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We survey metrics proposed for object-oriented systems, focusing on product metrics.
The survey is intended for the purposes of understanding, classifying, and analyzing
ongoing research in object-oriented metrics. The survey applies fundamental
measurement theory to artifacts created by development activities. We develop a
mathematical formalism that captures this perspective clearly, giving appropriate
attention to the peculiarities of the object-oriented system developmenr process.
Consistent representation of the available metrics, following this mathematical
formalism, shows that current research in this area contains varying coverage of
different products and their properties at different development stages. The consistent
representation also facilitates several analyses including aggregation across metrics,
usage across metrics, equivalent formulation of metrics by multiple researchers, and
exploitation of traditional metrics for object-oriented metrics. We also trace the
chronological development of research in this area, and uncover gaps that suggest
opportunities for future research.

Categories and Subject Descriptors: D.2.8 [Software Engineering]: Metrics—
Complexity measures, performance measures, product metrics; K.6.3 [Software
Management]: Software development, software maintenance

General Terms: Measurement, Management, Performance

Additional Key Words and Phrases: Software metrics, object-oriented systems,
measurement theory, object-oriented metrics, object-oriented product metrics

1. INTRODUCTION
Over the last decade or so, object-
orientation has become firmly established
as the methodology of choice for devel-
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oping new systems. Consequently, a sig-
nificant share of efforts in research and
industrial practice has focused on infor-
mation systems development with the
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object-oriented paradigm. A key research
area in this field has been measurement
of and metrics for object-oriented sys-
tems [Lorenz and Kidd 1994; Henderson-
Sellers 1996]. As differences between
traditional and object-oriented system de-
velopment have been identified, the need
for metrics, distinct and relevant to object-
oriented systems, has been recognized
[Berard 1993]. Research in proposing, ap-
plying, validating, and extending metrics
for object-oriented systems has reached
a critical mass, as evidenced by several
publications, presentations, and products
(e.g., Lorenz and Kidd 1994; Henderson-
Sellers 1996; Zuse 2001).

Much of the research, however, has
been opportunistic and fragmented
[Henderson-Sellers 1996; Bandi 1998;
Briand et al. 1999], without regard for
concerns such as completeness of cov-
erage, and has resulted in unnecessary
repetition of efforts. Without the benefit
of a birds-eye perspective, researchers
in different groups have continued to
“discover” and “propose” similar metrics.
For instance, Chidamber and Kemerer
[1991], Chen and Lu [1993], Lorenz and
Kidd [1994], Karlsson [1995], Tegarden
et al. [1995] and De Champeaux [1997]
all propose metrics that deal with related
aspects of inheritance in object-oriented
systems. On the other hand, Abreu and
Carapuca [1994] and Karlsson [1995]
propose metrics that have names that
appear to be related (“polymorphism
factor” and “polymorphism”), though they
entail different computations and have
different semantics.

The objective of this paper, therefore, is
to present a survey and an analysis of prod-
uct metrics proposed for object-oriented
systems so that research on the topic can
be understood, classified, and analyzed.
The survey is organized around a frame-
work and a mathematical formalism.1
The framework is made up of two per-

1 These organizing principles are developed for all
object-oriented metrics. The listing (in the Appendix,
available online in the ACM Digital Library) and
analysis of the existing literature focuses on product
metrics, which includes approximately 375 metrics.

spectives, internal and external, applied
to the underlying phenomena—products,
processes, and resources—arising from
the object-oriented development activi-
ties. The internal perspective drives the
structure of the mathematical formalism
ensuring proper application of measure-
ment principles. The external perspec-
tive allows interpretation and use of the
metrics.

The focus of this paper is the internal
perspective, following fundamental mea-
surement theory, captured by our math-
ematical formalism. Using this mathe-
matical formalism, we formulate uniform
representations of existing metrics. We
analyze these representations to discover
disparate or related interpretations of
similar concepts and to identify gaps in
existing metrics, and we speculate on how
our mathematical formalism can support
the external (utilitarian) perspective.

The rest of the paper is organized as fol-
lows. Section 2 outlines the object-oriented
metrics framework2 elaborating on the
object-oriented development process and
the internal, measurement-theory-based
perspective on metrics. Section 3 identi-
fies entities arising out of object-oriented
system development, lists attributes that
were generated in a bottom-up manner,
and explicates our representation formal-
ism by demonstrating its application for
a representative sample of metrics. The
complete set of metrics identified from a
review of the literature—represented with
the formalism—is shown in the Appendix
(available in the ACM Digital Library).
Section 4 demonstrates usefulness of the
representation formalism by performing
several analyses and suggesting a num-
ber of others that may be useful. Fi-
nally, Section 5 draws conclusions and
speculates on use of the formalism for a
mapping against the external, utilitarian
perspective.

2 The paper is not a survey of metrics frameworks
(e.g., Abreu and Carapuca [1994]; Tegarden et al.
[1995]; Henderson-Sellers [1996]), though these were
consulted during the development of our formalism
for representing metrics.
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Fig. 1 . An object-oriented measurement framework.

2. FRAMEWORK

We use the framework shown in Figure 1
to organize, understand, and classify the
extensive research on object-oriented met-
rics. The framework is based on two dis-
tinct perspectives about object-oriented
development activities, which give rise to
products, execute processes, and expend
or reuse resources. The first perspective,
based on measurement theory [Roberts
1979], is the internal perspective. It op-
erationalizes the representational or the
entity-attribute-metric view [Fenton and
Pfleeger 1997] to ensure a sound scien-
tific basis for each metric. The other per-
spective, external perspective, is based on
the purposive or the goal-question-metric
paradigm [Basili 1992] and allows the use
of metrics in response to prediction or as-
sessment needs of system development
professionals.

Following the internal perspective, a
metric, then, is a function that assigns
a number or symbol to an entity in or-
der to characterize an attribute or a group
of attributes. The value of the metric is
called a measure. Measurement is the pro-
cess by which a metric is computed from
attributes of entities in the real world
using clearly defined rules [Fenton and
Pfleeger 1997; Finkelstein 1984; Roberts
1979].

