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ABSTRACT similar results from previous workplace studies. Solingg}
Developers, like all modern knowledge workers, are fretjyen characterizes interruptions at several industrial sowam-
interrupted and blocked in their tasks. In this paper wegoes panies and observed that an hour a day was spent managing
a contextual inquiry into developers’ current strategias f  interruptions, and developers typically required 15 maésut
resuming interrupted tasks and investigate the effectiof-au  to recover from an interruption. Ko et al. [14] usedly
mated cues on improving task resumption. We surveyed 3710on-the-wall[15] approach to observe software developers at
programmers on the nature of their tasks, interruptiorsk ta Microsoft and found that they were commonly blocked from
suspension and resumption strategies and found that theycompleting tasks because of failure to acquire essential in
rely heavily on note-taking across several types of media. formation from busy co-workers. Parnin and Rugaber [23]
We then ran a controlled lab study to compare the effects analyzed interaction logs from 10,000 programming session
of two different automated cues to note taking when resum- from 85 programmers and found that in a typical day, devel-
ing interrupted programming tasks. The two cues differed in opers program in many short sessions (15-30 minutes) with
(1) whether activities were summarized in aggregate or pre-an additional one or two longer sessions (1-2 hours). They
sented chronologically and (2) whether activities were pre also spend a significant amount of time at the start of a ses-
sented as program symbols or as code snippets. Both cuesion navigating to various locations before resuming ogdin
performed equally well: developers using either cue com- activity, which suggests that the last stopping point was in
pleted their tasks with twice the success rate as those us=sufficient for rebuilding their working context.
ing note-taking alone. Despite the equal performance of the
cues, developers strongly preferred the cue that presents a To resume a task after an interruption, a programmer needs
tivities chronologically as code snippets. to recover both the task’s working context (the application
windows and documents needed for the task) and her mental
context (knowledge about the program, goals, plans). There
has been a considerable line of research, summarized below,
to discover and organize the working contexts that comprise
o a knowledge worker’s tasks. The hope is that if a tool is able
ACM Classification Keywords _ _ to persist the working context, when a task is resumed the
H.5.2 Information Interfaces and Presentation: Misceltars user will have an easier time recovering the Corresponding
mental state. Researchers have proposed that maintaining
INTRODUCTION a representation of task context would help reduce mental

Every day, professional developers engage in a process of reworkload during development. Because the risk of inter-
covering knowledge about software. When resuming an in- ruptions mclu_des the loss of details and increased time to
complete programming task, the developer must recall their recover working state, some have hypothesized that main-
previous working state and knowledge about the software. taining a representation of context in the IDE would reduce
Details of working state might include recalling planseimt ~ resumption costs [22, 13, 8, 7]. Of these, Mylyn [13] has
tions, and relevant source code documents. Details of knowl emerged to become an integrated feature of the Eclipse de-

edge might include algorithms, component mechanisms, andvelopment environment and is the most common standard
domain representations. for representing task context. Although there is some ev-

idence these task context tools reduce navigation cost [22,
In psychology studies of interruptions, researchers hasec 13, 27], there is little evidence describing the effect ahgs
acterized the effects on performance [4] and mental fafig@fe  task context when resuming interrupted programming tasks.
as well as understanding the contribution of interruptien f
quency [17] and interruption length, task similarity, ande In this paper, we investigate how programming environments
plexity [10] on performance. Despite efforts for manag- C€an be enhanced to assist developers when resuming inter-
ing interruptionsin situstudies suggest interruptions remain rupted programming tasks. First, we surveyed 371 develop-
problematic. Czerwinski’s study [5] showed that tasks re- €rs to learn about their current habits for coping with inter
sumed after an interruption were more difficult to perform ruption and their preferences for potential treatmentsetp h
and took twice as long. O’Conaill’s study [18] found 40% them recover from interruption. We then ran a controlled
of interrupted tasks are not resumed at all. Further rebearc Study looking at the effect of three different interruptien
by Mark et al. [16] observed that 57% of tasks were inter- Ccovery conditions on task completion and errors. Our base

rupted — as a result, work on a task often was fragmentedcondition, note taking, represents the most prevalent-exis
into many small work sessions. ing practice for preserving mental state, based on our pre-

liminary study. The other two conditions represent differe
Studies examining software companies have also replicatedautomated cues, which the subjects could combine with note
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taking. The first automated cue replicates Mylyn’s design; for regaining task context when resuming a programming
the second integrates the most highly rated features fram ou session.
preliminary study.

