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Abstract

Whenperformingevolutiontasks,softwareengineers fo-
cuson both the low-level changesrequired and the effects
thosechanges will haveon the system's design. TheDe-
signSnippetsTool generatespartial designrepresentations
intendedto help engineers addressone designcriterion:
easeof change. In this paper, wedescribea studyin which
participantsusedthe DesignSnippetsTool and other aids
to performa restructuringtaskfocusedon easeof change.
Our �ndings describehowparticipantsproceededthrough
the restructuringtaskand how they usedthe DesignSnip-
petsTool. Theresultsshowthat participantsusedthe De-
signSnippetsTool for high-level taskssuch asdiscoveryof
designproblems,identi�cation of restructuringgoals,and
con�rmation of designimprovements.

1. Intr oduction

Software engineersintend to build and maintain soft-
ware systemsthat meetnot only functional requirements
but alsorelevant designcriteria. Commondesigncriteria
for software systemsinclude easeof change,easeof un-
derstanding,testability, and robustness.When modifying
existing code,software engineersfocus on both the low-
level changesneededand the implications thosechanges
will have on the system's design. For example,software
engineersexaminewhetherchangeswill affect thesystem's
adherenceto relevantdesigncriteriaor whetherthesystem
shouldberestructuredbeforechangesareimplemented.

Today's integrated development environments (IDEs)
provide signi�cant supportfor browsing code,navigating
throughcode,andediting code. Softwareengineershave
farlesssupport,however, for thehigh-level designdecision-
makingthey performasthey investigateandmodify exist-
ing code.Somesoftwareengineersgatherlow-level results

from tools suchasgrep and thenprocessit into design-
level information.Softwareengineersalsoturn to low-tech
toolssuchaswhiteboardsandnotebooks.

Both low-level tools and low-tech tools have somead-
vantages.Neither requiresthe useof a formal designno-
tation; freedomfrom suchnotationsis convenientwhenan
engineermustdivide attentionbetweendesign-level ideas
and code-level modi�cations. In addition, thesetools re-
main usefulwhenexisting codeis incompleteor in an in-
consistentstate. Nonetheless,thesetools do not provide
directsupportfor evaluatinganexistingsystem'sdesign.

We have developeda new tool thatprovidesbettersup-
port for onedesigncriterion: easeof change. If software
is undergoing active evolution, theneaseof changeis es-
sential[10]. Easeof changeis a complex criterion that is
affectedby many propertiesof a softwaresystem.For the
purposesof designingour new tool, we focusedon three
change-relateddesignrules from the literature: (a) hide
volatile implementationdetailsbehindaninterface[14], (b)
reducecouplingbetweenmodules[1], and(c) if volatilede-
tails mustbe revealedto someclients,thenrestrictclients
who do not needprivilegeddetailsto a narrower interface
[3].1 Our tool displaysinformationrelevant to compliance
with thesethreedesignrules.Morespeci�cally, thetool an-
alyzescodeto generatepartial designrepresentationsthat
wecall designsnippets.

In this paper, we describean investigation into support
for easeof changeduring softwareevolution. We present
the resultsof a study in which participantswereasked to
perform a restructuringtask. Participantscould usestan-
dard IDE features,pen and paper, and our new tool that
generatesdesignsnippets. In Section2, we introducethe
restructuringtaskthat participantswereasked to perform.
Thistaskis usedasarunningexamplewhenwedescribethe

1Othersoftwareengineeringdesignrulesalsopromoteeaseof change.
For example,Parnashasdefinedrulesfor easeof extensionandcontraction
[15]. Accommodationof theseadditionalrulesis asubjectof futurework.



DesignSnippetsTool in Section3. In Sections4 through6,
wedescribeourstudyin detailandpresentresults.Sections
7 and8 discussrelatedwork andconclusionsrespectively.

2. The restructuring task

We conductedthestudypresentedin this paperto learn
more aboutdesigndecisionsmadeduring evolution tasks
andto explorewhatvalueour tool mightprovidewhenmak-
ing decisionsrelatedto easeof change. Thestudyobserves
theuseof ourtool andotheraidsduringarestructuringtask.
In thissection,weintroducetherestructuringtaskweasked
studyparticipantsto perform. The next sectionintroduces
theDesignSnippetsTool usingthis taskasarunningexam-
ple.

The restructuringtaskmotivatesuseof thedesignrules
describedin theSection1. Mostsmalltaskscannotrealisti-
cally requireapplicationof all threedesignrules,sowelim-
ited thescopeof our taskto the �rst two designrules. The
taskwasinspiredby thedescriptionof theStrategy pattern
in DesignPatterns[5]. Oneapplicationareafor Strategy
describedin thebookis text input validation.

We createda simpleapplicationthatvalidatedtext input
but did not usetheStrategy patternto implementinput val-
idation. Insteadthe applicationimplementedvalidationin
a morecoupledandless�e xible way. We call this applica-
tion the “InputForm.” The taskgiven to participantsis to
restructurethe InputForm applicationto make it easierto
change.

2.1.The InputForm application

The InputForm application's GUI containsthree text
�elds. A userinputsa date,a phonenumber, anda social
securitynumber. Whenauserclicks the“Enter” button,the
applicationvalidatestheenteredinputs. If theformat is in-
valid, theapplicationdisplaysthemessage“FormatError.”