Rigor in software measurement re-
quires separating the scientific basis for
measurement from the eventual use of the

resulting metric. The commonly held view-
point that no metric is “valid” unless it
is a good predictor can undermine this
rigor. An analogy would be to reject the
usefulness of measuring a person’s height
on the grounds that it does not tell us
anything about that person’s intelligence
[Fenton and Pfleeger 1997]. The result is
that potentially valid metrics of important
internal attributes become distorted. Over
the last few years, researchers have ques-
tioned the scientific basis of many soft-
ware metrics [Baker et al. 1990; Fenton
1991, 1994; Zuse and Bollman 1989; Zuse
1991; Henderson-Sellers 1996]. A large
body of literature on metrics has been crit-
icized for not considering their basis in
measurement theory [Fenton 1994]. Our
focus in this paper, accordingly, is pre-
dominantly on this internal perspective.
Such a perspective is necessary to ensure
that the metrics are constructed with a
proper scientific basis; however, it is not
sufficient.

A corresponding, external view can add
a utilitarian perspective—that is, inter-
preting measurements in light of the
goals, following the goal-question-metric
approach [Basili 1992]. Given the almost
limitless variety of interpretations of goals
and few validation efforts [Bandi 1998; Li
and Henry 1993; Basili et al. 1996], we
only demonstrate (in Section 5) a possi-
ble approach to GQM mapping based on
educated speculations about a specific in-
stance of the external perspective. Our
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primary focus, thus, is on the internal per-
spective of the framework.

2.1. Object-Oriented System Development

A meaningful approach to classifying
object-oriented metrics can start with
examining the underlying phenomena
of object-oriented system development.
There is general consensus in academe
and practice that developing systems
using the object-oriented paradigm re-
quires new development approaches. This
stream of thought can be traced to
Brooks [1987], who argued for elimi-
nating accidental (software) complexity
and controlling essential complexity by
matching the method and process to
the application. With object-orientation,
the accidental complexity can be mini-
mized and the essential complexity can
be better controlled if a process that is
appropriate for this paradigm can be fol-
lowed. Over the last few years, a num-
ber of researchers and practitioners have
discussed and prescribed object-oriented
software development approaches (e.g.
Rational [2001]; Baudoin and Hollowell
[1996]; De Champeaux [1997]; Booch
[1994]; Jacobson et al. [1992]). One can
discern two recurring themes in these
approaches (also see Mili et al. [1995]):
(a) an iterative-incremental process, and
(b) reuse-based development.3

More broadly, a software development
process is a model for “the progression
from identification of a need in some ap-
plication domain to the creation of a soft-
ware product that responds to that need”
[Blum 1994, p. 83]. It identifies develop-
ment tasks, establishes expectations for
intermediate deliverables, and suggests
review and evaluation criteria. The two re-
curring themes identified above change, in
several ways, the form and shape of de-
velopment process for object-oriented sys-
tems, compared to the traditional develop-
ment processes.

First, the distinction between analysis,
design, and implementation often blurs

3 We do not include in the survey those product met-
rics whose purpose is to measure reuse because of
the paucity of such metrics at the present time.

in object-oriented system development.
For example, a developer may deal with
the concept of “class” during the design
and construction as well as the deploy-
ment phases, refining the understanding
through these successive phases. This is
in contrast to earlier paradigms of devel-
opment, which may have used, say, data
flow diagrams during design, hierarchical
charts during construction, and modules
during deployment, that is, transforming
the representations through the succes-
sive phases. Since the artifacts created at
each stage go through refinement (instead
of transformation) as the development of
an object-oriented system progresses, this
blurring is not only natural but inevitable.
The iterations are, therefore, a key as-
pect of the development process. Instead
of the traditional, linear, phase-oriented
approaches, other forms such as micro-
macro [Booch 1994], recursive-parallel
[Berard, 1993], and iterative-incremental
[McGregor and Korson 1995]—which sug-
gest iteratively building a system in incre-
ments that represent increasing levels of
functionality—become more appropriate
for object-oriented system development.

2.2. An Internal Measurement Perspective

An internal measurement perspective pro-
vides the appropriate scientific basis for
measurement of the underlying phenom-
ena. It suggests that we consider ar-
tifacts produced via the object-oriented
system development process as “things,”
similar to the ontological stance pro-
posed by Wand and Weber [1995]. Metrics,
then, represent measurements of proper-
ties of these things. A formal manifesta-
tion of this theory is the relational model
[Marciniak 1994] (see Figure 2). It seeks
to formalize our intuition about the way
the world works. Since one tends to per-
ceive the real world by comparing things
in them, not by assigning numbers to
them [Fenton and Pfleeger 1997, pp. 24–
25], relationships, that is, empirical obser-
vations, form the basis of measurement.
One, then, attempts to develop metrics
that represent attributes of the entities
we observe, such that manipulation of the
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Fig. 2 . The relational model.

metrics preserve relationships we observe
among entities.

The set of entities, E, together with the
set of empirical relations, R, is called an
empirical relation system (E, R), defined
with respect to a specific attribute. Mea-
suring the attribute characterized by (E,
R) requires a mapping M into a numeri-
cal relation system (N , P ). The represen-
tation condition asserts that M maps en-
tities in E to numbers in N , and empirical
relations in R to numerical relations in P ,
such that the empirical relations preserve
and are preserved by the numerical rela-
tions [Fenton and Pfleeger 1997, p. 31]. For
example, consider the binary relation #,
which is mapped by M to the numerical
relation !=. Then, formally, we can assert:
x # y ⇔ M (x) !=M ( y). The real world
is called the domain of the mapping, and
the mathematical world is called the range
[Fenton and Pfleeger 1997, p. 29].

A metric, then, is a function that assigns
a number or symbol to an entity in order
to characterize an attribute or a group of
attributes; the value of the metric is called
a measure. Measurement is the process
by which a metric is computed from at-
tributes of entities in the real world using
clearly defined rules [Fenton and Pfleeger
1997; Finkelstein 1984; Roberts 1979].
Following measurement theory, metrics
can be classified along two dimensions.
The first represents the distinction be-
tween direct and indirect measurement.
A direct metric is one that can be com-
puted without any interpretation. An in-
direct metric is one that requires/involves

interpretation [Rombach 1990]. The inter-
pretation is applied to the computation of
the “metric” instead of to the “attribute,”
since it is the metric that is “named” by the
researchers. The second dimension distin-
guishes between elementary and compos-
ite metrics. An elementary metric is one
that maps a single attribute of an entity
to a number or symbol; a composite met-
ric is one that requires a (mathematical)
combination of several elementary metrics
for one or multiple entities [Abreu et al.
1995]. Figure 3 summarizes these two di-
mensions.