Tool Support for Task Management
BACKGROUND There have been many proposed tool designs for maintaining
Studies of Task Management context during task-switching or recovering from interrup
Researchers have investigated how information workers mantions. One proposed line of work has focused on how users
age general tasks for insights into improving task manage- can better organize their working context. These appraache
ment. Bellotti [2] studied the various media employed by 9 focus on reducing the clutter associated with the mixed-land
different managers and found in addition to using paper me- scape of the computing desktop. Group Bar [24] allows
dia such as sticky notes — 50% of the tasks could be linked users to organize windows and documents located in the task
to emails. Brush [3] observed 8 workers who needed to fre- bar of Windows OS into similar groups based on their tasks.
quently file status reports of their weekly activity. 5 out of Other tools such as CAAD [25], attempt to do this automat-
the 8 workers attempted to continually track information in ically by clustering related work items based on interactio
a centralized locatione.g. notepad, ongoing email draft — coupling. Rather than organize the documents and windows
but all participates also complemented their trackingstra into definitive task categories, another approach allowessus
with memory triggers to retrieve details needed for compos- to associate personal tags with documents and activitis [2
ing the report. In a diary and field study of web tasks, tasks or shared work items [31]. For programmers, Mylyia tool
that required multi-sessions were common: 33% of web ses-available with Eclipse, allows users to filter code docursent
sions involved at least one long-running (multi-sessiask{12]. based on a selected task and recent interaction history.
Users reported the need for better support in managing their
tasks between sessions, restoring viewed pages, managingnother direction of research has investigated varioussway
information associated with a task, and cleaning up contentof augmenting temporal, spatial, and contextual cues in the
after completion. environment. Scalable Fabric [26] using a zoomable or-

ganization of windows and documents to leverage spatial
Unfortunately, knowledge workers, such as programmers, memory for facilitating task switching. A similar effort 8a
face a different set of problems than previously studied. Fo been made for viewing source code through Code Thumb-
example, many of the tasks previously studied by Bellotti nails [6]. Window Scape [29] introduced temporal snapshots
involved managing a high volume of prospective tasks that of windows where users can return to recent contexts. In a
could often be individually resolved with short-term agtiv. ~ study of searching open documents and windows [21], the
ties or delegation. Many of the tasks were also typically as- researchers found improved performance for switching be-
sociated with requests from clients or office mates; a factor tween interrupted tasks by introducing temporal and object
likely contributing to the success of the email-centered ap similarity cues to the preview windows of the Alt-Tab inter-
proach. However, software developers are instead assignedace of Windows OS.
a low volume of highly complex work items from a smaller
network of people. Email-centered approaches would not Successful organization of work items through tools can re-
be as likely successful for programming tasks. Like web duce the overhead and friction between switching tasks; how
tasks, programming tasks often involve long periods of in- ever, we believe it does not fully address the problems of
vestigation, but with several key differences: the docuen recovering lost working state. Other than Mylyn, previous
are with more structure and are usually more complex, the resumption aids have not taken advantage of the structure of
documents are actively edited by the programmer and otherthe task content. That is, previous treatments focus on the
teammates, and where searching on the web potentially isgross-level structure of the tasks — windows and documents
asking every expert on a subject, much programming knowl- — not the fine-level structure of the task — methods or lines
edge is tacit and only available from other busy co-workers. of code. Finally, many designs have been proposed, but few

evaluate their performance on recovering from interrupjo
Studies of Developers’ Tasks Management especially knowledge-intensive tasks like programminy. |
Parnin and Rugaber [23] analyzed 10,000 programming ses-his paper, we are concerned with evaluating the role and
sions from 85 programmers and found that when develop- Performance of resumption aids on interrupted programming
ers resume a programming task, they spend a significanttasks.
amount of time at the start of a session navigating to vari-
ous locations before resuming coding activity. This infarm gy dies Evaluating Environmental Cues

tion seeking activity suggestions that relyingononly & |  Recent research has identified a strong connection between
stopping point was insufficient toward rebuilding working  internalizing environmental cues and reducing resumption
context. Other common activities at the start of a program- ¢osts [30, 11]. In these experiments, the availability gzcu
ming session included viewing task lisesd. TODOcom-  qyring task resumption reduces the time to restart the task.
ments), viewing compile errors, and occasionally compar- conversely, if the cue is removed or tampered with, then
ing the history of changes. Storey. alhave also observed  thjs penefit is removed. This even holds for implicit cues

programmers using task annotations (via TODO comments) gy ch as the location of a mouse cursor. For example, in one
[28] for recording prospective programming tasks. These ac

tivities suggested that programmers used different gfiege  www.eclipse.org/mylyn




experiment when the mouse cursor location was moved fromWe conducted a survey of 371 programmers at Microsoft,
hovering over the last button clicked to be in the cornerefth and 43 programmers from a variety of companies includ-
screen, the resulting resumption lag was higher than whening small startups as well as defense, financial, and game
the implicit cue was present. industries. We initially conducted the external study and e
couraged by the feedback, distributed the survey with sligh
Although previous work has demonstrated strong correla- modifications to employees at Microsoft. Overall, we find
tions between interruptions and increased resumption lag,general agreement with the external survey and internal sur
the measured resumption lag has been in the order of secvey, but only report the internal results for this paper.
onds. In the domain of software development, the effects of
interruption are believed to have a larger impact on loss of As we were primarily interested with professional software
context and the recovery period to be on the order of min- development, we selected our population from full-time-sof
utes [32, 23]. ware developers — excluding interns or roles such as testers
or project managers. We also excluded developers that had
been recently surveyed by our research group to avoid over-
sampling. Respondents were compensated by a chance to
win a $200 gift certificate. From our participant pool, we
randomly sampled 2,000 developers and invited them to par-
ticipate through email.