The InputForm application is implementedusing six
Java classesand one Java interface. TestDriver con-
tainsthe Swing GUI codeneededto provide an appealing
look andfeel to theapplication. It is not critical to the re-
structuringtask.TheInputForm classcreatesseveral in-
stancesof the TextBox classto populatethe form. The
remainingthreeclasses– PhoneFormat , DateFormat ,
andSSNFormat – all implementtheFormat interface.

Key portionsof theapplicationrelatedto therestructur-
ing task are locatedin two methodsof the InputForm
class:createTextBoxes andcheckFields . An ex-
cerptof sourcecodefrom thesetwo methodsis listedbelow.

public JPanel createTextBoxes() {
JPanel panel = new JPanel();
//create a date field
dateField = new TextBox();

dateField.setFormat(new DateFormat());
JLabel dateLabel

= new JLabel(date+":" + "YYYY/MM/DD");
dateLabel.setLabelFor(dateField);

//create a phone field
TextBox phoneField = new TextBox();
phoneField.setFormat(new PhoneFormat());
JLabel phoneLabel

= new JLabel(phone+": " + "(###)###-####");
phoneLabel.setLabelFor(phoneField);

// create a SSN field in the same way...

// add each field to an array of
// TextBox instances
textboxes.add(dateField);
textboxes.add(phoneField);
textboxes.add(ssnField);

// add textboxes to panel (omitted here)

return panel;
}

public boolean checkFields() {

Iterator i = textboxes.iterator();
boolean result = true;
while (i.hasNext()) {

TextBox textbox = (TextBox)i.next();
Format format = textbox.getFormat();
String data = textbox.getText();

if (format instanceof DateFormat) {
DateFormat f = (DateFormat)format;
if (textbox.check(f, data) == false) {

result = false;
}

}
if (format instanceof PhoneFormat) {

PhoneFormat f = (PhoneFormat)format;
if (textbox.check(f, data) == false) {

result = false;
}

}
if (format instanceof SSNFormat) {

// ... analogous code here
}

}
return result;

}

Despitethe existenceof threeformat classes,the code
thatperformstheactualinputvalidationis containedwithin
the TextBox class. TextBox actually containsthree
methodsnamedcheck , eachone taking a different type
of format asa parameter. TextBox alsocontainsnumer-
ousstatic�nal constantsthatareusedby thecheck meth-
ods. InputForm caststhe Format instanceassociated
with eachTextBox instanceand then calls one of the
TextBox.check methodsto executetheinputchecking.

This codecontainsnumerousviolationsof the �rst two
designrules mentionedin Section1. First, implementa-



tion detailsaboutinputvalidationarenotadequatelyhidden
from InputForm : createTextBoxes hasknowledge
of formatstrings(suchas“YYYY/MM/DD”) andcheck-
Fields makesassumptionsaboutthetypesof formatsthat
are returnedfrom TextBox.getFormat() . Secondly,
thereis unnecessarilytight couplingamongInputForm ,
TextBox , andall threeformatclasses.Adding new kinds
of text �elds to thisapplicationis tediousanddif�cult.

2.2.The task and a plausiblesolution

Thetaskwasgivento studyparticipantsasfollows:
Restructure the InputForm application, with the antic-

ipation that different kinds of text �elds will be addedin
the future. For example, a plannedfuture change involves
addingtext �elds for “Zip code,” “Cr editcard number,” and
“Expir ationdate.” All threeof thenew �elds will needinput
validationaswell.

Your task is to restructure the existing application to
make the software easierto change, given the knowledge
of thisupcomingchange request.

Oneplausiblesolutionto thetaskis to applytheStrategy
patternto the application. Input validationwould be per-
formedby the threeformat classes,not TextBox . For-
mat would bechangedinto a classandwould hold general
constantslikely to beusedby multipleFormat subclasses.
Format subclasseswould be responsiblefor preparing
the format stringsusedin createTextBoxes . These
changeswould encapsulateinput validationdetailsbehind
theFormat interface.

As statedin the DesignPatternsbook,a known feature
(or �a w, dependingonyourperspective)of theStrategy pat-
tern is that “clients mustbe awareof differentStrategies”
[5, page318]. In otherwords,the InputForm muststill
know which of theFormat subclassesto instantiatewhen
creatinga text �eld. BecauseInputForm is a simpleap-
plication,this featureof Strategy maybeacceptable.Alter-
natively, a restructuringmayalsoincludeapplicationof the
Factorypattern.A well-implementedfactorycouldencap-
sulatethecreationof TextBox instancesandtheir associ-
atedformatsfrom the InputForm classandthusremove
the couplingbetweenInputForm andthe Format sub-
classes.

3. The DesignSnippetsTool

TheDesignSnippetsTool generatespartialdesignrepre-
sentations(designsnippets) from code.A designsnippetis
apartial,lightweightdesignrepresentationthatis displayed
with anassociatedunit of codeandis usefulfor designeval-
uation.Theusagescenarioassumesthatsoftwareengineers
will view codeanddesignsnippetsat the sametime or in
the samesmall time frame. Co-displayof designsnippets

andcodecreatesa sharedcontext that increasesthe com-
prehensibilityof snippetsandallows thesoftwareengineer
to focusmoreeasilyon designdetailsrelatedto a unit of
interest.

