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Abstract

Source code search is an important activity for program-
mers working on a change task to a software system. As part
of a larger project to improve tool support for finding infor-
mation in source code, we conducted a formative study in
which programmers were asked to perform corrective tasks
to a system they were initially unfamiliar with. Our analy-
sis focused specifically on how programmers decide what to
search for, and how they decide which results are relevant to
their task. Based on our analysis, we present five observa-
tions about our participant’s approach to finding informa-
tion and some of the challenges they faced. We also discuss
the implications these observations have for the design of
source code search tools.

1. Introduction

Source code search is an important activity for pro-
grammers working on a change task to a software sys-
tem. A range of search tools are bundled with today’s
Integrated Development Environments. Research studies
have been conducted to explore aspects of search as it re-
lates to change task activities, including studies focused
on how programmers perform change tasks using today’s
tools (e.g., [9]) and developing models of comprehension
(e.g., [21]). Other studies have identified the questions pro-
grammers ask [15, 16] and explored their information needs
as they perform change tasks [7].

To build on this previous work, we have embarked on
a research program that aims to improve tool support for
finding information in source code. As a first step in this re-
search we have conducted a study with the aim of answering
two specific research questions: (1) how do programmers
turn their information needs into concrete searches? and (2)
how do programmers work with the search results to find
the information they are seeking? We are particularly in-
terested in understanding the challenges programmers face
and how tool support can be improved.

Our study involved ten programmers working on as-
signed change tasks to a large sized code base (70KLOC).
Our study was conducted in a laboratory setting; however,
care had been take to ensure that the tasks were realistic.
As our participants performed the task we gathered qual-
itative and quantitative data about their search activities.
In this way we have gathered information about 96 search
episodes. This paper presents the results of our analysis of
this data organized around five key observations. For ex-
ample, we observed that our participants performed quite
broad searches which returned many irrelevant results and
that they rarely looked closely at more than one of the re-
sults preferring to try different searches rather than explore
a large result set more systematically. The key difficulty our
participants faced was finding the information they needed
despite conducting on average about ten searches each.

Our observations are discussed further in Section 4. The
implications these observations have for search tools are de-
scribed in Section 5.

2. Related Work

Various models of program comprehension have been
proposed including the top-down model [18], the bottom-up
model [11], and the integrated metamodel [21]. These mod-
els focus on describing a programmer’s mental represen-
tation of a program and the cognitive processes and infor-
mation structures used to form that mental representation.
Other work has attempted to use these models or theories
to inform tool design. For example, Storey et al. develop a
hierarchy of cognitive issues to be considered during the de-
sign of a software exploration tool [19]. O’Brien et al. [10]
performed a study to investigate how the system being mod-
ified affects the use of these comprehension strategies. Our
work takes a different approach to influencing the design of
tools, and we believe our results are complementary to work
in the area of program comprehension. In particular, we aim
to conduct studies to fill in details around the search activ-
ities of programmers (how they form searches, how they
work with the search results returned, etc.) including the



challenges they face. We believe these details provide an
important connection between program comprehension the-
ories and programming tool research and design.

A number of studies have been conducted to explore the
impact of tools on program comprehension. For example,
Storey et al. carried out a user study focused on how pro-
gram understanding tools enhance or change the way that
programmers understand programs [20]. As another exam-
ple, Singer et al. carried out studies of programmers’ work
practices, investigating how programmers approach com-
prehension tasks, including their use of tools [17]. Our re-
search is along these same lines; however, we have focused
specifically on searching activity in the context of today’s
development environments.

Five more recent studies have focused on the use of cur-
rent development environments (as do our studies). Robil-
lard et al. characterize how programmers who are success-
ful at maintenance tasks typically navigate a code base [14].
DeLine et al. report on a formative observational study also
focusing on navigation [3]. Our work differs from these
in considering more broadly the process of searching and
investigating search results, rather than focusing specifi-
cally on navigation. Ko et al. report on a study in which
Java programmers used the Eclipse development environ-
ment to work on five maintenance tasks on a small pro-
gram [8, 6]. Their intent was to gather design requirements
for a maintenance-oriented development environment. Our
studies differ in focusing on more realistic situations involv-
ing larger code bases and more involved change tasks. Our
analysis differs in that we aim specifically to understand the
search activity. LaToza et al. explored how experience ef-
fects work on change tasks and found, for example, that
more experienced programmers tend not to explore as many
irrelevant elements [9]. Our work builds on this by investi-
gating how programmers determine which elements to ex-
plore.