Following the discussion of object-
oriented system development (Sec-
tion 2.1), another distinction—between
syntax-based (i.e., static analysis, e.g.,
average number of methods per class) and
execution-based (i.e., dynamic analysis,
e.g., average frequency of method execu-
tion) metrics is also possible [Barnes and
Swim 1993]. Metrics in the first category
are functions that can be computed for
artifacts without reference to the execu-
tion environment, whereas those in the
second category can only be computed
with the knowledge of runtime behavior.
Separate consideration of this dimension
is not necessary in our framework since a
mapping to the underlying phenomenon—
system development process—captures
this aspect.4

3. METRICS

3.1. Entities and Attributes for
Object-Oriented Systems

Bush and Fenton [1990]; Rombach [1990];
Ince [1990], and Fenton [1991, 1994] have
proposed a classification of entities in
software engineering that are amenable
to measurement in three distinct cate-
gories: Processes, Products, and Resources.
Processes are software-related temporal

4 Yet another dimension, objective versus subjective
metrics, deals with the measurement technique. Ob-
jectivity means precisely defined and repeatedly ob-
tainable results, regardless of collector or time; sub-
jectivity means depending either on the collector’s
judgment or use of arbitrary procedures. Subjectiv-
ity is a larger concern with the external, utilitarian,
perspective.
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Fig. 3 . Dimensions for classifying metrics.

activities; Products are artifacts, deliv-
erables or documents that arise out of
these processes; and Resources are ele-
ments consumed by the processes. Specific
instantiations in each of the above three
categories can differ across different sit-
uations. For example, for a large system,
the entity Subsystem would be a mean-
ingful entity, though it may not be so for
a smaller system. Further, the terms used
for different entities may also differ. For
example, the term Link may be used in
some cases to denote all associations such
as relationships, inheritance, or aggrega-
tion links. On the other hand, each of these
may be considered separate entities in an-
other case. Such varying usage is also ob-
served in the different metrics proposed by
researchers. To ensure a consistent repre-
sentation of the metrics, our first task was
to arrive at a comprehensive superset of
entities.

To achieve this, we iterated using a
combination of top-down and bottom-up
approaches. The top-down approach was
characterized by an examination of the
iterative-incremental development lifecy-
cle as the basis for identifying the en-
tities of interest (see Section 2.1). The
products and processes of the lifecycle
along with an identification of resources
consumed in these processes provided us
with the first set of entities. These re-
sults were supported by the bottom-up ap-
proach, which was characterized by a thor-
ough survey of metrics proposed for object-
oriented systems—adjusting the results to
reflect any additional entities considered

by the researchers, which were not iden-
tified by the top-down process. Iterating
through this combination of approaches
resulted in a set of entities, that forms the
basis for our analysis. Following the scope
of the paper, the discussion in this and the
following sections focuses on metrics for
entities in the Product category.

Another aspect that emerged during
this combination of approaches was the
importance of the different lifecycle stages
for characterizing the entities in the Prod-
uct category. Due to the incremental na-
ture of the object-oriented development
process, and the progressive refinement
paradigm (see Section 2.1), products in
object-oriented systems go through few
transformations. Instead, they are sub-
jected to refinements and progress from re-
quirements to specifications to implemen-
tation and then into an operational state.
Consider, for instance, the entity Class,
which may be captured as a requirement,
defined as part of a design specification,
coded as part of an implementation, and
run as part of an operational system. At
each of these stages, it provides different
opportunities for measurement.

We observed that most researchers have
relegated this aspect to a discussion of
“applicability” of a proposed metric at
different stages. We argue that this is
an important aspect of the definition of
an entity, as it clarifies the measure-
ment possibilities for an entity as it
proceeds through the different phases.
The appropriate mechanism to repre-
sent this is to characterize the different
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Fig. 4 . States of products.

Table I. Entities for Object-Oriented Systems
Entities States

Abbreviation Name Requirements Design Implementation Operational
Association Association

A Attribute
C Class

Event Event
Hierarchy Hierarchy

Link Link
E Message
M Method

Package Package
P Parameter

Scenario Scenario
B Subsystem
S System
U Use Case

Note: Grey cells denote the possible states for which the entity may have metrics.

lifecycle stages as “states” that the en-
tity may exist in. Continuing with the
example, the entity Class may exist in
all states—requirement, design, imple-
mented, or operational—whereas the en-
tity Use Case may exist in the states
requirement and design. We have iden-
tified four generic states to which the
entities may be mapped. These are: Re-
quirements, Design, Implementation, and
Operational. Figure 4 shows the states5

identified (for entities in products) defined
as follows:

—Requirements: The expression of user
needs about an artifact (e.g., a system)
that is yet to be designed or constructed.

5 After a system is deployed, it can be in a mainte-
nance (evolution) state. Clearly, metrics are impor-
tant for this state as well. However, to keep the pa-
per within manageable limits, we do not consider the
metrics for this state.

—Design (i.e., specifications): The set of
specifications that captures, in the form
of a blueprint, the user requirements,
based on which, the construction of the
artifact will proceed.

—Implementation (i.e., code): The artifact
after it has been constructed and built,
ready for deployment in its intended en-
vironment.

—Operational: The artifact after it is
deployed so that it is functioning in
the intended environment, such as an
organization.

Mapping the entities against the states
identified above provides us with a pos-
sibility matrix, suggesting that possibly
different measurements about these enti-
ties may be performed in different states.
Table I shows the entities and the abbre-
viation for entities in the category Product
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and the possibility matrix, mapping the
entities against the states, with the appro-
priate cells marked to indicate the mea-
surement possibilities.

Attributes for these entities were iden-
tified next. We identified these primarily
through a bottom-up analysis of the met-
rics available in the literature. We first
identified the set of all the attributes used
in the metrics. We then augmented this set
by identifying missing attributes through
a comparison of the attributes of different
entities. For example, if an attribute of the
entity System was structure, a similar at-
tribute may have been meaningful for the
entity Class. If such an attribute was not
revealed by the bottom-up analysis for the
entity Class, it was added. A number of
attributes also fell into clusters following
these steps. For example, there were sev-
eral subattributes related to the attribute
position in hierarchy for the entity Class.
These included impact on subclasses, and
impact of superclasses. The process iter-
ated across differet entities with the ad-
dition, deletion, refinement, or renaming
of attributes for each in light of decisions
made for the other entities. The attributes
shown in Table II are the result of this it-
erative process.

The entities and attributes provided the
first two elements of the mathematical
formalism for representing the metrics.
Section 3.2 describes this formalism.

