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 documents are developed within the Technical Committees of the
IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Board. Members of the committees serve voluntarily and without compensation.
They are not necessarily members of the Institute. The standards developed within
IEEE represent a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE that have expressed an interest in partici-
pating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard
does not imply that there are no other ways to produce, test, measure, purchase, mar-
ket, or provide other goods and services related to the scope of the IEEE Standard.
Furthermore, the viewpoint expressed at the time a standard is approved and issued is
subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to
review at least every Þve years for revision or reafÞrmation. When a document is
more than Þve years old and has not been reafÞrmed, it is reasonable to conclude that
its contents, although still of some value, do not wholly reßect the present state of the
art. Users are cautioned to check to determine that they have the latest edition of any
IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party,
regardless of membership afÞliation with IEEE. Suggestions for changes in docu-
ments should be in the form of a proposed change of text, together with appropriate
supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions
of standards as they relate to speciÞc applications. When the need for interpretations
is brought to the attention of IEEE, the Institute will initiate action to prepare appro-
priate responses. Since IEEE Standards represent a consensus of all concerned inter-
ests, it is important to ensure that any interpretation has also received the concurrence
of a balance of interests. For this reason IEEE and the members of its technical com-
mittees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration. 

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

IEEE Standards documents are adopted by the Institute of Electrical and Electronics
Engineers without regard to whether their adoption may involve patents on articles,
materials, or processes. Such adoption does not assume any liability to any patent
owner, nor does it assume any obligation whatever to parties adopting the standards
documents.
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IEEE Standard for a Software Quality Metrics 
Methodology

 

1. Overview 

 

This standard is divided into Þve clauses. Clause 1 provides the scope of this standard. Clause 2 provides a
set of deÞnitions that are deÞned more fully in the standard, but are provided here as a quick reference.
Clause 3 states the purpose of software quality metrics. Clause 4 provides a framework for software quality
metrics. Clause 5 provides a methodology for software quality metrics, which is mandatory when applying
this standard. Also in this standard are four annexes that are included for illustrative and reference purposes
only.

 

1.1 Scope

 

This standard provides a methodology for establishing quality requirements and identifying, implementing,
analyzing, and validating the process and product of software quality metrics. This methodology applies to
all software at all phases of any software life cycle structure.

This standard does not prescribe speciÞc metrics. However, the annexes include examples of metrics
together with two complete examples of the use of this standard.

 

1.2 Audience 

 

This standard is intended for those associated with the acquisition, development, use, support, maintenance,
and audit of software. The standard is particularly aimed at those measuring or assessing the quality of soft-
ware.

This standard can be used by

Ñ An acquisition/project manager to identify, deÞne, and prioritize the quality requirements for
a system

Ñ A system developer to identify speciÞc traits that should be built into the software in order to meet
the quality requirements

Ñ A quality assurance/control/audit organization and a system developer to evaluate whether the qual-
ity requirements are being met

Ñ A system maintainer to assist in change management during product evolution
Ñ A user to assist in specifying the quality requirements for a system
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2. DeÞnitions

 

2.1 critical range:

 

 Metric values used to classify software into the categories of acceptable, marginal, or
unacceptable.

 

2.2 critical value:

 

 Metric value of a validated metric that is used to identify software that has unacceptable
quality.

 

2.3 direct metric:

 

 A metric applied during development or during operations that represents a software
quality factor (for example, mean time to software failure for the factor reliability).

 

2.4 factor:

 

 

 

See:

 

 

 

quality factor

 

. For the sake of brevity, the term ÒfactorÓ is used in place of the term Òquality
factorÓ in this standard.

 

2.5 factor sample

 

: A set of factor values that is drawn from the metrics database and used in metrics valida-
tion.

 

2.6 factor value:

 

 A value of the direct metric that represents a factor. (

 

See:

 

 

 

metric value.

 

)

 

2.7 measure:

 

 A way to ascertain or appraise value by comparing it to a standard. To apply a metric.

 

2.8 measurement:

 

 The act or process of measuring. A Þgure, extent, or amount obtained by measuring.

 

2.9 metric:

 

 

 

See:

 

 

 

software quality metric

 

. For the sake of brevity, the term ÒmetricÓ is used in place of the
term Òsoftware quality metricÓ in this standard.

 

2.10 metrics framework:

 

 A tool used for organizing, selecting, communicating, and evaluating the required
quality attributes for a software system. A hierarchical breakdown of factors, subfactors, and metrics for a
software system.

 

2.11 metrics sample:

 

 A set of metric values that is drawn from the metrics database and used in metrics val-
idation.

