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Abstract

Task management is an essential skill for developers to
manage the many responsibilities they are assigned dur-
ing software development. Developers must be able to sus-
pend and later resume work on a programming task in the
event of an interruption or the need to switch to a different
task. However, little tool support is available for develop-
ers needing to recall details relevant to an interrupted task.
In this paper, we present a technique that assists developers
in reconstructing the details of activities performed during
development work. Our technique provides a timeline visu-
alization of recent development sessions, significant events,
shifts in attention, and summaries of activities performed
during a period of time. From these visualizations, devel op-
ers can recover a task context from the code elements used
during a selected time range.

1 Introduction

Task management is an essential aspect of software
development. Completing, documenting, switching, and
tracking tasks are activities that are expected to be per-
formed by developers on a daily basis. But, as a devel-
oper’s time becomes fragmented by interruptions and per-
forming different tasks, the capability to manage those tasks
degrades.

Making task management a first class citizen in both the
development process and development tools could allevi-
ate these problems. Kersten and Murphy proposed captur-
ing development activities in a task repository [8]. A task
repository stores tasks which are units of assigned develop-
ment work. Additionally, each task can be associated with
a task context [8] using tools such as Mylyn*. In practice,
task repositories are often realized via an issue tracking sys-
tem in which tasks exist alongside reported bugs and change
requests.

*www.eclipse.org/mylyn

However, several problems still exist. The scope of a
task context is primarily limited to the files and methods ac-
cessed during the performance of the task. It is unclear to
what extent a task context, as currently portrayed, supports
developers in resuming or summarizing a task. Certainly in
current systems, a task context does not include plans, solu-
tions, events, unresolved issues, or the actual changes made
to method bodies. When developers perform a task, they of-
ten need to refine it into several steps, perform tangential in-
vestigations and track and evaluate progress. Upon resum-
ing a suspended task, developers need to reconstruct this
knowledge. Additionally, the accuracy of developers self-
reporting activities is doubtful: self-reporting was observed
to be an unreliable method of reporting activities such as
refactoring [10] or bug fixing [1]. Finally, we suspect de-
velopers may prefer informal methods of tracking and man-
aging tasks as it has been observed that developers place
informal task annotations in comments [19]. Developers
may need to perform exploratory tasks or handle details not
originally specified in an assigned task but often fail to re-
flect these unspecified tasks in a task repository. Indeed, in
previous work, we observed less than 1% of over 10,000
Mylyn users used commands for new subtasks or new local
tasks which are not stored in the team task repository [14].

In this paper, we address problems related to recalling
details about past work activities that are often needed when
a developer resumes an interrupted task or summarizes a
completed task. These problems become even more diffi-
cult to address because developers may not have performed
the work with a complete task specification that can be
linked to the activities. We introduce an activity timeline
that provides an overview of work performed for a task and
helps identifying different activities performed — these ac-
tivities can be then be linked to a task specification.

We make the following contributions:

e A visualization for summarizing and highlighting im-
portant events during development sessions.

e An interface for extracting task contexts from a time
window.



e A tool for supporting developers with task manage-
ment even with incomplete task specifications.

The benefit of this approach is that developers will have
better support for transcribing and controlling how they de-
velop software. Although we have not yet formally evalu-
ated the tool, we believe it can provide a baseline for explor-
ing alternative designs and spur interest in this problem.

In the next section, we describe related work. In Sec-
tion 3, we discuss concepts underlying interaction histories.
In Section 4, we present details about our approach to re-
construct and visualize activities. Finally, we conclude with
ideas about future work and experiments.

2 Redated Work

Researchers have proposed several approaches for un-
derstanding and visualizing human activity in software de-
velopment. Initial work focused on the aspects of activ-
ity in source code repositories and alleviating the prob-
lems associated with coordinating development between
teams [20, 2] and has been shown to reduce conflicts [18].
Similarly, Ellis and colleagues have visualized bug reposi-
tories in support of prioritizing development tasks [5, 4].

More recent work has shifted the focus to include other
aspects of the development process [12], including aware-
ness of personal plans and activities. Spyware [15] col-
lects developer interaction history and provides an interface
for visualizing and exploring development sessions. The
visualization provides a good overview for characterizing
development sessions, but is not designed to provide more
in depth information that would be necessary for when re-
constructing development activity.

