does not give
the context of participants’ work, nor their intent with the
logged activity; interruptions by probes annoy participants
and only limited data can be gathered. Thinking aloud thus
complements logging and probes by situating use of the
fisheye interface in observations of participants.

Laboratory Experiment vs. Field Study

We find four comparisons between the previous laboratory
experiment [16] and the present field study of interest. First,
our focus on adoption is not possible in a laboratory
experiment [12]. The data provided by activity logging is
much more convincing than our earlier collected
preferences. Second, while realism of tasks is often claimed
a hallmark of field studies, we were mostly surprised by the
variability and ad hoc use of the fisheye view, as captured
in the thinking aloud sessions. Because tasks were fixed and
relatively simple in the laboratory study, we did not see
such behavior. Third, as mentioned earlier, a common
criticism of laboratory studies is that they do not allow
participants to gain proficiency [31]. The present field study
is not a panacea in that respect. Participants mention time-
pressure and being busy as barriers to using the fisheye
editor. Perhaps proficiency with tools need other forms of
collaboration between researchers and participants, for
instance, the long-term collaborations in MILCs [36].
Fourth, the field study required full integration of the editor
in participants’ programming environment, causing a
number of practical problems.

CONCLUSION

Fisheye interfaces for source code promise to support
programmers in navigating and understanding code. Such
interfaces, however, have only been evaluated in laboratory
experiments, leaving it uncertain if they would be adopted
and used in real-life programming. This uncertainty reflects
a general lack of multi-method longitudinal studies of
information visualizations. We have conducted a field study
of ten professional programmers solving their normal work
tasks using a fisheye editor. Data were collected using
experience sampling, activity logging, thinking aloud, and
interviews.

The results suggest that participants adopted and used the
fisheye interface as extensively as other common tools in
their programming environment. However, lack of
predictability was an integral part of using the interface,
certain activities were not supported well, and core
assumptions in the design of fisheye interface (which had
not been challenged in a previous laboratory study) did not
hold in the field. Methodologically, we have shown how
triangulation of data helps reach closure about benefits and
limitations of the visualization. Future work could couple
more tightly the data collection methods so as to obtain data
both on adoption, specific episodes of use, and on users’
intent.
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Abstract. We present WIPDash, a visualization for software development
teams designed to increase group awareness of work items and code base
activity. WIPDash was iteratively designed by working with two development
teams, using interviews, observations, and focus groups, as well as sketches of
the prototype. Based on those observations and feedback, we prototyped
WIPDash and deployed it with two software teams for a one week field study.
We summarize the lessons learned, and include suggestions for a future version.

Keywords: Information visualization, software development, large display,
cooperative work, CSCW, situational awareness, field study.

1 Introduction

Team collaboration and coordination in software development is difficult [14]. First,
it may require frequent coordination to plan and review progress of a team. Second,
completing a task often involves team collaboration because knowledge is divided
between team members who have different roles or own different parts of the system.
Team members may work on multiple task items at a time, or belong to more than one
team, adding to the challenge of coordination. Thus, team members need to be aware
of what others on the team are doing [10,14].

In this paper, we present WIPDash (Work Item and People Dashboard), a
visualization of work items in a team’s software repository. Our goal is to help
software teams be aware of the overall status of a project, and understand ongoing
activities related to the team. Initially, we conducted interviews and field observations
within a software development organization in order to understand the needs of
collocated software teams. We then discussed these results in a series of focus group
to iteratively design WIPDash. Finally, we deployed WIPDash with two software
teams in an attempt to observe which features and functions the team actually used,
and how they used those features. Our findings led us to a number of design lessons,
and yet another design iteration, which we introduce at the end of the paper.
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The main contributions of this work include (1) detailed findings about how
developers maintain team awareness using existing techniques and tools, (2) a novel
awareness visualization based on developers’ needs, and (3) lessons learned from a
deployment with two teams along with a conceptual overview of new design ideas
based on that deployment.

2 Supporting Software Team Awareness

Many organizations adopt Agile Software Development methodologies that promote
shorter iterations and daily stand-up meetings to improve coordination [15]. Also,
collocation of a team in a shared team space may improve productivity [19]. Yet,
software teams are still challenged with maintaining awareness of ongoing activity
[10], and find collaborative tools that support their development work useful [14].

