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Abstract

Software development reqeis understanding and navigating complex software
spaces. Developers frequently utilize annotasiam source code to help them
externalize information they need to remembersuch as tasks and
implementation detailsAlthough some tool suppo#lxistsin modern integrated
development environments for authoring and navigating these annotations, we
have observed that they often fail to remiddvelopers about tasks that need to
be performedand ae sometimes difficult to findWe present the results from
four empirical studies designed to better understand how developers create and
manage theirinformation using annotationsWe also explore the use of
hierarchical tagging capabilitieeo enhance these annotatiorBased on the
findings from these studiesve provide suggestions on how annotation tools

may be improved.
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Chapter 1
Introduction
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but it is my chief duty to accomplish small tasks
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OFTWARE developers must understandand navigaé complex software
spacas to perform their daily taskDetails for a single task are often scattered
across multiplepackagesclassesand methodsWhen a software developer is
working on a large project with many tasks perform rememberingall the
relevant detailsising human memory alone neaty impossble [48].

The problemof dealing with information overloadrises in part, from
multitasking.With multiple ongoing tasks, developers havebmose which task
they will perform next, ad store the rest for later. Developers must be able to
collect, manage, categorize and store these tasks and their associated
information, and then recall them as needéd.particular,two parts of this
process are challengingategorizing and recallinmpformation[47][52]. To cope
with these difficulties, people have developed various strategiesxternalize
their memory such as creating task lists or email rachérs

Annotations have been used as an aid to externalize memory for centuries.
For example, annotations can be used to record tasks that still need to be
performed,mark locations on a map to visit or revisit, and record thoughts or
implications about wht has just been rea&oftware developerBave also been
known to creat@nnotations to record information for future recovery.

Software developers havereated processes and tools for using
annotations in their everyday workihe simplest practices avable today
include creating bookmarks and leaving memorable keywords in the code, such

as it odoo, Afi x me 0 Mwodern tiIDEs pravidetobl® ford s i ni
1



creating and managing annotations; howevéngese tools donot always
adequately support remsbering and refinding informationFor example,
bookmarks are hard timcateand keep synchronize&imilarly, task annotations
T specific keywords recognized and highlighted by the compileare often

rigidly grouped intoa handful ofpredefined categoes.

While we have intuitions on how developers use antioha to cope with
multitasking little research has been done in the academic commu Nty
propose toexaminehow developers create and manage their information using
software annotations based the followingresearch questions:

Q1: What is the content and structure of the annotations being created?

Q2: How are the developers using these annotations?

Q3: Where do they store this information?

Q4: Who are these annotations intended for?

Q5: Why arethese annotations beneficial?

By answering these questions we hope to lay the groundworkfuidher
examinationof annotation use in software

Our earliest findings led us to pwthesize that there are two key
weaknesseso currenttool support (1) lack of navigational support for linking
related code (i.ecrosscutting concerngs and (2) lack of metadata and structure
for the management of these annotations. Seeing these shortcomings, our
research group has developed a tool called TagSEA (Tags fomw &wft
Engineering Activities) that allows users to employ udefined keywordg27]
andto structure them hierarchicallfy;/e aim to explore the potential benefits of
these techniques for improving current toopport.

Our researchs guided by a mixednethods desigr13]: collecting and
combining quantitative and qualitative data from varying sourlkeeshis thesis
we presentfour empirical studies with professional software deveop
examining the situationn two directions.First, we consider how software
developers use curreannotationtechniguesSecond weexaminehow software

developers use TagSERcusingon userdefined vocabulary and &iarcly use



Based on our findings, we develop a set of implications for software
process and tool designeils.the process we uncover additional questions and
avenues for future exploration. We hope that by exploring tbgsc we may
improve annotation tols, so that they may better support developers as they

externalize their memory.

1.1 ThesiQutline

In Chapter 2, we examine issudmt surroundmanaging taskand information

in a multitasking environmenExternalizing memory using annotations is a way

of coping with the side effects of multitasking. In Chapter 3, we look at how
annotations in three contexts can be used for externalizing memydoing so,

we can determine what considerations to take adcount when designing tools

to support software developerBhe current tool support available is described

in Chapter 4, along with what researchers have learned about the annotation
habits of software developers.

Our objective in this researchis to better understand what role
annotations play in the work practis of software developers. To accomplish
this goal, we have designed four studies following a mireethods
methodology, which are outlined in Chapter 5. There are two phases to this
research First, in Chapter 6we examine how software developers userent
annotation mechanisms in their work by conducting a questionnsiiuelying
open source code, and conducting developer interviews. Second, in Chapter 7,
we explore how developsrcan use tagging to manage their annotations by
studying developers usinthe TagSEA toolln Chapter 8, we synthesize and
discuss the findings from the studies in light of our research questions.
Implications of these findings for annotation tool designers are presented in
Chapter 9, along with the limitations and contrilmnts of this work.

As a collaborative approach was taken in this research, my individual

contributions are outlined in Appendix A.



Chapter 2
Multitasking & Memory
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More than anything, memory resembles a libramyaiphabetical disorder,
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WHEN we have only a single task in mind, we can easily immerse ourselves
in the details at hand and makeogress on that tasiHowever, whathappens
when there is more than one tasB? more importantly, more than one task that
demands our attention¥e must make decisions about how to manage our time
T which task to do first and how much time to spend oBut, it is not quite that
simple. We must also expend considerable mental effort to switch tasks,
remember which tasks need to still be completed, and regain any context we lost
when we return to an incomplete taskll of this puts a strain on human
attertion and memory, which while capable in many instances, benie&m
external help.

As multitasking is an essential part of everyday work, people have
developed various coping strategies to minimize the mental effort involved in
managing multiple tasksThese strategies include simple things, likeaking
notes and listsusing a calendar to keep track of deadlines, or using physical
items toserveas remindersThesestrategiesact to externalize our memory,
allowing us greater ability to manage and rememtasks and their associated
details.

In this thesis we examine how annotations can be uskey software
developers for managinglevelopment tasks and other relatedormation.
Before looking at annotations, we must examine the issues surrounding

managirg tasks in a multitasking environmerBy doing so, we cametermine

4



what considerations to take into account when designing tools to support

software developers.

2.1 Multitasking Activities

Activities surrounding multitasking can be divided into various fadgased on
the research literature, | have grouped these activities into four categories, each
of which will be discussed below:

1. task switching

2. managing information and tasks
3. task categorization
4

. remembering and locating tasks

2.1.1 Switching betweenTasks

With multiple ongoing tasks, some switching is inevitabléhen switching
occurs, we must store the information about the postponed task, as well as
remember to return to [L5]. Unfortunately,human memory has limits and can
fail. Memory failures can take two forms. We are probably most familiar with
retrospective memory failurés inability to recall previous information; however,
there is another category as weitpspective memory failureBrospective memory
involves formingan intention to perform a task and then acting on that intention
in the future[20][51]. Inability to remember to perform that task on time is
considered a prospective memory failure. For instangeerson could decide to
phone their friend on their birthday. Forgetting which date the birthday falls on
would be a retrospective memory failure. Forgetting to call on that day would be
considered a prospective memory failure. Interestingly, prospedavares
occur in everyday life as often, or more often than, retrospective memory failures
[46].

Based on the varied reasons that cause interruptjdjj$¥l], and tha

people tend to interrupt themselves nearly as often as they are interrupted



[16][31], avoiding disruptions and memory failures entirely is not an option.
Fortunately, pospective memory failuresao be prevented when adequate
remindersare available. Similarly, retrospective memory failures can be averted if
we have support for managing anafindinginformation.People have developed
strategies to manage multiple tasks and avoid memory failsued as creang
email reminderstask lists, or calendar entrigé]. These strategies provide

varying levels of support for reminding and refinding.

2.1.2 Managinginformation and Tasks

Software developers and othendwledge workes must not only manage their
tasks, but also the information associated with these tdska. broad sense,
Barreau and Nard{5] found that knowledge workers have three types of
information. ephemeral, working and archival

Ephemeral items have a shatelflife. Bernsteinet al [7] referredto this
ephemeral information asmformation scrapsi i s h o r €ontairsee Ipdrsonal
notes that fall out si deExanfpledimcladei thit on alo of
lists, memos and note padd.ser s i n Barreau and Nar di o
keep this information visible rather than filing ithis allows it to be used for
quick reference As a side effect, however, these notes can pile up, creating
clutter.

Working items involve information related to current taskse shelf life
is generally measured in weeks or montBepending on personal preference,
these items areither filed or piled[52][81]. Regardless of how it is stored, it is
usually close at hand®Repeated use of this informatia@ver its shelf life, usually
measured in weeks or monthnsakes it easy to remember where it is located.

Archival itemsgenerally consist ofompleted workMore often than not,

these items are filed and are usually stof@dmonths or years.



An interesting example to demonstrate how people manage information
and tasks in an electronic environment invalvexamining how people
manage their email. As with papr document$52], therearedifferent strategies
for managing theemail inbox. Whittaker and Sidnef82] identified three
categories of email users: no filers, frequent filers and spring cleaNer§lers
usal the inbox for all of their email, while frequent filers the daily passes of
the inbox to keep the number of items down. Spring cleaners periodically
cleared-up their inboxes, usually once every one to three months.