3.2. A Mathematical Formalism

The mathematical formalism we have
developed provides a logical and coher-
ent language for representing the diverse
measures proposed by researchers. The
formalism follows many of the sugges-
tions put forward by Henderson-Sellers
[1996], such as consistency of naming. In
general, if a symbol, say A, is used to
represent one concept of a variable (say,
Attribute), then (i) it should always rep-
resent that variable and no other and
(ii) only this symbol and no other symbol
should be used for this particular concept.
Such consistency supports both rigor and
communication [Henderson-Sellers 1996].
Stylistically, communication and under-

standing are also improved if symbols re-
ferring to a consistent set of concepts or
interpretations are similar [Henderson-
Sellers 1996].

The following decisions support the ex-
pressiveness of our formalism. We assign
each generic metric a name that includes
the mathematical operator(s) used in the
defintion of that metric. The generic met-
ric is also expressed as a computable for-
mulation. The formulation is based on
the following decisions. To denote a set
of entities, we use a symbol derived from
the first letter, where possible, for exam-
ple, C for class or S for system. To in-
dicate a restricted population of the set,
we use the set followed by a qualifica-
tion, for example, A inherited represents
the attributes inherited. An element of
the set is indicated by a lowercase rep-
resentation (a for an attribute or c for a
class). If multiple elements must be rep-
resented, we use a count indicator, for
example, a i in A indicates considering
each attribute in the set of attributes. The
prefix notation is used for the formula-
tion, for example, C descendents(c) indi-
cates classes that are descendents of a
class, c. In addition, we apply primitive op-
erators, for example, |X| to indicate cardi-
nality, and other operations such as sum,
avg, and fraction. These expect the usual
arguments and return the usual results,
for example, ‘sum’ expects multiple argu-
ments and returns one value. Other than
such summative operators, a function re-
turns a single value if the argument is an
element, and a set of values if the argu-
ment is a set.

The computation of each metric is,
therefore, expressed as a combination
of mathematical operators on values as-
signed to attributes of entities. These are
specified as arguments, as elements or
sets, to functions. If the metric requires
a nonprimitive operation, it is specified as
a function(), for example, fan-out(), and,
where possible, is mapped to the primitive
operators.

Finally, the mapping of entities to states
is indicated by the notation <as> follow-
ing the entity. If an entity can be in mul-
tiple states for a measure, all states are
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Table II. Attributes for Product Entities in Object-Oriented Systems
Entity Attribute

Abbreviation Name Name Subattribute
Association Association size

A Attribute interaction
position impact of superclasses
position impact on subclasses
position impact of super plus impact on sub

C Class abstractness
Behavior
comments

effort
interaction object level
interaction internal
interaction class level
interface

performance
position relative in structure
position changing the impact of super
position changing the impact in sub
position impact of superclasses
position impact on subclasses

reuse with respect to other classes
reuse internal
size

structure with respect to other classes
structure Aggregate
structure Arrangement

Event Event size
Hierarchy Hierarchy structure Arrangement

Link Link arity
E Message size
M Method abstractness

effort
interaction instance level (similar to object level)
interaction definition level (similar to class level)
Interface

Performance
Position impact of superclasses plus impact on subclasses
Position changing the impact from superclasses
Position impact on subclasses/methods of subclasses
Position impact of superclasses/methods of superclasses
Position changing the impact in subclasses

reuse with respect to other methods or classes
size
size relative to class

structure Arrangement
structure Aggregate
structure

Package Package abstractness
interaction

size
structure

P Parameter size
Scenario Scenario size

B Subsystem interaction
interface

size
structure Aggregate
structure Arrangement

S System behavior
change

comments Aggregate
Continue
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Table II. Continued
Entity Attribute

Abbreviation Name Name Subattribute
doc Aggregate

dynamics
effort

interface
performance
requirements

reuse from external repository
reuse Internal
reuse Result
size Aggregate
size

structure Aggregate
structure Arrangement

U Use Case interface
size

structure

Table III. The Representation Formalism
Generic Form Computable Formulation
Entity/Attrib/Name() [Primitive Operation] [Defined Operation] (argument[s]) [Constraints]
Examples
System/Structure/max inherit breadth() max (|C at (level i) |), level i in Level(s)

Notation Sets and Elements Examples
A set of all elements A set of all attributes
A qualification a subset of elements A inherited set of inherited

attributes
a an element of the set a an attribute
a i a countable element a i a specific attribute

Prefix Notation Meaning
P(m) parameters of a method
C usedBy (c) classes used by a class
sum (|T sendMessage(M(c))|) sum of send statements in methods of a class
Notes:
function (x) = result obtained by applying function to element x.
function (X) = set resulting from applying that function to each element of X.
the function is read “of” unless specified otherwise, e.g., C usedBy(m).

Notation Primitives Examples
|x| Non-Unique |P(M(c))| Number of parameters of methods

Cardinality of the class
avg Average avg (|A(c i) |) s.t. c i in C(s) Average number of attributes per

class for the system
sum Summation sum (|M(c)|, |M calledBy(c)|) Sum of methods of the class and

methods called by the methods
of a class

fraction Fraction fraction (|C super(s)|, |C(s)|) Fraction of classes that are
superclasses in the system

indicated. For example, C <as> Imple-
mentation would indicate that the en-
tity is being considered in the state
Implementation. Similarly, C <as> De-
sign or Implementation would indicate
that the entity is being considered in
the state Design or Implementation. Fi-
nally, C <as> Design and Implementa-

tion would indicate that entity being con-
sidered is Class, in the states Design
and Implementation, since computation of
the metric requires information from both
states. The four states outlined earlier and
shown in Figure 4 form the basis of this
mapping. Table III shows the representa-
tion formalism.
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Table IV. Representation of Sample Metrics

Generic Metric Name expressed as Metric Formulation expressed
Entity<as> State(s)/Attribute/Metric using the Standard Formalism Proposed by E

le
m

en
ta

ry

D
ir

ec
t

Method<as>design or implementation/ |M connectedTo (m)| Nakanishi et al. 1995 y n
abstractness/methods connected()
Method<as>design or implementation/ |DirectUsersOf (m)| Jacobson et al. 1992 n y
interaction/method users()
Association<as>design or Arity (association) De Champeaux 1997 y y
implementation/size/arity()
Class<as>design or implementation/ |C ancestors (c)| Abreu and 1994 n y
position/ancestors() Carapuca
Class<as>design or implementation/ |C ancestors (c)| De Champeaux 1997 n y
position/ancestors() Li 1998 n y

Tegarden et al. 1995 n y

Class<as>design or implementation/ |C children (c)| Abreu and 1994 y y
position/children() Carapuca

Chidamber and 1994 y y
Kemerer
Marchesi 1998 y y

Class<as>design or implementation/ sum(ChenLuValue (A (c))) Chen and Lu 1993 y y
structure/sum attrib chenlu value()
Use Case<as>design/interface/ |C offerring (useCase)| Jacobson et al. 1992 y y
classes offering()
System<as>design or implementation/ |C parents in r(C(s))| Bieman and 1995 y y
reuse/classes reused by inheritance() Karunanithi
System<as>design or implementation/ |C relatedTo(C parents in Bieman 1995 n n
reuse/classes related to classes r(C(s)))| and Karunanithi
reused by inheritance()

Note: n=no, y= yes.