Several researchers have proposed enhanced search
tools. For example, Poshyvanyk et al. looked at a com-
bination of latent semantic indexing and scenario based
probabilistic ranking techniques as a new method for rank-
ing search results [13, 12]. As another example, de Alwis
et al. [2] looked at combining information from multiple
sources (static, dynamic and evolution) to answer concep-
tual queries. In contrast, we are not currently proposing new
search techniques; instead, we are reporting on a formative
study that we hope may inspire future tool development.

3. Methodology

Our study was conducted in a laboratory setting and in-
volved ten programmers (referred to as P1. . . P10) partici-
pating in ten 30 minute sessions. Eight of our ten partic-
ipants were programmers with industrial programming ex-

perience. The remaining two (P1 and P3) were computer
science graduate students. All participants had prior expe-
rience programming with the Java programming language
and the Eclipse Java development environment1, which we
refer to as Eclipse throughout this paper.

During each study session, the participant was asked to
perform a programming change task to a large software sys-
tem called Subclipse2, which is a popular open source plu-
gin. Subclipse is comprised of approximately 70KLOC and
all of our participants were initially newcomers to the sys-
tem. For the purposes of our study, it was not important for
the participants to complete the task during the session (and
none of them did complete it); we were simply interested
in putting them in a position where they would naturally
perform various searches in Eclipse.

For each session we randomly assigned one of two dif-
ferent change tasks to get a broader range of situations. To
ensure that the tasks were realistic, we selected them from
the Subclipse project’s issue tracking system (task 1 was
based on issue 798 and task 2 was based on issue 801).
These issues were addressed in revisions 3993 and 4012 of
the Subclipse version control system, so we had our par-
ticipants work with revision 3992 for task 1, and 4011 for
task 2. Both of the tasks had a similar scope and required
the participant to fix a fault in the code base. At the start
of the session we explained to the participant the incorrect
behaviour exhibited by the system as follows:

• Task 1: When multiple items are selected in the com-
mit or revert dialog and the spacebar is pressed, the
current behaviour is to toggle only the first of the se-
lected items. The correct behaviour is to toggle the
checked state for all selected items.

• Task 2: When a new file is added to version control,
the current behaviour is to add a star overlay to the file
icon. The correct behaviour is to add a plus overlay to
the file icon.

Participants were restricted to only features provided by
Eclipse (ex. use of the debugger, running of the program,
navigation, search tools, etc.). They were also given pa-
per and a pen. System documentation was available to our
participants, but its presence was not highlighted by the re-
searchers. To help judge the effectiveness of their search-
ing activity, we investigated the experts solution to the tasks
(that is, the solution found in the Subclipse’s version man-
agement system) and identified several source code ele-
ments as highly-relevant to the tasks.

To facilitate data collection during the study sessions, we
had each participant work as a pair [22] with one of the re-
searchers (the second author of this paper). The researcher

1http://www.eclipse.org
2http://subclipse.tigris.org



was at the keyboard and the participant directed the work
on the task by giving instructions to the researcher. We took
this Dialog-Based Protocol [23] approach in the hope that
it would provide insights into why various search activities
were being carried out. Instructions given to the researcher
were at a high level and included directions such as “Per-
form a File search with the query icon”. The discussion be-
tween the participant and the researcher was recorded and a
screen capture video was made for each session. Following
the session, another researcher (the first author of the pa-
per), who was also present during each session, conducted
a short ten minute interview with the participant. This was
done in addition to their task time, to further explore issues
around their searching activities. Two pilot studies were
conducted to ensure that 30 minutes was sufficient time for
participants to make progress in the task and to ensure that
there would be enough searching activity for our analysis.

To carry out the change task, our participants used
Eclipse and they were given a one page document describ-
ing the eight major kinds of searches supported by Eclipse
to ensure that they were aware of the options they had. This
document shows what each search type tries to accomplish
but does not show how those search results are displayed.
All eight of these search types are described below. Note
however, that only six of these search types were used by
our participants during the study (see Figure 2 for the search
types actually used).