Researchers have also worked on approaches to better
identify the tasks corresponding to activities within devel-
opment sessions. Coman and Sillitti have proposed meth-
ods of automatically identifying switches between tasks [3]
in a development session. Alternatively, other researchers
have designed interfaces for developers to identify the task
boundaries within a development session. Specifically,
Safer and Murphy [17] investigated various designs of user
interfaces for recalling information about recent tasks. In
their study, the user identified when a recent task was com-
pleted or deferred for another task. One interface displayed
a timeline of screenshots capturing different stages of per-
forming the task. The other used a timeline of a filtered view
indicating the files and methods visited or edited. An over-
all subjective preference was found for the screenshots, al-
though the results overall remain inconclusive. In a similar
vein, a later version of Spyware introduced a mechanism
for replaying a development session [16].

Although the previous approaches have provided strong
guidance toward reconstructing activities, several issues re-

main. Automated detection of task shifts can be problem-
atic because of the difficultly in determining which items in
a context belong together. Unfortunately, in our experience,
this can change widely with tasks [13]. Concerning the ben-
efit of instant replay, psychology researchers have doubted
its effectiveness for resuming interrupted activities and cite
an overall negative effect [7]. Developers may have pre-
ferred the screenshots over the task context view because
it contained more details about the source code. Indeed,
although a screenshot can be a rich source of cues that trig-
ger recall of performed activities, choosing the granularity
of screenshots every few minutes may impose an interface
that is too fine-grained and too difficult to form a collec-
tive image of what took place — especially for a develop-
ment session lasting a few hours. Furthermore, the interface
based on screenshots is not well-suited toward extensions
such as aggregation. Conversely, an interface displaying the
file names and method names modified and visited within a
small segment of time provides too little context to prop-
erly identify the activities that occurred. ldentifying the ac-
tivities from only a method name can be difficult because
many actions may have taken place within the context of a
method, but those details are not exposed nor easily distin-
guishable. Finally, most of the visualization approaches re-
quire the developer to individually view each atomic change
in the development history instead of providing a method
for getting an overview.

In this paper, we allow developers to have a broader view
of their activity timeline. Instead of using a strictly auto-
mated approach, we identify and provide visual indications
of shifts in the items that a developer can consult. Instead
of using a replay mechanism, we focus on providing better
summarization of development activity through an informa-
tion mural [6] inspired timeline. To enable episodic recall
of activities, we mark events on the timeline. To provide a
better overview of the code content we use a launchpad to
display links to code symbols within method bodies. Ad-
ditionally, we support incorporating any task structure that
may exist and then elaborating its definition and linking it
to the activities that occurred.

3 Development Activity

In this section, we discuss how we capture and record
development activities. We also describe other information
collected and representations formed from these recorded
activities.

3.1 Interaction and Change History
In order to visualize and reconstruct recent development

activities, it is necessary to first capture and record this ac-
tivity. In general, this activity is referred to as the interac-
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Figure 1. Typical user workflow using our tool to resume task.

tion history. Interaction history is the record of low-level
events (including navigation and edit events) arising from a
programmer using an IDE. It may also include other events
such as build commands, perspective changes, or refactor-
ing operations.

The information contained in an event typically includes
its type, timestamp, and the name of the affected code ele-
ment. Unfortunately, many interaction histories do not in-
clude the actual change made to the program. An exception
to this is the Spyware tool which captures the complete
fine-grained history for every source code change made. In
this paper, we use a simplified notion of change history by
periodically capturing and comparing program snapshots.

3.2 Representations

Researchers have considered different representations
for grouping and characterizing interaction events. For ex-
ample, the number of events generated during the course of
a development task can be in the order of tens of thousands.
To better structure the data, the events can be grouped into
sessions, or aggregated into a single representative event.

One common representation is to group the events into
development sessions. A session is a period of work — oper-
ationally we delineate a new session when there is a break
in activity of 15 minutes or more. In previous work, we
found for 98% of 4.5 million events in our data from 85 pro-
grammers, the time between adjacent events was less than
a minute [14]. This means tight groups can be formed with
any threshold above a minute. But to a developer, a session
should naturally align with how the work was performed. In
addition to grouping events into sessions, the events within
a session can be clustered into single events. For example,
all the edit events within a minute can be clustered into a
single event describing the edits per minute.

