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An Empirical Study on the Influence of Pattern Roles on
Change-Proneness

Daryl Posnett - Christian Bird - Prem Dévanbu

Abstract Identifying change-prone sections of code can help masggan and allocate
maintenance effort. Recentlgiesign patterndiave been used to study change-proneness.
and are widely believed to support certain kinds of changdsle inhibiting others. Re-
cently, several studies have analyzed recorded changdadses playing design pattern
roles and find that the patterns “folklore” offers a reasd@azplanation for the reality: cer-
tain pattern roleslo seem to be less change-prone than others. We push thisiaraiyts/o
fronts: first, we deploy W. Preelsietapatternswhich group patterns purely by structure
(rather than intent), and argue that metapatterns are desimpdel to explain recent find-
ings by Di Penta et al. (2008). Second, we study the effediasizeof the classes playing
the design pattern and metapattern roles. We find that sizeiag more of the variance
in change-proneness than either design pattern or megapaties. We also find that both
design pattern and metapattern roles were strong detemtainésize. We conclude, there-
fore, that size appears to be a stronger determinant of ehammmeness than either design
pattern or metapattern roles, and observed differencebange-proneness between roles
might be due to differences in the sizes of the classes glakivse roles. The size of a class
can be found much more quickly, easily and accurately trepattern-roles. Thus, while
identifying design pattern roles may be important for otreasons, as far as identifying
change-prone classes, sheer size might be a better indicato

Keywords Design PatternsEmpirical Software Engineering

CR Subject Classification D.2.8- D.2.11

1 Introduction

Change-proneness is often thought of as a proxy for mamidity. Classes that are more
change-prone have been shown to require more maintenafioce(&ftines Koru and Liu,
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2007). Since reducing maintenance effort is a key goal dinswé engineering, it is im-
portant to understand the impact of software design cha@oeshange-proneness. Design
patterns (Gamma et al., 1995) promise to help make coder¢agieolve. Specifically, pat-
terns allow classes to be assembled into a design unit, af, wbiere each class plays a
specific patterrrole. Patterns are thought to allow classes playing certairs teevolve
more easily than others. It it believed that this flexibilisypartly responsible for avoiding
reimplementation and client modification (Gamma et al. 5)98 recent study by Di Penta
et al.tends to confirm intuitions about the change-pronenessieggilaying classic Gamma
et al.design pattern roles (Di Penta et al., 2008).

A related question of interest is whether change-proneisesimply a consequence of
the inheritance and association/aggregasivaoctureof a design pattern, or if is related to
other design pattern properties.

Object-oriented programming (OOP) has at its core the iflpeogramming to an inter-
face, i.e. declaring objects of a parent interface typeeratian a particular child class type.
This practice decouples the clients of the parent interfaxckthe indirectly referenced class
hierarchy. Pree presentetktapatternswhich can be viewed as a purely structural view of
design patterns (Pree, 1994). Metapatterns arise fronthisisore OOP principle adbject
compositiorof the clients to the parent interface, and thess compositionf the parent in-
terface into the children. Most design pattern motifs camib&ed as one or more instances
of metapatterns; structurally similar design pattern fedtistantiate the same metapatterns.
Gammaet al. assert that “designers overuse inheritance as a reusddeerend, designs
are often made more reusable ... by depending more on olgjexiasition.” (Gamma et al.,
1995) Consequently, we observe that metapatterns modéketsof design pattern proper-
ties that are believed to facilitate reuse and limit chapgeeness.

The findings of Di Pent&t al. suggest that observed differences in change-proneness
in classes playing design pattern roles could be explained simply, just by structure,
viz., metapattern roles. We expect for exampleyaatecy role to change less often than a
CONCRETE STRATEGYOle because changes to the former may ripple through bettotirext
hierarchies where overridden methods are defined ansittheecy class hierarchies where
these overridden methods are called. This intuition is regetident on any property of
design patterns that are not also captured by metapatfdresntent of thestraTEGY pattern
does not affect reported intuition regarding change presgnrather, the reported intuition
is simply a consequence of the class and object relatiomshgueled by metapatterns.

Since metapatterns are defined by a subset of design pattgyerpes, they are more
easily detected. With the exception aN& LETON, MEMENTO, and FACADE, every Gamma
et al. design pattern motif inherently contains a metapatteus,tive will find at least one
metapattern for each such design pattern. Furthermoree siretapatterns almost always
have fewer detection requirements than design patternsypieally find some additional
metapatterns where no design pattern exists. Consequéetbcted metapattern instances
are usually at least as numerous as the design patterndesttrat include metapatterns, up
to any limitations in detection tools.

Earlier studies of change-proneness indicatestzinfluences change-proneness (Bie-
man et al., 2001, 2003) of classes that participate in dgsadgerns. The authors expected
that classes involved in design patterns would be less eiprane, however, they observed
that such classes were still more change-prone after attinguor size than those not par-
ticipating in design patterns.

In a later study, Aversano et al. (2007) observed that ctapadicipating in patterns
that “play a very important role for a(n) ... application"eamore change-prone and that
classes not participating in patterns are often not keygaants in the application’s design.
Consequently, their results support the work of Bieman butat shed any further light on
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the question ofvhether the various design pattern roles actually offerdtability suggested
by the literature

In this paper we study classes playing pattern roles withénsame pattern and appli-
cation to shed further light on the question of the relatijmdetween design patterns and
class stability

1.1 Outline

We present the following results:

1. We observe that differences in change-pronenestesign-pattern roleseported by
Di Pentaet al. (Di Penta et al., 2008) can also be explained by the purelctsiral
notion of metapattern rolesWe observe similar patterns of change-proneness among
design patterns that employ the same metapattern modellleesvire the independently
measured metapatterns.

2. However, when controlling for th&izesof the classes playing these (pattern and metap-
attern) roles, we find that the roles add very little explanapower.

3. We also find thasizesof the classes are strongly associated with the metapatits
played by the classes; leading to the conclusion that whitteeph and metapattern roles
do partially explain change-proneness, the dominantefeécdirectly through size, i.e.
classes playing certain metapattern roles are larger.

Our work is in the spirit of Perry & Porter and Basili & ElbauBgsili and Elbaum,
2006; Perry et al., 2000) who point out that replications iategrating multiple studies are
critical to gain confidence in empirical results. In additi@ur findings suggest that some
widely held intuition about the change-proneness of ckaplaying various roles in patterns
can be explained by the simpler relationships of the undeglgnetapatterns.

We begin with a quick overview of metapatteri§s2(, leading to a formulation of the
main research questions. We then present a detailed refimetapatternss(3) and discuss
related work § 4). We describe§(5) our data extraction approach. We then present our
results ¢ 6), discuss threats, and conclude. Throughout this pagerefer to the patterns
introduced in the classic GQBang of Four)Book (Gamma et al., 1995) aesign patterns
and the purely structural patterns presented by Presetapatterns

2 Overview

Metapatterns capture thmure structureof design patterns. As an illustration, we describe
the structural similarity betweent&TE and STRATEGY patterns. First, consider therSre
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design pattern (Fig. 1) with theonTexT, sTaTe, andconcreTesTaTeroles! Calls from clients
(not shown) tacont ext . Request () are forwarded to the base-class metBoak e. Handl e()
and then €.g) to the implementatiorConcr et eSt at eA. Handl e() via the sTaTE instance
variable. ThestraTEGY design pattern has an analogous structure, consistiegaofexT,
STRATEGYaNdcoNCRETESTRATEGYBothState andStraTEGY have astablepart, and @hange-
able part. TheconTexT role in these patterns is used by clients of the pattern, anttic
change in response to changing client needs cbhveexTrole makes use of theraTe/sTRATEGY
role, which defines an interface, and thus is relatively fixus interface is implemented
by concRETESTATECONCRETESTRATEGYOlES, which provide varying implementations of the
STATE/STRATEGYrOles. The class playing theate/sTrRATEGYIOlE, by remaining stable, effec-
tively decouples the classes playing the other two role=e Roticed the structural similarity
of these two patterns, and named the shared structune theonnecTionmetapattern.

The conTexT role in the STaTe/STRAGEY pattern is named theempLATE meta-role in
the 1-1-ConnEcTION Metapattern; the interfaceTxte or sTRATEGY role) is named th@ook
meta-role; and the changeable rolesNcRETESTATEOr cONCRETESTRATEGY are called the
IMPLEMENTATION meta—roles.

Pree defines 7 structural metapatterns and shows that nsighgetterns have, at their
core, an instance of one or more of these metapatterns (retaésdn section 3).