 

2.12 metric validation:

 

 The act or process of ensuring that a metric correctly predicts or assesses a quality
factor.

 

2.13 metric value:

 

 A metric output or an element that is from the range of a metric.

 

2.14 predictive assessment:

 

 The process of using a predictive metric(s) to predict the value of another
 metric.

 

2.15 predictive metric:

 

 A metric applied during development and used to predict the values of a software
quality factor.

 

2.16 process step:

 

 Any task performed in the development, implementation, or maintenance of software (for
example, identifying the software components of a system as part of the design).

 

2.17 process metric:

 

 A metric used to measure characteristics of the methods, techniques, and tools
employed in developing, implementing, and maintaining the software system.

 

2.18 product metric:

 

 A metric used to measure the characteristics of the documentation and code.

 

2.19 quality attribute:

 

 A characteristic of software, or a generic term applying to factors, subfactors, or
metric values.
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2.20 quality factor:

 

 A management-oriented attribute of software that contributes to its quality.

 

2.21 quality requirement:

 

 A requirement that a software attribute be present in software to satisfy a con-
tract, standard, speciÞcation, or other formally imposed document.

 

2.22 quality subfactor:

 

 A decomposition of a quality factor or quality subfactor to its technical
 components.

 

2.23 sample software:

 

 Software selected from a current or completed project from which data can be
obtained for use in preliminary testing of data collection and metric computation procedures.

 

2.24 software component

 

: A general term used to refer to a software system or an element, such as module,
unit, data, or document.

 

2.25 software quality metric:

 

 A function whose inputs are software data and whose output is a single
numerical value that can be interpreted as the degree to which software possesses a given attribute that
affects its quality.

 

NOTEÑThis deÞnition differs from the deÞnition of quality metric found in IEEE Std 610.12-1990.

 

2.26 subfactor:

 

 

 

See:

 

 

 

quality subfactor

 

. For the sake of brevity, the term ÒsubfactorÓ is used in place of the
term Òquality subfactorÓ in this standard.

 

2.27 validated metric:

 

 A metric whose values have been statistically associated with corresponding  quality
factor values.
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3. Purpose of software quality metrics

 

Software quality is the degree to which software possesses a desired combination of attributes. This desired
combination of attributes shall be clearly deÞned; otherwise, assessment of quality is left to intuition. For the
purposes of this standard, deÞning software quality for a system is equivalent to deÞning a list of software
quality attributes required for that system. In order to measure the software quality attributes an appropriate
set of software metrics shall be identiÞed. 

The purpose of software metrics is to make assessments throughout the software life cycle as to whether the
software quality requirements are being met. The use of software metrics reduces subjectivity in the assess-
ment of software quality by providing a quantitative basis for making decisions about software quality.
However, the use of software metrics does not eliminate the need for human judgment in software evalua-
tions. The use of software metrics within an organization or project is expected to have a beneÞcial effect by
making software quality more visible.

More speciÞcally, the use of this standardÕs methodology for measuring quality allows an organization to

Ñ Achieve quality goals
Ñ Establish quality requirements for a system at its outset
Ñ Establish acceptance criteria and standards
Ñ Evaluate the level of quality achieved against the established requirements
Ñ Detect anomalies or point to potential problems in the system
Ñ Predict the level of quality that will be achieved in the future
Ñ Monitor changes in quality when software is modiÞed
Ñ Assess the ease of change to the system during product evolution
Ñ Normalize, scale, calibrate, or validate a metric

To accomplish these aims, both process and product metrics should be represented in the system metrics
plan.
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4. Software quality metrics framework

 

The software quality metrics framework shown in Þgure 1 is designed to be ßexible. It permits additions,
deletions, and modiÞcations of factors, subfactors, and metrics. Each level may be expanded to several sub-
levels. The framework can thus be applied to all systems and can be adapted as appropriate without chang-
ing the basic concept.

 

Figure 1ÑSoftware quality metrics framework

 

The Þrst level of the software quality metrics framework hierarchy begins with the establishment of quality
requirements by the assignment of various quality attributes. All attributes deÞning the quality requirements
shall be agreed upon by the project team, and then the deÞnitions should be established. Quality factors that
represent management and user-oriented views are then assigned to the attributes. If necessary, subfactors
are then assigned to each factor. Associated with each factor is a direct metric that serves as a quantitative
representation of a quality factor. For example, a direct metric for the factor reliability could be mean time to
failure. Each factor shall have one or more associated direct metrics and target values, such as one hour of
execution time, that is set by project management. Otherwise, there is no way to determine whether the fac-
tor has been achieved. Some examples of factors are listed in annex A.