Interruptions

The nature of interruption is an important determinate @n th
extent of an interruption’s impact. The worst type of inter-
ruption often comes at an inopportune moment and gives in-
sufficient time to a programmer for preserving mental work-

ing state. These inopportune moments tend to align with pgicinants answered fifteen fixed- and open-response ques
programmers using large amounts of interim knowledge that jo s ahout interruptions. The participants were askedto d
does not yet have any physical representation or have a firMgrine in detail the cost of interruptions, the steps thex to
mental foothold in the programmer's mind. However, notall 4 prepare for an interruption, the resumption stratedies t
interruptions are involuntary. Other reasons for suspehdi ~ ;5eq factors that made resumption difficult, and feedback o
programming task include fatigue, desire for reflectioado g1 re tools. We drew the selection of future tools from cur-
blocks, and reaching a stopping point. These types of inter- ey research proposals for improvements to programming
ruptions are calledelf-interruptions The nature and timing  gpyironments and wanted to determine if programmers were
of an interruption will influence the type of suspensionistra  ,imarily interested if tools help them manage task state or
egy used and the amount of lost knowledge at risk. tools augment cues within the programming environment.

Forgartyet. al performed an experiment [9] to predict the
interruptibility of programmers and the time needed to heac
a breakpoint. In the experiment, programmers were inter-
rupted every 3 minutes with a multiplication problem. The
programmer had the choice to delay addressing the interrup-
tion until a good breakpoint was reached. For most inter-
ruptions, the programmers would address the interruption
within 10 seconds; however, when more deeply engaged,
they would defer for a mean of 43 seconds.

Findings

The results are as follow: We asked our participants to give
us an estimate how long it takes to recover from a typical
and worse-case interruption as seen in Table 1. We present
our findings of typical work practices of our participants in
Table 2. Finally, we obtained ratings of proposed tools as
shown in Table 3.

We discuss these findings in detail in the following section.

For this paper, we divide interruptions into three categgori

interruptions with no warnings (a phone call or office visi- frequency  avg. length
tor); interruptions with warning (a scheduled meeting or a typical worst typical ~worst
visitor who IMs ahead of time); and self-interruptions kas seconds 50 1% 12s  15s
avoidance or task blocks on information needs). In our con- minutes ~ 85% 56% 9.5m 22m
trolled study, we focus our on interruptions with warning hours 8%  30% 2h  2h
days 1% 11% 5d 1l4d

which are common in software development [14].

Table 1. Interruptions of programmer typically takes several min-
INVESTIGATIVE STUDY utes to recover but ill-timed interruptions can significantly delay the

. - . resumption of a task by hours or days.
While several previous studies have documented the frag- StmpH sKbyhours ye

mented nature of software developers’ work, there is no ex-
isting survey of the strategies developers use to resurae int
rupted tasks. We wanted to conduct a survey that would help
use help us prioritize the conditions we would later teshan t
lab. Because the number of interesting conditions is tayelar
to test exhaustively, we wanted to determine one experimen-
tal condition to represent current practice (our base bme))
another to represent developers’ preferred treatments.

Discussion

The participants responses about the cost of typical inperr
tions were consistent with previous studies on programmers
(see Table 1). In addition, participants reported that lan il
timed interruption could delay the resumption of the task fo
several hours or until the next day because they would not
have sufficient block of time to rebuild context and make
progress. Factors that made things worse included both com-
monly known factors:task complexity, interruption length
Method and Procedure task concreteness, task completeness; and factors specific



Question Frequency
Work assignments

Task is well-defined and includes some details of code ini-1%
plementation.

Purpose of task is clear, but does not include plan on how §8%
code it.

Task broad in scope and needs to be refined into many s@%%
tasks.

Task tracking
Do you take notes to track your progress in programming7%

tasks, for example, notes on paper, sticky notes, OneNote
pages, documents in Notepad, etc.?

physical notes (post-it, notebook, whiteboard) 46.6%

electronic notes (notepad, OneNote, Excel, Word) 39.9%
task database (bugs, scrum tasks, work items) 16.2%
emalil (flags, outlook tasks, notes to self, draft email) 15.1%

Suspension Strategies

Write a physical note. 36%

Make a mental note. 58%

Leave a reminder cue such as text selection or active wibo%
dow.

Resumption Strategies

Return to last method modified, and navigate to related co88%
to jog your memory.

Use compile or build errors. (When available) 43%

Instant Diff (Highlighted code showing how | changed &.9
method body as well as a global view.)

Change Summary (Short summary of my changes.)

Code Thumbnails (Thumbnails of recent places | navigate3i2
or edited.)

Activity Explorer (Historical list of actions such as selajc 3.1
navigating, refactoring. Expanding item gives thumbnail of
tool window or code location)

Runtime Information (Values or visualizations of variable$.0
or expressions from previous execution or debugging ses-
sions)

Snapshots/Instant Replay (Timeline of screen-shot thumB:0
nails or an instant replay of my past work.)