2.1 Research Questions

A close reading of earlier results by Di Penta et al. (2008herelative change-proneness
of classes playing different roles in a design pattern, sstggthat the findings could be
grouped by the underlying metapattern roles. Other stuafiekange-proneness in patterns
suggest thasizehas a strong relationship to change-proneness (Bieman 208, 2003).
Size is an appealing, baseline phenomenon: the larger aa@np the more likely
some part of it changes. Moreover, we agree with Briand angt\{2002) who assert
that “the size of an artifact is a necessary part of any modadipting a property ... of
this artifact.” If we are relating change-proneness to spnoperty, we want to know that
this property is telling us more than just that the largesstes are more change-prone. To
this end it is often prudent to include size as a control in ruwglels that relate properties
potentially influenced by size to a particular outcome (Eldgmet al., 2001). If our goal is

1 In this example, classes have been given the same name atethéor clarity.



to understand a phenomenon such as how design pattern ffeleschange proneness, then
it is necessary to determine if the role attributes that veenaeasuring are an artifact of the
design pattern role, or simply a proxy for size. And so we &kthe observed differences

in change-proneness hold up, even when accounting for zks sif the respective classes
playing the pattern or metapattern roles? We begin by stgdyie influence of size on the

change-proneness of classes playing traditional desig@rpaoles.

Research Question 1To what extent does design patteafe explain the variation in
change-proneness of classes, when controlling for clae8 si

Our second research question considers the same issueesptct to metapatterns:

Research Question 2To what extent does metapattenie explain the variation in
change-proneness of classes, when controlling for clae8 si

Next, we consider the relative explanatory power of patteles and metapattern roles:

Research Question 3When controlling for size, do metapattern roles explain ashmn
of the variation in change-proneness as design pattersiole

Finally, we consider the impact of design pattern and métayaroles on the sizes of
the classes playing those roles. If the roles explain afsigmit level of the variance in size,
then the differences in change-proneness of roles mighplgiime an indirect, mediated
effect of the relative size differences in the classes ptayhose roles.

Research Question 4Do (the purely) structural metapattern roles and pattelesra
explain the variation in the sizes of classes playing thokes?

3 Phylogeny: Metapatterns and Patterns

Metapatterns are rooted in two structural rotesypLATE andHook. A TEMPLATE iS a class
with a method: that calls a method in the Hook class (or interface). TheempLATE pro-
vides a “template” to accomplish a goal and theok provides a way in, or a “hook,” into
a flexible class hierarchy including the hook and its desaptsdWe use the same terms,
without ambiguity, to refer to theempLATE andHook methods, i.edook may refer to either

a method or a class, depending on context. To make use ofdbwe class hierarchy, the
TEMPLATE method must invoke theook method through some variable or parameten
theTempLATE class. This variable provides the link between the algorigimd the collection
of classes available in theook class hierarchy. The cardinality gfdefines the cardinality
of the instance relationship between tiepLaTE andHook classes. Whel is a container
the TEmpLATE may invoke any number ofook instances and the relationshiplis N. Al-
ternatively, if f is a simple scalar instance sbok thenTempLATE may invoke methods in
only oneHook instance and the relationshiplis 1. A subject may have to update many ob-
servers so this would indicatela N relationship. On the other hand, a document formatting
strategy may hold only a single document formatter refezawen though it might choose
one of several concrete formatters; this single objecteefee defines a: 1 relationship.



In every case, theook method in theiook class can be overridden by methods in one or
moreHook IMPLEMENTATION (hereafter referred to aspLEMENTATION) classes derived from
the Hook class. In the example above, the concrete strategies tipdérmented different
document formatters would play therLemenTATION roles.

The patterns are shown in Figure 1 and are defined as follows:

1. If the Hook to TEMPLATE relation is purely associative or aggregative, it is:aor 1:N
CoNNEcCTIONMetapattern.

. If TempLATE inherits from hook, it is a:1 or 1:N REcuRsIVECONNECTION metapattern.

. If TeEmPLATE @andHook are the same class, this im&rication metapattern.

. If tempLATE andHooK are the same class type, batipLaTE references or aggregates one
or more instances of its own type, it islal or 1:N RECURSIVEUNIFICATION metapattern.

A WOWN

3.1 Connection Metapatterns

In the connecTioNmMetapattern, theempLate method delegates a specific task to taek
method. Theiook method is an “articulation point” allowing therLemMeNTATION @NdTEM-
PLATE classes to change independently.

The first row of Table 1 lists the traditional design pattethat instantiate thet-1-
CoNNECTION metapattern. Because the hook serves as the base classfor armore im-
plementations, we can expect that tiheok role is relatively less change prone than the
IMPLEMENTATION OfF theTempPLATE roles. This mirrors the intuition reported by Di Peetzaal.
across many design pattern roles such as those ebirerer, COMMAND, STATE, STRATEGY,
andoBseRVERpatterns.

In general, given a pattern role, the corresponding mdeisoevident. For example,
theBuiLDER pattern, al-1-ConnEcTIONMetapattern: theuiLber pattern role maps towook
role, theoirecTor to the TEmMPLATE role, and theconcrReTEBUILDERTO the IMPLEMENTATION
role. We list the typical meta-roles for the cannonical G@Ecures in table 5.

The 1-N-CoNNECcTIONMetapattern is similar, to thie 1-ConneEcTiONMetapattern except
that thetempLATE role may aggregate or reference multiple instances ofitfu role ob-
jects. With respect to class structure and change-prosemegxpect that-N-CoNNECTION
and1-1-ConNecTionare similarrook should change less thampLEMENTATION OF TEMPLATE.
Instances ofl.-N-ConnecTionare shown in row 2 of Table 1.

3.2 Recursive Metapatterns

In the recursive metapatterns, thempLaTE class inherits from the hook class. This means
that it calls into its own hierarchy, and typically must picer an implementation, as well as
a “template”, for thetook class. Playing botivpLemENTATION @and TEMPLATE roles compli-
cates therempLATE class: it acts as both a client of an algorithm, and often @amatemen-
tation of parts of the algorithm. TheempLaTE is more strongly linked to theook than in
the non-recursive variant.

In the DeEcoraToR pattern, thecomponenTclass plays theiook role providing the in-
terface for bothconcreTE componENTAaNd bEcORATOR The bEcORATORplAYS theTEmPLATE
role and often a defaultiprLemENTATION role. theconcRETE componENTClass also plays the
IMPLEMENTATION. Because theecoratorcan be subclassed bycancreTE bEcorATORhat
must correctly invoke methods on themponenTClasses that they decorate, the classes are
more tightly bound than in many other patterns. Bheoratorclass holds a reference to a
coNCcRETE compoNENThat is also a descendant of thempoNeNT(HooK) and typically the
pecoraTor Methods forward requests from onencreTepEcorAaTORO the next. Changes



Meta Pattern Design Pattern

1: 1 Connection BRIDGE, BUILDER,
MEDIATOR
STATE, STRATEGY,
VISITOR

1 : N Connection ABSTRACTFACTORY,

COMMAND,FLYWEIGHT,
ITERATOR, OBSERVER
PROTOTYPE ADAPTER
PrRoOXY, VISITOR

1: 1 Recursive DECORATOR

Connection

1: N Recursive COMPOSITE INTERPRETER
Connection VISITOR

Unification FACTORY METHOD,

TEMPLATE METHOD

1 : 1 Recursive Unification | CHAIN OF RESPONSIBILITY
1 : N Recursive Unification| None

No Metapattern FACADE, MEMENTO,
SINGLETON

Table 1:Classifying design patterns into metapatterns. All theapetterns are presented for completeness.

in the baseompronenTrole, and changes in forwarding logic will induce changesssthe
pecoraTORSUbtree. Thus, we expect thecorator playing therempLaTE metapattern role,
to be more change-prone than eitherit®k, or even thaeiook subclasses.

We expect the-N-Recusive-ConNEcTIONMetapattern to show a similar pattern of change-
proneness to the-1-RecursivE CONNECTIONMetapattern.

3.3 Unification Metapatterns

TheuniricaTion metapatterns combingmpLate andHook both roles in a single class. Most
patterns of this form do not contain an explieitok reference and theoox call is made im-
plicitly through thet hi s reference. The recursive form of this pattern combinasLaTe
andHook methods into a single recursive method. Since no desigarpatemploy th&e-
CURSIVE UNIFICATION metapattern structure (see Table 1), we ignore it. The (oursive)
UNIFICATION metapattern may be found in tifectory METHOD and TEMPLATE METHOD de-
sign patterns. There is no strict mapping between theserpatand th&/niFication metap-
attern, however, and both can also be implemented witlctheiecTion metapattern.