At the second level of the hierarchy are the quality subfactors that represent software-oriented attributes that
indicate quality. These are obtained by decomposing each factor into measurable software attributes. Sub-
factors are independent attributes of software, and therefore may correspond to more than one factor (see
annex A for further explanation). The subfactors are concrete attributes of software that are more meaningful
than factors to technical personnel, such as analysts, designers, programmers, testers, and maintainers. The
decomposition of factors into subfactors facilitates objective communication between the manager and the
technical personnel regarding the quality objectives. Some examples of subfactors are listed in annex A.

At the third level of the hierarchy the subfactors are decomposed into metrics used to measure system prod-
ucts and processes during the development life cycle. Direct metric values, or factor values, are typically
unavailable or expensive to collect early in the software life cycle. Therefore, metrics at the third level, that
are validated against direct metrics, are used to estimate factor values early in the software life cycle.

Metric

Subfactor

Factor

Direct Metric(s)

Factor

Direct Metric(s)

Factor

Direct Metric(s)

Software Quality
of System X

SubfactorSubfactor

MetricMetric
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From top to bottom the framework facilitates

Ñ Establishment of quality requirements in terms of factors by managers early in a systemÕs life cycle
Ñ Communication of the established factors in terms of quality subfactors to the technical personnel
Ñ IdentiÞcation of metrics that are related to the established factors and subfactors

From bottom to top the framework enables the managerial and technical personnel to obtain feedback by

Ñ Evaluating the software products and processes at the elementary metrics level
Ñ Analyzing the metrics values to estimate and assess the quality factors
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5. The software quality metrics methodology

 

The software quality metrics methodology is a systematic approach to establishing quality requirements and
identifying, implementing, analyzing, and validating the process and product of software quality metrics for
a software system. It spans the entire software life cycle and comprises Þve steps.

These steps shall be applied iteratively because insights gained from applying a step may show the need for
further evaluation of the results of prior steps.

a)

 

Establish software quality requirements.

 

 A list of quality factors is selected, prioritized, and quanti-
Þed at the outset of system development or system change. These requirements shall be used to
guide and control the development of the system and, on delivery of the system, to assess whether
the system met the quality requirements speciÞed in the contract.

b)

 

Identify software quality metrics.

 

 The software quality metrics framework is applied in the selection
of relevant metrics.

c)

 

Implement the software quality metrics.

 

 Tools are either procured or developed, data is collected,
and metrics are applied at each phase of the software life cycle.

d)

 

Analyze the software quality metrics results.

 

 The metrics results are analyzed and reported to help
control the development and assess the Þnal product.

e)

 

Validate the software quality metrics.

 

 Predictive metrics results are compared to the direct metrics
results to determine whether the predictive metrics accurately measure their associated factors.

The documentation or output produced as a result of these steps is shown in table 1.

 

5.1 Establish software quality requirements

 

Quality requirements shall be represented in either of the following forms:

Ñ

 

Direct metric value.

 

 A numerical target for a factor to be met in the Þnal product. For example, mean
time to failure (MTTF) is a direct metric of Þnal system reliability.

Ñ

 

Predictive metric value.

 

 A numerical target related to a factor to be met during system development.
This is an intermediate requirement that is an early indicator of Þnal system performance. For exam-
ple, design or code errors may be early predictors of Þnal system reliability.

 

Table 1ÑOutputs of metrics methodology steps

 

Metric Methodology Step Output

 

Establish software quality requirements Ñ Quality requirements

Identify software quality metrics Ñ Approved quality metrics framework
Ñ Metrics set
Ñ Cost-beneÞt analysis

Implement the software quality metrics Ñ Description of data items
Ñ Metrics/data item
Ñ Traceability matrix
Ñ Training plan and schedule

Analyze the software quality metrics results Ñ Organization and development process changes

Validate the software quality metrics Ñ Validation results

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 04:28:17 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1061-1992

http://www.avadocuments.com/doc/ieee-1061-1992
http://www.avadocuments.com/doc/ieee-1061-1992


 

IEEE
Std 1061-1992 IEEE STANDARD FOR A 

 

8

 

5.1.1 Identify a list of possible quality requirements

 

Identify quality requirements that may be applicable to the software system. Use organizational experience,
required standards, regulations, or laws to create this list. Annex A contains sample lists of factors and sub-
factors. In addition, list other system requirements that may affect the feasibility of the quality requirements.
Consider acquisition concerns, such as cost or schedule constraints, warranties, and organizational self-
interest. Do not rule out mutually exclusive requirements at this point. Focus on factor/direct metric combi-
nations instead of predictive metrics.