1. Open Type: Supports searching for classes or inter-
faces based on a partial name or pattern.

2. File: Supports searching for text within all of the files
in the Workspace.

3. Find in File: Supports searching for a piece of text
within a specified file.

4. Java: For finding declarations, references and occur-
rences of Java elements (packages, types, methods and
fields).

5. References: Performs a search for all references to a
specified code element or elements matching a key-
word.

6. Implementors: Performs a search for all classes that
implement a specified interface or interfaces matching
a keyword.

7. Declaration: Performs a search for all declarations of
a specified code element or elements matching a key-
word.

8. Occurrences in File: Performs a search for all occur-
rences of a specified code element in the current file.

P1
Task 1 F 4152/0

F 4770/0
F 0/0
J 527/0
J 77/1
I 4/3
R 0/0
I 4/4
J 0/0
J 0/0
I 2/1
R 0/0

P2
Task 2 F 1232/1

I 1/1
F 2926/1
J 4/1
F 13/1
I 1/1
R 2/1
I 1/1

P3
Task 2 F 353/0

F 0/0
I 5/5
R 2/1
I 0/0
I 0/0
F 0/0
J 764/1

P4
Task 1 F 4770/1

J 0/0
F 0/0
F 2584/0
F 9/0
J 0/0
O

 0/0
O

 17/0
F 430/1
F 13/1
J 2/2
F 228/0

P5
Task 1 F 1266/1

R 2/1
R 2/1
R 17/1
F 1/1
F 13/1
I 3/2

P6
Task 2 F 4/2

F 45/1
F 38/3
F 70/0
F 2/1
F 0/0
F 14/1
D 12/0
F 4/1

P7
Task 2 F 1252/1

F 1265/0
O

 178/0
F 1/1
F 0/0
F 105/4
F 1/0
O

 0/0
F 8/1
R 1/1
R 1/0
F 265/1
F 46/1
I 3/1

P8
Task 1 F 0/0

F 2/1
F 4/0
J 0/0
J 0/0
J 0/0
F 149/3
I 0/0
I 0/0
I 0/0

P9
Task 1 J 65/1

J 17/2
R 9/0
F 0/0
F 11/1
J 11/2
F 0/0
I 0/0
I 3/0

P10
Task 2 F 193/1

F 2/0
F 0/0
J 4/1
R 2/1
R 0/0
R 0/0

F File search

J Java search

I Find in file

R References

O Open type

D Declaration

Search Types

One or more highly 
relevant items were 
opened in the source 
code editor. 
One or more highly 
relevant items were in 
the results (but none 
were opened in source 
code editor).
No highly relevant items 
were in the results.

Colours

Each bar represents a 
search episode. The height 
of the bar depicts the log of 
the number of search results. 
The search type, number of 
results and number of results 
visited in the source code 
editor are listed.

Legend

Figure 1. Search Episodes



Each time a participant used one of these searches we
call this a search episode. Our data set consists of 96 com-
pleted episodes, and in our analysis we have used the search
episode as the basic unit of analysis. The first phase of our
analysis involved segmenting our data into search episodes.
We consider a search episode to be started as soon as a par-
ticipant starts to describe a search that they would like to
perform. We considered this episode ended when they last
explore one of the results in the result set. If no results are
explored, we considered the episode to be complete at the
latter of when the search returned the last result into the
result set, or the participant last comments on the results.
Both quantitative data (such as the amount of time spent on
each search episode) and qualitative data (such as comments
made by our participants about what information they were
seeking) have informed the findings discussed in the next
section. In our analysis we do not consider the use of the
debugger or other non-search tools available in Eclipse.

4. Findings

Our data, summarized in Figure 1, can indicate the ef-
fectiveness of our participants’ searches as well as the ef-
fectiveness of their approach to working with the search
results. In Figure 1, a medium grey or dark grey bar de-
picts a search that returned at least one highly-relevant el-
ement. For example, half of participant P2’s searches re-
turned highly-relevant elements, while none of participant
P3’s searches returned highly-relevant elements. The ideal
search contains highly-relevant results and few other re-
sults, such as the fourth search conducted by participant
P2. From this perspective the searches conducted by par-
ticipants P3, P6, and P9 were particularly ineffective. A
dark bar in Figure 1 indicates an episode in which the par-
ticipant opened at least one highly-relevant element in the
source code editor, suggesting a successful exploration of
the results. Participants P1, P4, P5, and P8 were our only
participants that managed this.