4 Related Work

There has been significant research effort focused on tidatiah of design pattern claims.
The earliest results focused on comparing developmenttefimth with and without de-
sign patterns. In a controlled paper and pencil experimanthe effectiveness of design
patterns, Prechelt and Unger found that witilzoraTorRhad a positive effect on program
maintenance as compared to a simpler non pattern based desigion,Osserverhad a
negative effect; the benefits abstracTFacTORY Were small, and, contrary to expectation,
the VisiTor was neither beneficial nor detrimental (Prechelt et al. 12000kac replicated



this experiment in a real programming environment and fosindlar effects forbecora-
TorR and ABSTRACTFACTORY, a very strong negative effect fonsitor and a positive effect
for osserver(VOKacC et al., 2004).

Ng et al. found that the difficulty of performing maintenance tasksl&pendent on
whether the subjects are changing concrete participargtaat participants, or client code (Ng
et al., 2007) and that even inexperienced coders were m@gaaaffect changes on a sys-
tem re-factored to design patterns than on the originaldesign pattern based system (Ng
etal., 2006).

Biemanet al. studied change-proneness in design pattern instances finth systems
comparing classes participating in design patterns tceethieat played no role within any de-
sign pattern (Bieman et al., 2001, 2003). They theorizet #iace design patterns support
adaptability, classes instantiating design patternsldimmore stable, and adaptations will
occur via specialization of existing classes in prefergngmodification of existing classes.
Contrary totheir expectation, they found that classes participating ingrepiatterns ac-
tually change more than classes not participating in degéterns. One interpretation of
this result might be that design patterns do not lead to greataptability and lower change
proneness. This interpretation does not, however, acéousystematic differences between
pattern and non-pattern classes. We do not find the Bienalnresult surprising; in fact, we
expect that design patterns would be deliberately used ke mextain classes (perhaps play-
ing critical roles) easier to change. By design, as the systlves, these critical classes
might well become the focal point for change. Consequeatfinding that design pattern
classes change more than non-pattern classesoesply that using patterns is bad: it is
simply a reflection of the fact classes playing certain roleertain patterns, by design and
intention, change more often in response to normal softeeoution. This leads naturally
to the question of how pattern roles influence change-psmess we discuss below.

Aversancet al. (Aversano et al., 2007) studied patterns in several opercsquiograms
comparing change-proneness and co-change of classesgaditig in design patterns to an
overall rate of change. They found that patterns change fegeently when they play a
crucial role in the application. They also found that paisanake clients resistant to changes
but that changes to the pattern interface reduce thiseasili They concluded that overall
class change frequency and quantity does not depend omrpgtpe but on the (design)
role a pattern plays for the application. Their findings sapphe work of Biemaret al.
in that they not only find pattern classes more change-ptaunethat, in particular, classes
in patterns at the core of an application’s design are moaa@ér-prone, which, as with
the work by Biemaret al, runs counter to expected intuition that design patterompte
stability. This apparent contradiction melts away whertgratroles are considered.

One often ignored aspect of class role membership is thesesafrequently play multi-
ple roles. Khomtet al. studied the impact on classes playing multiple roles wighaystem.
Their work focuses on cross motif roles and showed that whilétiple roles cannot be ig-
nored, a non-significant number of classes play a single(kdiemh et al., 2009). We can
draw two key ideas from this work. First, since a statisticaignificant number of classes
play single roles within a system it is reasonable to stuéyctimnge proneness of patterns
playing single roles; second, since we cannot ignore nieltiples, we must include this
aspect in our models in some manner. A class playing multles does not necessarily
take on the characteristics of just one role and it would beneous to treat it as such.

One approach to control for between pattern variation itwsicler expected intuition
within patterns. Recently Di Pené al. (Di Penta et al., 2008) studied change-proneness of
specific roles within design patterns. They compared thegdgroneness between groups
of classes playing different design pattern roles. For eladign pattern, the authors de-
scribed their expected intuition regarding change-pressrof roles. In thetate pattern,
for example, thestate role is an interface, and should be more stable. LikewisetHe



ADAPTER, the TARGET role both provides the interface that all adapters mustemeit as
well as the external interface to the pattern via the cliemdt hence should be relatively
stable. We observe that their arguments could be abstranttethetapattern roles, in terms
of the connecTiONmetapatterns. TheempLATE role expects a stableok interface through
which it can call on thewrLemENTATION Classes that extend theok interface. We see addi-
tional similarity in the intuition reported for theecursive connecTioNbased patterns. For
both DEcoraTorR@nd ComposiTE the comPoNENT pattern role is expected to remain stable
as it provides the interface through which clients make dskeodecorator pattern as well
as the interface that must be implemented by aNcreTeE comPONENTEINDDECORATORS A
change to this class may have ripple effects both in thetslidrat use the pattern and the
classes that implement the pattern. Di Pegttal. reported, contrary to their intuition, that
the becoraTorRand composiTeroles often change more than expected. €herosiTerole
implements a mechanism to build collectionscoficrReTE compPoNENTSAND thepECORATOR
similarly contains the mechanism to add any numbera@fcreTE DECORATORMplementa-
tions around eachomponeNT. Hence, these roles are more than simple interfaces and we
expect that theirempLaTE role nature explains previously reported observationxesihese
classes implement the elements that comprise the cordtalgasf the pattern it is expected
that thecomposiTewould be more change-prone and twucreTE comPONENTSESS SO.

In summary, while Di Pentet al. report distinct results for how the roles in different
design patterns are change-prone, their results in ouysisalan be more simply and con-
sistently viewed in the light of metapattern roles. In otwerds, we expect to see in the Di
Pentaet al. data thatClasses playingiook roles change less than those playimgLeMEN-
TATION Or TEMPLATE roles Moreover, the reported intuition, although expresseaims of
design pattern roles, is specifically related to the stmectoodeled by metapatterns.

Our research is partly animated by this finding; we investigghether design pattern
roles that can be grouped into the sameta-patterrroles show similar change-proneness.
As DiPenteet al,, and unlike previous work, we compare roles within patteimsddition,
we control for size, multiple roles, and for between-red¢eaffects. This approach allows us
to focus more clearly on the affect role membership has @sahange proneness.

5 Data Gathering and Methodology

We gathered data from the same 3 projects used by Di Remtia(Di Penta et al., 2008):
JHotDraw (5.1 — 5.4b2), Xerces(1.0.0 — 1.4.4), and Eclipse JDT1.0 — 2.1.2). We used
the same approach to identify the pattern and metapattstanices that survived across
multiple changes.

To gauge the effect of design pattern/metapattern rolehange-proneness, we iden-
tified pattern instances that remain stable, despite otemges, using the approach of Di
Penteaet al. A pattern instance istableif its major roles are bound to the same class names
in two consecutive releases. For metapatterns we requérecthpLaTe andHook and their
associated template and hook methods to remain stablesgeroseleases.

Given a class playing a stable pattern role between twosetaand R + 1, we count
the number of changes to that class in a series of snapshaitsdrethe releases. We identify
transactions: multiple commits within a narrow time windovade by the same developer
are counted as an atomic commit, and thus a single change.

Previous results counted each unique commit as a singlegehsve identified change
counts in a similar way, but used Fluri@hange Distiller(Fluri et al., 2007), a more fine-
grained change analysis tool. Commits that contain no bhsmarce code change, e.g.
adding blank lines or rearranging methods in a class, aremoited.
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Pattern Key Roles

Abstract Factory | Abstract Factory, Abstract Produdt
Adapter Target, Adapter, Adaptee
Command Invokder, Command, Client
Composite Composite, Component
Decorator Component, Decorator
Observer Subject, Observer
Prototype Prototype
State/Strategy State/Strategy, Context
Template Method Abstract Class
Visitor Visitor, Element

Table 2: Key roles for identification of duplicate patterntifeoacross releases.

5.1 Design Pattern Detection

We use the DeMIMA approach of Di Peng al. to identify occurrences of design pat-
terns (Guéhéneuc and Antoniol, 2007). DeMIMA is built be ®t i dej toolset which con-
structs static and dynamic models of Java source code.

Each pattern is defined as a set of logical constraints; alamaion based constraint
solver (Jussien and Barichard, 2000) is used to identifiepabccurrences. We used pattern
participation data generated by the dej solver provided by Guéhénewet al. to identify
design patterns in JHotDraw, Xerces, and Eclipse JDT.