Software teams typically store information about work items (e.g., tasks and bugs)
in software repositories, such as Microsoft Team Foundation Server (TFS), to support
team coordination. However, such repository systems are not designed to give an
overview of the state of a project or to keep team members aware of the team’s
current activities. In addition, it is not easy to see changes to work items in a software
repository. Developers may not feel that they get a proper return on the time they
invest on updating work items and often the status of work items is not up to date.

One way to improve team awareness is to show data from a team’s repository on a
large display in a shared workspace [e.g., 1,8]. FASTDash [1] showed developers’
current activities in a code base. A field study showed that FASTDash increased
communication within the team by 200%, and helped participants know who had
which files checked out, who was blocked and needed assistance, and helped resolve
conflicts with checked out code. Improvements were suggested based on the study,
such as using metrics other than file size to allocate screen space, and to add support
for people to track work items that are assigned to them. Still, it was not clear which
types of information were most useful or how visualizations could be best designed to
get awareness information at a glance. O’Reilly et al. [12] visualized checked-in code
changes on a multi-monitor display. The authors concluded that the visualization
helped to inform developers about progress and overall effort of the team. However, it
is not clear how participants used the display. De Souza, Froelich and Dourish [16]
have shown that source code could be mined to visualize both social and technical
relationships of projects. We were inspired by these findings and focused our
visualization on support for work item awareness.

Fitzpatrick et al. [6] described a long-term study of a software team using a
tickertape tool where messages from CVS, a revision control system, were displayed.
The authors found that the tickertape tool stimulated more focused discussion about
source code changes, reduced the number of empty check-in messages, and helped
coordinate and negotiate work within the team. The authors mentioned the modest
screen real estate requirements of the tickertape tool as an important benefit.

Hill and Holland [9] describe the concept of showing the history of a user’s
interactions with files as part of the representation of the files. Recent research has
empirically studied use of interaction history to help software development teams
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[3,7]. TeamTracks [3] directs the attention of a programmer to important parts of the
source code based on the history of programmers’ interactions with the code. Augur
[7] combines information about code activity with a line-oriented source code
visualization similar to SeeSoft [4]. Froehlich and Dourish [7] present case studies of
four developers who used Augur to gain insight into their code and their development
activities. Their findings support the idea of combining information about activity and
code in one view that is based on spatial organization of the code. However, Augur’s
potential usefulness as an awareness tool for a collocated team remains unknown.

The research efforts mentioned so far involved representations of source code,
check-ins, and the use of code files. In contrast, Ellis et al. [5] aimed at helping large
distributed software teams to coordinate their work on change requests by visualizing
bugs. They presented SHO, a visualization with bugs shown as circles ordered,
colored, and sized by different importance metrics. Participants in an experiment were
more successful at completing tasks using SHO than using Bugzilla. Another recent
study by Sarma et al. [14] presented a desktop awareness system based on code
activity and check-ins. Their Palantir tool addressed mainly artifact changes in order
to prevent potential conflicts. The visualizations were useful for exploring databases
of bugs to identify areas of concern. However, it is not clear how useful these types of
visualizations are for maintaining awareness of work items activity and project
progress in collocated software teams, which is the focus of this paper.

3 User-Centered Design

The research presented in this paper follows a user-center design approach. We began
by gathering observations and conducting semi-structured interviews with software
developers to gain insight into their work practices and needs in collocated team
workspaces. Our goal was to understand how collocated teams coordinate their work
and to get input on what visualization features and views would be most useful for
them. We then sketched an initial design of a visualization to support team awareness,
which we presented to a focus group for feedback.

3.1 Interviews and Field Observations

In situ observations were performed with two Agile teams (see Figure 1). The teams
were observed for five hours during one week. Observations were carried out at
different times of the day and included morning stand-up meetings and iteration
planning meetings. One team typically had five to ten members present, while the
other team typically had eight to fifteen members present. We also carried out semi-
structured interviews with ten individuals from these teams (eight males). Each
interview lasted 35-40 minutes and was audio recorded with the participants’
permission. Interviewees received a free lunch coupon as gratuity for their
participation. Each interviewee had two to fifteen years of experience in software
development and ranged in age from 20 to 46. Based on questions from related
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Fig. 1. Shared team rooms for the two software teams we observed.

studies [10,17] and questions motivated by our in situ observations, the interviews
focused on the following aspects:
* experiences working in a collocated team workspace;
* what tools and alerts are currently used to keep track of what other team
members are working on and what is missing in existing tools;
*  how work items and tasks are currently managed;
* types of meetings and the use of a projector in the team room;
*  how progress and project health in general is monitored;
* wishes on what to display on the large shared screen and how to support work
flow.