To describe the challenges our participants faced, in
this section we discuss how our participants searched and
worked with the search results. The discussion is organized
around five key observations (see Table 1) that have sev-
eral implications for the design of search tools as discussed
further in Section 5. Each observation is supported by data
collected from task 1 and task 2.

Observation 1 Our participants approached a corrective
maintenance task by first forming hypotheses about what
the problem is based on their past experience. These ini-
tial hypotheses were often correct and guided much of their
work on the task.

Being newcomers to the code base they were work-
ing on, our participants began their task by making some

guesses about how the code was structured. They also
needed to make some guesses about what the cause of the
defect could be. At times a hypothesis was formed after
some initial exploration of the code. This observation is
consistent with previous work in the area of program com-
prehension which suggests that hypotheses are the result of
comprehension and code cognition, but may take seconds
or minutes to occur [21].

For example, participant P4, working on task 1, be-
gan with a broad search for ‘commit’ followed by several
searches for words that he thought “might have been used
in the naming of variables or [in] comments”. After a few
searches, he guessed that the problem was located within
the UI packages and so focused his exploration on those
packages. He described his approach to starting the task as
creating a hypothesis about what is wrong in the code:

“The problem is you have some sort of undesir-
able behaviour right, and you know a few things
about it. I tried to create a hypothesis that made
sense. I tried to come up with some idea that
could conceivably explain this odd behaviour.”

This participant based his hypothesis on his past program-
ming experience. Specifically he relied on his understand-
ing of how code tends to be structured including the patterns
he tends to use in his own coding. In the process he asked
himself questions such as:

“If I were writing this system, where would I put
the important code, how would I structure my
data, how would I organize my classes?”

The highly-relevant elements for both tasks were located
in the UI package, and most of our participants correctly
guessed this location. Specifically, six participants work-
ing on the tasks mentioned the UI as being involved. Of
the remaining four participants, two performed at least one
explicit search within the UI packages, and one exclusively
expanded the UI packages within the results. For exam-
ple, since task 2 requires finding the place where icons are
changed, participant P7 felt that it “makes sense to be look-
ing in there for where those images would be chosen”. Sim-
ilarly, participant P5, working on task 1, noticed that the
system was layered and guessed it was using the listener
pattern [4]. He further guessed the problem would be lo-
cated in “a UI class of some sort”. This guess affected the
searches they conducted and also their exploration of the
search results.

Experience in the domain of the application was helpful
to participants in forming their hypotheses. As all of them
had some experience with version management systems, the
concepts in the system and those specifically mentioned in



Table 1. Key Observations
Our participants approached a corrective maintenance task by first forming hypotheses about what the problem is 
based on their past experience. These initial hypotheses were often correct and guided much of their work on the task.1
From their hypothesis, our participants formed search queries based on experience and expectations around naming 
conventions. Sometimes trying multiple searches based on synonyms or various ways to express similar ideas.2
Our participants often had only a fuzzy notion of what to search for (or what to look for in a result set) especially early in 
a task. Often their searches were very general and returned many results.3
Rather than systematically investigate search results, our participants generally skimmed through results looking for 
evidence of relevance (based on their hypotheses), at times focusing on a package that was consistent with their 
guiding hypothesis.

4

Our participants opened a small number of results in the source code editor and rarely return to their search results (i.e., 
not iterating between results and elements). Most often the opened element was only skimmed.5

the task descriptions were familiar to our participants. How-
ever, participants P2 and P3’s version management experi-
ence was limited to CVS3 (rather than Subversion). This
limitation mislead them in their work on their respective
tasks, because of the differences between the Commit and
Add to Version Control concepts. Participant P3 was partic-
ularly ineffective (see Figure 1) and after the session said:

“I was thinking CVS [...] everything is a com-
mit even adding something is a commit. So that’s
probably why I was probably on the wrong track.”

Observation 2 From their hypothesis, our participants
formed search queries based on experience and expecta-
tions around naming conventions. Sometimes trying multi-
ple searches based on synonyms or various ways to express
similar ideas.