Whenevaluatinga singleunit of a codebase,engineers
often needto considerthe unit's relationshipswith other
partsof the codebase.Designsnippetsassistin this task
by providing both information aboutthe currentunit and
relevant informationaboutotherpartsof the codebase.In
otherwords,designsnippetsarepartial but not local. De-
signsnippetsoffer abroadercontext thatsupportsdecision-
makingyetis suf�ciently scopedto easetransitionsbetween
viewing codeandsnippets.

Snippetsarelightweightin severalsenses.First, they are
designedto be usedconcurrentlywith code. Second,the
unit of codeunderconsiderationhasasetof associatedsnip-
petsthatareautomatically, quickly, andstaticallyextracted
from thecodeandkeptup-to-dateasthecodeis modi�ed.
(The analysisof the codeis donestatically.) Third, they
aredesignedto be easyto integrateinto existing software
evolutionprocesses.

TheDesignSnippetsTool is implementedasaplug-in to
the EclipseJava IDE [4]. SinceEclipseprogrammersedit
Java �les, the “unit” of codeassociatedwith eachsnippet
is a Java �le. TheDesignSnippetsTool displaysthesetof
designsnippetsassociatedwith theactive Java �le. Figure
1 shows a screenshotof the EclipseIDE with the Design
SnippetsTool plug-in. Thesnippetsappearbelow thecode.

Figure 1. The Eclipse Java IDE with Design
Snippets Tool plug­in

The DesignSnippetsTool currentlycomputesfour de-
sign snippets,eachsupportingone of the three “easeof
change”designrulesdescribedin Section1. TheInforma-
tion Hiding snippetandTypeAssumptionssnippetsupport
adherenceto the �rst designrule (hide implementationde-
tails). TheDependenciessnippetsupportsadherenceto the
seconddesignrule (reducecoupling). The De Facto In-
terfacessnippetsupportsadherenceto thethird designrule



(restrictnon-privilegedclientsto anarrow interface).As we
describeeachof thesnippets,we will provide examplesof
thesnippetviews thataregeneratedfrom �les in theInput-
Formapplication.

3.1.Inf ormation Hiding snippet

The Information Hiding snippetprovides information
thathelpstheprogrammerevaluatetheseparationbetween
interfaceandimplementation.Thesnippetcomputesaview
of the interfaceand implementationof eachtype de�ned
in the associatedJava �le. The interface view lists su-
perclasses,superinterfaces,andnon-privatemembersigna-
tures. The implementationview lists privatemembersig-
naturesand“other classesused”by the class. The “other
classesused”areneitherparametersnor �elds, but the im-
plementationdependson them.Thesedependenciescannot
bedeterminedfrom perusalof theclassdeclaration.

Using the InformationHiding snippet,a softwareengi-
neercanidentify relationshipsrevealedby theinterfaceand
relationshipshiddenby the implementation.Thesnippet's
display is organizedfor easycomparisonof interfaceand
implementation.

Figures2 and3 displayscreenshotsof the Information
Hiding viewsassociatedwith TextBox.java. Wepresentthe
interfaceview andtheimplementationview separately, but
in theactualtool they appearside-by-side.

Figure 2. Information Hiding view for
Textbo x.java, interface por tion

Figure 3. Information Hiding view for
Textbo x.java, implementation por tion

3.2.TypeAssumptionssnippet

TheTypeAssumptionssnippetlists castsof parameters
andreturnvalues. Thesecastsmatterbecausethe method
signatureis the interfacebetweencaller and callee. If a
calleecastsaparameter, thenit makesanassumptionabout
thedatapassedto it by thecaller. If a callercastsa return
value,thenit makesanassumptionaboutthedatapassedto
it by the callee. Theseassumptionsviolate the separation
betweeninterfaceandimplementation.

Figure4 shows the Type Assumptionsview associated
with TextBox.java. The view shows that InputForm
makesassumptionsaboutthepossiblerun-timetypesof the
Format instancereturnedfrom TextBox.getFormat .

Figure 4. Type Assumptions view for
Textbo x.java

3.3.Dependenciessnippet

The Dependenciessnippetdescribesinterclassrelation-
ships.Givena setof typesT de�ned in thecurrentlyactive
�le, theDependenciessnippetdisplayswhich typesdepend
on T andwhich typesT dependson. Edgelabelsindicate
thecauseof thesourceandsink's relationship.2 Typesare
clusteredinto groupingsbasedonJava packages,sodepen-
denciesthatcrosspackageboundariesareeasilyidenti�ed.
DesignSnippetsTool userscanalsochooseto elidedepen-
denciesin order to focus on classesof interest. The De-
pendenciessnippetis intendedto help softwareengineers
reducecouplingbetweenmodules.

Figure 5 shows an exampleof the Dependenciesview
associatedwith InputForm.java . Edgelabelsareasso-
ciatedwith theedgeto the left of the label. Dependencies
to Java library classeshave beenelided.

3.4.DeFacto Interfacessnippet

The De Facto Interfacessnippethelpsthe programmer
identify thewidth of interfacesusedby clients. A defacto
interface[9] is thesetof membersactuallyusedby aclient.
For eachtype de�ned in the currently active �le, the De
FactoInterfacessnippetreportsa list of clientsandthe de

2For example,A ªnewº B meansthat A dynamicallyinstantiatesan
instanceof B. A full explanationof all edgelabelsappearselsewhere[17].