For all types of email uws, the authors found that specific types of
messagewerenot discharged immediately. These messagesddna be kept to
act as reminders (e.g.-thos and tereads) or to provide important information
about ongoing tasks (e.g. ongoing correspondence\éVer, they note that as
the inboxbecamelarge, its value as a oo list fadel and therewas a shift
towards using it for more active tasks. They also found that people did not want
to file emails that were activé aiming to keep the information avable and
readily accessible in the inbofor later refinding The reasons for not filing
included: not wanting to file messages that would not be useful (asgrecially
since usefulness of data changes over time},wanting toforget where itwas

stored, and that it was difficult to categorize the information for filing.

2.1.3 CategorizingActivities

Categorizing is traditionally thought of as an activity for archiving information;
however, it also can be used fephemerabr working information to provide
more structure, particularly for large amounts of information (eagnplex task
lists or bug trackingystems in softwalpe

Deciding how to categorize items eognitively difficult [47][52]. Part d
this difficulty arises from the actual act of classificatidteople do not classify
information as a librarian wdd, but rather in the context that the information

appeard47]. Items do not always neatly fit into one categ. The other part of



the challenge comes froereating aclassification that people camnse toretrieve
the information in the future.

People deal with tbd challenge in different waysRavasio et al. [65]
repored on an ethngraphic studythat lookedat how users manadeand
locatad files on computersin particular, they found that participants used
different strategies for storing documenfsr selfcreated files there was less of a
challenge, with 12 of the 16 participamgaving the files directly to a location in
the filesysten. However, for nonrseltcreated documents, behaviours differed.
Five participants saved the documents to the desktop, six saved itoation
that the users thought wapproximately the right lgiher level folder, two saved
it to a predefined tempraryfolder, and three saved it directly to tfedder they
thought was appropriate

Malone [52] mentiored three ways to assist with classifying items: (1)
allowing multipleclassifications so the user does not have to decide on a single
rigid classification system, (2) allowing users to defer classifications (i.e.iocgeat
piles of information) and (3) allowing the computer to automatically classify
items While the firsttwo options show promise, on this last point, Whkta
and Sidner[82] provided a warning.They observed thauisers did not want
automatic filing of email because they wanted to be aware of what was arriving,

and not ignoranof the existence of potentially important information.

2.1.4 Rememberinglasks

A classification system is designed to provide structdoe refinding the
information that we are storing§Vhether we store information by date, keyword
or some other dimension, weust still remember roughly where we put it.
Retrieving this information requires two psychological processesil directed
search, followed byrecognition based scanningalso known as browsin§47].
While information retrigal usually involves both processes, one tends to

dominate When the information sought is known or the problem of finding it is



well-structured, the overall strategy we focus omlilected searclii.e. selecting,
specification, and endind)O0][79]. Otherwise the overall strategy employed will
be browsing(i.e.scanning, learning, recognitioatc) [79].

In the case of remembering tasks and information that we havedstthe
issue tends to be one of refinding informatidtefinding is actually a different
cognitive process than finding informatiofil0]. With refinding, the user has
already seen the information at least onkg such, the ser may be able to recall
associations, cues or aspects of the information that wiltetideval Regardless
of what is rememberedefinding still involves searching and browsifigy].

Elsweiler [22] suggestd that tools should provide cues along various
dimensions to aid in refindingThese dimensions could be visual, spatial,
temporal, contextualetc. This requires providing facilities for storing and
manipulating metadata associated with thekis and infomation being stored.
Since people only remember partial details about what they have sférgd

flexibility in this regard could be beneficial.

2.2 Summary

In this chapter we have looked at some of the issues sadiog multitasking

and how there are various technigues for coping with the side effects of
switching tasksThe research literaturguggests that to minimize the strain on
human memory, we need to ensure that classification is as simple as possible and
that the techniqueavailableallow for ways to aid reminding and refinding of
information. With an idea of the challenges that knowledge workers face, we
turn our attention now to how annotations might be used to exteenmemory

and support reminding anefinding.



Chapter 3
From Scribbles to Collaborative Annotations
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ANNOTATIONS are a means of supporting human memory, whether to
remember tasks or tieecord details about an iter@®nceanitem is written down
it can be largely forgotten, leavingpacefor other cognitive processedhe
annotation, if well formed, can help remind the author of the item and refind any
pertinent information.

Whet her as simple as a bookmark in a
personal as colour coded netiakenin a textbook, olasbriefas a scribbled note
on a notepad, annotations take many foritdewever, regardless of the forms
they may take, mnotations are composed of two items: an anchor and content
[9]. The anchor can be explicit, as in a caatlpiece of text, or implicit, such as a
scribble in the margin of a booJ@][55]. Content is optional for annotationsf
present, content either has an explicit or telegrafitécpersonalnearing [55].

To understandmore onhow peoplecan useannotations in electronic
environments, this chapter surveysaper and digital annotations, web based

annotations, and social tagging.

3.1 Paper versudPigital Annotations

Marshall [55] looked at how annotations are changing as we move from a paper
based society to a digital societiy. one study the author looked ahnotations
in used textbooks purchased from a university bookstbhe. textbooks wee
taken from across disciplineBased on the annotations found in these books, the
author developed a list of reasons for making thAmnotations may serve as

10
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procedural signals (aictg as areminderof something to read or mead)
placemarks (recordg important locaéions forrefindinglater),
a visible trace ,0f a readero6s attentio

anin situway of working on problems

a & w0 bdh ke

a record of interpretive activity (interpreting the materiahd

6. incidentalmarkings
The first three categories were characted by the use of highlighting,
underlining or symbol$ usually simply an anchor without conterthe fourth
and fifth categories tended to involve words, phrases or equatidrss.final
category involved other markings, like doodles and messages urtdatte
text. Depending on the context, these annotations can act as reminders (e.g.
showing what has been read) or as a cue to draw attention for easy refinding
later (e.g. an asterisk in the margin).

Marshall alsonoted the personal nature of many oksle annotations.
Readers would mark up the texts with various symbaifferent pen colours
and shorthand notedThis freedom to choose an annotation scheme that is
memorable and informative to thauthor usually renders the annotations
meaningless to bers.Even to thecreators of these annotatigritbeir notesmay
not make sensever time asthey may forget theioriginal intent In a related
study, participant®f an academiceading group were asked to use a digital tool
for making noteg57]. Participants were interviewedbout the events of two
weekly gatheringsEven after only a weekhe specific intent of the annotations
wassometimes lost.

In a related paper, Marshall and Bruf6] conducted a study with 11
graduate students taking a seminar in HurCaomputer Interaction.The
students were asked to read three papers per week and to participate in an
online discussion using a web annotation to8ludents had the option of
annotating diectly on the welor to annotate on paper and then post comments
using the tool.Annotations using the tool could be made private. Alltloe

students chose to read and annotate on paper and then transcribe their
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comments on to the welAt the end of the sidy period the researchers collected
the private papebased annotations and compared them to the public-tveded
ones.The researchers found significant differencesween what people wrote

on paperand what they chose to shaudents frequently expaed upon the
comments they had made on papBrey alsowrote comments when previously
there had only been an anchaihile one would expect that people might
modify their annotation behaviour when they know someone else is reading it,
this shows that theormal annotations that people mafoe themselves tend to

be less descriptive than those intended for shamamgl may be unintelligible to
others.The researchers suggedtthat at best 7.8% of the personal annotations

translatel into collaborative use.

3.2 Bookmarks on thdnternet

One of the most common ways of annotating in electronic environments is by
bookmarking. Inthe case of thdnternet the webpage is the anchor and the
content is a string chosen by the user to identify the page. By dethealitle of

the webpage is usually used. The purpose of these types of bookmarks is to
allow users to easily refind websites that they think might be important for a
current or future task.

Abramset al.[1] studied the bookmarkingf webpagesThey conducted a
survey with 322 respondents, inquiring about the number of bookmarks that
participantshad accumulatedThe authors alscollected bookmark files from 56
individuals in 1996.While bookmark use has presumably changed sinea,th
they present some interestifigdings. The authors claim that bookmarks can (1)
reduce cognitive load of managing URLs, (2) facilitate the return to groups of
related pages, and (3) enable users to create a personal information space.

Perhaps more ieresting,Abramset al. observed four majometaphors
for how participants perceived their bookmark usgkentification, collection,

movement, and episodeBeople that relatéo identification would view their
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bookmarking as labelingor marking information. The collection metaphor
suggests thapeople use the bookmarks tetrieve information froma vast
information spacevhile remaining stationaryThe movementmetaphorinvolves
navigating or traveling to the information, with the bookmarks acting as
landmarks.Finally, the episode metaphoefers to a chronological list of sessions
T essentially a history of the browsing activitpjll of these metaphors are
variations onrefinding, but utilize different dimensions for organizingnd
retrieving the inform#on: classification taskbased spatial, and temporalhey
are all simply different ways of conceptualizing the information.

Abramset al.alsoexamined how participants organized their bookmarks.
They found that 30% of respondents were active file48p £ngaged in sporadic
filing, and 26% never organized their bookmarkkereby keepng them in
chronological orderT h e sporadic filers wer e f oun.
cl eaningd behav Thoserthataccumalatedolotsa df bogokmarks
often creata a hierarchyto help with organization. This hierarchwasusually
slow to developand becameigid over time Finally, in a temporal sense, they
found that the median time since a bookmark was last visited was 100 days. This
suggests, as the authors nbtéhat bookmarks arprimarily an archival form of
information. Furthermore, lis suggests that they are ineffective as a tool for
actively reminding users or as a tool for refinding pertinent information.