3.2 Interview and Field Observation Results

The interviews and observations showed that the teams work in iterations, which are
blocks of time typically one to two weeks long. Daily stand-up meetings in the
morning help the team to keep track of who works on what, and they are considered
an important time for team bonding. Work items are created in a repository.

The teams used many software tools to coordinate their activities including Team
Foundation Server (TFS), email, instant messaging, Live Meeting, and SharePoint.
The teams varied in work style, size, and physical workspace arrangement. Both
teams adopted a seating arrangement that corresponded to individual roles on the
team: developers, testers, writers, and support (including program managers).

In addition to regular stand-up meetings, iteration planning, and bug triages (where
resolved bugs are discussed and new bugs are assigned to team members), ad-hoc
conversations frequently occurred in the team rooms. Some team members used chat
or email, but often team members just shouted out a question or rolled their chairs
over to talk to each other. Moreover, other people came in and out of the team spaces.

Although shared team rooms can be noisy and distracting, and offer less privacy
than private offices, most team members felt that the team room was more effective
for team work. An exception to this is documentation writers (two out of ten
interviewees) who said that they preferred to work in a private office or from home;
they needed to concentrate and only came to the team room for meetings or when they
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needed to speak to a team member. Since they were frequently absent from the team
room they tended to be less aware of activities that were going on within the team.

Both teams used shared whiteboards and sticky notes on the walls. Team members
defined, categorized, and prioritized work items during iteration planning meetings
and used sticky notes to represent tasks or work items. The teams also used a
projector on the wall to display information for various tasks such as work items
during iteration planning, when assigning new tasks, or for code reviews.

The dynamic nature of stand-up meetings requires a quick, glanceable overview of
recent activity. Teams currently do not have a suitable tool for displaying important
information. TFS gives no overview of unassigned tasks, and does not allow more
than one person to be assigned to a task. Also, team members have to make a burn
down chart or a task list for each meeting, which is time consuming. It is possible to
export charts and work items from TFS, but this often results in a long Excel table
with no way of synchronizing changes back with work items in TFS.

3.3 Focus Group Feedback

Based on what we learned from the interviews and observations, we sketched an
initial design for a team awareness visualization. This initial design sketch, based on
the current iteration of one of the team’s work items repository, was presented to a
focus group on a large projection screen in a meeting room to help participants
imagine how the visualization would look when deployed in their own team room.
Eight participants from two Agile development teams took part, including an
architect, program managers, developers, lead developers and testers ranging in age
from 30-48. The focus group session was video recorded with the teams’ permissions.

Participants found that the awareness display presented information in a new
perspective they had not seen before and they liked being able to see an overview of
the whole project in one view. Team members expressed the need for different filters
and view modes, since some work items might be irrelevant for their role.

We derived three key requirements for our design based on this feedback. The
awareness visualization should (1) give an overview of iteration progress, with the
ability to summarize over the last day, week, month, or version, (2) give details on
individual work items and the people these are assigned to, and (3) list current and
recent activities, either of people or on work items.

4 Work Item and People Visualization

Based on all of these results, we developed WIPDash, a visualization suitable for a
large shared display in a collocated software team space. The visualization was
implemented as a Windows application that reads data about work items from TFS.
Our intention was that team members could glance at the shared display to see the
overall status of the project and the recent changes made (especially from the past 24
hours). We also wanted team members to be able to use WIPDash on their individual
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machines, where they could switch between different views and filters, and get details
on demand.

The WIPDash window consists of two parts (see Figure 2). The left part of the
window contains a spatial representation of areas of the project and the work items in
those areas. For instance, the area labeled ‘Docs’ contains items related to project
documentation. The right part of the window consists of a list of view modes, a team
panel, and drop-down lists of iterations, work item states and types. These lists can be
used to filter and highlight work items in the left view.
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Fig. 2. WIPDash showing the iteration overview for the current iteration of a project.
4.1 Work Item Treemap

WIPDash uses a squarified treemap for laying out project areas as rectangles [2]. The
treemap is a scalable approach to spatially organizing hierarchically structured data
such as a hierarchy of project areas. Each rectangle is sized proportionally to the
number of open work items in the area. A minimum threshold is used to ensure that
areas that do not contain any open items are shown in the map. Rectangles are labeled
with the name of the project area.