5.2 Metapattern Detection

We identify metapatterns in two ways. First, we link desigtit@rns with their associated
metapatterns, thus extracting metapattern instancestfrerthe DeMIMA pattern data. We
call these metapatteresnbeddednetapattern s. Thus, each design pattern role is associated
with its metapattern roles. The number of metapattern rnolesach design pattern varies
and metapatterns may also span multiple design patternsow&der only intra pattern
metapatterns and do not classify any role as a meta-rolssimie can identify all meta-
pattern roles within the design pattern. These canonicédpagterns are derived from the
example pattern motif structures presented in the GOF bGalknfna et al., 1995) and are
presented in recent work on design pattern detection (Hiagasl., 2008). As an example,
the osserverpattern has a canonical metapattern role where sheséct, Osserver and
CONCRETEOBSERVER) roles correspond taémpLATE, HOOK, andIMPLEMENTATION) meta-roles
respectively. ThequsiecT, CONCRETESUBJECT) Often correspond ta40okK, IMPLEMENTATION)
meta-roles with respect to somemprLaTE (often referred to as the client) that lies outside of
the osserverpattern. From this perspective tiencreTESUBIECTrOlE plays no meta-role
within the OBserverdesign pattern even though it often plays some meta-rol@msome
metapattern that is partially external to theserverdesign pattern. Since we cannot iden-
tify all meta-roles of thigartial metapatterrwithin the osserverpattern, we cannot label
it as a stable metapattern, and hence, we do not include itriarmalysis. Thus we focus on
the metapatterns that model design pattern behavior witlgirdesign patterns detected by
DeMIMA. This limitation only applies to our analysis of endued metapatterns inferred
from the DeMIMA data. It does not apply to the analysis of D& design patterns which
include all roles detected by DeMIMA, nor does it apply to apgttterns extracted directly
from code, as discussed below.
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Our second approach to identifying metapatterns reliesuwnnetapattern detection
tool THEX, an abstract interpretation technique usingAgelibrary (Bruneton et al., 2002)
that directly identifiesTempLATE/HOOK relations in Java class filés This approach does
not make assumptions about which metapatterns are assbeidh design patterns; nor
does it distinguish between intra and inter pattern metapet. If a set of classes meets
the requirements for a stable metapattern relationshéy, dne included in the results. This
analysis is not possible with the dimema metapattens bedaaMIMA does not identify
all of the classes that would comprise the inter-patterrapaterns.

5.3 THEX Description

Here we present some details of how we define metapatterrsvansuich that they can
be detected byHEX. We begin with Tourwé’s (Tourwé and Mens, 2003) formal wi&fin
of TEmpPLATE/HOOK relationships, and metapattermsiEX identifies methods as ook via
inheritance and over-riding.

Given a classV/ and a class or interfacH such that eithe\/ is a subclass off or
M implementsH, a methodh € H is a potential hook if there exists a methode M
such thatn andh share a common signature aié pr ot ect ed or publ i c. In other words
there must exist at least one implementatioof a hookh in order to classify: as a hook
method.

Then, we findrempLaTE methodst in class or interfacd” such that invokesh through
some variable of type H. We take the definition of from Tourwé and allow it to be either
a field, a parameter, or a local variabfefEX then performs an intra-procedural data flow
analysis using abstract interpretation to trace the typsoafces used for method invoca-
tions. If the type of the source trace is a subtypé/adhen we consider the tripléT’, H, M)

a basic metapattern with no specific metapattern typex uses some minimal heuristics to
identify certain types of composition references in arragd Java Collections. Heuristics
are also used to identify hook variable getters. If the calift to / is made through some
methodf € T such thatf simply returns the value of a local fieldof type H, then we
identify y as the hook variable. Oneeok and TempLATE instances are identified, we use
inheritance relationships as described above to identdiapatterns.

5.4 Pattern Counts

The number of pattern and metapattern motifs of each typielantified in Table 3. For each
of these patterns we count only motifs that are stable ovksaat two releases. Whenever
the same classes (identified by the same name) play the sgnaé® as identified in Table
2 by Di Penteet al,, in multiple releases, we count the motif only once.

For embedded metapattern instances, we consider two aestadientical if the design
pattern instances that they are derived from are identicralsa two releases as identified
above. Thus the embedded metapattern instances are regibuping of design pattern
instances based on the expected underlying metapatteenTHEX metapatterns are not
associated with any design patterns so we usegheLAte andHook roles as a basis for
identification. TWOTHEX metapattern instances that have the same classesiinare and
Hook roles across two releases are counted only once in the table.

The VisiTor, PROTOTYPE, DECORATOR, and ComposiTE patterns are found quite infre-
quently in several projects; they are excluded from latexdyais when there are too few
for analysis. The large number afBsTrRACT FAcTORY and FACTORY METHOD instances are
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Pattern JHotDraw Xerces ExclipseJDT
Pattern Counts # # #
Role Cardinality 1] 2]|N 1] 2]|N 1 ]2 |N
Design Patterns
Adapter 118 [ 215]187| 36 || 135 (230|224 35 || 419 |1516| 1893|316
Abstract Factory |1259(128|171|148||2657|163|323(317|| 0 | NA | NA |NA
Command 50 |183|106| 49 || 88 [234|167| 95 || 285 |1414| 865 | 943
Composite 72 |317| 57| 2 131921 5|0 92 |825| 96 | O
Decorator 22 |220] 22| 3 0 |NA|NA|NA|l 253 |1101| 395 | 45
Factory Method | 444 |204|205| 12 || 596 | 56 | 26 | 2 || 3285|1570|1232| 121
Observer 69 | 86 [143| 33 || 64 [292| 49| 36 || 208 | 332 | 299 | 100
Prototype 2 |44 0|0 0 [NA|NA|NA| 5 (111 O 3

State/Strategy 46 |276| 37| 7 95 |634|114| 21 || 317 |2279| 986 | 83
Template Method | 63 [184|241| 50 || 90 |270|357| 55 || 470 | 1354|2433| 396
Visitor 1 (21|18 |0 6 | 59| 46| 14| 43 | 503 | 327|298

Ptidej Metapatterns
Connection 236 [272[519] 75 || 307 | 848]553]103[[ 1250] 2004] 3472] 649
Recursive Connection104 |510{152| 2 13 |123| 6 | O || 373 |2103| 686 | 44
Unification 64 [500| 87| O 100|733(132| O 500 [4220( 804 | O

THEX Metapatterns
Connection 339 (380( 319
Recursive Connectioh 34 |316| 51
Unification 30 [270| 21

289 |486|203| 13 || 3324|3484 2286| 153
47 |291| 49| 1 || 140|1025| 340 | 14
25 |(230] 15| O || 188 |2578| 226| O

O O O

Table 3: Role and pattern cardinality cousunts for classes playing 1,2, (2) roles within the specified
design pattern. NA indicates that there were no patternbatftype in the project.

most likely due to the simplistic nature of the patterns teelves. Although we derive the
embedded metapatterns from the DeMIMA design pattern tesué do not see the same
high numbers mirrored in the associated metapattern matifitt This is because we filter
metapattern instances based ontherLATE andHook roles as described above.

5.5 Methodology

We use these data in multiple regression models to examémeldtionships between pattern
and metapattern role, size, and change-proneness. Thim@ommodeling technique has
been usedgg) to study the effect of coordination on bug resolution tirf@ataldo et al.,
2006) and the effect of distributed development on defeRitsl et al., 2009).

In our context, we use pattern roles played by classes, girméease, and the size of
classes in lines of code (LOC) agplantory or independenvariables and the number of
distinct commits to a class as thesponseor dependentariable. We use Understand for
Java 1.4 by SciTools to compute LOC, which is taken to be thralbmu of source lines
that contain actual source code (Sci-Tools). For everygaigsattern, we build several linear
models using roles as explanatory variables. There is gole per revision per class for
each project within a system. Models are built on a subsdiaxé tuples based on pattern
participation. For the majority of models our responsealalg is the number of commits
made to the class prior to the release. For the models whezésshe response variable, it
is measured in LOC and log transformed as described in theseekion where we discuss
explanatory and response variables in greater detail.

Our interpretation is based on two key attributes of thesdetso First, the estimate of
the coefficientfor a particular role indicates the difference in changerpness relative to
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the weighted mean change proneness of all classes in thepsdiresn. Both the sign and the
magnitude indicate the relative effect. This effect is neamingful if not statistically sig-
nificant. We consider these role coefficients both with arithevit size control. We always
include release as a control and its interpretation is mutificant in this study, we discuss
it briefly in the next section and again in threats to valid@gcond, the?? value represents
the explanatory power of the model, indicating the proportof variance in the response
variable that can be explained by variance in the explapatmiables.