Joneset al. [41] observed users engaged in a wabensive taskto
understanchow people kept track of website locatiofite task was sekkhosen
as something theserswanted to do when they haB0 minutes of free time.
While all 11 participants claimed to use bookmarks)ywone actually did during
the studySome of the participants claimed their bookmarks needed cleaning up.
As a result, the authors concluded that bookmarks have a low reminding value.
They suggest that they could be improved by includmgtadata that wold
allow users to recalhow the welpage was found, why it is relevant, and what

actions remain to be taken, if any.
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3.3 Social Tagging

Social bookmarkingoriginally was based on the sharing of web bookmarks.
However, these systems met with limited sucdé8% Recently there has been
resurgencdn sharingannotationsin the form of tagsA tagis simply a user
defined keyword that ismeaningful to the individual[29]. Systems have
emerged to allow eople to tag a variety of items, includinghotos, videos,
books, product descriptiorend peoplé s p r. Wifen ¢okested together these
tags form a large repository of informatiolfrom my review of the literaturey
few themes emerge that are relevamthis thesis (1) motivations for tagging, (2)

benefits of freform organizationand (3) the choice of vocabulary

3.3.1 Motivations for Tagging

As with bookmarks on thdnternet the motivation for tagging is largely
personalPeople creata web bookmarkif they sense it has potential for future
use[l]. While web bookmarks are restricted website URLS, tagging can be
applied to almost anythindt is also relatively easy to add tags in most systems,
reducing the #ort needed to participatg28]. Motivations can range from being
solely for the individual to being altruistic for the gro{36].

Ames and NaamafR] studied tagging behavioudor photographsThey
found that most people participated for one or two primary reasons, and that
few participants tagged solely to organize their own phoffise authors
developeda taxonomy based on two dimensions: sociality (self or social), and
function (organization or communication). For example, a usey ah@ose to tag
photos for therself for the purposes afefinding the photosagain later i(e. self
and organization).Or a user may choose to tag photos as a wapgro¥iding

social signals to othre (.e.social and communication).
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3.3.2 Organization

Regardless of the intent, the collective gathering of these tags creates an informal
classification system. While professionally created classification systarok,as
those found in librarigsare charactezed by high quality metadata and a
predefined structure and syntax, they do not scale to large information spaces
easily[29]. With collaborative tagging systems, people are free to use their own
way of thinking and see whaltevelopsThis classification system is usdriven

following a bottomup approach67].

3.3.3 Vocabulary

Senet al.[68] noted that allowing users to invent personally meaningful tags can
make tasks, such as organization and refinding, easier for the individual.
However, these individual inventions may make it more challenging for other
usersto locate itemsThis situation was describedby Furnaset al. [27] as the
vocabulary problem People tend to have different words for the same thifgs.
instance, soda or pgpofa couch or chesterfieldand bug, issue or work item.
While the creation and tagging of items has become easier in this fypses
defined system, the management and location of terms is less reliéide.
multitude of vocabulary weakens the classification system if people must figure
out the term to srch by[30]. Table 1 shows issues commonly associated with

the vocabulary problem.
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Table 1: Vocabulary issues related to tagging

Problem Description Example

Plurals The difference between singular and Cat and cats
plural forms of avord.

Spelling Numerous words have spelling variatior Theatre and theater

Homonyms A word has multiple unrelated meanings Bow (front of a ship,
tied ribbon, weapon,
etc)

Polysenes A word that has more than one related Wood (piece of a treg

meaning. and a forest)
Synonyns  Multiple words that have the same Student and pupil
meaning.

Hyponyms A word that may be replaced by another Tulip and flower
but not viceversa withot changing the
meaning.

Meronyms A word that represestpart ofanother Knee and leg
concept

Socialtaggingresearchers have noticed thdespitethese differences in
vocabulary usagetends to converge upon common terminold@9][68]. This
can be expeditk by the use of recommender systems, which encourage users to
choose existing term[$8]. Another option is to uséhesaurus systems match
similar terms[80]. Despite the work in this area, thpgoblem is often described

in the literature, but no solid solutions have been found.
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3.4 Summary

All of the annotations we have seen are easy to create and caseel for
externalizing memoryto support reminding and refindindgn the following
chapter weconsider tool supporfor creating annotations in software that
support reminding and refinding, such as bookmarking and tagging in source

code.



Chapter 4

Annotations in Software Development

@The medium is the message.
- Marshall McLuhapUnderstandingMedia (1964

I NTERNAL documentatiorf66] 1 commentsstored directly in the source code
is often seen as a vital part of the software development pr@@gs3his type of
annotationserves as way of communicating details about the cddeanyone
examiningit in the future, including the autho€ommenting code is a fairly
common practicalthough it is less prominent isome software practices, such
as agle software development

We summarze the state of the art of tool support for creating and
managing user defined annotations for reminding and refinding. Following this,
we then considemwhat the research community has learned about how these

annotations fitvithin the work practices of §tware developers.

4.1 Tools

Modern programming languages ankhtegrated Development Environments
(IDEs), such as Eclipsd19], typically offer various mechanisms to support
reminding and/ or refinding. In this section we deberithis set of tools and
synthesize their underlying design decisions to highlight gaps in reminding and

refinding tool support.

4.1.1 UnstructuredSource Code Comments

The simplest way for developers to annotate locations of interest involves
inserting commentito the source code. These locations can be relocated easily
by browsing or searching. These comments can be used to assert information

18
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about the code, or to indicate locations for future work. A familiar example is the
prevalence of informal expressioasad keyword§ such as fAhacko, i f
t he devel op doahghlight susgectadds. Such comments may be
scattered throughout the program if the features being documentedcorotdee
established software structure. A drawback of refindidigtributed inline
comments is that the developer needs to remember either the keywords or the

location in the code.

4.1.2 ProgrammingLanguageSupport for Navigation

To help provide support for navigation via-ime parsable comments, various
programming langages have special syntax. For example, Javadoc
documentation has the nAn@eeodo and A@ i nkoc
notation referring to parts of code (e.g. packages, claasenethods) or URLs
[74]. Modern Java IDEs @aomatically turn these tags into clickable hyperlinks.

Java annotations can provide similar affordances, but can also affect how
programs are compiled and ruf¥3]. A developer can define a stom
annotation gee Listing 1 and embed it almost anywhere in the code, not only in
a comment. These annotations can be uBmdvarious purposes, such &s
generate report®r to identify the filesto be checkedin to a sairce code

management system

@FeatureRequest(
id =2478351 69,
message = "Enable teleporter”,
author = "Ethan",
date ="4/8/2008"

)

public static void travelToDestination(Date destination) { ... }

Listing 1: Example of a Java annotation
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4.1.3 Bookmarks

Bookmarks are a feature that allows a developer to markaditot of interest in

the code withoustoring the annotation directly in the code its&bokmarks in

software are analogous to web bookmarks. For Eclipse Bookn{Bidwsrel), the
annotations are st or eace. Torefihdntheesedamkneatks, p er 6
there is a Bokmark View. In addition, Eclipse@rovides visual cues of the

bookmarked location in the margin of the editor.

Ll Bookmarks &2 & ¥ =0
1 items
Descripkion Resource Path Location
public class CloudYiewer extends Structurediiewer § Cloudviewer java  net.sourceforge.bagsea.cloud. .. line 34

Figure 1: Eclipse Bookmarks View

The research done by Murphat al. [61] suggested thathe Bookmarks
View is rarely used inEclipse The authors conducted a study that logged the
interaction of software developers as they u&etipsein their everyday work.
Using the Mylar Monito Afa standalone framewor k t he
trace information about a usero0s acti vi
activities of developers who had significant use of the EclipsaDevelopment
Toolkit (JDT). Through an analysis of Murghet al6 slata logs, we saw that
bookmark selection events were as low as .02% of total view selection events, and
that only four of the 42 programmers used bookmarks at all. N&ee also
receivedanecdotal feedback from users of other IDEs, such as V&waio, that

bookmarkng featuresare rarely used.



21

Our research{72] suggests this low usage is due to four reasons. First,
although Ul support makes it easy to bookmark an element in the code,
bookmarks lacksufficient semantic information to facilitate later recovery.
Second, bookmarks suffer from a lack of visibility because they require a
specialized viewer to see them and therefore are easily forgotten, difficult to
manage, and thus quickly become outdlat&hird, bookmarks are typically
stored in the wusero6s workspace and <cann
developers. Finally, as the code evolves, bookmarks can become unsynchronized
and lose their relevance, as they are not anchored to the Sodidar to Abram
etalds result f or [1]wweebfind btloab lkookmarks sprovide weak

support for reminding and refinding information.

4.1.4 TaskAnnotations

Many IDEs allow developers to create annotatioies recording tasksby
inserting specific keywordsinto code comments. Certain keywords are
predefined by the parseo appear as task annotatiofr®r example, in Eclipse
the predefined keywords ar eThésd keipw@iads A F1 X
may appear in lowercase, although theag traditionally all in capital&=IXME is
assigned a high priority by defaukdditional keywords may be defined by the
user in a preference dialpgowever, this fature appears to be rarely used and
many developers are not aware thta¢ keywordsnaybe customized.

Similar tobookmarks, navigation is provided via a specializéew in the
IDE that allows for filtered viewing. Clicking on an annotation brings a
programmer to the location of that annotation. Since task annotations are
inserted directly vithin code comments, they are implicitly shareable and can be
manually updated as the code evolves. Tool support for task annotations was
likely added in response to the prevalenceevelopes adding easily searchable

keywords in the code to facilitatefinding (see Sectiod.1.]) [84].
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Filter matched & of 158 items

W 1 Descripkion Resource Path Location #*
9 FIXME Cloudiiewer . java net.sourceforge. .. line 53
TODO Cloudiiewer . java net.sourceforge. .. line 54
TODD Auto-generated rmethad stub Clouds. java net. sourceforge...  line 3
TODO could this be done Faster? CloudYiewer . java net.sourceforge. .. line 55
TODOD jryvall CloudYiewer . java net.sourceforge. .. line 57
TODO refactar this, . CloudYiewer  java net, sourceforge. .. line 56

TODO this should be revisited ICloudLabelProvider . java net.sourceforge,., line 29 .