3.3. Representing O-O Metrics

There exists a rich body of literature on
object-oriented metrics that includes re-
search on object-oriented product met-
rics, the focus of this paper. Using the
formalism outlined in Section 3.2, each
metric available from the literature is
re-represented as an ordered tuple with
three elements <E, A, M>. The first is
the entity (and its mapping to one or
more states), which is explicitly identi-
fied following the set of notations shown
in Table I. The second is the attribute,
following the set of attributes presented
in Table II. Finally, the metric itself is
specified along with the manner of com-
putation, following the representation for-
malism presented in Table III. The re-
representation results in a reformulation
of the metrics proposed by different re-
searchers to a common language. For ex-
ample, the metric proposed by Abreu and
Carapuca [1994] is re-represented in the

table as Class<as>design or implementa-
tion/position/ancestors( ) and its compu-
tation is shown as |C ancestors(c)|. The
predetermined set of symbols for denot-
ing different entities has provided a com-
mon language for the representation, and
the format for elements, sets, and differ-
ent operations outlined earlier has pro-
vided a grammar for this representation.
Then, the application of the two has re-
sulted in a uniform representation of the
generic measures addressing a need iden-
tified by Henderson-Sellers [1996].

To present the results, we have adopted
a tabular format. The metrics have been
grouped following a hierarchy of entities
and attributes. A specific generic metric
may map to one or more metrics proposed
by different researchers. Information on
the origin of the metric is preserved in the
presentation as secondary information
about the metric. Table IV shows a repre-
sentative sample of measures represented
using the above scheme. Observe that the
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Table V. Number of Metrics by Entity-Attribute
Entity Number of Metrics Attribute Number of Metrics

Association 1 size 1
Attribute 4 interaction 2

position 2
Class 164 behavior 8

comments 3
interaction 46
interface 7

performance 5
position 23

reuse 8
size 10

structure 54
Event 1 size 1

Hierarchy 2 arrangement 2
Link 0 arity 0

Message 0 size 0
Method 36 abstractness 1

interaction 14
interface 1

performance 2
position 5

size 9
structure 4

Package 5 abstractness 1
interaction 3
structure 1

Parameter 0 size 0
Scenario 3 size 3

Subsystem 2 structure 2
System 134 change 1

dynamics 12
effort 10

interface 1
performance 1
requirements 5

reuse 27
size 19

structure 57
unable to determine 1

Use Case 3 interface 1
size 2

information in the Elementary and Direct
columns classify the metrics according
to the classification scheme shown in
Figure 3.

The complete tables along with addi-
tional information are presented in an ap-
pendix, available in the ACM Digital Li-
brary. All the information compiled for the
available metrics is stored in a repository,
which facilitates and automates its pro-
cessing for further analysis. For example,
all the analysis tables shown in Section 4
are generated from this repository using
SQL queries.

4. COVERAGE, ANALYSIS, AND TRENDS

4.1. Coverage

The metrics compiled can be viewed from
several perspectives to assess coverage
achieved by prior research. We develop
and discuss three such perspectives.

4.1.1. Coverage of Entities and Attributes.
The first analysis summarizes the pro-
posed metrics using the entity-attribute
dimension. Table V shows this sum-
mary. The table consists of entities and
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attributes for these entities arranged ver-
tically, against which is shown a count of
metrics proposed for each entity-attribute
pair.

The most striking feature of the table
is the number of cells for which very few
metrics have been proposed. Though infor-
mation on Process and Resource metrics
is beyond the scope of this paper, we note
that the paucity of metrics is even more
severe for those categories.

4.1.2. Availability of Metrics at Development
Stages. One approach to addressing the
paucity of Process-based metrics is to re-
consider the Product-based metrics for
their applicability to different states. This
provides the second perspective for our as-
sessment of coverage. For example, a met-
ric such as Number of Classes can be used
at different states: Requirements, Design,
Implementation, and Operational. Mea-
suring the same attribute at different
states can, then, be used as a surrogate
for applicability to different stages of
the development process. Following the
arguments about the development pro-
cesses for object-oriented systems (see
Section 2.1), the refinement in products
(instead of transformation) can, therefore,
be the basis for measuring the process.
These metrics can be the basis for measur-
ing the progress through phases as well
as iterations of the development process.
Further, some metrics are applicable only
in certain states. These can be useful for
changes observed across increments (ver-
sions). For example, measuring Number
of Classes from one version of the im-
plemented system to another can provide
an indication of the functionality realized
during the increment. Table VI shows the
availability of metrics for entities in the
category Product across different states.

The table shows the count of metrics
for each entity in the Product category
mapped against the states. For example,
the entity Association may be measured
during the Design and Implementation
states. Metrics that are applicable to mul-
tiple states are also indicated against each

entity, indicating the combination of states
for which these metrics are applicable.
Note that the total across columns, for
a row, may not match the corresponding
number in Table V due to the possible ap-
pearance of a metric in multiple cells along
the row.

Table VI indicates that the number
of metrics proposed for the Design, and
Implementation states far outweigh those
proposed for either the Requirements or
Operational states. One possible explana-
tion for this bias may be the relative ease
with which metrics at the former states
can be computed compared to those at the
latter two states. Clearly, additional met-
rics are needed at the Requirements and
Operational states. A significant number
of metrics apply to multiple states, for
example, Design as well as Implemen-
tation. This is supported by the nature
of the development process for object-
oriented systems, which is one of iterative
refinement rather than transformation.
Metrics that utilize information avail-
able in multiple states provide another
opportunity. However, few such metrics
have been proposed. With the paradigm of
refinement for the development process, it
would be reasonable to expect that more
metrics would be suggested that compare
similar properties measured across multi-
ple states. This represents another major
shortcoming of existing research.

4.1.3. Classification Based on Elementarity
and Directness. Finally, a third perspective
is afforded by the nature of the metric fol-
lowing the classification scheme proposed
in Figure 3. This scheme classifies the met-
rics along two dimensions: direct versus
indirect, and elementary versus compos-
ite. In Table VII, we provide a summary of
the metrics proposed along these two di-
mensions. The table shows a count of met-
rics for each entity—attribute, mapped
against the values of the two classification
dimensions.