In this section we discuss further how our participants
used their hypotheses in formulating searches. Naturally,
our participants based their searches on their expectations
around the naming conventions used in the code base. For
example, participant P4 described his approach as placing
himself into the original programmers’ situation and trying
to figure out “what would I put in the comments, how would
I call my variables, how would I call my class names and
function names?”.

Of course there are different ways to express the
same concept, and so our participants would try differ-
ent searches—that is, different ways to express similar
ideas—to learn about how terms are used in the system
and of course to find task relevant elements. Participant P4
searched for “any number of terms [...] that is related to
my hypothesis” and tried using synonyms. Half of our par-
ticipants took a similar approach searching for ‘icon’ then

3http://www.nongnu.org/cvs

‘image’, ‘spacebar’ and then ‘space bar’, or ‘pressed’ fol-
lowed by ‘keypressed’ to make the search more specific.
File searches were used for a majority of these kinds of
searches.

This process was not always straightforward even if a
participant’s hypothesis about what the problem might be
was correct. Eclipse’s search tools require the user to spec-
ify a specific term, and if the supplied term is not pre-
cisely correct no relevant results will be returned. For exam-
ple, participant P10 (who never managed to open a highly-
relevant element) felt that he had trouble making progress
because the system’s “naming conventions [...] didn’t seem
to be the same as in my mind”. When looking for the icons
related to the task participant P10 performed a File search
in the UI package for ‘modified’ proceeded by another file
search with the query ‘update.gif’ (which was his guess for
the name of the file). He never did find “the icons that are
actually doing these things [related to the task]” because the
naming of the icons were not what the participant had ex-
pected.

Our participants generally spent only a short amount of
time per search episode before starting a new search. The
longest amount of time spent in a single search episode
was about five minutes, and the shortest amount of time
for a particular search episode was five seconds. The mean
amount of time spent in a single search episode was 69 sec-
onds and the median was 39 seconds. Figure 5 shows the
distribution of time spent on each episode. In some cases, a
large result set seemed to deter the participants from spend-
ing much time going through the results–or in even looking
at any of the results. When one of participant P4’s searches
returned 4770 matches, he said, “that doesn’t seem to be
especially helpful” and moved on to another search. Later
he performed a search that returned 2584 matches, and said,
“ok, so that didn’t really work out” before abandoning the
search.



Not shown are the 4 open type episodes and 1 declaration 
search episode.

46 of the 96 episodes used the file search tool. Only the 36 that 
returned non-empty results are shown. Mean result size: 570.

16 of the 96 episodes used the Java search tool. Only the 9 that 
returned non-empty results are shown. Mean result size: 92.

13 of the 96 episodes used the references search tool. Only the 9 
that returned non-empty results are shown. Mean result size: 3.

16 of the 96 episodes used the find in file tool. Only the 10 that 
returned none empty results are shown. Mean result size: 2.

The log of the number of search results returned grouped by search type. 
For an explanation of the colours, see the legend in Figure 1.

Figure 2. Search episodes by search type

Observation 3 Our participants often had only a fuzzy
notion of what to search for (or what to look for in a result
set) especially early in a task. Often their searches were
very general and returned many results.

Figure 2 shows the distribution of the number of results
per episode for the top four types of searches performed.
This figure also shows the average number of results for
each search. Eclipse’s File search was by far the most pop-
ular amongst our participants, accounting for approximately
half of all search episodes. File search is the most inclusive
search (as compared to a Java search) and has fewer options
for restricting the scope of the search. Therefore, it is un-
surprising that on average it returns the most results (570)
and also had the largest maximum result size in our study
(4770).

Many of the searches performed by our participants were
broad in scope and involved terms that were common to the
code base. For example, our participants carried out a File
search for ‘commit’ eight times. This search returns more
than a thousand results in the Subclipse code base, as it is
based on a common term in the application domain. Thirty-
five of the 96 searches returned ten or more results and 22
returned more than 50 results. On the other hand, there were
also many cases (29 out of 96 searches) in which a search
returned no results.