Task Sketches (Light-weight annotations of a task break-9
down: steps, objectives, and plans.)

Automatic Tags (A tag cloud of links to recent source codg.8
symbols and names inside method bodies.)

Prospective Cues (Contextual reminders that are display2d
when a condition is true)

3.4

Table 3. Average ratings of possible resumption features,roa 5-point
Likert scale.

Several participants described their personal workinkg sty

Steno Pad and Post Its - Lots and lots of Post Its.

Paper if personal tasks, or notes in Project Studio if
public/shared, etc.

I track my progress in OneNote, but small issues that
| notice and don't want to forget frequently end up as
post-it notes or emails to myself. I'd like to be more

consistent about where these things go.

Participants used various strategies for suspending drtask

Use alist of issues or a task description 42% response to an interruption. For self-interruptions, the p

View source code difference. 39% ticipants typically try to reach a breakpoint, save and prun
o their working context, jot down high-level notes about out-

Run program and examine its output or Ul. 33% standing issues, and leave markers in the code. When partic-

ipants anticipate a short interruption or are pressed ffiee i
they typically use a more light-weight strategy by leaving
the necessary context visible when they return to work with
a quick note in the code.

Table 2. Frequency of work practices.

software development: low understanding of code, number Here are how some participants suspend their working state:
and size of artifacts, and difficulty setting up and repreduc

ing state. Write a short note of the next one or two steps to do.

Save my work and leave one or more windows open at

The complexity of the task and the amount of focus re- the tasks to be done.

quired to work on the task efficiently is proportional to
how long it takes to resume the task. Close out unnecessary applications and browser tabs.
Make sure everything is saved. Lock my computer.

The participants’ free responses about tracking tasksateli

that note taking is by far the most prevalent practice forman | use comments and TODO’s in my code, coupled with
aging knowledge about a task. Taking personal notes about a precise reminder of where | am in my notebook.

tasks was often necessary because the originally assigned

task was often vague or required many unspecified subtasksSeveral participants expressed frustration about thécinef
to accomplish. The participants consistently reportedgisi  tiveness of note taking:

a mix of media to record notes, including the bug tracking

system (TFS or Product Studio), the note-taking product Mi-
crosoft OneNote, the source code itself, as well as trawitio
paper media. The choice of media often reflects whether the
task is long-term and/or shared.

| take notes on random scraps of paper. Sometimes |
refer to them again, but often they migrate to odd cor-
ners of my office where they are never looked at again,
except right before | throw them away the next time we



change offices. ... When | don't throw the notes away “ ‘B"ﬂ Scjgacelnvadm
| invariably leave them at home and then | don’t have T

] References

them at the office the next day. g
When returning to a programming task, notes, if available, g
and task description were commonly re-read to restore a 4 [ Formlcs —
high-level sense of the task. A common strategy was to nav- . ";%1 Whomt
igate the source code to restore working state: participant ‘ Fjr”;elstsu”em“sion
mentioned how they attempted to work their way backward & Movelnvaders
in time and task and formulate the next step before return- ® HandleKeys
ing to the task. However, many times simply navigating @ ¥ timerlTick —
was insufficient to restoring the working context; partici- 3] y—
pants would often have to use tools to find the recent changes ] Invader.cs
to code. D o
W CollisionTest "
Review any notes left and then re-read the recent changes @ MoveDown
to the project. Not only does this get me back in the p g Momes
frame of mind to work on the project, | also find a good 4 % Man
number of logic bugs. “ @ GetBulletStart
| try to remind myself what it was that | was working cﬂ

on and continue where I left off. If I'm don’t remember,
I'll run the app an_d look at the dee diff in order to see Figure 1. The experimental cues: DOI treeview (left) and corent time-
what state it was in before | left it. line (right).

The developers’ ratings in Table 3 are notably consistent in , - ,

what help they want when resuming tasks. The top four how the developer’s activities are presented. The firsiedal
choices show that they want to see a summary oétmeent the degree-of-interest (DOI) treeviewonsists of a treeview
that they edited or inspected before the interruption, et~ Of names of the program’s parts, namely, its projects, files
it is shown integrated in the code (Instant Diff), in a sepa- Within projects, types within files, members within types. |
rate window (Change Summary), on thumbnail versions of the Style of Mylyn, these are filtered by a degree-of-interes
the code (Code Thumbnails), or in a history view (Activity model over recently visited or edited source code. The DOI
Explorer). Based on these ratings, we designed one of ourmodel uses three levels: unvisited parts of the code are in

experimental conditions to show the content of a develsper 9ray, occasionally visited parts are in normal font, anérft
activities. visited parts are in black boldface. The second cue, called

the content timelineshows a chronologically sorted list of
the developer’s activities (code selections, code edites