All parties involved in the creation and use of the system shall participate in the quality requirements identi-
Þcation process.

 

5.1.2 Determine the actual list of quality requirements

 

Rate each of the listed quality requirements by importance. Importance is a function of the system character-
istics and the viewpoints of the people involved. To determine the actual list of the possible quality require-
ments, follow the two steps below:

Ñ

 

Survey all involved parties.

 

 Discuss the relative priorities of the requirements with all involved par-
ties. Have each group weigh the quality requirements against the other system requirements and con-
straints. Ensure that all viewpoints are considered.

Ñ

 

Create the actual list of quality requirements.

 

 Resolve the results of the survey into a single list of
quality requirements. This shall involve a technical feasibility analysis of the quality requirements.
The proposed factors for this list may have cooperative or conßicting relationships. Conßicts
between requirements shall be resolved at this point. In addition, if the choice of quality require-
ments is in conßict with cost, schedule, or system functionality, one or the other shall be altered. Care
shall be exercised in choosing the desired list to ensure that the requirements are technically feasible,
reasonable, complementary, achievable, and veriÞable. All involved parties shall agree to this Þnal
list.

 

5.1.3 Quantify each factor

 

For each factor, assign one or more direct metrics to represent the factor, and assign direct metric values to
serve as quantitative requirements for that factor. For example, if Òhigh efÞciencyÓ was one of the quality
requirements from the previous item, the direct metric Òactual resource utilization/allocated resource utiliza-
tionÓ with a value of 90% could represent that factor. This direct metric value is used to verify the achieve-
ment of the quality requirement. Without it, there is no way to tell whether or not the delivered system meets
its quality requirements.

The quantiÞed list of quality requirements and their deÞnitions again shall be approved by all
involved parties.

 

5.2 Identify software quality metrics

 

When identifying software quality metrics, apply the software quality metrics framework, and perform a
cost-beneÞt analysis. Then gain commitment to the metrics from all involved parties.

 

5.2.1 Apply the software quality metrics framework

 

Create a chart of the quality requirements based on the hierarchical tree structure found in Þgure 1. At this
point, only the factor level must be complete. Next decompose each factor into subfactors as indicated in
clause 4. The decomposition into subfactors must continue for as many levels as needed until the subfactor
level is complete.
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Using the software quality metrics framework, decompose the subfactors into measurable metrics. For each
validated metric on the metric level, assign a target value and a critical value and range that should be
achieved during development. The target values constitute additional quality requirements for the system.

The framework and the target values for the metrics shall be reviewed and approved by all involved parties.

To help ensure that metrics are used appropriately, only validated metrics (that is, either direct metrics or
metrics validated with respect to direct metrics) shall be used to assess current and future product and pro-
cess quality (see 5.5 for a description of the validation methodology and annex C for examples of applying
the validation methodology). Nonvalidated metrics may be included for future analysis, but shall not be
included as part of the system requirements. Furthermore, the metrics that are used shall be those that are
associated with the quality requirements of the software project. However, given that the above conditions
are satisÞed, the selection of speciÞc metrics as candidates for validation and the selection of speciÞc vali-
dated metrics for application is at the discretion of the user of this standard. Examples of metrics and experi-
ences with their use are given in annex B.

Document each metric using the format shown in table 2. 

 

Table 2ÑMetrics set 

 

Item Description

 

Name Name given to the metric.

Costs Costs of using the metric (see 5.2.2.1).

BeneÞts BeneÞts of using the metric (see 5.2.2.2).

Impact Indication of whether a metric may be used to alter or halt the project (ask

 

, 
Can the metric be used to indicate deÞcient software quality?

 

).

Target value Numerical value of the metric that is to be achieved in order to meet qual-
ity requirements. Include the critical value and the range of the metric.

Factors Factors that are related to this metric.

Tools Software or hardware tools that are used to gather and store data, compute 
the metric and analyze the results.

Application Description of how the metric is used and what its area of application is.

Data items Input values that are necessary for computing the metric values.

Computation Explanation of the steps involved in the metrics computation.

Interpretation Interpretation of the results of the metrics computation (see 5.4.1).

Considerations Considerations of the appropriateness of the metric (for example, 

 

Can data 
be collected for this metric? Is the metric appropriate for this applica-
tion?

 

).

Training required Training required to implement or use the metric.

Example An example of applying the metric (see annex C).

Validation history Names of projects that have used the metric, and the validity criteria the 
metric has satisÞed.

References References, such as list of projects, project details, etc., giving further 
details on understanding or implementing the metric.