Another common representation is a usage context [11].
A usage context is a model containing a subset of elements
belonging to the program source code. A usage context can
be derived implicitly from the interaction history. Contrast-
ing an implicit usage context with an explicit task context,
the usage context may be more appropriate when no for-
mal task specification was available to be associated with
the development activity. A useful measure is to take the

momentum of an element. Momentum measures the degree-
of-interest of a program element, which decreases exponen-
tially when the element is inactive. Momentum approxi-
mates the relevance of a code entity between any two points
in time, which is useful in a timeline view of activity.

Developers reconstructing their activities may need as-
sistance identifying the different steps performed, recalling
tangential investigations or unexpected problems, and eval-
uating progress of a task. As such, indications of when a de-
veloper’s focus shifted or events marking transitions in the
stage of performing a task may better assist a developer in
reconstructing the task structure. Build events as well as run
events may serve as effective indicators for boundaries for
different parts of a task. When developers complete a step in
their task, they may wish to evaluate how well the changes
made address the goal of the task. For instance, a common
strategy is to build the program to check for compile errors
and then execute the program to check for problems.

4 Visualization and Reconstruction

In this section, we provide an overview of our approach
and describe the workflow of a developer using the visual-
ization to resume or summarize past work.

The visualization has two main components;

e TaskPad. The TaskPad is a view for displaying a com-
plete or partial task specification.

e Activity Timeline. The Activity Timeline is a visualiza-
tion providing an overview of the recent development
activity.

The workflow of a developer using the system is depicted
in Figure 1. The developer performs work as normal. The
task the developer works on may be exploratory in nature,
and thus does not have a well-defined task specification, and
does not include a plan on how to implement the proposed
change. After making progress, the developer becomes in-
terrupted and must attend to another matter. Eventually, the
developer returns to the original task. Previously, the de-
veloper had begun implementing a possible solution to the
task but had become derailed in resolving an tangential is-
sue, and does not remember the details of the solution or if
the issue was resolved.



To resume working on the task, the developer can use the
activity timeline to get an overview of the past activity. In
order to select the correct time frame, the developer has the
choice of activating the timeline from a task specification
in the TaskPad or selecting the time range the task was last
worked on. From this time range, the developer can nar-
row down the range or removing irrelevant sessions. Once
the developer is satisfied with the time frame, the developer
then inspects the activities on the timeline.

The activity timeline contains several cues and indica-
tors to help recall activities and issues encountered in the
past sessions. Using the error indications on the timeline,
the developer is able to recall that a tangential issue had
occurred and still needed to resolve some aspects of the is-
sue. Using the summary cues, the developer is able to recall
the details of the solution being sketched prior to the unex-
pected problem.

Using the reconstruction interface, the developer is able
to indicate the time frame for the problematic issue. Next,
the developer marks the time frame related to working
on the solution for the original task. These work break-
downs become available in the task specification seen in
the TaskPad. Further, the code elements from selected time
frames of the task can be captured and activated as separate
task contexts. Finally, the developer is able to complete the
task; moreover, a complete task specification is now avail-
able for task tracking.

In the following subsections, we provide more details
about the visualizations and interfaces of the components.

4.1 TaskPad

The TaskPad is an important component for capturing
task specifications and activating the task context associated
with a task or a task breakdown. The TaskPad is designed to
allow a developer to concurrently work with several distinct
but inter-related tasks. Each task may have steps which are
not formally stored in a task repository but can be associated
with their own task context or parent task context. This al-
lows the developer to refine a task as it is performed and for-
mulate tentative plans without involving heavy-weight task
specification. The intended form factor of the TaskPad was
designed to be docked on the side of the IDE in a man-
ner similar to the Solution Explorer in Visual Studio, or the
Package Explorer in Eclipse.

On the TaskPad (see Figure 2), each active task is given
a separate section which can be expanded or collapsed.
Within the task section, the task specification is displayed
in an indented list of task breakdowns. Each breakdown is
preceded by a breakdown type and then followed by a brief
text description. Each task has a thumbnail of an activity
timeline. The thumbnail can be previewed or clicked to ac-
tivate and display the activity related to the task element.
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Figure 2. TaskPad.