Figure 2: Eclipse Tasks View

To gain insight on how frequentlghis view is used in Eclipserigure 2),
we did a further inspection of Murphgt al6 s  d6d]f and saw that task
selection events were as low as .2% of the total user view selections, with only 13
of the 42 programmers in that studying them at all during the study period.
This low use could be due to limitations of the view. The Bagiew provides
limited support for sorting or filtering, with the latter only available through a
preference dialog. The limited task vocabulary medret the annotations are
grouped into a few broad categories. This lack of sufficient metadata makes it
challengingto find them ando determine which ones are important

Since task annotations also appear directly in the code, thes Vaesk is
only one way to access and manipulate thewing et al. [84][85] conducted a
study of task annotations from one project, creating a classification of Tiseg.
found that such commentswereed by programmers to dtal
well as to support navigationThus, it appears that source annotations do

support, at least at a rudimentary level, both reminding and refinding.

4.1.5 TagSEA

TagSEA (Tags for Software Engineering Activitig®p][70][71] is a framework
for tagging locations of interest withithe EclipselDE. Designedby members of
our research group as set ofplug-ins, TagSEA integrates ideasom social

tagging with the aim of making it easier to find information. There were two
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main ideas: (1) providing more structure for organizing annotations by allowing
developers to define their own vocabulagnd (2) allowing developers to link
crosscutting concerns in the software.

Tagging is not a new concept to softwaegineering. Tags have been
used for decades foannotating checkn and branching events in software
version control systems, as well as for documentbigs in issue tracking
systens . Br ot her s 6 daylegploEatiow afsa limited, controlled
vocabulary oftaglike structures during code inspectigd8]. More recently,
CodeSnippet$24] is an Eclipse plugn that aims ® use Web 2.0 tagging to help
software developersretrieve code snippets from a repositotyowever, the
research community has not yedequatelyexploredtaggingas a mechanism for
categorizing andetrieving lightweight annotations in source code.

TagSEA has gone through a series of iterations and changes during its
lifespan In this sectionwe describe the current version of TagSHR6.4. As this
thesis focuses on the empirical data collection and analysis surrounding the use
of annotations in softwa& and not an evaluation of TagSEAchnical details
related to the implementatiaof the tool willnotbediscussed in this thesis.

TagSEA is based on waypointmetaphor Waypointingcomes from the
navigation ofroutes in geographical spaceg48][64]. Waypoints are createbly
marking a location of interest. They have associated dedtgsuch as creation
time and authorWaypointscan be shared acrosssers and applications and

may be gathered intmutes.
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[J] uMLChartjava 53 =0

" -daote="enCA:38/81 /87" : A bosic chart for hold

/ an id that is used for qui
privote int nextld = @;

Treelet<UMLItem> items;

//registers styled fonts for universal use.
privote TreeMop<Integer, Font> fontRegistry;

ffhnlds fonts that are na lonner of nee b
£ >
W9 TagseA 32 & Search i Sﬁ Tl @~ T 0O
Tags
type filter text D Message B Location Author Date -~
& uml 5 ﬁ A basic chart for holding uml... UMLChart.java UMLCh... Del Myers 30-Jan-2007
&9 nidget c 5 ﬁ.ﬁ. uml object widget UMLObject.java UMLO... Del Myers 31-Jan-2007
=@ zest 15 ‘mThe widget representing a call.  ActivationCall.java Act... Del Myers 30-Jan-2007
-3 bug 3 ﬁbase class for all uml items UMLItem.java UMLIte...  Del Myers 30-Jan-2007
&3 panning 1 change this so that the visu... SequenceVisuals.java ...
=8 sequence 11 ﬁdrawzd makes this operatio... ActivationVisual.javar...
& bug 1 ﬁ look here for changing how t... LifelineVisual.java layo... Del Myers 27-Feb-2007
& groups 1 =mrepresenh the basic activati... Activationjava Activa... Del Myers 30-Jan-2007
- @@ lifelines 1 ﬁmis may cause memory prob... Thumbnail.java resetTi... Del Myers 26-Mar-2007
@ performance 1 ﬁupdat& groups here. SequenceVisuals.java ... b
& todo 1 < 5
+- 5@ visuals i
+ W Tags: uml widget zest.sequence

Figure 3: TagSEA 0.6.4 for Eclipse(A) awaypoint containing tags; (B)atabular
list of waypoints; (C) atree of hierarchical tags; (D)an input box for filtering

the tags that are visible in C.

In TagSEA,a waypoirt is simply a tagged location in the IDE. Individual
locations can be tagged with single or multiple keywordgyre 3A). In
addition to tags, other metadatan be automatically associated with each
waypoint; in this version themetadata supported includes a message, the
creation date and the autlbiomame.The waypoint, acts as an anchor, while the
tags and metadata associated with the waypoint serve as the content.
Developerscreate waypoints by associating tags with partshef source
code using a Javadetyle keyword. Specifically, a waypoint is created by the
developert yping A@ago in a comment bl ock, f
Descriptive free text messages can also b
Individual tags areddimited by spaces A developercan alsocreate

hierarchical tags wusing dstepar ated notati on as 1
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bug.performanceo. This indicates that t h
whose subtyp i s Aper f or ma nstyle syntaxTalows fdraeaséed o c
adoption of TagSEA by Javdevelopes, who are already familiar with similar
conventions, such as f@ut hor o and n@er
automatically associated with the closest Java element (e.g. a method). Once
waypoints are created, thegan be used to navigate and understand the,cde

to share information with others by wuplo
code managemerstystem.

TagSEAalsohassupport for refactoring tagallowing them to besasily
renamed, reorganized or dedét Reducing the number of unique tags created
can be addressed by using a consistent set of tags over [8BheTagSEA
provides an automatic tag completion (content assist) feature to suggest existing
tags based on a partiplityped tag.

Waypoints indicated by the A@ago not a
text, leftmargin, and scrollbar so that they stand out as clear landmarks as
developers browse through the code (d8gure 3A). Using the Wapoints
Viewer (seeFigure 3B), developes can search for and navigate to a particular
waypoint. Managing a growing sea of tags is a concern in large software systems.

To address this concern, TagSEA provides initial support fyoragnic filtering of
waypoints (sedrigure 3D). Every keystroke in the text box immediatdliters
the list of tagsand displays thosdhat partially match the entered query,
allowing a user to condense and explore tsygaces Usas can also sort
waypoints via metadata.

As an example, developercould view alllocationstagged with a specific
bug id or task, or allocations taggedy a particulardeveloper Selecting one or
more tags in the Tag Tree (sEgure3C) reveals the associated waypointed Java
elements in the middle pane. Then, clicking on the eatrighe Waypoints pane
opens the associated file editor, positions the editor at the appropriate location,
and highlights the waypointed Java elameThus, developerscan quickly

navigate to places of interest.
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At first glance, TagSEA may look similar to the task annotation tool
support currently available in most IDBdowever, it is different in several key
ways that we feel are importanEirst, tags are created on the fly by the
developerin a bottomup fashion; they are not predefined nor do they need to be
customized in a special dialog before they are embedded in the Todeis
consistent with earlier research, in which Furetal.showedthat users prefer to
use their own vocabularies for common objects and cond@iis Second the
developercan create hierarchical taghus producing a lightweight navigational
taxonomy.This may also address potential acgsion problems caused by task
annotations. The tagging hierarchy can also be refactonddch allows the
developer to easily change tagged -code,
thiso to 0 PBinabylthe wayxomts e.which the tags appeavh

additional metadata that further facilitates refinding.

4.2 The Use of Comments in Source Code

While some strategies have been employed to make source code itself clear and
understandable, such as literate programmid], sdtware developers often
rely on comments to communicate detamilar tothe annotations we have
already seen, comments in source code have an anchoa aressageVan De
Vanter[78] refers to these components as conterd pafacementin generalthe
link betweencomments and the source code that it relates tmisexplicit. The
proximity between these two elements usually forms an implicit [Wwhile
coding conventions bring added consistency, in some cases it catifibeltdio
determine what a comment refers to specificaliywhen it stops being relevant
Kaelbling [42] lamentd the lack ofan explicit link He calked for scoped comments
thatwould clearly shav what each comment refers.to

A side effect of this implicit link is that code carften change without the
related comments being updated causing synchronization problems.

Particularly when developers are working towards a deadline, the code will
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often take priority over keeping ¢hcomments ufto-date [33]. As a result,
Grogono [33] suggestd that wise programmersvill ignore comments when
maintaining aged coddven during regular development, K al. [45] found
while studying structured editors that comment edits accounted for only 3% of
the changesnade by developer&nd, only around 40%of these comment edits
involved creating annotations, with 60% involvindeveloperstemporarily
commentirg out code.

In the software mining community, Jiang and Has$a®] provided a
preliminary result of a studgn the evolution of comments in PostgreSQL. They
discovered that the number of comments in source code remains icoasiar
the initial stages of development have passed. Fual.[23] looked at the ratio
between comments arlshes ofcode, based on three open source projects. While
they make some interesting assertions related todtie of comments to source
code and about developers making changes to the comments in the same
revision as the code changes, they do not explain the 77% of the comment
changes that they claim were not due to code changes. Also, they chose to study
only three projects, of which all of them appear to follow agile design processes.