CONTROLLED STUDY and builds). A code selection is presented as the text that
Based on the results of our preliminary survey, we ran a con- Was selected (in black), a code insertion is shown with the
trolled study to test the effects of three different expenital ~ New code in green, and a code change is shown as a pair of

conditions on developers’ abilities to recover from task in before and after text. In both cues, clicking on a program
terruptions. Because of a prevalence of note taking for task part causes the editor to navigate to the corresponding part
management, we allowed subjects in all three conditions to - ) ) )

take notes during task interruption and to review their sote The two cues differ in two dimensions. First, the DOI tree-
during task resumption. Our base condition consists of note View presents program parts by name (project names, file
taking alone, representing current practice. In the othert  Names, type names, member names); the content timeline
conditions, the subjects supplemented their note taking by Presents program parts by content (the program text). Sec-
reviewing two different environmental cues that summarize ond, the DOI treeview organizes the developer’s activities
their activities before interruption. The first of thesesie  the code’s structure; the content timeline organizes the ac
based on My'yn, the most W|de|y used research tool for de- tivities by time. TheS_e dimensions are Independent, SO tWO
veloper task management; the second is based on developother cues are possible, namely, content changes shown in
ers’ rating of task resumption features from our prelimjnar ~ @ treeview and program names shown in a timeline. Testing
study. Our controlled study uses a within-subject protagol ~ two other conditions, however, would have made the exper-
allow subjects to compare the three conditions, as well as toimental sessions too long and fatiguing. Hence we tested

mitigate differences due to subjects’ varying programming OPPosite corners of this two-by-two design quadrant in the
and problem solving skills. hopes of maximizing the measured effects.

The two experimental cues feed from the same interaction Participants

log of developer activities and are shown in separate win- Fifteen professional programmers (one female), average ag
dows in the Microsoft Visual Studio 2008 development en- of 39 years (range 31 to 56), participated in this study fer re
vironment. The two cues, shown in Figure 1, differ only in ceipt of 2 gratuitous copies of Microsoft software. The pro-



grammers were screened and then selected based on a seri&ach subject was given the three conditions (no cue, DOI
of profile questions. The profile questions were designed to treeview cue, content timeline cue) exactly once. We coun-
recruit developers experienced with the development toolsterbalanced the conditions across subjects to accountfor o
and environment used in the study (Visual Studio, C# and dering effects. Each session ended with a questionnaire to
.NET, and GUI Software). In addition, we screened devel- rate the two cue and gather general feedback.
opers for experience with debugging and modifying the code
of other developers and working in teams of at least 3 peo- To provide use a consist and automated mechanism for in-
ple. terrupting the subjects, we used the following criteria: 15
seconds after a non-comment edit, after more than three non-
Methods and Procedure comment edits, or after a twelve-minute timeout. We based
Each subject was run individually in our user study labo- these criteria on the factors Fogarty previously found to be
ratory. An experimenter was present for the entire session.associated with inopportune moments for interruption [9]
The experimenter instructed the subjects to the goals of the2nd the nature of our tasks. The solutions for the program-
study. Subjects were told that we were interested in how Ming tasks typically required changes to multiple part$ief t
they would multi-task between several programming tasks Source code. By setting the interruption point to be several
and how they utilized different tools given to them. In addi- Moments after making a change, upon returning, the devel-

tion, we stressed that we were not interested a perfect solu-0Per must ensure the change is completed correctly and then
tion, but in completing as much of task as possible within a "ecall the next steps and relevant parts of code neededdor th

total of 20 minutes. next change.
For our tasks, we used source code from three simple games wamve [t [osd [ 20:00
(Tetris?, Pacmart, and Space Invadets The games are C# Game

implementations of classic arcade games. Our motivation
for using these games was based on the familarity games of- i
fer and the nontrivial complexity of game source code. Fur- f
ther, we were assured from our previous user studies we con-
ducted with Tetris and pilot studies that tasks involvingsih -
games were challenging yet feasible.

J‘J‘Z:iJ,AZ
i

Instructions
Change the game so that hitting the space key
fal

Each subject started with a warm-up period in which the ex- bl
perimenter demonstrated the DOI treeview cue and content p
timeline cue. Then, each subject ran a small application tha
we provided to coordinate the subject’s activities over the
three programming tasks, shown in Figure 2. For each task,
the application automatically interrupted the subjecesal
minutes after beginning the task, as described below. At Figure 2. Application used for controlling interruptions and task

the point of interruption, the subject would review the cue Switches in the experiment.

for that task (if any) and take notes, for up to one minute.