We wanted to preserve the spatial layout of project areas and work items to make it
easier for users to remember where areas are located in the visualization. However,
treemap algorithms can cause the spatial layout to change considerably when the data
changes. Since WIPDash would be shown on both a large display and on individual
team members’ displays (which may have different screen dimensions), the layout
had to vary across instances of WIPDash. In order to keep the layout consistent for
the purpose of the field study, the treemap was fixed and then shared by all instances
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of WIPDash. This layout could be explicitly updated and the treemap would render
again. Since the relative size of an area does not change dynamically to reflect the
number of open work items, we color a rectangle darker as more open work items are
associated with the area.

Each rectangle in the treemap contains icons that represent the work items
associated with that area. The icons in a rectangle are evenly spaced in a grid, placed
in the order they were created starting from the top-left corner. Space between icons is
reduced to fit all icons within the rectangle, and if there is enough space between
icons, the ID number of the item is shown below the icon. The color of an icon
indicates the state of the work item (e.g., proposed, active, resolved, or closed) and
the shape of an icon indicates the type of the work item (e.g., feature, bug, or task).
Icon size represents either priority level or estimated hours of the work item, with
larger sized icons representing items of higher priority or higher estimate of work
hours, as designated by the user or team.

Moving the mouse cursor over a work item icon shows a tooltip with details about
the item. Clicking on an icon shows a popup window with details about the work
item. An ‘Add note’ section in the detail window can be expand to add a sticky note
to the work item. A small yellow sticky note symbol is displayed on the work item to
indicate that it has a note attached.

4.2 TIteration Filtering and Highlighting
Selecting an iteration in the “iteration list” shows all work items that are assigned to
that iteration and highlights them on the treemap. Since teams are usually only

interested in closed items for the current iteration, we removed closed items that were
not assigned to the selected iteration in order to avoid clutter.

4.3 Team Panel

The team panel (see Figure 3a) contains the names and pictures of the team members.
Clicking on a team member shows the icons for all work items assigned to or closed

Al ﬁp Iteration Iteration
| Start Now  Finish
(Unassigned)

«» J ! '

1

Remaining work

B3 « I

(a) (®)

Fig. 3. (a) Team panel showing names and pictures of team members, and (b) a graphical
representation of the amount of work each member has assigned, completed and remaining.
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by the selected team member. The team panel contains two options in addition to the
team members: (1) “all” which is used to select all items regardless of whom they are
assigned to, and (2) “unassigned”, which is used to select all unassigned work items.

For each person, WIPDash shows horizontal lines that represent the total amount
of work, the amount of completed work, and the work remaining in the iteration that
is assigned to that person (Figure 3b). The x-axis measures work hours and a dotted
vertical line represents the end of the iteration, corresponding to the total number of
work hours in the iteration. The remaining work line is colored red if the estimated
hours of remaining work exceeds the time left in the iteration.

4.4 View Modes

One goal of our design was to make the information on the display glanceable. Thus,
to avoid cluttering the display by showing too much information in one view, users
can choose between four different view modes.

The Iteration overview mode highlights all work items in the current iteration. This
view aims to provide an overview of the iteration status. Team members can see how
much work has been done and how many work items remain in the iteration. Details
are automatically displayed for work items that are currently being working on,
including who is working on the item. More details about an item can be shown by
clicking on ‘More’ (see Figure 2).

The Opened in last 24 hours view is designed to keep the team aware of incoming
tasks and issues. Work items opened within the last 24 hours are highlighted with a
yellow border and background. The opacity of the border and background varies to
distinguish recently opened items from items that were opened less recently. Also,
similar to the iteration overview, details are shown for recently opened items,
including when an item was opened and by whom.