The table shows that the proposed
metrics are concentrated in the Direct-
Elementary column (leftmost column)
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Table VI. Availability of Metrics at Different States
Entity Attribute 1 2 3 4 1 or 2 1 or 3 2 or 3 3 or 4 1 or 2 or 3 1 or 3 or 4

Association size 1
Attribute position 2

interaction 2
Class performance 1 3 1

structure 13 39
size 1 9

position 6 16
interface 1 5

interaction 1 17 22 1
comments 3
behavior 7 1

reuse 1 1 1
Event size 1

Hierarchy arrangement 2
Link arity

Message size
Method performance 1 1

Interface 1
abstractness 1

position 5
size 6 3

structure 1 2 1
interaction 1 1 12

Package abstractness 1
interaction 1 2
structure 1

Parameter size
Scenario size 2 1

Subsystem structure 2
System dynamics 1 9

structure 6 7 42 1
size 1 3 4 3 8

reuse 2 22
requirements 5

effort 3 1
change 1

performance 1
Use Case size 2

interface 1
Legend: 1 =Requirements, 2 =Design, 3 = Implementation, 4 =Operational.

or Indirect-Composite column (rightmost
column). The concentration in the left-
most column is heartening since it in-
dicates that researchers have implicitly
followed good measurement principles,
which clearly map to a single entity and a
single attribute. The focus also represents
an opportunity. The elementary metrics
can be combined in several ways to derive
additional, interesting metrics that could
become the basis of mappings against ex-
ternal concerns. The concentration in the
rightmost column appears problematic as
it indicates that several metrics are being
proposed that may lack a sound measure-
ment basis, particularly as their measure-

ment inherently requires interpretation
from the developers.

4.2. Analysis

The representation formalism allows sev-
eral paths for analyzing the metrics. In
this section, we demonstrate a few of these
possibilities. These do not constitute an
exhaustive list. Several additional com-
parisons and analyses are possible with
the consistent representation scheme we
have suggested.

4.2.1. Aggregations Across Metrics. Ag-
gregation reflects how object-oriented
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Table VII. Number of Metrics by Metric-Type
Entity Attribute Direct Indirect

Elementary Composite Elementary Composite
Association size 1
Attribute interaction 2

position 2
Class behavior 5 1 2

comments 3
interaction 4 4 10 28
interface 2 1 1 3

performance 5
position 6 4 1 12

reuse 4 1 3
size 5 1 1 3

structure 14 2 8 30
Event size 1

Hierarchy arrangement 2
Link arity

Message size
Method abstractness 1

interaction 5 4 3 2
interface 1

performance 2
position 2 2 1

size 5 1 1 2
structure 4

Package abstractness 1
interaction 1 2
structure 1

Parameter size
Scenario size 1 2

Subsystem structure 2
System change 1

dynamics 12
effort 9 1

interface 1
performance 1
requirements 2 3

reuse 10 2 2 13
size 9 3 2 5

structure 21 13 7 16
unknown 1

Use Case interface 1
size 2

artifacts are structured, for example, how
methods and attributes “aggregate” to be-
come classes. Aggregation across metrics
reflects the use of a summative opera-
tor (sum, average, etc.) to define a metric
for an entity from the corresponding met-
rics for its constituent entities. For exam-
ple, the metrics avg inherit depth() and
max inherit depth() for the entity Sys-
tem represent different aggregations of
the metric depth from root() for the en-
tity Class. As individual Classes are ag-
gregated into a System, properties of (i.e.,
metrics about) Classes can be aggregated
into properties of (i.e., metrics about) Sys-

tems. A number of existing metrics can
be mapped against one another in this
manner. In fact, a number of metrics for
the entity System do represent aggre-
gations of metrics proposed for the en-
tity Class. Table VIII shows a mapping
of existing metrics that are related to
each other via such aggregation. It shows
the two metrics related to each other
in this manner, and shows the compu-
tation of one that involves aggregating
the other. As can be seen from the re-
sults, a number of metrics do, in fact,
represent aggregations of other metrics.
Such aggregation, however, assumes that
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the property being measured can, in fact,
be aggregated. Some aggregate metrics,
however, violate this assumption, for ex-
ample, when sum halstead complexity()
is computed for the entity System using
sum method complexity() for each class as
the input.

The notion of aggregation also presents
an opportunity. Several metrics may be
identified for whom such aggregations
have not been proposed by other re-
searchers. The inverse is also true. Based
on aggregate measures suggested, the cor-
responding elemental measures can be
derived. The natural aggregation relation-
ships between entities, such as Method-
Class and Class-System, therefore, clearly
suggest opportunities for aggregating or
decomposing metrics across these entities
along the dimensions of artifact granular-
ity and mathematical aggregation akin to
those suggested by Talbi et al. [2001].

4.2.2. Usage Across Metrics. Usage ac-
ross metrics represents the use of one or
more existing metric definitions for defin-
ing a new metric. It represents a notion
similar to the idea of composite metrics
discussed earlier (see Figure 3). Often,
such usage can occur when one metric def-
inition (e.g., “number of methods”) is used
by another metric definition (e.g., “fraction
of public methods”). The usage therefore,
typically, occurs within the properties for
a single entity as opposed to across enti-
ties. Several metrics use other metrics in a
number of ways. Table IX shows this usage
across metrics. It shows the computation
that exploits another metric, indicated
by <angular brackets>. For instance, the
metric average method attribute usage()
utilizes the metrics <attributes(c)> and
<methods(c)> in its computation. From
Table IX, it is apparent that some met-
rics that represent basic counting such
as number of attributes <attributes(c)> or
number of methods <methods(c)> are used
repeatedly in the computation of other
metrics. This points to the need for accu-
rate counting practices. For example, it is
necessary to clearly specify the manner of
counting number of methods by address-

ing nuances such as inherited methods,
overridden methods, virtual methods, get
and set methods, etc. Without clear ap-
plication of such practices, these metrics
are likely to lead to widely different re-
sults. A second observation from Table IX
is the existence of several composite met-
rics that use more than one elementary
metrics. For example, consider the met-
ric relative position(). It uses as many as
four other metrics including <parents(c)>,
<depth from root(c)>, <local methods(c)>,
and <methods inherited(c)>. We contend
that such usage of multiple elementary
metrics is likely to be against the basic
tenets of measurement principles. The ex-
ample cited here, for instance, attempts to
add the values from the above component
metrics. The resulting metric, therefore,
may not be able to measure a meaningful
property of interest.