Since we are interested in the difference in change-prasemetween roles in the same
pattern, we include only classes that play at least one notmeé instance of the specified
pattern. As Khomh et al. (2008} al., we observed many cases where a class played multiple
roles. For example, a class may bea@iroNeENTIN One instance of theomposiTEpattern
and aLear in another. To compare the change-proneness of a clasaglayarticular role
to the mean change of classes within the pattern, we haved® e membership as a
mutually exclusive dummy variable. Although a non-mutpakclusive coding is possible,
it complicates interpretation of the coefficients. One chavould be to encode all possible
combinations of roles. Unfortunately, this encoding lesmlsnany highly correlated and
insignificant predictor variables, even, when we build miedier only a single pattern. The
explosion of insignificant and correlated role combinagiomer multiple patterns precludes
building a useful model over the entire system. Since a fiagmit number of classes play
only one role, we elect to use a binary predictor for thesestolve also include a binary
predictor for classes playing two distinct roles, and a joted for classes with distinct
roles (forn > 2). We are not concerned with a class that plays multiple intsta of the
same role. We consider a class that plays onlyHbex role in 10 different instances, for
example, as playing a single role.

Class| TEMPLATE HOOK IMPLEMENTATION | HOOK cpde  IMPLEMENTATION (e

[&f 1 0 0 -214 -1/4
Co 0 1 0 1 0
C3 0 0 1 0 1
Cy 1 0 0 -2/4 -1/4
Cs 0 1 0 1 0
Cs 1 0 0 -2/4 -1/4
Cr 1 0 0 -2/4 -1/4

Table 4:Weighted effects coding exampl&EMPLATE is base, encoded asny, /npqse, and fractions are left
unreduced for clarity.

Since the role memberships are unbalanced, i.e., therg@oalty moreimpLEMENTA-
TioN classes tharook classes, we use a weighted effects coding that faciliteg&sightfor-
ward interpretation of the coefficients (Cohen et al., 1988fh role membership coefficient
indicates the relative effect of role membership on the ddpet variable, compared to the
weighted mean of the dependent variable across all claasgspating in a pattern. For ex-
ample, in the case where change-proneness is the deperdatie, a positive coefficient
indicates that, on average, the class playing the role ist@qprechanges more often and a
negative coefficient indicates that the it changes, on gegilass often.

The role predictorsdomponEnT, etc.) take on a value of 1 if the class plays that role
and 0 otherwise except as follows. For each model, one raelésted as thibaserole for
the coding scheme and is coded-as;, /ny,s. Wheren,, . is the count of classes playing
the base role and,, is the count of classes playing rote For example, to code the roles
for the connecTiIONMeEtapattern suppose we use a simple coding wherdicates that the
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class plays a role ariindicates that it does not. This coding is shown in the se¢ioraligh
fourth columns of the Table 4. We might choossirLATE to be the base role and recode as
shown in the two rightmost columns. It is necessary that tselroded role is left out of
the model in order to avoid perfect collinearity. Since thedel now includes only predictor
variables for theiook andimpLEMENTATION Classes, the model does not yield a coefficient for
theTempLATE classes. To obtain this coefficient, each model is then tedeeth a different
base variable. This method produces the same coefficiaritssfmon-base predictors and is
the preferred method for obtaining coefficients for all abgeedictors (Cohen et al., 1983).

Table 3 shows for each project and each pattern how manyeslatasy a single role, two
distinct roles, or more than two distinct roles within thenggpattern. A class may play, for
example, acoNCRETE STRATEGYrOle in one instance while also playing theent role for a
second state/strategy pattern. As DiPesttal,, we do not include cross pattern participation
in this study as we are looking at relative change-proneagsksses playing roles within
patterns. That is, we do not exclude classes playing rolessenultiple patterns, however,
we do not control for their multiple pattern membership eitiWe do consider within pat-
tern role multiplicity, i.e. classes which play multipldes within the same pattern, as it is
not reasonable to arbitrarily assign role membership t@ssclvhen it plays multiple roles
within the same pattern. For example, if a class play®ax role in 3 patterns and ev-
PLEMENTATION role in 8 more, we cannot choose either role arbitrarily fwesent the role
participation for the class.

It has been shown that size often follows a log-normal distion (Zhang and Tan,
2007). We observe this distribution in all three projectd an we log transform LOC to
increase central tendency, reduce heteroskedasticdyingmrove the model fit. In addition,
due to skewness, we also log transform the number of cha@ggee( et al., 1983).

There are potentially many reasons that a class may chaclgelimg defect corrections,
foreseen design changes, unforeseen design changes; emdition, there is no reason
to expect that the relative frequency of these changes isistent across all releases We
might, for example, expect significant between releaseatran as a project moves from a
development phase into a maintenance phase. In order talmell releases in the models
while controlling for between release variation we tredgase as a time fixed effect so that
we are only looking at within-release, within-pattern aion of change-proneness (Brooks,
2008). The between release variance is captured by the aeeffiof the release control
variable. We do not include any other within-release, witpattern control variables, such
as change type, in this study (See 8).

To check that multicollinearity isn’t a problem, we compttie variance inflation factor
(VIF) of each dependent variable in all of the models. Althlothere is no particular value of
VIF that is considered excessive, we use the commonly usesbcaative value of 5 (Cohen
et al., 1983). We did not find any VIF values that exceeded Snnaf the models and
conclude that multicollinearity is not an issue.

We check for outliers through visual examination of thedeals vs. leverage plot for
each model looking for both separation and large values @k&alistance. Because of
the large number of models, we automatically eliminate {gowvith Cook’s distance greater
than the critical value of the F distribution with= 0.5, andk + 1, n — k — 1 degrees of
freedom, where: is the number of independent variables in the modelargithe number
of data points (Cohen et al., 1983).

Because we want to compare nested models &.model which uses the same response
variable, a subset of predictor variables, and the same &efata point$ to demonstrate
the explanatory power of additional variables, we must enthat automatic variable elim-
ination results in the same data points for each model. Stwk’s distance is dependent
on the choice of predictors, it varies across models. We fiatllty using the modelz;.,,,
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Pattern TEMPLATE HOOK IMPLEMENTATION
Abstract Factory | CLIENT FACTORY CONCRETE FACTORY
(element tree) CLIENT PRODUCT CONCRETE PRODUCT
Adapter CLIENT TARGET ADAPTER

Command INVOKER COMMAND CONCRETE COMMAND
Composite COMPOSITE COMPONENT LEAF

Decorator DECORATOR COMPONENT CONCRETE COMPONENT
Factory Method | CREATOR CREATOR CONCRETE CREATOR
Observer SUBJECT OBSERVER CONCRETE OBSERVER
Prototype CLIENT PROTOTYPE CONCRETE PROTOTYPE
State/Strategy CONTEXT STATE CONCRETE STATE
Template Method| ABSTRACT CLASS ABSTRACT CLASS | CONCRETE CLASS
Visitor CLIENT VISITOR CONCRETE VISITOR
(product tree) OBJECT STRUCTURE| ELEMENT CONCRETE ELEMENT

Table 5:Design Pattern to Metapattern role mappin@emaining roles in order: Adapter:adaptee, Com-
mand:client, receiver Decorator:concrete decorator, feag Method:product, Observer:concrete subject)

which uses roles and release as predictors, as a basis,awadtlebdditional predictors do
not eliminate any additional data points.

We compute models for three categories of data in each ohtke projects JHotDraw,
Xerces, and Eclipse JDT. We first examine design patterndemsified by DeMIMA. We
also examine metapatterns as extracted from the DeMIMAydgztterns following the de-
scription presented in section 3. This set of metapattesnges to group the design patterns
by their expected underlying metapatterns. Finally, welyaeametapatterns identified by
THEX presented earlier. THEHEX metapatterns look at all found metapatterns independent
of design patterns. By looking at the first set we can see ileapectations about metapat-
terns behavior hold when applied to known design patterrigevitie second set allows us
to see if these same behaviors hold when we relax the deteetimirements to only those
required by metapatterns.

There are over 100 combinations of projects, categoriesitéms, and particular pat-
terns, making a detailed account of each model tedious apdaatical (see summary in
Tables 6,7, and 8). In lieu of this we provide a detailed sumynad role behavior and an
overall summary of model behavior across each project.

6 Results

Here we present the results ordered from RQ1 to RQ4. Firstliseeiss the degree to which
pattern roles explain variance in change-proneness, whesidering the impact of size.
Second, we discuss the influence of metapattern roles omgehaoneness, when control-
ling for size. Third, we discuss whether pattern roles pte\additional power, as compared
to metapattern roles, in explaining change-pronenessr(wbatrolling for size). Finally,
we present data indicating that design pattern and metaipatiles are associated with size
to a significant extent.