Eight of our ten participants began their work on the as-
signed task using a File search as they had little other infor-

mation to start with; “when I don’t know what I’m looking
for, then usually I start with a text search” (P2). However
participant P2 also felt that generally file searches “results
in a lot of garbage”. Similarly, P1 began his investigation
by conducting a File search for ‘*commit*’ which related to
the fact that Task 1 was an issue within the commit dialog.
The search returned 4152 results. He explained that he had
nothing to base his search on other than a “keyword” from
the task description.

Even later in the study sessions, our participants had
a difficult time articulating searches that would retrieve
highly-relevant search results. Our participants generally
formed hypotheses about what was wrong, but turning that
into a precise search was not straightforward because the
concepts that they were looking for were commonly vague.
For example, participant P4 was looking for “anything to
do with pressing spacebar, selecting and deselecting check-
boxes” but wasn’t able to turn this into a meaningful search
using the available tools. He “mostly [searched] the entire
workspace” to make sure that he didn’t miss “something im-
portant”, preferring to get too many results rather than too
few.

Our participants also expressed a lack of confidence in
the task relevance of those search results and as a result they
did not always carefully explore the results. For example,
P2 performed several searches just to “see what it returns”
and only looked briefly at the results because she was not
“sure the term [...] is useful for the task”. She further felt
that once she had more “concrete information” she would
be “more patient with the search results”. The way that our
participants worked with search results is discussed further
below.

Observation 4 Rather than systematically investigate
search results, our participants generally skimmed through
results looking for evidence of relevance (based on their hy-
potheses), at times focusing on a package that was consis-
tent with their guiding hypothesis.

In Eclipse, results from File searches, Java searches, Ref-
erences searches and Declarations searches are presented in
a tree view, organized by package, class and then matching
element (or by the directory structure), all sorted alphabeti-
cally. Initially the package and class with the first matching
element are expanded and the element is highlighted, as il-
lustrated in Figure 3. The vast majority of the searches per-
formed by our participants (76 out of 96) were searches that
returned tree based results. Results from File searches are
presented along with one line of source code that shows the
matching search term in context (see of Figure 4). We refer
to this as the context snippet.

As described previously, many of the searches performed
by our participants were quite broad and returned a large
number of results. Despite this, the time spent per search



Figure 3. The default presentation of search
results by the tree based search results.

Figure 4. Presentation of results with inline
context included.

episode was small, at only a mean of 68 seconds. The rea-
son for this is that, rather than systematically exploring each
item returned from a search result, our participants tended
to quickly skim the results, often starting by briefly consid-
ering the names of packages and classes. As participant P6
put it in one instance, “there were a lot of results” so he “just
skimmed through them”.

This skimming of the package names (etc.) was guided
by a participant’s hypothesis about the fault they had been
asked to fix and aimed to see if any of the package names
were “interesting”. For example, participant P3 performed
a Java search for ‘getImage’, which returned 764 results in
total. He quickly scrolled through the results until he found
a package that he thought might have something relevant–
one of the user interface (UI) packages. He then restricted
his investigation to the results in that package, feeling that
the other packages were “completely useless to me so I ig-
nored those”.

Focusing on the various UI packages in search results
was common for our participants because they had hypoth-
esized that the fault would be found in the UI layer of the
application. As participant P4 said, the problem “seems like
a user interface issue” and he “would just ignore all of the
other packages entirely and jump directly to the UI”. Dur-
ing 40 search episodes, participants opened files from tree

based results. Of these, 31 times our participants focused
their exploration on the UI packages. In other cases, our
participants simply explored the first result, which is high-
lighted simply by virtue of the alphabetical sorting of the re-
sults. Participants explored results outside the UI packages
on only nine occasions. In seven of those, the participants
first exploration was the result that was highlighted. For
example, after performing a search, participant P9 opted to
“just open the first one there”, which was unrelated to the
task. He then returned to the search results and expanded
one of the UI packages.

Once a package of interest was selected by the partici-
pants, they tended to skim the files and classes again look-
ing for something “interesting”, or in other words, names
that seemed relevant to the task at hand. Some participants
expanded the contents of a selected package so that they
could see the context snippet, because “the little context
it provides when you expand everything [...] gives you a
pretty good idea of what you’re actually looking at” (P4).
This context was used effectively by participants P4 and
P6; however, most participants did not expand the search
results sufficiently to show the context snippet. Participant
P3, for example, seemed unaware that this information was
available and complained that “you don’t get any other in-
formation other than the name itself”.