Figure 5. Dependencies view for Input­
Form.ja va

factointerfacefor eachclient. With theDeFactoInterfaces
snippet,software engineerscan evaluatewhethervolatile
designdetails are being properly restrictedto privileged
clients.

An alternative view of the De Facto Interfacessnippet
reportsa list of membersandasetof clientsfor eachmem-
ber. This reorderingis similar to a call graph. The call
graphstylemaybemoreusefulto softwareengineerswhen
the third designrule (restrictnon-privilegedclients) is not
immediatelyrelevant.

Figure6 shows theDe FactoInterfaceviews for Phone-
Format.java.

Figure 6. De Facto Interfaces views for Phone­
Format.ja va

4. Study

Thepurposeof thestudywasto observe useof theDe-
sign SnippetsTool and other tools during a restructuring
taskfocusedoneaseof change.Wewantedto seeif theDe-
signSnippetsTool providedvalueto studyparticipants,and
in particularwhethertheDesignSnippetsTool helpedstudy
participantswith designdecision-makingrelatedto easeof
change.

Any restructuringtaskis open-endedby nature,andwe
expectedstudyparticipantsto approachthetaskin different
ways. In additionto understandingthevalueof theDesign

SnippetsTool, wewereinterestedin two speci�c questions:
How did studyparticipantsusedesignsnippets?andHow
did studyparticipantsdecidewhatto change?

4.1.Method

Eight subjectsparticipatedin theuserstudy– two were
software engineeringpractitionersfrom industry and six
weregraduatestudentsin computerscience.All eightpar-
ticipantswereexperiencedprogrammers.

Sessionsrangedin time from 60 to 90 minutes.All par-
ticipants�rst reada setof tutorial slides. The tutorial in-
troducedthe�rst two designrulesfor easeof changemen-
tionedearlier(“Isolateimplementationdetailsbehindanin-
terface” and “Reducecoupling betweenmodules”). The
tutorial thendescribedthe four designsnippets.Only the
call graphstyleof theDe FactoInterfacessnippetwasde-
scribed.Studyparticipantswerepermittedto askquestions
asthey readthetutorialandthroughouttheremainderof the
session.

After reviewing the tutorial, userswere given a short
handoutthatdescribedall theedgelabelsof Dependencies
snippetgraphs.Studyparticipantscould chooseto review
theedgelabelhandoutimmediatelyor reserve it asa refer-
encefor lateruse.

Studyparticipantswerethengivena functionaldescrip-
tion of the InputForm application. Upon review of the
functionaldescription,the studyparticipantslaunchedthe
EclipseIDE and were shown the codefor the InputForm
application.Thestudyparticipantswerealsoshown thelo-
cationof thefour designsnippetviews in theEclipseIDE.

Eachuserthencompletedthreewarm-uptasksdesigned
to give themfamiliarity with boththeDesignSnippetsTool
andtheInputFormapplication.Examplequestionsfrom the
warm-uptasksinclude“What classesdependon Phone-
Format ?” and “Who calls TextBox.getFormat ?”
The warm-uptaskswere designedto be completedusing
the DesignSnippetsTool, but userswere free to �nd an-
swersdirectly from perusalof the codeor by usingother
tools available in the EclipseIDE. Userswereallowed to
askquestionsrelatedto both the DesignSnippettool and
otherfeaturesof theEclipseIDE.

After the warm-uptasks,studyparticipantsweregiven
therestructuringtaskasdescribedin Section2.2. After the
restructuringtask, studyparticipantsanswereda seriesof
follow-upquestions.

Each study sessionwas attendedby a facilitator and
a notetaker. Study participantswere encouragedto think
aloud[11] during both the warm-uptasksandthe restruc-
turing task. For six of the eight participants,we recorded
mouseandkeyboardactionsusingscreencapturesoftware.



4.2.Two study sessionnarrati ves

In this section,we presenttwo studysessionnarratives.
In the next section,we will summarizeour �ndings from
analysisof all study sessionnarratives. To help preserve
anonymity, all participantswill bereferredto usingfemale
pronouns. The narratives were createdby merging hand-
written notesfrom the user sessionswith screencapture
data.

Thesetwo narratives illustrate two differentusagesce-
narioswith theDesignSnippetsTool. ParticipantA is very
familiar with the Eclipse IDE and usedits functionality
alongwith extensive review of the code. Sheuseddesign
snippetsbrie�y during the startandendof the restructur-
ing task. ParticipantB, in contrast,madeextensive useof
designsnippetsbeforemodifying thecode. Eachnarrative
demonstrateswaysin which designsnippetscanbe incor-
poratedinto theevolutionprocess.

Participant A. Participant A is a graduatestudentin
computerscience.ShehasusedJava extensively over the
last � ve yearsandhasusedthe EclipseIDE for oneyear.
This participant�nished therestructuringtaskvery quickly
comparedto otherparticipants,usinglessthan20minutes.

Initial exploration and identi�cation of design prob-
lems. When the participantbegan the restructuringtask,
she looked brie�y at the Dependenciesview of Input-
Form. The participantthenwent on to studythe codefor
InputForm , DateFormat , andTextBox . While view-
ing TextBox.java, the participantsaw declarationsfor the
threecheckmethodsin Eclipse'sOutlineview.3 Thepartic-
ipantsaidaloud,“Oh ugliness!”