Marin [53] studied what motivates programmers to comment, by
examining nine open source projects and extracting their code fromsothece
code manageent systemsThree of his findings are of interest:

1. the rate of commenting differs not only between programmers, but also
for the same programmer working on different projects
2. larger code modifications tend to be commented more thoroughly; and
3. programmes tend to comment more in code that is already thoroughly
commented.
This suggests that even amongst developers who do comment, how or what is
commenteddepends on the project, teaand individual developer

Referring to the list of purposes annotationsncserve developed by

Marshall[55], software comments can act as procedural signals, placemarks, or

to record interpretive activity. In gener@&ipmmunicationis the primary reason
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for creating commentsparticularly for recoding assumptions that are not
explicitly expressed by the source code itselbwever, this communication is

not perfectGiven that comments are written in natural languagesgbmmon

for there tobe some misunderstandingsaused bythese communication
However, as the software evolves, if the comments are not kept in sync with the
code, miscommunications and misunderstandingsbesaxacerbatedThrough a
preliminary examination of the Mozillaroject, Tanet al. [75] found thatthese
problemsresulted in the introduction of new bugBurther, in the FreeBSD
project, the authors found at least 62 bug reports about comments that are
incorrect or confusing

As previously mentionedYing et al. [84][85] conducteda study of the
TODO task annotations in an IBM project looking at the different characteristics
and uses of these annotatioitey developed a taxonomy to classify the tasks
Their taxonomy hasseven categories: communicatioppinter to a change
request, bookmark, current task, future task, location marker, and concern tag.
Some of these categories were refined further into subcategdiiest work
suggests that developers communicate to edblerothrough these annotations.
Our work builds on he work by Yinget al, as we attempto classify the tags
created by participants in our studies (&deapter J. Our findingsexpand upon
this workand raise some limitations for thisrm of inquiry.

To my knowledge this is the only attempt made so far to analyze how
developers are using these types of annotations in softwdng et al6 s
taxonomy provides us with some direction for how these annotations might be
used.However, they only looked at on@roject and didnot follow up with the
developers to see how accurate their findings wé&ae.the question remains,
how do thesannotationdit within the software development process?

In the remainder of thighesis| discussthe empirical studiesthat we
conducted to investigate howdevelopers utilize some of these tools for
managing tasks and information in their daily work practitegarticular, these

studies focus on task annotations ahd tags created usingagSEA.



Chapter 5

Research Design

GThe outcome of any serious research can only be
to make two questions grow where one question grew befére.

- Thorstein VeblenUniversity of California Chronig&908)

OUR objective in this research is to better understand what role annotations
play in the work practices of software developere Wave designed a series of
studiesusing a range of data collection and analysis techniqu&§50]. In this
chapter| reiterate our researchugstions and outline our approach to answering

these questions.

5.1 Research Questions

To understand how developers create anchage annotationwe have set out
to answetthe followingquestions:
Q1:What is the content and structure of the annotationsgoeieated ?
Q2:How are the developers using these annotations?
Q3:Where do they store this information?
Q4:Who are these annotations intended for?
Q5: Why are these annotatioteneficial?
These research questions have evolved throughout the varioussstdghis
work. As a result these questions are related, but different, to those that we were

attempting to answer at the time of each of these studfiig64][72]).
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5.2 Overall Approach

Our researe has fluctuated between exploratory and explanatory pHaSgsas

we have looked at the issues underlying how software developers annotate
software. In general, ve have been guided by amixed-methods approach
[14][40][49]. Mixed-methods research combines the collection and analysis of
guantitative and qualitative dafa6].

Our purpose for mixing methods has dwe for complementarity{32].
Complementarityaims to elaborate and enhance the results from one method
using results from other methods. our research, thqualitative data allows us
to delve into the intricacies of the cdblarative software process, the
individualities of the software developemlnd the practical use of the tools they
use. The quantitative data allows us to take the observations we have and
validate to some degree how likely our findings are representaiivéhe
software development community. While there are weaknesses, as with any
research design, the combination of these techniques helps to address the

limitations we would find by using any single method.

5.3 Studies

We conductediour empirical studiestwo based around developer use of task
annotations, andwo focused on using tagging for managing annotations. The
results and findings from each of these studies hetpednstruct answers tmy

research questions (sé€able?2).
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Table 2: Relationship between study methods and research questions

Q1l|Q2 Q3 |Q4|Q5

Task Annotation Research (Chapter 6)

Survey of Software Developers

Questionnaire X X

Eclipse Task Annotation Study

Code analysis X | X | X | X | X

Interviews X X X X X

TagSEA Tag Annotation Research (Chapter 7)

Industry Case Study

Pre and post questionnaires X X | X
Focus group X X | X
Comment change analysis X | X X | X

Longitudinal Case Study

Annotation analysis X | X | X | X ]| X

Interviews X X X X X

The studies are outlined here and discussed in more detail in Ch&pters
and 7. | synthesize and discuss the findings as they relate to my research
guestions in Chapter &imitations of this research are described in Chapter 9.

Given the oveéapping nature of this research, the studies are presented in
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thematic order, rather than chronological, for clarity. All of the studies conducted
for this thesis have been approved by the Human Research Ethics Board at the

University of Victoria (see ApendixB).

5.3.1 Survey ofSoftwareDevelopers

We designed a questionnaire to confirthe insights we gained from the
literature reviewand our intuition abouhow task annotationft within the
work practices of software developeii$ie online questionnaire veamade up of

15 multiple choice and short answer questioRespondents were asked to
provide detailsabouttheir use of bookmarks, task annotations, and how these
annotation mechanisms are influenced by their project and t&éamresults of
the survey, vhile exploratory, give us insights into the annotation d&ebur of

81 developers.

5.3.2 Eclipse Task Annotation Study

From the questionnaire waeoticed different practicesfor using annotations.
However, we saw that task annotations were widely uspdrticulaly TODOSs.
We were curious to confirm that task annotations were indeed in widespread
use.We decided to examine ten opseaurce Eclipse projestthat were weH
established, widely used and from a variety of domaivis.collected a snapshot
of the most reent version of the code in each of the projdctan their source
code repositoriesd see what types of task annotations existed.

We were able to conduct semstructured interviews[37] with the
developers to gain some contdrto the annotations we discovered/e were
also able to seek information about the individual and group processes related to

the creation and management of their annotations.
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5.3.3 Industry Case Study

Both of the previous studies looked at the current statanafotation creation
and management in Eclips®&ith an aim to improve tool support for these
processespur research groupgleveloped the TagSEA toab add support for
userdefined tagging and navigatiole conduotd studiesto examine how this
tool might be usedand what effects it might cause, starting with a case s{88ly
of professional software developers employed in industry.

Eight professional software developers from IBM were recruited to
partcipate We asked develpers to share their initial impressions of the tool
after a three week period of use, as well as at the end of thewiggt study
period.We also asked developers to provide us with periodic snapshots of the
tags that they had created and deletedhesetasks were classified using a
gualitative coding strategy, involving three researchers including myEe#H.
resulting taxonomy provided us with insight into overall potential uses for the
tool.

There are three primary limitations of this approaElrst, the tag data
were collected at daily intervals and aggregated into three weekly intefass.
decision was made to see the broader trends as developerseddus$he tool;
the three week period was selected to align with the initial focus grobys.
collection strategy was course grained and could have missed smaller activities
that occurred during a work dagecond, the length of the study was limited
eight weeksWe cannot foresee the longerm outcomes of using TagSEA based
solely on this stuy. Third, the taxonomy was created by looking only at the
waypoints that were created and deleted, and not the surroundingWwatieut
this additional context, there is a higher probability of misclassificatMe.
attempted to minimize this last limitan by contacting the participants at a later

date toverify our results
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5.3.4 Longitudinal Case Study

Both of the previous studies provided useful insights into tool use; however, we

noted that developer use of the tool shifted even over the short-wigdk

period. We were curious to know what tool use might look like after prolonged

useAl so, would the developerséd motivation
We examined three open source projeictsvo internal to our research

group, including TagSEA, and one texnal project. We analyzed the task

annotations and waypoint use in the code at monthly intervals @& to 24

month period This approach has been taken by researchers in the software

mining community (e.gf17]). After analyzingthe data, we interviewed the lead

developer on each of the projects to validate some of our findings and explore

their process and decisions.

5.4 Summary

To examine how software developers use annotations in their daily work, we
designed and conductddur empirical studiesin the two subsequent chapters,
we describe each study in detadls well agpresentthe resultsThis is followed

by a discussion of theverall findings ofthe researchin Chapter 8, whereve
synthesize these results as they relatthe research questionsresented in this

thesis
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ExploringTaskAnnotationUse in Eclipse
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WE conductedtwo studies to examine how professional software developers

create, manage and use annotations in their daily work.

6.1 Survey ofSoftwareDevelopers

We prepared an online questionnaire to gather insights about thenturre

annotation practices of software developers.

6.1.1 StudyDesign

The questionnaire askd 15 questions related to how developers use bookmarks
and annotations in their individual or group programming practiCes. target
audience was professional software dlepers, with a bias towards Eclipse
users. We asked Bjorn FreemBanson to blog about our survey, which he did
on April 4, 2007.His blog is syndicated on Planet Eclipf8], a website that

combines blog feeds of people inésted in the Eclipse community.