4.2 Activity Timeline

The Activity Timeline displays the sessions occurring
during a specified time range. We designed the Activity
Timeline to provide an effective but compact overview of
the recent development activities. In the design, we focused
on constraining the display form factor in a manner that
would be suitable for use during development, but in a way
that would not detract from the normal layout of the IDE.
A long but thin horizontal space allows developers to focus
on the code while still maintaining an overview of recent
activities. Further, this would be consistent with the layout
and metaphor of a timeline.

The design of the timeline is as follows: each session
is placed on the timeline in the order of its occurrence and
separated in proportion to the length of inactivity between
sessions. As many events can take place over several hours
or days, by default the events are clustered into a period of
one minute. This clustering allows a session of one hour to
be displayed using an area only 60 pixels wide. In our ex-
perience with interaction histories and visualizing sessions,
when trying to understand what happened in a session, little
value was gained in trying to display each event or showing
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Figure 3. Activity timeline illustrating development of TaskPad.

the level of activity such as edit per minutes versus nav-
igation per minute. Also displaying the usage context or
changed code within one particular moment of time pro-
vides too little context to be understood independently. In-
stead, we focus on highlighting and summarizing significant
events within the session.

An example instance of the Activity Timeline is shown in
Figure 3. Starting from the bottom of the figure, a dynamic
range slider can be used to select an arbitrary time range
along the horizontal axis and slide in either direction for de-
tailed inspection of information. Above the slider, the start
and end dates are displayed. Next, ranges of activities can
be labeled and associated with task elements specified in
the TaskPad. Above the activity labels, two graphs are dis-
played. The lower graph represents the number of methods
edited at a point of time, whereas the top graph illustrates
the total momentum of code elements.

We selected three primary characteristics of the events to
focus on:

e Workload Size. Charted in the lower graph of the time-
line is the number of methods in the usage context at
a particular point in time. The graph can be useful for
different phases of programming activity. For example,
in the first phase, a developer often undergoes a period
of fleshing out many methods. A second phase then
follows that is longer but involves fewer methods at a
given point of time. Relying on the graph of method
size alone, a viewer might be misled into thinking that
the developer was focusing on the same few methods
over a period of time. Rather, during this time a devel-
oper might be rapidly shifting between different con-
texts to handle many different issues that may arise. For
this reason, the momentum graph is used to illustrate the
consistency of the developer’s context.

e Structural changes. Displayed along the timeline are

icons indicating major structural changes to the program
such as the addition of new classes (plus icon) or re-
moval of methods (minus icon).

e Boundaries. To assist identifying task boundaries, sev-
eral indicators are given. In the lower graph, whenever a
method is first encountered within a session, it is high-
lighted with a vertical mark. Second, the momentum
graph indicates shifts in attention often characterized
by many small humps that occur because a developer
is rapidly moving between contexts.

The activity timeline offers details that can be queried on
demand. Developers can hover over different indicators or
markers causing a modeless popup with more information
to display. The interaction is intended to be a fluid and quick
operation. The different types of modeless popups are the
following:

e ContextView. A treeview containing the projects,
classes, and methods belonging to a time range of ac-
tivity. An example is shown in Figure 4.

e LauchPad. The launch pad is a view for displaying rel-
evant code symbols from the method bodies that were
involved in recent changes. The code symbols are dis-
played in a tag cloud of word parts that link to the source
code locations. An example is shown in Figure 5.

The ContextView and LaunchPad views can also be
docked in the IDE. When docked, the developer can freely
slide the dynamic range and see the updated content in the
views. This is useful for quickly characterizing the activi-
ties that have occurred: the developer can see the locations
in the ContextView and the changes made to the source
code within an arbitrary range of time. After recognizing
an activity that was performed, a developer can persist this
knowledge in the timeline by labeling the activity and asso-
ciating it with a task in the TaskPad.
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Figure 4. Context View.

5 Discussion

In the previous section, we described a tool for assisting
a developer when resuming or summarizing a task. In this
section, we discuss some of the benefits and drawbacks of
our approach and mention other possible alternative designs
and open questions for future research.