Solutionapproach. The participantthen proceededto
move the checkmethodsout of TextBox into the three
format classes. Due to compiler errorsgeneratedby her
changes,the participantmoved TextBox 's �elds into a
new abstractbaseclasscalledAbstractFormat .

After completingthe restructuringtask. At the end of
the restructuring,the participantlooked at the Dependen-
ciesview of InputForm . Shenotedthattheview “shows
no more casts.” The participantstatedthat therewas no
morerestructuringto do. The participantalsosaid that it
would take time to learnhow to usedesignsnippetseffec-
tively. Sheaskedif shecouldinstall thedesignsnippetstool
onherpersonalmachinesothatshecouldlearnto betterin-
corporateit into herprocess.

Participant B. ParticipantB works for a medium-sized
softwarecompany. ShehasusedJava for over threeyears
but hasnotusedtheEclipseIDE previously. Theparticipant
spent30minuteson therestructuringtask.

Initial explorationandidenti�cation of designproblems.
The participantbegan by reviewing the codeof Input-

3Eclipse's Outlineview lists themembersof all classesdefinedin the
currentJava file.

Form, the Information Hiding view of PhoneFormat ,
and the Dependenciesviews of PhoneFormat andSS-
NFormat . After thisexploration,theparticipantstatedthat
InputForm andTextBox weretoo coupledto thethree
formatclasses.

Theparticipantwenton to studymoresnippetviewsand
code,including the Type Assumptionsview of TextBox
(which shows thecastsof getFormat 's returnvalue),the
Dependenciesview of InputForm , andthecodefor In-
putForm.createTextBoxes . At thispoint,thepartic-
ipant statedthat createTextBoxes containstoo much
codeandthatInputForm shouldnotneedto changemuch
whennew text �elds areadded.

TheparticipantthenviewedthecodeandDependencies
views of PhoneFormat and Format , followed by an-
otherreview of InputForm code. At this point, the user
suggestedthat applicationof the factorypatternmight re-
move thecouplingbetweenInputForm andthethreefor-
matclasses.Theparticipantalsoproposeda new classthat
wouldencapsulateaJLabel instance,aFormat instance,
anda TextBox instance.InputForm would instantiate
instancesof this compositeclassinsteadof all threesepa-
rately.

The participantmoved on to the Dependenciesview of
TextBox . She statedthat “TextBox dependson too
much.” Shethenusedthe De Factoview of TextBox to
determinethe caller of Textbox.check . The De Facto
view ledherto InputForm.checkFields .

Solutionapproach. The participantthenendedher ex-
ploration and began restructuringthe application. She
converted Format to a class and moved validation-
relatedconstantsfrom TextBox to Format . TextBox 's
check methodswere moved to the three speci�c for-
mat classes. The participant then returned to In-
putForm.createTextBoxes andreplacedthe magic
strings (e.g. “YYYY/MM/DD”) with calls to For-
mat.getFormatString .

After completingtherestructuringtask. Theparticipant
statedthat if shehadmoretime, shewould implementthe
compositeclassdescribedearlierandthenstudythedesign
snippetviews to explore the effects of her changes.The
participantalsomentionedthat the Type Assumptionsand
Dependenciesviews for TextBox helpedher identify de-
signproblems.

5. Findings fr om study sessionnarrati ves

In this section,we summarize�ndings from seven of
the eight study sessions.To analyzestudy sessionnarra-
tives,we partitionedeachsessionnarrative into a seriesof
episodes.Eachepisodeconsistsof actionsandstatements
madein thesametime frametowarda singlepurpose.Use
of thethink-aloudprotocolgreatlyassistedourability to as-



certainthepurposeof participants'actions,andtheprocess
of building episodesenabledusto connectactionswith in-
tentions.Wethenreviewedtheepisodesfor eachparticipant
to answerquestionsof interest.

We omitted one sessionfrom our analysisbecausethe
participantinvolveddid notcompletetherestructuringtask.
Thisparticipantstatedthatthetaskaswrittensuggestedthat
only threenew text �elds would be added,and that three
�elds wasnot enoughmotivation for seriousrestructuring
of the InputForm application. The participantproceeded
to add a new text �eld to the application,but the task of
addinga new text �eld is fundamentallydifferentthanthe
restructuringtaskthatall otherparticipantscompleted.This
participantdid notusedesignsnippets.

Sections5.1 and5.2 summarizeour answersto the two
questionsposedin Section4.1. In Section6, we discuss
whatourstudysuggestsaboutthevalueof theDesignSnip-
petsTool.

5.1.How did studyparticipants usedesignsnippets?

Sevenstudyparticipantschoseto usedesignsnippetsas
they completedtherestructuringtask.Wecategorizedthese
usesbasedon the actionsandstatementsthat immediately
precededandfollowedsnippetuse.

To identify design problems. Four participantsused
designsnippetsto identify designproblemswith the sys-
tem. Designproblemswere identi�ed from the Type As-
sumptionsview of TextBox , the Dependenciesview of
TextBox , and the Dependenciesview of InputForm .
Study participantsmade commentssuch as “Oh, I see.
It' s annoying thatTextBox explicitly dependson [format
classes].”