6.1.2 Summary of Results

The survey results confirmed that many developers make use of task
annotations, but in varying ways.

We present selected results from the questionnaire that are relevant to the
research questions in theection grouped by themedsor acomplete set of

guestions askedlease refer to Append®.
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Demographics We received 81 responses to our survey. Eigdight percent of
respondents reported that they comment their source code. In addition, 88%
percentof the survey respondents reported that they were currently working on
a team.We also asked participants if their projects were opeuarce or
proprietary.The plurality of respondents (49%) responded that they work on
both, followed by only proprietar{37%) and only open source (14%)ur
analysis found no noticeable difference in results based either on this measure or

the size of the team.

Public versus private annotations. A recurring issue that developers face is
whether to store their annotatioms the code or privately in their workspa
IntegratedDevelopment Environmengtsuch as Eclipsgrovides a bookmarkng
featurefor saving code locationis the workspace rather than in the source code
itself. Based on the results from Murphy that sthtbatbookmarks were rarely
used[61], we were interested imerifying this result.As Table 3 shows, 84% of

respondents rarely or never use bookmarks.

Table 3: Do you use Edlpse bookmarks in your source code?

#of respondents

(N=80)
Never 43 (54%)
Rarely 24 (30%)
Sometimes 12 (15%)
Often 1(1%)

Vocabulary: Similar tobookmarks, we were interested to find out if developers
use task annotations, as well as which vodabuthey prefer (se@able4). All

but one of the respondents noted using task annotatibowever,it should be
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noted that Eclipse auigenerates TODOswhen insertingcode based on
templatesTODOs were by far the most populanoice of keyword (used by 98%
of respondents), followed by FIXME (43%)nd XXX (15%). Other custom
keywords used includedUG, NOW, NOTE, and REV

Table 4: Which of the following Eclipse task tags do you use?
(Select all thatapply)

# of respondent:

(N=79)
TODO 77 (98%)
FIXME 34 (43%)
XXX 12 (15%)
Other 11 (14%)

Metadata: From a cursory examination of source code commentsten by
software developers, we observed tli@velopersincluded metadata, such as
initials or bug numbersn their commentsWe asked about this activity in the
guestionnairethe results ee shown inTable5.

We noticed from these results that 51% of the developeasked their
comments withheir name or initialsAlso, 44% of respondestreported making
references in their comments to specific bug repdihss linking is interesting as
it provides areferenceo conversationshat could explain design decisions about
the codeFinally of note, only 10% of the develomereported adding memorable
keywords.lt would be interesting to phe this detail further to see if developers
do not add memorable keywords, preferring to use other mechanisms, or if they
simply do not perceive the keywords in this wanfortunately, ths question

does not give us an idea on how often or why developers add this metadata.
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Table 5: Do you add any additional details to your comments?

If so, what details do you add?Select all that apply.)

# of respondent:

(N=70)
Reference to another class, method, pimgor module 45 (64%)
My name or initials 36 (51%)
Bug id 31 (44%)
URL 21 (30%)
Date 13 (19%)
None of the above (I do not add additional details) 9 (13%)
Memorable keywords 7 (10%)

Team Process We werecuriouswhat impact teams have dmow individuals
choose to annotation. We asked what types of group processes teams have
around annotationéseeTable 6). The majority of respondents reported having

an informal agreement to usbéda same keywords as other members of their

team.
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Table 6: When collaborating on a team has your team agreed to use the same

keywords?

# of respondent:

(N=65)

| use my own keywords 11 (17%)

| use a mixture of my own keywordsamdy t ea mo 14 (22%)
keywords

My team has an informal agreement to use the same 32 (49%)
keywords

My team has a formal agreement (or coding practice) tc 8 (12%)

use same keywords

Summary: The surveyprovided us with some insight into the perspectives of
individual developersTo explore these issues further and examine some of the
guestions arising from the survey, we decided to change our unit of analysis and

perform an analysis of the source code of a few prajects

6.2 Eclipse TasRnnotation Study

To find out if developers actually use task annotations, we examined the source
code from ten open source Eclipse projects and discussed the purposes of task

annotations with four professional software developers.

6.2.1 StudyDesign

The source codave examined was exdcted from the source code management
systemsof ten open source Eclipse projeciithe Java files from these projects
were then parsedto extracttask annotationsOur focus in performing this
analysiswas to ascertain if developers are using task annatatihnow prevalent

they are in selected projects, and what vocabularpeing used.To further
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understand how and why developers are using these annotations, we conducted

interviews with developers from three of these projects.

6.2.2 Code Analysis Results

Corresponding with the results from our survey, waw from an analysis of the

codethat the TODOkeyword madeup a clear majority of the task annotations
found in the codegseeTable 7). The otherkeywordsthat are configured by

defaut in Eclipse (FIXME and XXX)were used significantly less. Custom

keywords such as REVISIT, INTRO, and CONTEXTLAUNCHING weldso

found in some of the projects.

Table 7: Task annotation usage in Java files of selected projects

Li”‘zi dog TODO  FIXME XXX REVISIT  Total
JDT.UI 693,683 417 15 83 0 515
XERCESJ 246,122 30 1 25 455 511
MYLYN 200,325 440 3 43 0 486
SWT 521,603 265 48 0 0 313
BIRT.CHART 324,826 167 2 0 0 169
PDE.UI 193,945 89 3 1 0 93
EQUINOX 73,403 75 4 2 0 81
EMF 670,933 23 0 0 4 27
JFACE 93,835 11 0 6 1 18

ULLFORMS 23,996 4 0 0 0 4
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Another factor that may influence the presence of taskotationsn the
code is autegeneration facilities inthe IDE. We analyzed the tasknnotationgo
determine how manyf these autgenerated TODOs get committed to the
source control systemin seven of the ten projects, these annotatiorere

removed omostlyremoved(seeTable8).

Table 8: Percentageof task annotationsthat are auto-generated

Project Auto-generated
JDT.UL* 78 0of 515 (15%)
XERCESJ 10f511 (<1%)
MYLYN .* 46 of 486 (10%)
SWT 00f313 (0%)

BIRT.CHART.* 92 of 169 (54%)

PDE.UL* 10f93  (1%)
EQUINOX.* 0of81 (0%)
EMF 00f27 (0%)
JFACE 00f18  (0%)
UI.LFORMS.* Oof 4 (0%)

This analysisprovided a snapshot of the state of annotatium® in ten
open source Eclipse projects. These results complement those of the

guestionnaire, suggesting that developers dateréhese types of annotatmn
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6.2.3 Developer Interviews

We selected three of the projects to examine more clpselyng convenience
sampling [13]. Semistructured interviews were conducted with four software
developers. These interviews lasted between 3Quteis and one hour, and were
conducted imperson in TorontoThe interviewer, a graduate student in our
research group, was somewhat familiar with thllee projectsHe was given a
list of the task annotations present in the source code, which he disalissed

the interviews.Audio recordings of these interviews were transcribed for later
analysis.

To analyze the interviews, three researchers with qualitative data analysis
experience, including myself, coded each of the transcripts. These codes were
grouped and regrouped to reveal themes. The researchers then met to agree
upon a set of themes that encompassed their shared observations. The resulting
themes were checked with the interviewer to verify that they resonated with his
impressions from the interews. These themes, as they relate to my research
guestions, will be discussed in Chapter 8. For a complete set of themes that
emerged from this research, please[3F@¢

In this section, | present a brief overview of eaclojpct and the software
practices of each developer as they relate to annotatidhthree projects have
been open for at least four years and have had at least one million downloads.
All of the participants contributed to the projects as part of theafgmsional
work positions. To preserve the anonymity of the interviewed developers, we
refer to the projects by fictitious names: Middleware, Backend, and

Userlnterface.

Middleware Project: This project provides an open source framework and
Application Pogramming Interface API). Clients of the framework subclass
existing features to adapt and customize the framework to their needs. There are

very few internal packages that are not accessible by the user community.
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Because of this, the code is often exaed by its users. The developers of this
project make heavy use of Bugzilla to track feature requests, bugs and other
tasks. The developers have a strict policy that each code change must be directly
linked to a Bugzilla entry and each commit comment mfeiow a specified
syntax. The team uses CVS to manage its source cadd all changes are
reviewed using the Eclipse compare tools. While the project is split into several
components and each developer is charged with maintaining a specific part of
the cale, all three developerthat work on this projecare well versed in the
entire project.

The two developers interviewed (referred to &kddlewarel and
Middleware?2) rarely make use of TODOs or other task annotations, but
discussed adding initials or ungy bookmarks as a way of indicating tasks to be
completed. On occasion, a developer who was not interviewed by us, included
their initials as a way of #Asigningo a c«

code because developersodaw.this as Acl ut

Backend Project This project is also an open source API; however,-slassing
and extending existing functionality is not as common as in the Middleware
project. Users can simply interact with the published interface to make use of the
features povided by the toolkit. This project also uses an issue tracking system,
but it is not a requirement that all code changes be lirkkbdgnumber. There is
no formal syntax used in the commit comments and most comments are high
level descriptions of the e@ngesNo new features are currently being added to
the project and code changes are limited to bug fixes and maintenance.

One developer on this project was interview®adgkendl). He indicated
that the developers on this projeoakeuse of the keyword RVISIT to indicate
that something may need to be addressed in the future. Several reasons were
given for markingcodewith this keyword including: 1) a suboptimal solution
had been implemented, 2) an incomplete solution had been implemented, and 3)

no soluion had been implemented andwias uncertain if a solution is needed.
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The developer indicated that the REVISIT keyword is useful in the short term,
but if the code is not reviewed promptly it will remain indefinitely. While the
usefulness of a REVISIT tpis relatively short lived, the developer pointed out
that use of this keyword can be helpful in the future when trying to understand

why a piece of code does not work as expected.