The application would then start the subject on the next task Tasks

After all three tasks were interrupted, the applicatiomthe Each programming task was to add a small feature to each
asked the subject to resume each task, in turn. Upon resumgame:

ing a task, the subject was given the opportunity to review

that task’s cue (if any) and his/her notes. The subject hadl. Tetris: Change the game so that hitting the space key dur-
up to 20 minutes to complete the task, with an additional 5 ing game play causes the current figure to fallimmediately
minutes, if the subject requested it. In short, the order of as far down as it can. This feature spares the player from

activities was this: having to hit the down arrow key many times in succes-
sion. The figure’s fast fall does not need to be animated.
1. start Tetris; The figure can simply disappear from its current position
2. getinterrupted and review with condition 1; and reappear at the bottom of the grid.
3. starj[ Pacman; ) _ N _ 2. Pacman: In the existing game, if a power pellet is col-
4. getinterrupted and review with condition 2; lected, the ghosts turn blue, slow down, and can be eaten
5. start Space Invaders; for points. Change the game so that if a power pellet is
6. getinterrupted and review with condition 3; collected, the ghosts instead freeze in place until thertime
7. finish Tetris, resuming with condition 1; runs out.
8. finish Packman, resuming with condition 2; 3. Space Invaders: In the existing implementation, when the
9. finish Space Invaders, resuming with condition 3; player fires a shot, it either hits an enemy or reaches the
2t codeproject comlesharplcsgatetisasp top of the screen. Change the game so that whenever the
jhnps;/,ww_p‘anet.soumeme_com,vb,smms/shomspwme.dzseeg&mgw.dzmm player fires a shot that misses an enemy, a new enemy is

http:/www.c-sharpcorner.com/UploadFile/mgold/Spaeaders062920050056 18AM/Spacelnvaders.aspx Created The new enemy IS placed |n the |OWGSt row Of an



existing enemy, filling in an empty position if possible. If data in Table 5 categorizes the failures of the seven subject
all enemies positions are filled, no new enemy is created. completing at least one task.

We used separate games, with separate code bases, for the Problem Solving’ Relocation’ Errors  Total
tasks to keep the subject from polluting one task with the DOI treeview 1 0 1 2
changes from another. For example, if the subject changedcontent timeline 2 0 0 2
the Tetris code to the point where it would no longer com- Qg:gls'omy ‘11 g g 5

pile, this did not prevent the subject from making progress
on the ne)?t tWO tasks. The S-UbjeCt WOUI-d have to ﬁX the— bro- Table 5.  When developers only had notes, they were more likglto
ken compilation after resuming the Tetris task. Using diffe make errors or to take longer to relocate necéssary task coexkt.

ent code bases for all three tasks also ensured that there was

no learning effect across tasks. Finally, the use of three un
familiar code bases served to overload the subject’'s memory
maximizing the detrimental effect of interruption.

As one example of a programming error, one subject was in-
terrupted in the middle of adding the event response for the
space key in the Tetris task. When the subject later resumed
the task, he completed the event handler, but forgot to as-
Dependent Measures _ _ sign the space key event to the handler in another part of the
During the study, an error in the experiment tools prevented .g4e The subject moved on to the next part of the task, mak-
one subject from completing the tasks. In total, data from ing the tetris block fall down, and quickly implemented the

fourteen subjects was collected. task specification much faster than other subjects. However

) when the subject tested the solution, the missing assogiati
Task completion between the space key event and the handler prevented the
Subjects completed tasks more frequently when one of thenew feature from working. The subject spent the remaining
cues was available when resuming a task. 10 minutes fiddling with the logic of the code, without re-

alizing that the subject had simply forgotten to associage t
handler with the space key event. This was the only task the

Task Completion Rate
Task 1 Task 2 Task 3 Total

DO treeview 3 2 2 7 subject failed.
content timeline 1 4 2 7
notes-only 1 2 1 4 As an example of a relocation error, a subject was inter-
Total 5 8 5 rupted in the Space Invaders task in the notes-only comditio
The subject located the code for resetting the bullet. Havin
Table 4. When developers had any form of activity history aviable, found this code, the subject needed to find out how to cre-
they were about twice as likely to complete a task than otherige. ate a new invader, but the subject was interrupted during the

. . . search. The subject took notes for the information seeking
Breaking the data down by subject, 5 people did not com- 54y "1t did not jot down the code location for resetting the

ple;[(e anyfta;}sks, 2 corrple;]ed all ta?ks,;\nd 7 compkleted sfohm%ullet. When resuming the task, the subject eventually found
tasks. Of the 7 people who completed some tasks, 5 of they,o necessary information on how to create an invader after
incomplete tasks were in the notes-only condition, 2 were in 4 5 minutes. The subject now needed to return to the pre-
the DOI treeview condition, and 2 where in the contenttime- i, ,s |ocation (code for resetting the bullet); howevee th

line condition. (The low task completion rates in this study subject took another 5 minutes to relocate this code. The

are consistent with a previous study using the Tetris task on subject was frustrated that they knew what code they wanted,
the same code base [7, 6].) but could not find its location:

Error Rates _ _ | remember finding that code, | just can’'t remember
To better understand why some subjects failed to complete \where itis!

the tasks in the allocated time, we categorize the type of err
that lead to the failure: Unfortunately, by the time the subject had reached the code,

) i . the subject had used up most of their time and could not
1. Problem solving: The subject had all the pieces, he or shecomplete the task within the allocated time.

were stuck on the problem part.
Experts could ward against these problems by proactively
using markers, but might fail to do so when the necessary
code is several subtasks away or when they did not anticipate
3. Relocation: The subject had difficulty relocating ref@va  being sidetracked on a subtask.

parts of the code.