To plan restructuring or identify restructuring goals.
Threestudyparticipantsuseddesignsnippetsto plan their
restructuringor to identify objectives.After seeingtheDe-
pendenciesview for InputForm , oneparticipantdecided
her restructuringshouldremove the “cast” edgelabel be-
tweenInputForm andtheformatclasses.Theparticipant
statedafter the task that the undesirableedgelabelsgave
her a goal. After reviewing designsnippetsandcode,two
participantsdrew Dependencies-likediagramsonpaperthat
describedthe inter-classstructurethey wantedthe restruc-
turedversionto have.

To examineeffectsof changeson design. Threepar-
ticipantsusedsnippetsto examinethe effects of their re-
structuringchangeson the system's design. For example,
two participantsusedthe Dependenciesview of Input-
Form to con�rm that the “cast” edgelabel wasno longer
present.OneparticipantusedtheInformationHiding view
of TextBox to con�rm thatshehadsimpli�ed TextBox 's
public interface. That participantalso usedthe Type As-
sumptionsview of TextBox to con�rm shehadremoved

thecastsof getFormat 'sreturnvalue.Oneparticipantex-
pressedinterestin returningto designsnippetsto evaluate
herchangesbut ranoutof time.

To increaseprogram understanding. Fourparticipants
useddesignsnippetsto assistin programunderstanding
tasks. Often theseprogramunderstandingtaskswere re-
lated to determiningthe effects of changingpart of the
code. One participantusedthe Information Hiding view
of InputForm to determinewhich InputForm method
calledtheformatclasses'constructors.Thatparticipantalso
usedtheDependenciesview of SSNFormat to learnwhich
classesdependon it. One participantusedDependencies
views extensively to learnaboutthedifferentclassesin the
programandtheir relationshipsto eachother. Threepartic-
ipantsusedthe De FactoInterfacesview to determinethe
callersof methods. One participantmentionedthat class
usagecanbemoreimportantwhenrestructuringthanclass
de�nitions.

To discover relevant questionsabout the code. Fi-
nally, thedesignsnippetviewspromptedtwo participantsto
askquestionsaboutthecode.For example,oneparticipant
asked, “Why are these�elds in TextBox ?” when look-
ing at the InformationHiding view of TextBox . Another
participantasked, “Where areFormat instancescasted?”
whenviewing theDependenciesview of InputForm .

5.2. How did study participants decide what to
change?

Seven participantsmadechangesin responseto prob-
lemsthey found in thesystem.Participantsdifferedin the
way thatthey discoveredproblems,theway they character-
izedtheproblems,andthesolutionapproachesthey took in
responseto the problems. We presentfour approachesto
problemdiscoverybelow.

Review of designsnippetsin the context of code. As
discussedabove, � ve of the participantsuseddesignsnip-
petsto identify problemsor plantheir solutionapproaches.
Theseparticipantsdescribedproblemsin termsof classes
beingtoo coupledandreturnvaluesbeinginappropriately
casted. Sometimesthe descriptionof a problemand so-
lution approachwere combined;for example,one partic-
ipant expressedthe desireto restructurethe codeso cer-
tain edge labels would not appearin the Dependencies
view of InputForm.java. All participantswho studiedde-
sign snippetsalso studiedthe code, and often additional
problemsor solutionideascamefrom review of the code.
For example, one participant's study of castsin the De-
pendenciesview of InputForm led to review of Input-
Form.checkFields . Theparticipantthenstated,“This
is silly. Formatclassesshoulddo their own checking.”

Review of the code. Two participantsidenti�ed prob-
lems solely throughreview of the code. Designsnippets



may have helpedthem understandthe code,but the code
wastheir primarysourcefor identi�cation of problemsand
possiblerestructuringsolutions.Oneparticipantidenti�ed
aproblemareaby statingthatit did notmatchherintuition.
Thesolutionapproachwasthento changethecodesothatit
bettermatchedhow theparticipantthoughtit shouldwork.
Anotherparticipantlookedat the threecheck methodsin
TextBox anddiagnosedtheproblemasoneof “trying to
handleall the types[formats] in oneclass.” Sheimmedi-
atelyproposedthecreationof a TextBox classhierarchy,
with oneTextBox subclassfor every format.

Useof other Eclipsefeatures. Two participantsidenti-
�ed problemsusingotherEclipsetools.For example,these
participantsrealizedthat therewerethreecheck methods
from Eclipse'sOutlineview. Bothof theseparticipantsalso
studiedthecodeanddesignsnippets.

Compiler errors causedby previous changes. Once
participantsidenti�ed a solution path, someparticipants
would immediately start making changes,while others
would �rst considertheimplicationsof thesesolutionideas
on otherpartsof thecode.For example,two of thepartici-
pants,bothof whomprimarily usedsnippetsto identify de-
signproblems,realizedthattheirsolutionapproacheswould
requirethemovementof validation-relatedconstantsout of
TextBox . They madethis realizationbeforemakingany
actualchangesto thecode.In contrast,four participantsdid
not considerthe validation-relatedconstantsin TextBox
until they encounteredcompiler errorscreatedwhen they
movedthecheck methodsoutof TextBox .