In many cases our participants decided very quickly that
nothing was relevant and tried a different search. For ex-
ample, participant P4, who worked on task 1, performed a
search for “pressed” and skimmed the results looking for
anything that seemed relevant. In the process he saw that
some of the results were about an “ok button” or “can-
cel button” being pressed which he judged as “fairly obvi-
ously not relevant”. Interestingly, our participants generally
needed strong indications of relevance before they would
spend time exploring a result further. For example, partici-
pant P2 said that because many searches return a large num-
ber of results, the items in the result sets “have to look quite
right at first glance for me to look into it”. She also said
that for something to be judged as “quite right” it needs to
match (or be synonymous) to the “terms going through my
mind”.

At times this reliance on pre-conceived terms was prob-
lematic, such as when participant P2 performed a search
that returned only four matches, one of which was arguably
the element most directly related to the assigned change
task. She briefly looked at the first result in the source ed-
itor, returned to the results, looked over the names of the
remaining classes returned by the search before stating that
she was “not sure this is useful, maybe you should do a
text search for the same string”. When performing a search,
specific terms need to be supplied; however, when skim-
ming through search results it is possible to look for any-
thing “that would make sense” (P8).



Sizes (824)
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Figure 5. Number of results and time spent
per episode by number of files opened

Observation 5 Our participants opened a small number
of results in the source code editor and rarely returned
to their search results (i.e., not iterating between results
and elements). Most often the opened element was only
skimmed.

Over the course of our study, participants performed 57
searches that returned non-empty result sets. Given a non-
empty result set, our participants would decide which ele-
ments (if any) to open in the source code editor. None of
our participants ever opened more than four results, and the
most common behaviour (occurring in 33 of the 57 cases)
was for the participant to explore just one of the results. In-
terestingly, the second most common behaviour was for our
participants to explore none of the results. The exploration
behaviour we observed is summarized in Figure 5.

In some of the cases when none of the search results were
explored, it meant that our participants briefly skimmed the
results (as discussed above) and did not notice any that
seemed particularly relevant. In other situations the shear
size of the result set discouraged extensive investigation.
For example, participant P2’s first search was a File search
for the term ‘decorator’ which returned 1,232 matches. She
briefly explored one of the results and then decided that it
was not “useful” and abandoned the search. Her reason-
ing was that the term she searched for was “pretty over-
loaded” and that she “did not want to spend a lot of time
going through each search result.”

Similarly participant P4, when faced with a large result
set, decided not to investigate it in detail saying that “it’s not

necessarily feasible to kind of go through them one by one.”
He also felt that the large result set suggested that he was
“on the wrong track” and possibly “searching too broadly.”
More generally, our participants tended to open fewer of
the results when the result sets were large (see Figure 5),
deciding that their time would be better spent performing a
different search. As a result, iterating between the search
results and the source code editor to find relevant elements
was rare.

When a source element was selected for further investi-
gation, our participants tended to skim through the source
code quickly to decide how relevant the element was. This
skimming was guided by their hypothesis about the problem
that needed fixing. For example, participant P2 skimmed
through a file and stated, “this doesn’t seem quite right”
because it was an abstract class and she expected that the
problem would be in the “concrete implementation”.

Similarly, participant P4 opened a particular file in the
source code editor and spent twenty seconds scrolling
through the file, performing what he termed a “visual anal-
ysis of the code.” He found that none of the method names
“seemed to really have anything to do with” the task, so he
abandoned the search all together. During the interview por-
tion of the session, participant P4 explained his approach to
skimming files:

“When you open up a file, again if you’re thinking
a variable is being changed at a wrong time, you
can just look over really quickly for assignment
statements or anything like that. If you expect its
a bad loop, you can just look for the presence of
loops or something like that. I mean its not al-
ways easy but it really does go back to kind of,
the whole notion of creating hypothesis, and you
think, well, if my hypothesis is valid, how could I
recognize it, what would the code look like under
such a situation.”

5. Implications for Design

As discussed in Section 4, our participants’ behaviour
can be described as searching and skimming. We believe
that if tool support for this behaviour was improved, then
several of the challenges our participants faced in perform-
ing the assigned change task could be mitigated. Several
examples follow.