For the following discussion we will be referencing Tables, @&nd 8. There is one table
for each project. The rows in the table present the changieepeess results for different de-
sign patterns. The columns present different models. Tdrerd groups of columns, starting
with M,. The major columns correspond to models that control fderiht effects (version
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Pattern Moy Moy Mayrs Mays Muyr—ss
T[H[M[rm[2[N] R? [[T[H[M[rm[2[N] R% |[ R% [[T[H[M][rm]|2[N] R?
Design Patterns
Adapter 0.46[[ - U] - -[ffo.48]-]-T- [+ [0.57]] 0.57][f U] « M]1]0.36
Abstract Factory|0.54] Y - |1110.56) e -1 -10.62/| 0.62 U] - - [110.33
(product tree) Ul . Ule
Command ||0.50(| - |w|d|--]-|]0.55| - U|--|-|10.60[| 0.58(| - || [ufr]| - |[1]0.25
Composite ||0.34]| - ||| | 1]0.43|- |- | 11110.50]| 0.47{ - [U| 11110.40
Decorator 048+ 1| |-]-1048|-{+|-1|-|-|-10.57]0.57||+|V|v]| 1 |+]|n]0.23
Factory Method||0.48|| - e Immos2)|-f-[4 |- [1|M]0.59]0.57||uw|+|-]| U |f|1]0.13
Observer 048/ - (Y| - | M |+|+[053]|-|-|-|+]|{|-]0.58]0.56| || - [ 1]0.39
Prototype NS - |- |- INS{-|-|-| || |NS|INS| |- -1 - NS
State/Strategy [[0.40|| - |{}] - +{110.44) -] -] - - -10.534| 0.52 (||| - 110.41
Template Method 0.45(| 4 [ | + 710.48/|¢]| - | - - [1110.57|| 0.56|| - ||| v M| ]0.29
Visitor NS - |- [ INS{ ||| || INS|INS{-|-|-| || |NS
Embedded Metapatterns
Connection [[0.37[[- [ ]+ -1 10.38[+ [ ] - U] - ]0.4€]] 0.45 U1y T]1]0.36
Rec Connection|0.35|| - |+ | { - 10.37| - (1] 4 - -10.47]| 0.45|| - | U | 110.34
Unification 0.37|| . +| 10.38||+ . «+| |0.46|| 0.45|| . 1| ]0.34
THEX Metapatterns
Connection [[0.37][ - [{] - -1 10.38] - [] - U] -10.49]0.47[[a U] T]1]0.42
Rec Connection|0.29|| - | - | ¢ - 10.33|| - || ¢ -|-10.46|| 0.44)| v || - 1 - 10.29
Unification 0.37|| . M| 10.43||+ . . 0.50|| 0.50|| ¢ . i 10.17

Table 6: JHotDraw In model labels:v=release, r=role, s=size. Change proneness is response for all
excepta, s Where size is response. Read patterns across the rows aes asid models down the
columns. (see individual model descriptions in text) Raleels (T/H/M/2/N/rm) indicate the metapat-
tern role represented by the column. For design patternsTedxe 5 for the specific design pattern role
which maps to the metapattern label. 2 = 2 roles, N = more tharl2s, rm = remaining roles. Role
indicators f,1,+) indicate positive significance &0.01, 0.05,0.10) levels respectivelyy(,.) indicate
negative significance at0.01,0.05,0.10) levels respectively, and)(indicates not significant. (Remain-
ing roles (rm) in order: Adapter:adaptee,Command:cliergceiver Decorator:concrete decorator, Factory
Method:product,Observer:concrete subject) Unificatiatt@rns indicate template/hook role in template col-
umn. Patterns with two rows have more than one set of me@patbles and numeric results are the same
for both rows.

M,, version+rolesM..,, version+roles+sizé/,,s etc) and are described in detail below.
Under the major columns, the first three sub-columns showvditleetion and significance
for the TEmPLATE, HOOK, andimpLEMENTATION roles respectively. The next column shows the
significance and direction of the remaining pattern roles #re not related to metapattern
roles. The column labelezirepresents the effects code for a class that is plagidigtinct
roles and the column labeled indicates the effect when a class plays more thaistinct
roles. Finally, the column labele?® gives the variance explained by that particular model.

Each row and major column represents a specific model andnwadich major col-
umn .9, Myrs), €ach sub-column represents a variable. The cell comelspg to row
and column gives the significance of the variable. Due to dngel number of models and
the need to present the results somewhat succinctly we uskaty to indicate both the
strength and direction of each coded predictor. We visuzilye the direction and signif-
icance of the p-values representing the role coefficieaststas explained in the caption
of the figures. For each model we adjusted model p-values @dtipte hypothesis testing
using the Benjamini-Hochberg method (Benjamini and HoopbE995). Models that were
not statistically significanty(> 0.05) are indicated with NS. Entries that contain NA had an
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Pattern Moy Moy Mauyrs Mys Muyr—ss
T[H[M[rm[2[N] R? [[T[H[M[rm[2]N] R [| R? |[T[H[M]rm[2][N] R?
Design Patterns
Adapter 0.1 [V ] - -|-]0.25[[ -] T- -] -10.32[[ 0.32][ A [ I ] + 1] -10.30
Abstract Factory(|0.11|| |{] - U{1r]0.25 i {{10.31)| 0.30 I - U1110.43
(product tree) Ui - - - Ul
Command |{0.2%| - [Y|d |+ |-|1]0.25][ - [+ ||| |1]0.32]]0.28] - |I| U |dn|f]|1]0.35
Composite  [|0.20([ | - | - 11029+ - | v -|-10.50|| 0.47
Decorator NA NA NA {| NA NA
Factory Method|| NA NA NA || NA NA
Observer 0.40[ - |wlw]| - |- |N047|| || ]+ [M]053]|0.52({[U|U|-| - |f|f]0.43
Prototype NA NA NA || NA NA
State/Strategy ||0.17|[1+| U | I 034 - |- | ¥ M 110.43|| 0.41 (1| |V 11110.30
Template Methot| 0.15|| 1| | { T +10.23)|- |- |4 | - 10.37|[0.36|1| | I 1| - 10.19
Visitor NS -] |- |- INS{ ||| ]| |NS|NS|-|-|-|- | ] |NS
Embedded Metapatterns
Connection [[0.22]] - [U[{ o281 -1+ - [110.35[[ 0.35[[ Y[ I I T]11]0.23
Rec Connection e -1 -10.29/| 0.29([+| V| - #+1-10.20
Unification 0.24|| . . 0.26|| - . +| ]0.39(/0.39||J . | ]0.12
THEX Metapatterns
Connection [[0.28[] - [ - INENCEEINEE ~[1r]0.39[ 0.37][ ] - 1{110.49
Rec Connection|0.31|| || - T +10.42|4| -] - | - [0.46( 0.42||1+|U]| + 1| -10.38
Unification 0.38]| - - 1| [0.46|| v . | [0.56( 0.54||1% . 1| ]0.20

Table 7: Xerces-Jn model labelsw=release,r=role, s=size. Change proneness is response for all except
Myr—s s Where size is response. Read patterns across the rows agslanot models down the columns. (see
individual model descriptions in text) Model indicators3)NA) indicate that the model was either not signif-
icant, or not applicable if there were no patterns of the gaded type. Role labels (T/H/M/2/N/rm) indicate
the metapattern role represented by the column. For desigteims see Table 5 for the specific design pat-
tern role which maps to the metapattern label. 2 = 2 roles, N erenthan 2 roles, rm = remaining roles.
Role indicators {,1,1) indicate positive significance 0.01,0.05,0.10) levels respectively(y,+) indi-
cate negative significance €2.01, 0.05, 0.10) levels respectively, and)(indicates not significant. (Remain-
ing roles (rm) in order: Adapter:adaptee,Command:cliergceiver Decorator:concrete decorator, Factory
Method:product,Observer:concrete subject) Unificatiatt@rns indicate template/hook role in template col-
umn. Patterns with two rows have more than one set of me@patbles and numeric results are the same
for both rows.

insufficient number of classes in one or more roles, or arfficgnt number of pattern oc-

currences, such that the model could not be fit. For each nveelebnsider only the subset
of classes that play at least one role in the indicated patf®e perform multiple hypothesis
correction on the coefficient t-tests for role predictors &so report the p-values to three
levels as indicated in the legend.