6. Discussion

In this section,we discussadditionalresultsthatpertain
to thevalueof theDesignSnippetsTool. Werecognizethat
only eightsubjectsparticipatedin thestudyandthatthere-
structuringtaskwasa problemof our own choosing.As a
result,we cannotgeneralizeour results,nor canwe claim
to completelyunderstandthe bene�ts andcostsof design
snippetsuse. Theselimitations affect the externalvalidity
of ourstudy. Nonetheless,webelieve thestudyinformsour
understandingof how designsnippetscanbe usedto sup-
port designdecision-makingrelatedto easeof change.The
studycanalsoinform ourunderstandingof how thetool can
beimproved.

6.1.Co­viewingof codeand designsnippets

Earlier in the paperwe suggestedthat designsnippets
andcodeareintendedto beviewedin thesamesmall time
frame.Thestudyprovidesevidencethatsupportsthisclaim.
All studyparticipantswho useddesignsnippetsusedthem
in the context of reviewing or editing code. Somepartici-
pantsprimarily workedwith codeandvieweddesignsnip-

petsinfrequently, while othersswitchedbetweencodeand
designsnippetsmorefrequently.

Table1 describesthecontext switchesmadeby theseven
studyparticipantswho usedsnippets.A context switchis a
switchbetweenoneJava �le andanotherJava �le, a switch
betweenaJava�le andadesignsnippetview (orviceversa),
or a switchbetweentwo designsnippetviews. For thepur-
posesof this analysis,we did not considerother actions
performedby users,suchasusingotherEclipsetools,run-
ning the application,or drawing diagrams. The �rst four
columnslist thenumberof switchesperformedby eachpar-
ticipant(A-G). In the lastcolumn,we show thepercentage
of context switchesthat are code-to-snippet(code/DS)or
snippet-to-code(DS/code).Thesenumberswerecomputed
from thescreenrecordingsandournotes.

Thetablesuggeststhatmoststudyparticipantsswitched
numeroustimes betweendesignsnippetsand code. This
evidenceis promising,becauseour intendedusagescenario
assumesthat softwareengineerswill view designsnippets
asthey view andmodify code.

Table 1. Conte xt switc hes by par ticipants
Context Switches

from
design
snippet
to code

from
codeto
design
snippet

between
two
snippets

between
two
Java
�les

percent
switches
that are
code/DS
or
DS/code

A 1 2 0 29 9%
B 3 3 9 14 21%
C 6 7 22 52 15%
D 2 2 2 18 17%
E 5 4 7 39 16%
F 9 9 5 25 38%
G 5 5 7 20 27%

6.2.Support for easeof change

The Design Snippets Tool was created to support
decision-makingrelatedto easeof change.Did designsnip-
pets help participantswith design-level decision-making,
and speci�cally, did design snippetshelp with easeof
change?

Seven of the eight studyparticipantsuseddesignsnip-
pets to identify design problems, identify restructuring
goals,or con�rm that their changeshadimproved thesys-
tem'sdesign.Thesetypesof usesindicatethatsnippetsmay
helpwith high-level designdecision-makingandevaluation
of asystem'sdesign.



With regard to easeof change,four participantsmen-
tionedthatdesignsnippetsled themdirectly to undesirable
couplingsor casts.Threeparticipantsmentionedthatdesign
snippetscon�rmed that their changeshad removed casts
or improved an interface. While few of theseparticipants
explicitly usedthe phrase“easeof change,” mostof them
madecommentsthathighlightedsymptomsor solutionsdi-
rectlyrelatedto easeof change.Webelievethesecomments
indicate that designsnippetshelpedparticipantsevaluate
andimprove thesystemwith regardto easeof change.

We shouldnote that participantsalso discovered“ease
of change” problems by reviewing the code. For ex-
ample, threeparticipantsnoticedduplication in Input-
Form.createTextBoxes afterstudyingthecode.One
participant said, “If my goal is to make it easy to add
text �elds, I de�nitely want to make this [create-
TextBoxes ] lessrepetitive.”

Whenreferringto duplicationin createTextBoxes ,
oneparticipantstatedthat “It' s a bit deceptive if you start
thinking that designsnippetswill show you all the prob-
lemswith thecode,becauseit doesnot.” This commentis
consistentwith the role that codeplays in our usagesce-
nario.Designsnippetscannotreplacecodereview; instead,
our view is thatdesignsnippetsandcodeshouldbestudied
together. Usingbothdesignsnippetsandcode,moststudy
participantssuccessfullyidenti�ed and �x ed problemsre-
latedto easeof change.

6.3.Scopeand availability of designsnippet
representations

Designsnippetsarepartialrepresentations.For example,
the Dependenciesview for TextBox displaysonly those
classesthatdependonTextBox or thatTextBox depends
on. Earlierin thepaper, we suggestedthatthepartialscope
of snippetseasestransitionsbetweenJava�les andsnippets.
Table1 suggeststhatstudyparticipantswereindeedableto
transitioneasilybetweenJava �les andsnippets.

We alsosuggestedearlierthatthenon-localinformation
provided by snippetsoffers a broadercontext that assists
decision-making.Anecdotalevidencefrom the studysug-
geststhat participantsappreciatedthe non-local informa-
tion. Participants'commentsinclude:

� “Cool, I cangetit overhere.” (Theparticipantis refer-
ring to thecastsvisible in TextBox 's TypeAssump-
tionsview, eventhoughthecastsactuallyoccurin In-
putForm .)