The Changed in last 24 hours view aims to keep the team aware of recent changes
to work items. Similar to the Opened view mode, a yellow border and background is
shown around icons of work items that changed within the last 24 hours. Again,
details are automatically displayed for recently changed work items, including the
change made and who made the change. For simplicity, the same color coding is used
for both Opened and Changed view modes in order to draw users' attention to work
items with any recent activity.

The Notes view calls up the sticky notes for all work items with a note attached.
The Notes view allows users to spot work items that need attention, for example if a
team member makes a request to pair up on a specific task.

In order to provide continuous awareness and to allow passive use, WIPDash
allows cycling through view modes and through team members within each view
mode. A person remains selected for ten seconds before the next person on the team
panel is selected. The next view mode is selected after cycling through all team panel
selections. We were interested to see if this cycling behavior was useful or distracting
to the teams we studied. The visualization updates with new or changed work items
by querying Team Foundation Server (TFS) once per minute. All of the information
used in our visualization came from the teams’ data entries in TFS.
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5 In Situ Deployment

We deployed WIPDash with two collocated Agile software teams and observed its
use for one week. Our aim was to understand the usefulness of the WIPDash and the
effect it had on team members’ situational awareness and on group processes. Team
A had eight members (seven male), with an age range of 22-46. Team B had 16
members (14 male), with an age range of 27-48. Individual roles on both teams
included lead developer, developer, tester, test lead, program manager, writer and
group manager. WIPDash was installed on a large display in the team rooms and on
team members’ individual workstations. Data were automatically collected in
WIPDash in order to describe how participants interacted with the visualization
throughout the study. WIPDash was installed on a Thursday and an orientation
session was given the following day. We observed the teams the following week
(Monday through Friday). Afterwards, we met with each team for post-usage
discussions. Each participant received a $50 gratuity coupon for their participation. In
the Team A room, the awareness visualization ran on a projected wall display on the
most accessible wall to the whole team. In the Team B room, the awareness display
was installed on a 52-inch plasma touch screen toward the front and right side of the
team room. Some members of Team B had their backs to this display.

5.1 Supporting Daily Stand-Up Meetings

Team A used WIPDash daily on their large display during stand-up meetings to
coordinate meetings. Specifically, they found the Iferation overview useful, both in
terms of status and also to jog their memories about work items from the previous
day. During stand-up meetings, one of the team members selected each person from
the team panel to display his information, and that person then talked about his work.
The team considered details about the active items assigned to a person especially
useful. Team members said they would have found it beneficial to have team
members displayed in a random order during stand-up meetings —just to make it more
fun. They also referred to the display to view the status of a remote team member
when she called in for the standup meeting. This suggests that WIPDash could be
useful for supporting collaboration with distant team members. Some team members
commented that they liked to look at the awareness display first thing in the morning
to see what team members in Argentina had been doing for the last ten hours. Some
team members who were on vacation for most of the time during our study also said
that they used the awareness visualization when they got back to get a sense of what
the team had been doing for the past week and “Where are we now?” in the iteration.
We observed that the available information in WIPDash was not completely
sufficient for reviewing what had been worked on during the previous day.
Specifically, if a developer had completed his work on a work item and then
reassigned the item to somebody else for testing, that item no longer showed in the
Changed view for that developer. This was discussed during a stand-up meeting, and
the team suggested a view where all work items that a person had worked on would
be highlighted, even if they had been reassigned. The team further elaborated on an
idea of one, concise overview containing all the information they would need for their
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standup meetings, including recently resolved items that were reassigned to other
members and items that members had worked on yesterday. Finally, the team
expressed a wish for extending the shared wall display with an additional projector to
show project information like spreadsheets or code next to WIPDash.

5.2 Automatic Cycling

The automatic cycling between views was found to be problematic. WIPDash cycled
between all members in the team panel, including people with no items assigned or
without any recent activity. Thus, nothing of interest is shown in parts of the cycle.
Members of Team A suggested that cycling would make sense if done only between
views that contain recent changes. Team B had only one work item assigned per
person at a time and therefore cycling through each view for each team member was
not useful.

Team members commented that notifications needed to be more assertive when a
change or an update happened, such as an audio herald combined with a fisheye
notification message about the change on the awareness display. Also, team members
wanted to configure which views were displayed on their personal displays and when
notifications should appear. An RSS-style feed would probably be a useful option for
the personal workstations. We are pursuing that idea in the next iteration.