2. Domain knowledge: The did not understand WinForms,
event handler syntax, etc.

4. Programming: The subject had misunderstandings aboutLag Measures
the program or the changes he or she made. To understand the cost of resuming tasks in the three condi-
tions, we used two measures of lag:
Note that we kept the 20-minute deadline "soft” to avoid-falil
ures due to arbitrary cut-offs. The subjects who did not suc-1. Resumption lag: the time between clicking the "play” but-
ceed in atask were not close, even after 25 - 30 minutes. The ton to restart a task and the first event initiated in the IDE.



2. Edit lag: the time between clicking the "play” button and  s.
the first code edit.

4.0
The resumption lags were quite similar in all conditionseTh

mean resumption lags (N=14) for each condition were: 20 ,, |
sec, for the DOI treeview; 21 sec, for the content timeline;
and 23 sec, for notes-only condition. These differences are
not statistically significant by a one-tailed t-test. Foited
lag, we took out the 5 subjects that did not complete any
tasks because for at least one task, these subjects did@ven n
make an edit after resuming their task. The edit lags (N=9)
for each condition, in minutes and seconds, were: 2:30, for
the DOI treeview; 3:26, for the content timeline; and 4:28,
for notes-only. These differences are also not statifical

significant by a one-tailed t-test. Figure 3. Subjects consistently preferred the content timkne over
notes and notes over the DOI treeview.

DOl
B content

notes

1.0 A

0.0 -

speed details durability overall

Note Taking

All subjects took some form of notes. We categorize note- \when asked what they liked or disliked about the presenta-
taking into two categories: (1) situated: the notes arequlac tjon of the cues, the subjects enjoyed the bolding of items in
within the source code and (2) unsituated: the notes are writ the treeview and the presentation of the code difference in
ten on paper or electronically within a notepad.exe window. the content timeline. Several subjects felt the DOI tregvie
Most of the subjects’ notes were unsituated (75%). was not granular enough and the method names was not as
, effective for trigger their memory about their activiti€3ne
The content of the notes would generally refer to either ac- subject said during the task, “[DOI treeview] does not show
tions and objectives (“investigate where bullet goes oféen”) me where | just was. | would not remember this location if
or specific code symbols (such as method names, or line| haq to come back in ten minutes”. Another subject sug-
number). During task suspension, subjects wrote down sev-gested the DOI treeview could be improved by distinguish-

eral types of information. Several subjects would re-suniea jng petween items that were navigated to versus items that
the task description into a simple one-line sentence (“Mod- \yere edited.

ify tetris so piece falls to bottom”) or summarize what they
had previously worked on. Most subjects tended to write Sypjects felt the cues would offer interesting opportesiti
notes about the most immediate subtask and would neglectg complement their future note-taking habits. In our sur-
to record other locations needed |6_lter for the task, thhm t vey of deve'operS, the developers said they p|aced tenworar
would tend to repeat the last location they were working on, pjaceholders in the code that would be removed as soon as
but not where they might need to go next. Not surprisingly, they returned to work. Most subjects enjoyed the synergy
65% of the lines of unsituated notes would refer to code sym- petween the content timeline and TODO notes because it
bOIS, while Only 149% of the lines of situated notes refered to WOUId be an automated p|ace to VieW Scattered notes in one
code symbols. This suggests that when subjects write un-pjace: “| would use comments in the code and the activities
situated notes on paper, they need to spend several lines ofyindow - paper or notepad notes are not hooked to the code.”
text recreating the context in order to adequately recetl th  They also mentioned wanting to directly enter or associate
note. The types of code symbols subjects wrote varied in the persisted TODO notes with items in the content timeline be-
amount pf code referred to: flles_ (15 occurrgnces); methodscgyse many TODO personal comments are deleted right be-
(20); variables (9); code expressions (9); or line numb&s ( fore checking in code. Subjects also talked about how they
would change some of what they wrote down: “I wouldn’t
Subjective Ratings have to write down the location, just what needs to be done.”

After the tasks were over, we asked the subjects to rate, on
a 5-point Likert scale, four aspects of the three conditions
(the DOI treeview, the content timeline, and note takind): (
how quickly it helped them resume their tasks (speed); (2)
how well it reminds them of details from the interrupted task
(3) how useful they feel it would be after a week (durability)
and (4) how well they liked it overall. Their average ratings
are shown in Figure 3. Their ratings are notably consistent:
in all four areas, they rated the content timeline highentha
note taking and note taking higher than the DOI treeview.
These differences are statistically significant by onkedhi
t-test (p<0.001).

Subjects also had many general suggestions and ideas for in-
teracting with the cues. Better support for filtering and dif
ferent options for clustering the content (for example grou

ing changes by method or by file); quick gestures to select,
save, and tag snippets of code that could be published to
a personal repository and in the content timeline; and pin
down or remove content from the content timeline.

Finally, subjects enjoyed using the content timeline dyrin
the feedback portion of the study to explain their thought
processes and approach to the recently completed task. They
were excited about the possibilities for using this to featié
communication with other team members about their activi-
User Feedback ties.