� “This [the Dependenciesview] sort of reverseswho
usesa particular[class]. . . [it' s the] reverseof [the]
typical [view] . . . it is very useful.” (This participant
is describinghow theDependenciesview displaysthe

classesthat dependon a classin additionto what the
classdependson.)

� “Now this [De Facto Interfacesview] is useful [be-
causeit lists callerswhencalleecodeis active] . . .
thisseemsto beamorenaturalinterfacefor me.” (The
participantis comparingtheDe FactoInterfacesview
to Eclipse's “SearchReferences”right-click menuop-
tion [7].)

Studyparticipantsviewedsnippetsasthey madechanges
to thecodeandwhenthey hadcompletedtheir changesto
thecode.Snippetviews wereupdatedasparticipantsmade
changes,with no effort requiredon the part of the partic-
ipant. Oneparticipantappreciatedthe real-timeupdateof
designsnippetviews, saying,“[The Dependenciesview] is
very helpful. I have useda UML visualization[tool] . . . it
is inconvenient,it takestime to updateevery time thestruc-
turechanges.Thiswasconvenient.I don't know of abetter
way to do this.”

6.4.Possibletool impr ovements

Navigation fr om designsnippetsto code.Designsnip-
petsin their currentform are passive. Most participants,
however, attemptedto navigate to different parts of the
codebaseby clicking on elementsin snippetviews. As one
participantsaid, “I want to tie backward from the design
snippettoolsto thecode.” For example,navigationsupport
for the Type Assumptionsview could includeclicking on
entriesto jump to locationsof castsin thecode.

Intra-module information. Threeparticipantstried to
use designsnippetsto determinethe speci�c TextBox
methodsin which privateTextBox �elds wereaccessed.
Sincedesignsnippetsdo not display intra-moduledepen-
dencies,they did not answerthis question. The threede-
signrulesthat form thefoundationfor theDesignSnippets
Tool focuson inter-modulerelationships,not intra-module
relationships.During the study, however, it becameclear
thatsolutionsto inter-moduleproblemsoftenrequirethata
modulebetornapart.Intra-moduleinformationis veryuse-
ful whenmoving piecesof amoduleto otherplaces.Oneor
moreintra-moduledesignsnippetscouldalsohelpsoftware
engineersmeetdesignrules relatedto intra-modulestruc-
ture.

7. Relatedwork

Model-dri ven developmenttools. Model-drivendevel-
opmenttools, suchas IBM' s RationalRoseXDE [6] and
Borland's Together[2], supportthe creationof both UML
diagramsand code. Thesetools automaticallygenerate
codefrom UML diagramsandviceversa.



ThemaindifferencebetweenthesetoolsandtheDesign
SnippetsTool is theform androleof designrepresentations.
Using a model-driven tool, software engineerscan create
large-scaleUML modelsthatdescribetheentiresystem.In
contrast,the DesignSnippetsTool providespartial design
representations.Thesepartial representationsdo not fully
describethe system; instead,they supportthree ease-of-
changerules. Designsnippetsexist to promoteadherence
to designcriteria. Their intendedusersfocusprimarily on
codebut wouldbene�t from designdecisionsupportasthey
modify code.

Program understanding tools. ToolssuchasRigi [13]
and SHriMP [18] visualizethe structureof software sys-
tems.SNiFF+[8] performsstaticanalysisto identify refer-
encesto symbolsandvisualizeinter-modulerelationships.
Lemma[12] supportsnavigation throughcontrol �o w and
data�o w paths.Empirical studiesof programunderstand-
ing toolshavebeenperformedby Storey etal. [19] andvon
MayrhauserandLang[21].

The Design SnippetsTool differs from program un-
derstandingtools becauseof its explicit focus on easeof
change. Designsnippetscan assistcodecomprehension,
but the views presentedarenot intendedto provide com-
pleteunderstanding.Instead,designsnippetselide details
unrelatedto easeof change.

Design critics. Designcritics [16] are design-support
agentsthatautomaticallycritiquedesigns.Onedesigncritic
tool, ArgoUML [20], hasa setof built-in designrulesfor
UML diagrams.Examplesof rulesinclude“packagenames
shouldbewritten in lowercase”and“circular compositions
arenotpermitted.”

The DesignSnippetsTool also supportsa set of rules
(in this case,threerulesrelatedto easeof change).How-
ever, the DesignSnippetsTool analyzescode,not design
models.In addition,theDesignSnippetsTool doesnot ex-
plicitly identify rule violations;instead,softwareengineers
view designsnippetsin thecontext of codeto manuallyas-
sessthetradeoffs anddecisionsrelatedto easeof change.

8. Conclusion

Designsnippetsarepartialandlightweightdesignrepre-
sentationsthathelpsoftwareengineersassessadherenceto
threedesignrulesrelatedto easeof change.In this paper,
we presenta studyin which participantsuseddesignsnip-
petsandotheraidsto completea restructuringtaskfocused
on easeof change.The resultssuggestthat studypartici-
pantsuseddesignsnippetsin thecontext of codefor high-
level taskssuchasdiscovery of designproblemsandcon-
�rmation of designimprovements.Participantsalsomade
decisionsusing knowledgegained from codereview and
low-level tool output(suchascompilererrors).Thestudy's
�ndings increaseour understandingof how designrepre-

sentationscanbeusedin thecontext of evolution. We plan
to usethe study's resultsto guidefuture improvementsto
theDesignSnippetsTool.
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