Analysis of metrics in this manner—
usage in computation in other metrics—
therefore, underscores the importance of
some elementary metrics that are repeat-
edly used and suggests opportunities for
investigating the appropriateness of other
metrics that utilize multiple component
metrics.

4.2.3. Equivalent Formulations of Related
Metrics. A few metrics represent similar
proposals by different researchers. The ev-
ident popularity of these metrics (similar
proposals from multiple researchers) sug-
gests that the metrics are either (a) im-
portant and recognized as such by mul-
tiple researchers, or (b) easy to compute
and represent straightforward opportuni-
ties for counting. In general, we find that
the latter has dictated the identification
of similar metrics by multiple researchers.
Table X shows these metrics. For each
metric that is suggested by multiple re-
searchers, we show the generic metric
name, and the number of researchers who
have proposed the metric. A qualification
for inclusion in this table is that the re-
lated metrics follow identical or at least
substantially similar formulations. The
analysis highlights the importance of a
common language for expressing the met-
ric and a common repository for metrics.
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Table X. Equivalent Formulations of Metrics from Different Researchers
Entity Attribute Metric Proposed by*
Class interaction sum method import interactions with friends() 2

interface public local methods() 2
position ancestors() 4
position children() 3
position depth from root() 4
position descendants() 5
position max inherit depth() 2
position sum method import interactions with ancestors() 2

reuse fraction functional() 2
size attributes() 4

structure method attribute usage in class() 3
structure public attributes() 2
structure sum method complexity() 2

Method interaction methods sending messages to() 2
position classes inheriting() 2

size executable statements() 2
size instance attributes used 2
size statements() 2

System reuse fraction classes importedverbatim() 2
reuse fraction classes leveraged() 2
size atttributesin system() 2
size classes() 5
size messages() 2
size methods in system() 3
size subsystems() 4
size use cases() 2

structure abstract classes() 2
structure avg instance attributes() 2
structure avg messages sent() 2
structure avg method size() 2
structure avg methods() 2
structure inheritance associations() 2
structure multiple inheritance() 2
structure sum association arity() 2

*Number of researchers.

4.2.4. Metrics That Use Functions Proposed
for Traditional Metrics. A few metrics make
use of functions that were suggested for
traditional metrics. The most telling ex-
ample in this category is the metrics that
use the McCabe [1976] cyclomatic com-
plexity function. Table XI shows these
metrics. For example, the cyclomatic com-
plexity function is used by several re-
searchers to compute complexity. This
demonstrates the researchers’ biases in
applying traditional functions to object-
oriented systems. Prima facie, such appli-
cations suggest a possible misuse of the
traditional functions, following the argu-
ments presented in Section 2.1. We see
only a few such uses, with cyclomatic
complexity being the most glaring. Oth-
ers include Boehm’s complexity number,
which is used for some metrics by differ-
ent researchers. Such analysis can force

researchers to rigourously evaluate the
appropriateness of traditional metrics for
object-oriented systems.

Additional analyses of metrics are cer-
tainly possible beyond the three pos-
sibilities discussed above. Consider, for
example, using the dimensions of arti-
fact granularity (method ⊂ class, class ⊂
subsystem, and so on), and mathemati-
cal aggregation (set theoretic operations
on elements of a set, e.g., class ∈ set of
classes). Talbi et al. [2001] suggest a tax-
onomy that can be useful in this regard.
Other analyses may include investigat-
ing the use of statistical summary op-
erators (such as average) or dispersion
oprators (such as min, max, or variance)
across metrics that apply to elements ver-
sus sets. We leave these, along with sev-
eral others, as further extensions to this
research.
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Table XI. Metrics Built on Traditional Metrics
Entity Attribute Metric Researcher Year
Class size sum attribute boehm size() Sharble and Cohen 1993
Class structure avg method mccabe complexity() Etzkorn et al. 1999
Class structure class mccabe complexity() Karlsson 1995
Class structure sum distance times method and

attributes halstead complexity()
Etzkorn et al. 1999

Method size halstead length() De Champeaux 1997
Method size halstead volume() Abreu and Carapuca 1994
Method structure method mccabe complexity() Abreu and Carapuca 1994
Method structure weighted sum mccabe halstead() De Champeaux 1997

Subsystem structure class group mccabe complexity() Karlsson 1995
System structure assoc mccabe complexity() Kolewe 1993
System structure sum syntax halstead complexity() Kim et al. 1994

Table XII. Number of Metrics Proposed over Time for Entities
Entity 1989 1991 1992 1993 1994 1995 1996 1997 1998 1999

Association 1
Attribute 4

Class 2 7 17 49 28 9 45 19 4
Event 1

Hierarchy 1 1
Link

Message
Method 4 3 16 10 7
Package 3 2

Parameter
Scenario 3

Subsystem 2
System 3 5 22 4 43 34 1 24 14

Use Case 2 1
Note: Only entities for which metrics have been proposed are shown.

4.3. Trends

Based on the compilation of metrics, we
further present a historical perspective
on available object-oriented metrics that
can provide a sense of the direction in
which the field appears to be moving.
Tables XII and XIII show the number
of metrics proposed over time, mapped
against the entities and attributes. The
tables suggest that intense level of activ-
ity witnessed during the mid-1990s (1994
to 1997) appears to be tapering off as
more researchers are shifting their agen-
das away from measurement concerns.

This is a disturbing finding because a
number of concerns still remain, as seen
from our analysis in Sections 4.1 and 4.2,
where we have identified a number of gaps
in the present state of the research. Our
discipline has been criticized for changing
focus too quickly to meet the vagaries of
the market. As key issues dealing with
measurement of object-oriented develop-
ment processes remain unresolved, we see

a similar trend. We hope that the present
analysis will provide researchers specific
avenues that they may consider for ad-
vancing the field.