5.3 Use on Large Display and Individual Displays

We analyzed data logged by WIPDash to see how the two teams used WIPDash on
the large display and on their individual machines. In all, we collected log data from
ten personal machines, five members on Team B and five members on Team A, in
addition to the two machines running the large shared displays. When a user started
interacting with WIPDash, the default cycling between views was suspended. The log
data showed that Team A used the large display (showing the iteration overview)
during their stand-up meeting every morning around 9:30 am. Apart from the stand-
up meetings, Team A physically interacted with the large display only twice during
the study. In contrast, Team B interacted with the large display on average five times
per day. In Team B some of the participants did not have WIPDash installed on their
own machines. For this team WIPDash was running on a new touch screen display,
which had a lot of appeal. One possible reason why Team A did not interact much
with the large display was that it was projected high up on one of the walls, making
personal display interaction more reasonable than going to the laptop in the corner of
the room that controlled the view in order to interact with the group view.

5.4 Types of Interaction
In all, 596 selections were made in the right panel of WIPDash. Selections were

primarily made in the team panel (66%). The view mode panel (17%), and iteration
panel (15%) were also used to change the view. Iteration overview was the most
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frequently selected view mode, selected more than 50% of the time. The Changes
view and the Opened view were each selected between three and eight times, whereas
the Notes view was only selected once.

Participants from Team A clicked on items to call up details 21 times while
participants from Team B brought up additional details 22 times. Only two sticky
notes were created in WIPDash, both by a lead developer on Team A. Follow-up
discussions related to sticky notes revealed that users would rather use the existing
‘comments’ data structure in TFS to view and add notes to work items in WIPDash.

5.5 Questionnaires

Satisfaction with WIPDash was assessed using a questionnaire administered to team
members at the post-usage meeting. The questionnaire contained nine questions from
[13] and eight questions to address distraction and awareness, using five-point Likert-
scale with lower scores reflecting negative responses. We balanced the valence of our
satisfaction questions. For negatively phrased questions (marked with an asterisk in
Table 1), we reversed the rating so that higher was always positive.

Ratings on usefulness and satisfaction with the system were mostly neutral to
positive (see Table 1) and there were no significant differences between the two teams
(paired t-test). Team members said that they had confidence that the information was
displayed correctly and on time. From the ratings, it was clear that the notifications of
changes were not grabbing attention well enough, and that WIPDash was seen as less
reliable than we would have liked. However, the teams were not embarrassed to show
their personal work item information and they leaned towards using a future version
of WIPDash.

Table 1. User Satisfaction

Question Average Rating (SD)
1. Thave difficulty understanding WIPDash.* 4.10 (0.7)
2. WIPDash is easy to use. 3.63 (0.8)
3. WIPDash is reliable. 2.63 (1.1)
4. Ihave confidence in the information provided by WIPDash. 3.90 (0.7)
5. Ineed more training to understand WIPDash.* 4.05(0.9)
6. WIPDash is informative. 3.32(0.9)
7. WIPDash is comprehensible. 3.37 (0.8)
8. Overall, I am satisfied with WIPDash. 3.00 (1.1)
9. I would be happy to use WIPDash in the future. 3.11(1.1)
10. I find WIPDash distracting.* 3.95(0.9)
11. WIPDash grabs my attention at the right time. 2.84 (0.9)
12. It’s worth giving up the screen space to run WIPDash on my PC. 2.74 (0.9)
13. WIPDash helps me stay aware of information that’s critical. 2.72 (1.0)
14. I like being notified when a work item gets reassigned. 322(1.2)
15. WIPDash’s notifications often distract me.* 3.83(0.8)
16. Having WIPDash displayed in front of the team is embarrassing.* 4.17 (1.0)
17. I would rather have WIPDash displayed only privately.* 4.18 (1.1)
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A questionnaire on situational awareness and group satisfaction was administered to
team members before in situ deployment and at the post-usage meeting. The
questionnaire included questions from [11,18] and used five-point Likert-scale with
lower scores reflecting negative responses. Paired t-tests showed no significant
differences between the Before and After conditions. The results could be affected by
a particular iteration stage or the day of the week the questionnaire was completed.