Although our approach has several advantages over other
proposed designs, several questions still remain. Our ap-
proach assumes that a development session is the most log-
ical and natural method for reasoning and understanding
development activity. Even though this may be true, the
method may still suffer from our definition of a session. For
example, instead of using the length of inactivity to define a
session, a developer might think that a session defined by a
commit to a source code repository is a better working def-
inition. Another problem is that our approach assumes that
the developer is easily able to identify the relevant sessions
related to a task by selecting a time range and then narrow-
ing down sessions. For this approach to be successful, the
work on a task must occur within a relatively close time
frame; however, if a task was worked on sporadically inter-
spersed with other tasks, then a developer could have prob-
lems to identity the task. In that case, a method for automat-
ically identifying and suggesting related sessions might be
needed. A final issue is that we do not adequately address
how a developer might track the progress of the same task
occurring in multiple segments within a session or across
multiple sessions. For example, if a developer works on a
particular issue over several sessions, they may want to as-
sociate certain progress toward the goal of the task that may
not directly be aligned with a task breakdown.

In this paper, we did not take advantage or account for
different types of tasks or task breakdowns which might
need different types of tool support. For example, one type
of task could be describing how to implement a new feature.
The feature might be discussed in terms of capabilities or
components that need to be developed. A component may
be a useful abstraction for attaching task knowledge and
linking activity, whereas a capability may be useful for eval-
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Figure 5. Launch Pad.

uating progress. Another type of task might be a change that
includes a solution sketch or describes a desired architec-
tural modification. When summarizing how these changes
were made, the architectural modification might need dif-
ferent types of tool support in comparison to summarizing
localized changes.

There are several ways to expand upon our approach.
Certainly, there are more effective ways of summarizing
code changes in a manner beyond displaying a code dif-
ference. One starting point would be to include better
structural summaries using the approach described in recent
work by Kim and Notkin [9]. Another way to improve this
approach is to introduce more proactive ways of reminding
a developer of her activity. Currently, we rely on the devel-
oper using an exploratory interface for triggering memories
of past activities. An alternative approach is to allow the
developer to leave prospective notes that could be activated
under certain conditions. These sort of reminders would be
useful in the situation where a developer is blocked from
completing a task while waiting for another team member
to complete a task, or the project is not in a buildable state.
When the situation is resolved, then the developer could be
reminded to complete the task. Finally, we mainly focused
on the source code artifacts for collecting activity. How-
ever, a more interesting approach might be to instrument



and gather information from the runtime of the program ex-
ecution or from a debugging session. Several relevant ele-
ments of interest could be collected:

e Runtime exceptions. Capture runtime exceptions en-
countered during the execution of the program. These
events can be displayed on the timeline and expanded in
a popup view.

e Runtime values. Display values of code symbols, in-
cluding both typical and extreme values.

¢ Runtime paths and slices. Display paths or code slices
from the program execution in a particular debugging
session.

6 Status

We have implemented our tool as a Visual Studio plu-
gin. We have informally experimented using the tool for in-
specting several recorded programming sessions to under-
stand how well the different measures serve for recalling
activities. In one case, we were able to use the tool to in-
spect development activity that occurred over a year ago and
identify the associated development tasks without referring
to source code. We are also in the process of designing ex-
periments for better understanding what are effective cues
for recalling development activities.

7 Conclusion

In this paper, we have presented a technique that allows a
developer to resume or summarize a task by reconstructing
the task specification from previous development activity.
We described the components used for viewing partial task
specifications and past activity in a timeline visualization
from which the task specification can be reconstructed and
linked to the previous activity.

An important contribution of this work is to organize the
many aspects explored by several previous efforts and intro-
duce several new ideas in the context of a single workflow
addressing the specific problem of resuming or summariz-
ing the work performed for a task. Future work can explore
and evaluate other workflows for resuming or summariz-
ing a task. In addition, the effectiveness of different visual
cues should be investigated for their ability to assist recall
of information. The metaphor of an activity timeline can
be a powerful concept for assisting developers in task man-
agement; however, the question remains: what are the right
choices for abstractions of activities to place one the time-
line?
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