5. CONCLUDING REMARKS

We have presented a survey of existing
metrics proposed for object-oriented sys-
tems focusing on product metrics. In par-
ticular, we have analyzed the metrics for
the coverage of entities, attributes, and
development stages (indicated as states).
The classification of metrics is also based
on the dimensions of elementarity and
directness. Our analysis has included
the investigation of computation across
metrics such as aggregation (Table VIII)
or usage across metrics (Table IX),
equivalent formulations of metrics by
multiple researchers (Table X), and ex-
ploitation of traditional metrics for object-
oriented metrics (Table XI). We have also
analyzed activity in this area over time,
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Table XIII. Number of Metrics Proposed over Time for Entity-Attributes
Entity Attribute 1989 1991 1992 1993 1994 1995 1996 1997 1998 1999

Association size 1
Attribute interaction 2

position 2
Class behavior 1 1 1 5

comments 2 1
interaction 1 5 6 3 10 17 3
interface 3 1 2

performance 5
position 1 13 8 8 6

reuse 6 1
size 3 7 3

structure 2 7 9 8 9 11 7 4
Event size 1

Hierarchy arrangement 1 1
Link arity

Message size
Method abstractness 1

interaction 2 1 3 6 2
interface 1

performance 2
position 1 3 2

size 1 6 1 4
structure 1 2 1

Package abstractness 1
interaction 2 1
structure 1

Parameter size
Scenario size 3

Subsystem structure 2
System change 1

dynamics 2 1 8
effort 9

performance 1
requirements 2 3

reuse 2 5 3 1 2 12 3
size 1 9 9 4 5 3

structure 8 3 18 17 1 8 8
indeterminate 1

Use Case interface 1
size 1 1

and commented on the trends (Tables XII
and XIII). The survey provides a historical
view of existing research, uncovers gaps in
existing research, and suggests opportuni-
ties for future research.

The presented analysis is based on a
uniform representation of existing met-
rics and is aided by storing this informa-
tion in a structured repository for ease
of processing; all the analysis tables in
Section 4 are generated from this repos-
itory. The complete data with the uniform
representation is available online in the
ACM Digital Library, in a format that is
easily amenable to conversion to a stan-
dardized representation using the eXten-
sible Markup Language. This uniformity

in representation (Table IV) is achieved
by applying a mathematical formalism
(Table III), which in turn is driven by
a framework for object-oriented metrics
(Figure 1), the relational model for mea-
surement (Figure 2), and the dimensions
for classifying metrics (Figure 3). Fur-
ther support for the framework is pro-
vided by use of the object-oriented system
development process as the underlying
phenomenon, which suggests the distinc-
tion between the entities products, pro-
cesses, and resources, and, specifically, the
states of products (Figure 4). Based on
these concepts, a bottom-up analysis of
the metrics proposed for object-oriented
systems has resulted in the entities
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Table XIV. Application of Metrics
Possible Steps for Identifying Apprppriate Metrics

Step Selection Example Source
1 Entity Class Table I
2 Goal/Question Maintainability Decision-Maker
3 State(s) Specifications Decision-Maker, Choice from Figure 4
4 Attribute(s) Position, Structure Decision-Maker, Choice from Table II
5 Metric Type Elementary and Direct Decision-Maker, Choice from Figure 3, Table VII
6 Metrics Results below Metrics Repository

Application of Metrics
Entity Attribute Metric State Elementary Direct
Class position methods added() 2 or 3 y y
Class position children() 2 or 3 y y
Class position methods inherited() 2 or 3 y y
Class position parents() 2 or 3 y y
Class position methods overridden() 2 or 3 y y
Class position max inherit depth() 2 or 3 y y
Class structure avg method params() 2 or 3 y y
Class structure sum attrib chenlu value() 2 or 3 y y
Class structure attrib combinations

constraints()
2 or 3 y y

Class structure local methods() 2 or 3 y y
Class structure classes thisclass depends on() 2 or 3 y y
Class structure methods longer than N loc() 2 or 3 y y
Class structure public attributes() 2 or 3 y y
Class structure public methods() 2 or 3 y y
Class structure method params() 2 or 3 y y
Class structure bidirectional class usage() 2 or 3 y y
Class structure classes used() 2 or 3 y y
Class structure abstract classes used() 2 or 3 y y
Class structure classes dependent on() 2 or 3 y y
∗Legend: 1=Requirements, 2 =Design, 3 = Implementation, 4 =Operational; y= yes.

and attributes presented in Tables I
and II.

Finally, we suggest one plausible use of
a metrics repository compiled using this
formalism: use of the metrics for specific
goals or for answering questions. Deter-
mining specific instantiaition of “goals”
or “questions” is a rather daunting task.
A goal/question relates to either quantifi-
ably assessing some attribute of an ex-
isting product, process, or resource, or
quantifiably predicting some attribute of
a future product, process, or resource.
Mylopoulos et al. [1992] also suggest alter-
natives for understanding and interpret-
ing nonfunctional requirements, which
can be adapted for this purpose. Along
with these works, the GQM paradigm sug-
gests that available entity-attribute pairs
or entity-attribute-metric tuples may be
used to answer questions arising from pre-
determined goals.

In this regard, researchers have sug-
gested approaches to relate metrics to

quality characteristics (see, for example,
Mylopoulos et al. [1992]; Shepperd [1992];
Gillibrand and Liu [1998]). It is diffi-
cult, however, to reach a genuine consen-
sus about the definitions of exernal at-
tributes that are sometimes referred to
as ilities [Fenton 1994]. ISO 9126 [ISO
9126; ISO/IEC FCD 9126-2nd], for exam-
ple, defines Quality as consisting of: Func-
tionality, Reliability, Usability, Efficiency,
Maintainability, and Portability. McCall
et al.’s [1977] hierarchy of ilities indicates
hierarchies of Maintainability, which con-
sists of Simplicity, Modularity, and of
Conciseness; and of Dependability, which
consists of Reliability, Safety, Security,
Availability, Maintainability, Usability,
and Extendability. These terms are noto-
riously difficult to operationalize with uni-
versal applicability.

We acknowledge these problems, which
have been reported elsewhere. However,
in spite of these problems, it may be pos-
sible to derive broad guidelines for using
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the metrics. Table XIV shows one possi-
ble approach to using our representation
to select appropriate metrics in the context
provided by the development lifecycles. It
shows a possible question (“assessment
of maintainability”) for the goal (“improv-
ing maintainability”), and the progression
from a goal/question to an attribute, selec-
tion of state(s), metric type(s), and the re-
sulting metrics extracted from the metrics
repository.

Clearly, the above analysis does not ex-
tend to expressing judgments about indi-
vidual metrics, such as their trustworthi-
ness or relevance. These concerns are the
topic of research on specific metrics and
their mapping against specific concerns.
Analysis like that presented in Table XIV
merely serves as the first step in identi-
fying possibilities, which may be informed
by other research that takes into account
issues such as trustworthiness. Our con-
tribution has been mainly in providing an
insightful survey of object-oriented prod-
uct metrics using the internal perspective
(Figure 1) and a mathematical formalism.
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