6 Discussion, Lessons Learned and Conceptual Redesign

Several factors may have affected the use and adoption of WIPDash. First, size and
location of the shared display affected how team members made use of the display by
glancing at it or physically interacting with it. During observations of Team A, we
saw that team members often looked at the display when entering or leaving the room.
This was not the case in the Team B room. One reason may be that the Team A room
had a large display, projected high up on a wall, that was visible to everyone in the
room. In contrast, Team B’s shared display was smaller, located in a corner of the
room, and was not directly visible to all team members.

Second, the two teams in our study organized their work differently. Team A
assigned work items to team members during an iteration planning meeting, and had
daily stand-up meetings to follow up on progress of the team. Using the shared
display during stand-up meetings may have influenced Team A’s familiarity with the
display, and consequently increased their use of the display. In contrast, Team B did
not have daily stand-up meetings; instead, they talked with each other about progress
and status throughout the day. Also, Team B assigned only one work item to each
person and viewed work in terms of releases that span several iterations, not single
iterations. This suggests that Team B could make even better use of an overview of
activities, but using different time spans.

Third, Team B had many proposed items in their repository, but most items were
not scheduled to be worked on. Also, many of the project areas, which were shown in
WIPDash because they contained proposed work items, were simply not considered
relevant by the team at the time of our observations. Thus, as Team B had many more
items to track than did Team A, and since WIPDash showed all work items in
‘proposed’ state, the display for Team B was more cluttered.

Our study has limitations that should be considered when interpreting the results.
Although very different work styles were observed, the two teams were from the
same organization. Therefore, our results may not be generalizable to software teams
everywhere. Also, we only observed the teams for one week. While we learned much
from the initial feedback, it would be interesting to see the long term effects of
WIPDash. Another concern is that we do not know how the collocated Agile teams
that we have focused on compare with larger, distributed teams. It could be that a
focus on collocated, Agile software teams may reveal some issues in team
coordination that also apply to distributed software teams. For example, Gutwin et al.
[8] suggest a need for awareness of areas of expertise within a distributed open source
project team because developers work on all parts of the code. This might relate to the
information needs we seek to provide with our visualization (e.g., what people are
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working on and have been working on). For example, a glance at WIPDash first thing
in the morning to see what team members in Argentina have been doing for the last
ten hours could be very useful in terms of setting daily priorities or offering more
timely assistance. We intend to extend our focus to distributed team awareness in our
future work.

Informed by the insights we have gained from our study of WIPDash, the design of
the next version of the dashboard will include the following:

* A more glanceable display;

¢ sound cues for users to look at the dashboard when information changes;

* on a user’s display, it will only show notifications (e.g., ‘toaster’ type alerts in

the system tray) as information changes;

* awide diversity of project data field definitions and usages;

¢ support for add-on visualizations developed by a dashboard community;

¢ data caching to reduce the load on the repositories from dashboard clients.

Conclusion and Future Work

This study on WIPDash suggests benefits from providing awareness of work item
status. Earlier work on FASTDash [1] showed benefits from providing a team
situation awareness display based on code activity. An interesting perspective for
future work is to combine information about work items with information about code
activity in one visualization [14]. A potential disadvantage of such an approach is that
the display gets too busy. However, linking code activity and the state of work items
could give the team a solid shared context if it focused simply on what is or has just
recently changed. That is the main goal for our next iteration. We intend to create a
simple list of recently changed work items, and the people who are actively related to
them. In addition, the new WIPDash will have integrated chat and RSS feeds for
notifications to the desktop. The ethnographic study of Souza and Redmiles [17]
confirms our observations: (a) a need for awareness of who made the changes; (b) a
need to peripherally integrate awareness notifications into an existing work items
repository, and to link them to code changes in order to keep work items’ status better
up to date and thus coordinate work more proactively.

In this paper, we have reported on a human-centered design approach to
developing a situational awareness dashboard visualization to help software
development teams track people and work items. From observations and interviews of
development teams we learned about their current work practice and what might be
provided to improve situation awareness. We then developed a dashboard for
supporting awareness in teams, called WIPDash (Work Item and People Dashboard).
We gathered feedback on an initial design from a focus group, which drove the
detailed design and the implementation of WIPDash. Finally, we have studied the use
of WIPDash in situ with two development teams, and reflected on the observations
and data we gathered. While questions remain to be answered, the results from our
study provide initial insights about use of a shared display to support team awareness
of work item data in software repositories.
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