Support for Skimming The searches performed by our
participants were generally broad searches producing many
irrelevant results, so they continued their finding activity by
skimming the result set looking for relevant entities. The
advantage is that skimming (unlike searching) does not re-
quire articulating a particular term of interest; the challenge



is that the results, as presented by Eclipse, contain little in-
formation upon which programmers can base their judge-
ment of relevance. However, our participants made use
of two kinds of information that Eclipse does make avail-
able: structural information (primarily package structure)
and names. Building on this observation, it is possible
that more contextual information would be valuable. Pro-
grammers can obviously get significantly more information
about search results by opening the elements in the source
code editor; however, we found that when they do this, they
tend not to return to their result set to consider other re-
sults. Providing additional contextual information, possibly
including block level information, right in the search result
view may allow programmers to more quickly determine
what is relevant.

Ranking and Grouping of Results Our participants ex-
plored only a small number of matches (often zero or one)
and did not carefully consider all of the matches before se-
lecting which element(s) to explore. Based on this we argue
that the sorting of results should be given more attention,
possibly based on confidence values such as those used by
the Hipikat system [1]. We have found that programmers
are put off by large result sets; but, if the results were ranked
in a meaningful way, it is possible that programmers would
be able to make use of such results. How best to rank re-
sults is an open question; however, we believe that a suc-
cessful ranking would likely need to be context aware, pos-
sibly based on contextual information maintained by tools
such as Mylyn [5]. During our study we found that many
participants used the packages as a way of segmenting their
results, so they could focus only on a smaller subset they
believed to be relevant. Other groupings of results (e.g.,
spheres as defined in [2]) are possible and may be similarly
useful.

Support for Exploring Result Sets Beyond a quick skim
and looking at a small number of results, our participants
made only limited use of Eclipse’s search results view. Each
search episode took on average 68 seconds and involved ex-
ploring a very small number of results. Rather than exten-
sively explore the results, the participants would perform a
different search altogether, though at times they would later
repeat their search. It is possible that enhancements to the
interaction supported by the search results view would al-
low programmers to make better use of their results and pos-
sibly view them as a basis for ongoing exploration. Possible
enhancements include tracking what has been explored and
what has not, support for removing or highlighting elements
based on their judged relevance, and support for searching
within results.

6. Limitations and Future Work

Our participants were newcomers to the system we asked
them to change. In our experience, this is a common sce-
nario for programmers in industry and is convenient for
conducting controlled studies. However, it may also mean
that our results provide limited insights into the search be-
haviour of programmers performing change tasks to sys-
tems with which they are familiar.

Our study set-up followed the Dialog-Based Protocol
with one of the researchers being the “driver” during the
session [23]. This was effective as it encouraged the partic-
ipant to vocalize their intentions. While this approach was
helpful, it is an open question what effect this technique had
on the search behaviour. The researcher was careful not to
make suggestions to the participant, but it is possible that he
may have provided incidental assistance such as help span-
ning the gulf of execution.

At the start of each study session, our participants were
given a list of searches supported by Eclipse. This ensured
that our participants knew the options available. On the
other hand, this likely encouraged our participants to con-
sider searches in that list. This limits our ability to deter-
mine what other types of searches would be valuable to pro-
grammers. It is also possible that the search behaviour may
have been different given different tools.

To date the search episode has been our unit of analysis.
Going forward with this research we plan to analyze our
data at the session level and to categorize sessions as more
or less successful. In this way, we hope to identify search
patterns and correlate those to how successful programmers
search. We hope that this analysis will improve programmer
practices.

7. Summary

As part of a research program to improve the tool sup-
port for finding information in source code, we have con-
ducted a study to explore how programmers decide what to
search for, and how they decide which results are relevant
to their task. We observed ten programmers as they per-
formed a corrective maintenance task to a software system
and collected qualitative and quantitative data on 96 search
episodes. This paper presents the results of our analysis of
this data organized around five key observations. For ex-
ample, we observed that our participants performed broad
searches that returned many irrelevant results. Thus, they
rarely looked closely at more than one of the results and
preferred to try different searches rather than explore the re-
sults more carefully. We have also discussed some of the
implications our results have for the design of search tools.
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