Discussion developers need to understand someone else’s code enough
Subjects used the cues in different ways. For the DOI tree- to make a corrective change.

view, subjects treated them like tabs in a multi-document

interface. That is, when they could not remember which coNncLUSIONS

method contained the code they had in mind, they would we have presented an investigative study that provides new
use the names as information scent and click from one to jnsight into how programmers currently recover from inter-
another until they found the desired code. Many subjects ryptions and a controlled study that evaluates how cuesicoul
with the content timeline would use it in two Stages. They assist resumption of programming tasks. The results pro-
looked at the most recent entries for context, completing an yide a strong motivation for the need for tool support for
work within their open document. Then, they would return helping developers resume tasks. Today, note taking is the
to the aCtiVity timeline to rewind further back to review the most common way for deve|opers to cope with task suspen-
previous actions before their last stopping point. Frors thi  sjon and resumption, yet subjects in the note-taking condi-
review, subjects would often see the next place they wantedtjon had half the success rate as those using the automatic
to return to. task resumption cues.

Even though subjects had comparable performance with bothThe two cues performed equally well, but subjects preferred
the DOI treeview and content timeline, subjects rated the the content timeline over the DOI treeview. This has im-
DOI timeline much lower. One eXplanation is the code was portant imp”cations for know]edge workers beyond devel-
new to them, and therefore they were less familiar with the opers. The DOI treeview works well for source Code, where
symbol names with which the DOI treeview refers to the the documents contain a hierarchy of named parts, but may
code; they preferred the content timeline because it ptesen not work as well for unstructured documents. The content
the code directly as they saw it in the editor. If the subjects timeline, on the other hand, does not take advantage of the
had been previously familiar with these code bases, their code structure and would work equally well for unstructured
subjective ratings might be different. documents. For example, office workers could use a content
, . ) timeline to see changes to a spreadsheet by showing formula
Although subjects did use the cues when resuming tasks,changes and cell changes in the timeline. Hence, using the
they did not use them much when preparing to suspend taskscontent timeline for task resumption may be as effect for
Instead, subjects focused on reaching a good stopping pOimgeneraI knowledge workers as it is for developers.
or leaving a quick note. Even with cues in place to suggest-
ing that programmers try minimizing the context they will  presenting information in an episodic fashion can also be
actively suspend to the most immediate breakpoint. useful for communicating work to others or for providing
context when handing off a task from one person to another.
For example, Mylyn already allows developers to store DOI
trees with work items in bug database, as a form of guid-
ance for the next developer who takes on the work item. To
provide a similar capability for the content timeline ce=at
rivacy concerns, however, since the timeline contains the
istory of work activities. A developer, for example, may
ot want a coworker to see his “mistakes” when viewing his
timeline. Yet, there is a fine line between showing “mistake”
and providing the rationale behind the code (e.g. showing
alternate rejected designs). A persistent form of the ¢tinte
timeline would have to be designed with these privacy con-
perns in mind.

Threats to Validity

We did not have the opportunity to evaluate subjects younger
than 31 years old. One possibility is that our experiment is
biased toward older developers who may have different pref-
erences for memory cues. Prospective memory performanc
is known to decrease with age if not counter-balanced by n
effective strategies for remembering. Regardless, ouapop
lation represents a large and important portion of the activ
developer workforce.

We believe that the minute to prepare for interruption that
we gave each subject makes our study unrepresentative o
interruptions without warning but adequately represérgat

of interruptions with warnings and self-interruptionsttof RlEFEEsEmgniﬁn and J. . Trafton. Task interruntion: Resuomti
Wh"?h frequeml,y OCQUI‘ among professmna} developers. [14] and the role of cues. IRroceedings of the 26thpannua| con?gengce of
We included this minute to prepare, despite the threat, be-  the cognitive Science Socieg004.

cause previous psychology studies show that having a pe- 2. V. Bellotti, B. Dalal, N. Good, P. Flynn, D. G. Bobrow, and

riod for studying an environmental cue for during interrup- " N. Ducheneaut. What a to-do: studies of task management totrards
tion makes the cue for valuable during resumption [1]. Our design of a personal task list managerCH| '04: Proceedings of the
focus in this study was to measure differences in the cues. SIGCHI conference on Human factors in computing systeages

735-742, New York, NY, USA, 2004. ACM.

Finally, an additional threat to external validity is the-na 3. A.B.Brush, B. R. Meyers, D. S. Tan, and M. Czerwinski.
ture of programming tasks we selected. Programmers en- U”derséa”d'”gfq‘]emory t”ggefsffo”as'( ”aCk'”go';“ or:

: : i Proceedings of the SIGCHI conference on Human factors in
countering new code may not be ablga to as effectively utilize computing systempages 947-950, New York, NY, USA, 2007.
memory cues such as the DOI treeview because they are not  acwm.
as familiar with the Speplflc names within the program and 4. E. Cutrell, M. Czerwinski, and E. Horvitz. Notificationiscuption and
they have less opportunity to explore. However, our tasis ar memory: Effects of messaging interruptions on memory and

representative of many maintenance and bug fix tasks where  performance. 2001.
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