6.1 Modelsiz,

We first briefly discuss the baseline model for across-releasnge-proneness, which is
shown in the leftmost column headeéd,. This model, which uses only the release identi-
fier as a factor, captures the between-release changergsmeariation. We later use the
release predictor variable to control for the betweenasgevariation in other models. For
JHotDraw, release alone accounts for significant changeemess across all patterns. For
Xerces, the effect of release is more moderate and for EclpsT, significantly lower. In
essence, this simple model captures the degree to whidseseare different with respect
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Pattern Moy Moy Mayrs My Muyr—ss
T[H[M[rm[2[N] RZ [[T[H[M[m[2[N] R? |[ R% |[[T[H[M[rm[2]N] R?
Design Patterns
Adapter 0.04[ - [ - 10.08[ 4[] « -4 10.33[[ 0.33[[ M ] M]1]0.32
Abstract Factoryf| NA || - [ - | - | - |- |- [NAJ|-{-|-| -] [NA|NAJ-[-|-] ] [NA
Command ||0.03([ - [ |4 [U] - |1]0.25]| o |- [V |-~ |- |]0.340.33[[ || [UM]-[1]0.31
Composite ||0.07||1] - | U i -10.20[ - | o] - |- 10.44{| 0.44|| || i -10.14
Decorator als U] v [MM0.05( - |- -] |-|"M]0.33]0.33||M|V|{]| ¢ |N|1]0.09
Factory Method||0.02||{} [ ] « | U || f]0.20 - ||| - |+]1|0.36[| O.35([{ || - | U |1|1]0.19
Observer 0.04[u|U[N] U |- [f10.26[] || |4 |u|N]0.41)|0.40([U|U || - || 1]0.44
Prototype NS -{-[- |- INS|[ ||| || |NSIINS|-|-]- |- NS
State/Strategy |[0.03|| M| { | | 1024 ] U M 110.35(| 0.34| ||| U M1 110.27
Template Method| 0.04|| || 4 a|- 1007 - [ ¥ | #10.33/| 0.33|[ | | - 1410.21
Visitor 0.03/||¢] - tfr10.20(| - | - | - - +10.34{| 0.33|| | ¢ | - M1110.20
(element tree) U Ul+]n LA RIS
Embedded Metapatterns
Connection [[0.09][+[U [V | 1110.08[| ¢ [ ] - U1]0.32][ 0.32[[ [V 11+10.21]
Rec Connection|0.05|| + [ | | M{110.09| - |- [V o [110.37| 0.37||1r| U | | T1110.11
Unification 0.05|| | . | ]0.09|| - . | ]0.32]| 0.32||{ . | ]0.23
THEX Metapatterns
Connection [[0.09][f[U [V 10 26[[ ] U T 110.32][ 0.30[[ [V [ U 1[1]0.45
Rec Connection|0.05(| - | ¢ | 1022 o] - | U T 110.28[| 0.27 ||| 4| U M1110.18
Unification 0.05|| 1y . | 10.07||{ +| |0.30[| 0.30||1 1| |0.08

Table 8: EclipseJDTIn model labels:w=release,r=role, s=size. Change proneness is response for all ex-
ceptm, - s Where size is response. Read patterns across the rows aslaot models down the columns.
(see individual model descriptions in text) Model indicat(NS,NA) indicate that the model was either not
significant, or not applicable if there were no patterns of ihdicated type. Role labels (T/H/M/2/N/rm)
indicate the metapattern role represented by the columndEsign patterns see Table 5 for the specific de-
sign pattern role which maps to the metapattern label. 2 =[2gpN = more than 2 roles, rm = remaining
roles. Role indicators1(,,t) indicate positive significance &0.01, 0.05,0.10) levels respectively)(v,+)
indicate negative significance &0.01, 0.05, 0.10) levels respectively, and)(indicates not significant. (Re-
maining roles (rm) in order: Adapter:adaptee,Commanectj receiver Decorator:concrete decorator, Fac-
tory Method:product,Observer:concrete subject) Unifimafpatterns indicate template/hook role in template
column. Patterns with two rows have more than one set of ratt&p roles and numeric results are the same
for both rows.

to change-proneness. For the purposes of this work, howelease is a control and we are
not interpreting the coefficients other than to observe itsaffect on change proneness is
project dependent.

6.2 ModelsM,,

The models in the second major column labelég. are most similar to results by DiPenta
et al. These models show the relationship between roles and el@egeness when not
controlling for size. From this we can see that almost witheueption, whenever classes
playing thenook role are significant, they are, as expected by reportedioiiiess change-
prone. For JHotDraw some roles are significant, for Xercesiatne half are significant and
for Eclipse JDT most of the roles are significant.

Looking at the results for Eclipse JDT, the roles reflect jesly reported intuition
for many of the patterns. For example, the there/sTraTEGY pattern results indicate that
the sTate changes less often while thnTexT changes more often than the mean change
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proneness for all classes participating in any occurrefiteesTaTE/STRATEGY pattern. For
the ApAPTER pattern we see that therceT role is less change-prone, however, our results
do not indicate that theLient andaparTERrOles change less often.

The difference from earlier results might be due to somedifice in modeling. DiPenta
et al.use a 2 sample test, that didn’t consider differences betwnedeases (Di Penta et al.,
2008). Another possibility is our choice of role coding. We aot comparing the roles
directly with each other, rather, we are comparing eachwilethe mean change-proneness
of all classes participating in the pattern. Nonetheldssyésults in this table largely agree
with earlier work, and with intuition. They indicate thathen we do not control for size,
classes playing theook role tend to change less often. For classes plagidigstinct roles
the results vary, but classes playifigr more distinct roles (in the same design pattern) are
more change-prone across almost all patterns in all psoject

6.3 RQ1 and RQ2

In their study of the effect of design pattern role on chapgmeness, Di Pentt al. (Di Penta
et al., 2008) did not examine the effect of size. We examipeeffect of design pattern role
on change-proneness when controlling for size by addireslof code (LOC) as an addi-
tional predictor to the model. The results for these mod@seported in the column labeled
Myrs. We do not report detailed coefficients for size as a predibtd its effect can be eas-
ily summarized. Size is statistically significant and pesly related to change proneness in
every pattern in every project.

The models in the next columf/,s are also important to the following discussion.
We note first that the?? values for the models including size are larger in every tase
the models using only roles as predictors. Adding even aomaneariable to a model can
increase thek? value, so we use adjusterf values that show an increase only if the ad-
ditional terms improve the model more than would be expebie@dhance (Toutenburg,
2002). Comparing\f,» and M, directly, however, may be misleading as many predictors
lose significance when including size as a predictor. Sife remains significant in ev-
ery model whether we include roles or not, we can reasonabtypare thek? values for
M,s, and M,,s. Turning our attention td/,s we can see that the reportétf values are
only slightly smaller than th&? values for the,,-s models. Adding roles ta/,s only in-
creases the explanatory power of the model by a few perc®&Q\A tables of each model
and model pair shows that either size or release is the dotnpradictor in every model
and every pattern, and, that adding roles improves eachlmnoyeminimally. We note that
release is only dominant for some models in JHotDraw andvhan release is dominant,
size is always the second most significant predictor. Thigyssts that the simpler mod-
els, which do not include roles, are the more parsimonioudetso We must also consider,
however, the effect of the statistically significant roles.

When size is included as a control, many roles lose theirifsignce. This effect is
especially true with Xerces where very few roles remain ificant. Focusing on Eclipse
JDT, which contains the largest number of significant rofeex @ontrolling for size, we can
observe an interesting phenomenon: Although some rolestifirggnificant, their direction
is often reversed. This reversal is particularly true withLemeNnTATION roles. Most classes
playingimpLEMENTATION roles are less change-prone when we omit size control bubere
change-prone after controlling for size. Interfaces tthaiugd be stable change more often
relative to their size than the classes that implement them.

The effect of participating in two distinct roles varies lwiproject and pattern. When
classes participate in three or more distinct roles theeffethat participation is fairly con-
sistently positive. We might expect that classes playingymales are going to be larger, but,
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even after controlling for size, classes that play more tiandistinct roles in a particular
pattern,e.g.a coNcRETE STRATEGYIOle in one instance may also be thentexT for another
instance, are more change-prone. As Khomh points out,edgsaying two distinct roles in
the same pattern instance must be participating in a deggengattern (Khombh et al., 2009).
It is not the case, however, that a class playing two distivles in the same pattern but dif-
ferent instances, as in the previous example, must be dedenA class playing more than
two roles in the same pattern receives change pressure frdtipla pattern instances so is
likely to change more often. We note, however, that the pleltiole predictors are included
in the tiny improvement that roles contribute to the oveeajplanatory power of the model.
With respect tdRQ1, which asks if roles are significant predictors of chang@pness
when controlling for size, the answer is twofold. First, thelanatory power of roles is so
small when controlling for size that too few roles remairtistacally significant to support
the expected intuition for the effect of roles on changeapreess. Second, when roles are
significant, their effect often runs counter to reportediittn. That is,Hook classes are
often more change prone after controlling for size. Whertrodling for class size, the role
that a class plays in a pattern has little effect on changaeeuress unless the class plays
three or more distinct roles. Thus, with respect to RQ1 an@:RQ
Conclusion for RQ1 and RQ2:Size appears to be the strongest factor in explaining change
proneness. Beyond this, pattern and metapattern roles eddlittle additional explanatory
power.