Userinterface Project This project provides a set of tools for developeUnless
users are actively contributing new features to the code, there are very few
reasons to examine the soumm®e There are seven committers, three of whom
contribute on a daily basis. The project uses @g3he source code management
systemand Bugzilla for issue tracking. There is a policy that each code cireck
mu st contribute to a Bugzilla entry, how
grouping checkns. That is, a commit may include a fix for more than one bug.
The developer we intervieed Userinterfacel) from this project makes
heavy use of task annotations for his daily work. The developer added his initials
and other metadata to TODOs. The metadata sim filter TODOs in the
Eclipse Task View. In this project, TODOs are used badfitr subtasks things
that mustbe completal for a particular issueand future tasksissues thamay
require work in the future. The developer felt that placing a TODO in the code
made the task less of a priority than opening a bug, but still prevsdene
context if the problems to be addressed in the future. TODOs that are used for
current tasks are reviewed regularly, although no formal review process exists.
While many of the TODOs in the code are now irrelevant, the developer stated
that he hasnore respect for others who indicate incomplete solutions through a
TODO over those who simply commit an incomplete solution withaumt

explanation
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6.3 Summary

Our findings from these two studiéghe survey andheEclipse task annotation
study i have proviled us with insights into the work practices of software
developers. It appears that while the annotations that developers use are easy to
create, it can be a challenge to use them to manage tasks and information. In the
following chapter, we look at thegssibility of using tagging to address this

challenge.



Chapter 7

Examining Tags for Annotations
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there is a hammer, pliers, a saw, a screwdriver, a rule, agitienails and screws
the functions of words areas@diSNE S | a G(KS TFdzyOlAz2ya

- Ludwig WittgensteinPhilosophical Investigatior{$953)

I N this chapter, we examine the use of tags for creating and managing software
annotations.Tagging allows developers to select words that are meanlinigfu
them, and use these words as tags to create a flexible structure for returning to

them. We make use of the TagSEA tool to explore our research questions further.

7.1 Industry CaseStudy

Given the exploratory nature of this research we wanted to see fa@8ER
would be used in the field by real software developers. We designed a case study

[83] to accomplish this objective.

7.1.1 StudyDesign

Instead of choosing an observational approach, which traditionally has a limited
time frameand predefined tasks, we chose to conduct a logging study. This
approach provided data over a longer period of tim&ng normal everyday
tasks The main weakness of this type of study is that the data can be
misinterpreted based on its highly quantit&tivature. To augment this dedad
counteract possible misinterpretationdocus group and questionnaire
components were adddd the study. This allowed us tw@lidateour analysisof

the logged datagainst feedback from the actual participants, as w&lto get

participant impressions of the tool.

46
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Convenience samplingl3] was used to recruit participants from IBM
Cambridge and IBM Victoria for an eight week study. Eight participants in total
agreed to participate; howevemly three of these eventually ad egtthe tool.

We collected data from the participands a daily basisusing diffsi a
way of comparing two filesDiffs were performed between the previous and
current versions of the codéy determineall of the commats that had been
changedover the course of that dayhe data from the participants was parsed
to extract all of the waypoints. This data was aggregated into three week periods
for analysis.We utilized this data to determine quantitatidormation abaut
waypoint creation and tag reusé&le also had the same three researchers that
coded the interview in the Eclipsetask annotation study (see Section6.2.])

classify the waypoints and tags to develop a taxonomy of tag use

7.1.2 Teg Taxonomy

Two major purposes emerged for waypoints: to provide information (INFO) and
to mark a task (TODO). We further refined this to differentiate between
instances, for example, where annotations provide information about who the
author is (e.g. @agthan and annotations discussing or interpreting a feature in
the code (e.g. @ag copy.paste.position: get position relative to parér).
taxonomy is provided infable 9. For this study we will use this taxonomy to
describeeah user s patter ns Weémvisit this taxoriomy im o n

the longitudinal case study (see Sectib2.4.

c

r
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Table 9: Tag taxonomy (version 1)

INFO (annotations that assert information)

INFO-FEATURE Information about a particular feature

INFO-AUTHOR Information about a particular author

TODO (annotations that document a task)

TODO-TEST Task involving testing code

TODO-BUG Task involving fixing a bug
TODO-CHANGE Taskinvolving chamging or completing code
TODO-CHECK Task involving checking something

7.1.3 UserSories

The following user stories are from the three developers who adopted TagSEA
during the study period.

Two programmers fromlBM Cambridge, C2 and C&nd one user from
the IBM Victoria, B2, adopted the toolWe use information from the
guestionnaires, focugroup and the data submitted to us in forming theser
stories. The two Cambridge users also submigrdpshots of their source code
comments for analysisUsing the tag taxonomywe were able to code the
TagSEA waypointgreated by the developers

Table 10 shows asummary of the number and category of waypoints
created per user, and how they changed over the stedpd, as well asa count
of the number ofwaypoints.Table11 shows the amount of tag reyseeasured
as the total number of tags found in the code divided by the number of unique

tag names.



Table 10: Classification of user createdags
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The numberof waypointsfor the first data collection period (T1)based on our

taxonomy is presented The change in number of waypoints is indicated at the

second (T2) and third (T3) data collectiorpoints. Note that waypoints were

6+6

both addedanddel¢ ed (i ndi cat ebd swigtnh a
Types of waypoints
INFO INFO INFO TODO TODO TODO TODO TODO Total
User: AUTHOR FEATURE BUG CHANGE CHECK TEST Waypoints
Cc2 1 5 11 1 1 4 23
T1
®eT2 -1 +2/ -3 +5/-1 +2
2T3 +1 +1
C3 2 1 7 3 2 15
T1
®eT2 +4 -1 +3
®T3 +1/-1 +5 +1 +6
B2 6 12 7 25
T1

Table 11: Tag reuseat the end of the study

User Tag Occurrences / Unique Tags Tag Reuse
C2 26/ 14 1.86
C3 45/ 19 2.37

B2 55/ 14 3.93

o
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C2 (female) used the tool over the course of énght week study and continued
to use the tooafterwards She joined the company shortly before thtisdyand
was assignedot extend existing code in a teaproject. The majority of her
waypoints were created mupport future tasks (s€keable 10).In the interview
with C2, we were able to verify that she mostly created/points for navigation.
She said they werer@minder ofthe places that needed more examinatknom
an analysis of her source code, we were ableetofy that shedoes not use task
annotationsand that very few of her source comments could di&ssified as
supporting future navigation. This usenly used oe instance of a hierarchical
tag, but she didise multiple tags (at most two) per waypoint. She dad add
additional comments to the waypoints. Thevere instances of the same tag
being used on more thaix waypointsacross three files of code.

Oneint eresting tag we o0bsmkthe mtérviewa®@ cal | ¢
indicated it was a special tag $apport navigation. She also created one tag type
to match her name and it was used to indicate seveledeswhere she had
made changes in the code. Shgreedthat the Javadoc @author feature could
have been usedut she said she preferred the lightweight approaichagSEA
for indicating her changedAt the end of the studyC2 indicated she would
continue to usdfagSEA and that it was preferred over kovarksand Eclipse
task annotationsC2 mentiomd t h a't ishe | forkbeidg faBtaagnd E A
l ightweight to type in thingso.

C3 (male) joined the company six months befohne study. He also used the tool

over the course of theight week study and contied to use the todfterwards

C3 worked individually on code that provid@dfrastructure supert for a larger

project. For this user, there were changes made consistetittpughout the

study period to his tags and waypointsndicating thathe was ableto manage

and updatethe tagged waypoints effectively. When asked in tpest
guestionnaire if his use of the tool changed ovar me , h e riégalrtede d : Ay

with tags thatdescribed the function of the code, but | moved to tdgd were
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taskbased I u g s , t odos, A P This wéen did rod create taoy. ) O .
hierarchical tags, but usechultiple tags frequently and in quite sophisticated
ways. He also added comments for all the waypoi®ise interesting tag this
user added to a pfexistingwaypoint was: "badbadbad”. The existing tags on
this waypoint were used to indicate what he needed to T additional
Abadbadbado t gppmwentsremindes.d as a

There are bursts of commenting and tagging actithigt occur just before
a major releaseshange or refactoring.ln the postquestionnaire, said the most
useful instance for u s particularwclhangeoin antA®#l wa s
for | ater Hentsedr aag8BA . as athifistufifdré a t e me@ mb
tool. He tended to use TagSEA astatus indicator diis TODOs rather than to
support navigation. Theifference in use between C2 and C3 is reflectedahle
100, where C26s use of \wmasgenringnnfosnatios, wmle r e f ¢
C306s use aismavafgcpsedion TODOs. C3 said he would fawsing
TagSEA over tasks and bookmarks. He men¢that TagSEA is more flexible
because the user cakefine their own tags directly in code and they showimup

the tags view and #Ay®.u can pivot around

B2 (male)was one otwo programmers that respondedaor email from the BC
lab. B2 was only able to use the tool for two weeks due to otheadlines at
work. This programmer had over 10 yeao$ programming experience. He
worked on ademanding projt with two other team members. kaas unable to
submit his source code to us for analystowever, we asked him to submit
interaction data (logged by TagSEA) on how he udesltool. This data showed
us that he used thewaypoints to support his navigatioactivities, and thahe
also used the refactoring facility for managing ha&gs. In the interview, he
mentioned that the refactorindacility was very powerful. He created
hierarchical tagand added additional commen2 6s i nt ent behind
summarized inTable 10 In the questionnaire he commented that he used

waypoints for Aexpl or i nigT CDoQrspdl.e xH ec oddied pm
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them for assertingnformation. A post study interview confirmed that beed

the tagged waypoints to support tgsthatneeded further examination. He also

made severaduggestions for improvements, including that Tag@EA ou |l d A u s e

icons to represent type of waypoi@ifODO, documentation, code review, code
executionpat h, etc) o and t hat syStenmeedsto neflea x t
the tag hierar chy 0 .anaWée hisv eodeg sonwe tcould hdt e
determine how heised ordinary comments or task annotationsrfavigation.
However, in the posstudy questionnairehe indicated that he used neither
bookmak nor taskannotations. He felt that the Eclipse task annotatioese
worthless because they could be obscured rbgny general TODO task
annotations generated by thBE. Although he was aware that they could be
customized, he indicated in the intervidawat it was tootedious. When asked

about bookmarks inthg uesti onnair e, he replied:

TagSEA augments the IDE tools and should becomdaa ndar d part of

Non-Adopters: In addition to the three developers who adopted BE&{S
another five participants did nofechnical incompatibilities were cited by three

of the participants; one participant rarely comments his code; and, one

participant used custom task annotations and did not see the advantage to using

TagSEA.While interesting, adoptiorof TagSEAis not a focus of the research
guestions posed in this thesd. (69]).

7.2 Longitudinal Case Study

While the industry case study provided us with insightto how software
developers might use taggy for managing code annotationsg wanted to
examine the effects of prolonged use of the tool on annotation creation and
software development process&¥e conducted a case study of three projects

that had used TagSEA for between one to two years.
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7.2.1 StudyDesign

For this study, wexaminedthe task annotations and TagSEA waypoints present
in three open source projects, including TagSEA itséif each projectthe
developers had used TagSEA for between 12 and 24 momthpreserve the
anonymity of the develpers, we refer to the two other projects as VizTK and
PIM. We note that there is some bias with both VizTK and TagSEA because they
are both associated with the TagSEA projes#e Section/.2.2. No such bias
exists with PIM.

7.2.2 Projects Studied

VizTK was originally developed in the | ate
understanding C source code. It has since expanded to allow for the visualization
and comprehension of large information spaces. VizTK is made up of 110,464
lines of Java code, which is maintained by two programmers at the University of
Victoria. The developers on the VizTK software started using a prototypical
version of TagSEA in February 2006 and still use the tool todhgy were early

adopters of the tods they are part of the same research group

PIM is an open source personal information management system written in Java
using the Eclipse Rich Client platform. It is an extensible application for
organizing emails, tasks, and finances. At the timéhdd study, the PIM project

was comprised of 43,021 lines of Java code. It is written and maintained by one
developer with contributions from other developers. The lead programmer
started using TagSEA in August 2006. He required that all contributorsMo P
also make use of the TagSEA todhe programmer from PIM recently joined our
researchgroup as a PhD student in September 2007, but prior to this he had no

connection withus.
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TagSEA was originally designed by ten researchers and developers at the
University of Victoria. Through the life of the project, it has been actively
maintained by one to three developers. The developers have been from the
University of Victoria and IBM, with the development distributed between
people in Canada, the United Stateand Ireland. At the time of this study,
TagSEA was made up of 106,501 lines of Java cdties project made use of the
TagSEA tool as soon as it was viablapproximately May 2006 to benefit from

the features it offexd andalso to act as a test cafee the tool.

7.2.3 Data Collection and Analysis

Our datawerecollected by taking snapshots of the state of the code at one month
intervals from the source code management system of each project. We were able
to retrieve more than two years of history for Vig a little less than two years

for PIM, and a year for TagSEA. TagSEA underwent a major move and
restructuring in CV3n January 2007, making it difficult to extract data beyond
one year. PIMswitched source code management systems (frONS to
Subversim) in early 2006. Several months of history are missing during this
move.

We extracted the comments that contained keywords that are recognized
astask annotations by the Eclipse JDTQDO, FIXME,and XX X), as well as the
customREVISITkeyword. We also Igged and counted comments that used the
TagSEA specific keyword@tag This gave us the ability to measure tag use,
reuse, hierarchy depth, and the organization methods that users employ when
using tags.

The quantitative data was augmented with intervieasdaicted with the
lead developer from each of the three projects. In the interviews, the developers
were asked questions regarding their usage of Eclias& annotationsand
TagSEA.As with the industry case study, we manually classified edcthe

TagSEA waypoints and taskannotations.While we were influenced by our
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previous classification system, we allowed it to evolve to reflect the annotations
from these projectsTwo researchers, including myselfhdependently derived
codes and then came to a census.

A sample of 20 annotations, stratified based on the classification scheme,
were selected from each project to help inform the interview prodesst a
brief explanation of the classification system, interviewees were asked to classify
these annattions using a thiraloud protocol. Since authorship of the
annotations was not known at the time of selection, interviewees were asked to

identify any annotations that were not theirs.

7.2.4 Tag Taxonomy Il

The taxonomy we developed in the industry case st(sg#g Sectior7.1.2 was
altered to adapt tohe annotations created by the longitudinal us@rable 12)

We added two subcategories to the INFO designation: INNB@ATION and
INFO-FIX. INFO-LOCATION encompasss annotations wh tags, but no
messagd essentially a simpl@lacemark INFO-FIX refers to items that would
haveoriginally been a TODGBUG, buthave since been fixedhe annotatiorhas
been kept andhow servesto expressdetails ofthe bug fix. For the TODO
designationthe TODOCHECK and TODQGTEST categories were merged and
expanded to include annotations that implied an implementation question.
TODO-CHANGE was expanded to include annotations that implied an intention

that the developer wouldeturn to change the code.
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Table 12 Tag taxonomy (version 2)

INFO (annotations that assert information)

INFO-LOCATION An informational marker with no message
INFO-FIX Information about a bug fix
INFO-FEATURE  Information about a particular feature

INFO-AUTHOR Information about a particular author

TODO (annotations that document a task)

TODO-BUG Task involving fixing a bug
TODO-CHANGE Task involving changing or completing code

TODO-CHECK Task involving checking or testing something, or
posing an implementation question

As this was our second time performing this classification, we were aware
of the challenge of making a correct classification. It igtgalarly difficult
without examining the code contexiVe verified our classification wh the
developers, using a sample of the annotations.

The dynamic between TODO and INFO appshto be more blurred than
we had originallythought.The distinction between a TODEGHANGE and an
INFO-FEATURE depends upon a develefagiooethebs i nt
code.Some of the annotations in the VizTK code that we had labeled as TODO
CHANGE were characterized by the developer as INFEATURE because he
did not expect to ever return tbhelocations.These annotations instead provided
information $1ould a change in that area of the code become neced¥aisawa
similar transition between TODBUG and INFQFIX, although the boundary is

more explicit; either the bug is fixed or it is not.
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In this section we discuss our findings fraam analysis of the quantitative data

followed bythefindings from ourinterview of the developers of the projects
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Figure 4: Waypoint (dark) and task annotation (light) use

in VizTK, PIM and TagSEA

Waypoint Use From the extractd comment data, we counted the number of

Eclipsetask annotationand TagSEAwaypointsthat were present in the code at

one month intervals (seleigure 4). Both theVizTK and PIM projects display a

large drop in the number dclipse task annotationaswaypoints beame the

preferredannotation mechanism. The TagSEA project always displays a higher

number of waypointshan task annotations because the developers made use of
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the tool from the start of our data collectiomhere isone large drop in the
number of waypoints ithe TagSEAprojectin October2007. This is because one
of the developers deleted waypoints that weredanger relevantThese results
indicate that waypoints are usedt least as frequently a<clipse task

annotations and may serve additional purposes for the developers

Tag Reuse We alsocalculatedthe frequency of tag reuse (segureb). That is,

we asked the question, AHow mamry ?0 aWs
looked at the data extracted from the most recent version of the projects and
discovered a common pattern: a small number of tags were used very frequently,
and a larger number of tags were used infrequently. It is interesting to note that
while most tags are only used once, some tags are highly reused. For example, in
VizTK, the tag VizTK.grouping is used over 50 times. We found that, on average,

tags in VizTK were reused 3.0 times; 2.8 times in Pévd 1.7 times in TagSEA.
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We visualized the vocabules from the latestversion of codeas tag
clouds (seeFigure6-8). Tags shown in larger fonts indicate higher reuse. The tag
clouds represent the vocabulary createdall developers on each project and
show the unique vocabularies that emerged. The tag clouds revealathat
hierarchical naming scheme was used on each of the projects. For example,
nearly all of the tags in VizTK begin with the project name as the yrefiPIM,
many of the tags begin wiAlthbugh theesizgof tkef i X
vocabulary for each project is quite large, they are organized into a hierarchical
structure that groups similatags together (the reuse graphistinguistes
VizTK.x and VizTK.y as unique tags)he depth of the tag hierarchies indicates
the amount of structure and grouping that is used for the tags in each of the
projects. The mean and maximum depth of the hierarchies is shoWwabile 13.

For the most part, tags had a hierarchy depth of at least two and a maximum

hierarchy depth ofhreefor VizTK and PIM, andfive for the TagSEA project.
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Figure 7: PIM tags visualized as a tag cloud

Figure 8: TagSEA tags visualized as a tag cloud
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