6.4 RQ3

Research questiohis similar to RQ2 except that it pertains to the value of matigwns

in evaluating change-proneness. When controlling for, sleemetapattern roles explain as
much of the differences in change-proneness as well agpattes? In light of the answer
to the first two research questions, the answer to the thicdrbes almost moot. However,
we did contrast the effect of design pattern roles on chamgeeness and metapattern roles
when controlling for class size.

In this case, we quantify the effect of pattern role as thaiifierence ink? between the
model including only class siz&/,s, and the model with class siaad pattern role M.

In general, design pattern roles do not consistently haveatey effect on the percentage
variance in change proneness to classes than metapattesn Adthough the percentage
varies slightly it is consistently less that across all patterns in all projects. So although we
cannot conclude that metapattern roles offer any quaimétativantage over design pattern
roles in evaluating pattern properties, we can observe spaltative properties.

First, whenever roles are significant after controllingdizre we observe a similar trend
in their associated design patterns. However, we obseatehfs trend is not particularly
interesting, in shortiook classes change more often whereaseLATE andiMPLEMENTATION
classes change less often. Second, metapatterns deowedétected design patterns do not
explain appreciably more or less than those detecterHby.

We also observe that there exist fewer opportunities to ptaye than 2 roles with
metapatterns as we have at most 3 roles. As a consequenatsrgtan 2 roles are only
significant across metapatterns in Eclipse JDT.

Conclusion for RQ3 When explaining change-proneness, while controlling foe,sthere

is very limited additional explanatory power provided byttpan or metapattern roles. Fur-
thermore, there is very little difference in the addition@wer provided by metapattern
roles, as compared to the explanatory power of pattern rdiéstapattern roles do, how-
ever, follow a similar pattern of change-proneness and a&ztheir design pattern cousins.
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6.5 RQ4

We now turn to RQ4yiz.,the relationship of pattern and metapattern roles with. $izee
that we use just the roles and release factor as predictdh® imodel: size is now the re-
sponse variable. As before, weighted effects codes fordles indicate the relative effect
on size when a class plays the corresponding role and thewrtsysnbol indicates the di-
rection and significance of the effect. The ovetadl indicates how much of the variance is
explained by the roles.

The most striking observation regarding size is the stragrgement (both direction
and significance) of the role coefficients with the corresjpog role coefficients im/y,.
With only a few exceptions, whenever a role is significant @hbmodels the direction of
significance coincides. In most models, for exampleok classes are predicted to be less
change-prone, and similarly, in most modeispx classes are predicted to be smaller.

The previous models have shown that size is the dominanirieat change-proneness;
these models complete the picture by demonstrating thatiege-proneness relationships
between roles are largely a function of the size of the rdle&s model also explains, in part,
why roles lose significance in the,s models. Roles are, in fact, strongly correlated with
size. That is, they are in part explaining the same phenonthoa when we include size
in the model, many roles become insignificant. From thesdlteewe might conclude that
roles affect size in at least two ways: 1) directly, albeibimally, and 2) indirectly through
size.

Therefore, roles, in fact, do partially influence changergness. However, the amount
of indirect change is related to the product of the variatbesugh the mediation variable
size A significant portion of the size change-proneness relatipp will not be accounted
for by roles through this indirect path.

We summarize many of the intuitions about design patteregigusly reported by ob-
serving that they are common across metapattern roles.e-lbased on the intuitions re-
ported by Di Pentat al. and our summary frorff 3 we would expect that classes that play
thenook role will be smaller, and consequently less change-prdwee tlasses that play the
IMPLEMENTATION, and (sometimes)empLATE roles.

Conclusion for RQ4 Pattern and metapattern roles have a significant relatigmsVith size
Summary: Our summary from the results presented above is that deaitgrp roles (and
meta-pattern roles) explain very little about change-pnass of classes, beyond what is
explained by size.

7 Threats to Validity

Perryet al. (Perry et al., 2000) identify three forms of validity that stdbe addressed in
research studies. We now examine threats to each form dafityain our study and the
methods used to mitigate these threats where possible.

The main threats ta@onstruct validitycome from identification of patterns and our
method of quantifying change-proneness and size. Pedatdmatic identification of de-
sign pattern instances in software remains unsolved. Hexyvesst strides have been made,
and we use data produced by a state-of-the-art detect@h@ euc and Antoniol, 2007).

Guéhéneuc and Antoniol report recall and precision: vaweecall is reported as 100%
and precision ranging from 34% to 80%. This wide range of ipiea limits the accuracy
of even state of the art approaches to pattern detectiohoédih the reported perfect recall
implies that all patterns are measured, the low precisiosdme patterns insures that any
measurement will include many non-pattern classes. Thid&s been used in prior studies
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examining properties of design patterns (Di Penta et ab8PWMetapatterns are defined in
purely structural terms and are much easier to detect uatig analysis techniques.

We evaluated our tootHEX, on several code-bases manually examining many identified
instances of design patterns and metapatterns to verifiydbeuracy?. We measureize
using lines of code (LOC), which is an accepted standard o¢ gize (Rosenberg, 1997).
We measurehange-pronenessf a class by counting the number of distinct commits to
that class between releases. However, we also performeadurhlysis by using number of
semantic changes as described in Fa@l. (Fluri et al., 2007) with similar results.

Internal validity is the ability of a study to establish a causal link betweetependent
and dependent variables regardless of what the varialddsetieved to represent. Our study
is focused on examining a link between pattern role and ah@ngneness. In our analysis,
we limit our examination to changes made to stable pattestamtes (instances that exist
in at least two consecutive releases) and only count chathgé®ccurafter the instance
comes into existence. The use of this criteria mitigatesattsrto internal validity, but does
not completely remove them as we are not counting pattees tbkat exist for only a single
release. We control for release dependent effects on chaogeness by including release
as a factor. This has an aggregation effect over each panjelcassumes an essentially static
relationship between the change proneness of classes@lpgttern roles.

In terms of model validity we assume that there exist relspseific effects that affect
all classes within a release in the same manner. This asgmhits our analysis to a
change in intercept for role membership effects. The treatrof release as a time fixed
effect captures the time dependent variance in a singleaastriable and is comparable to
previous approaches that seek to capture differenceserorgbattern behavior as a scalar
measured over the life of the pattern or project.

Lastly, external validityrefers to how these results generalize. Our study includgs-m
ple projects and we find similar results among all projecidisd. However, the sample size
is only three projects, all of which, are written in the Javagramming language. While this
gives evidence of the ability of our results to generalizethfer study on more projects and
different languages will increase our confidence in thesirfgs as answers to the research
questions on a broad level.

8 Conclusion

Our analysis of earlier papers on change-proneness ofrdeattern roles suggested that the
differences in change-proneness of pattern roles mighkpkaieed by the simpler, purely
structural metapattern roles. In fact, when we controlledsizes, both pattern and meta-
pattern roles showed only minor differences. Next, we atstech a significant association
between both pattern and metapattern roles and size. We trgrefore, that the previously
reported association of pattern roles with change-prasgmeight in fact, be due to the size
variations in the classes playing the roles.

We believe that metapatterns can be useful in studying desitjern behaviors in soft-
ware systems. We have shown that some beliefs about thgontof design patterns can be
captured by metapatterns. Metapatterns can yield intedpieeresults due to their abstract
nature and smaller set of role behaviors.

E.B. Swanson identified three categories of maintenancescive, adaptive, and per-
fective (Swanson, 1976). In this study, we do not distiniglistween these different main-
tenance activities, hence, interpretation of our resulig e dependent on the underlying
distribution of change type. While the strength of this def@nce is worthy of considera-
tion, this is left as future work.
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Measuring the size of a class is simple, fast, and accurat@ing its pattern roles,
(or even its meta-pattern roles) is substantially moreaiffiand error-prone. Therefore,
pragmatically, if one is seeking to get an indication of whitasses might be change-prone,
our study suggests that it might best to ignore pattern rallegjether, and just use size as
an indicator.

However, pattern roles might be known early in the desigregss, and thus would be
an early and useful indicator of the eventual future sizedaxfses playing those roles. This
expected future size, in turn, is a useful indicator of cleapgneness.
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