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 04:28:17 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1061-1992

http://www.avadocuments.com/doc/ieee-1061-1992
http://www.avadocuments.com/doc/ieee-1061-1992


 

IEEE
Std 1061-1992 IEEE STANDARD FOR A 

 

10

 

5.2.2 Perform a cost-beneÞt analysis

 

Perform a cost-beneÞt analysis by identifying the costs of implementing the metrics, identifying the beneÞts
of applying the metrics, and then applying the metrics set.

 

5.2.2.1 Identify the costs of implementing the metrics

 

Identify and document (see table 2) all the costs associated with the metrics in the metrics set. For each met-
ric, estimate and document the following impacts and costs.

Ñ

 

Metrics utilization costs.

 

 The costs of collecting data; automating the metric value calculation (when
possible); and analyzing, interpreting, and reporting the results.

Ñ

 

Software development process change costs.

 

 The set of metrics may imply a change in the develop-
ment process.

Ñ

 

Organizational structure change costs.

 

 The set of metrics may imply a change in the organizational
structure used to produce the software system.

Ñ

 

Special equipment

 

. The hardware or software tools may have to be located, purchased, adapted, or
developed to implement the metrics.

Ñ

 

Training. 

 

The quality assurance/control organization or the entire development team may need train-
ing in the use of the metrics and data collection procedures. If the introduction of metrics has caused
changes in the development process, the development team may need to be educated about the
changes.

 

5.2.2.2 Identify the beneÞts of applying the metrics

 

Identify and document the beneÞts that are associated with each metric in the metrics set (see table 2).

Some beneÞts to consider include the following:

Ñ Identify quality goals and increase awareness of the goals in the software organization
Ñ Provide timely feedback useful in developing higher quality software
Ñ Increase customer satisfaction by quantifying the quality of the software before it is delivered to the

customer
Ñ Provide a quantitative basis for making decisions about software quality
Ñ Reduce software life cycle costs by improving process efÞciency based on metric data

 

5.2.2.3 Adjust the metrics set

 

Weigh the beneÞts, tangible and intangible, against the costs of each metric. If the costs exceed the beneÞts
of a given metric, alter or delete it from the metrics set. On the other hand, for metrics that remain, make
plans for any necessary changes to the software development process, organizational structure, tools, and
training. In most cases it will not be feasible to quantify beneÞts. In these cases judgment shall be exercised
in weighing qualitative beneÞts against quantitative costs.

 

5.2.3 Gain commitment to the metrics set

 

All involved parties shall review the revised metrics set to which the cost-beneÞt analysis has been added.
The metrics set shall be formally adopted and supported by this group.

 

5.3 Implement the software quality metrics

 

To implement the software quality metrics, deÞne the data collection procedures, use selected software to
prototype the measurement process, then collect the data and compute the metrics values.
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5.3.1 DeÞne the data collection procedures

 

For each metric in the metric set, determine the data that will be collected and determine the assumptions
that will be made about the data (for example, random sample, subjective or objective measure). The ßow of
data shall be shown from point of collection to evaluation of metrics. Describe or reference when and how
tools are to be used and data storage procedures. Also, identify candidate tools. Select tools for use with the
prototyping process. A traceability matrix shall be established between metrics and data items.

Identify the organizational entities that will directly participate in data collection including those responsible
for monitoring data collection. Describe the training and experience required for data collection and the
training process for personnel involved.

Describe each data item thoroughly, using the format shown in table 3. 

 

5.3.2 Prototype the measurement process

 

Test the data collection and metric computation procedures on selected software that will act a a prototype.
If possible, the samples selected should be similar to the project(s) on which the metrics will later be used.
An analysis shall be made to determine if the data is collected uniformly and if instructions have always
been interpreted in the same manner. In particular, data requiring subjective judgments shall be checked to
determine if the descriptions and instructions are clear enough to ensure uniform results.

 

Table 3ÑDescription of a data item 

 

Item Description

 

Name Name given to the data item.

Metrics Metrics that are associated with the data item.

DeÞnition Straightforward description of the data item.

Source Location of where the data originates.

Collector Entity responsible for collecting the data.

Timing Time(s) in life cycle at which the data is to be collected. (Some data items 
are collected more than once.)

Procedures Methodology (for example, automated or manual) used to collect the data.

Storage Location of where the data is stored.

Representation Manner in which the data is represented, for example, its precision and 
format (e.g., Boolean, dimensionless, etc.).

Sample Method used to select the data to be collected and the percentage of the 
available data that is to be collected.

VeriÞcation Manner in which the collected data is to be checked for errors.

Alternatives Methods that may be used to collect the data other than the preferred 
method.

Integrity Who is authorized to alter this data item and under what conditions.
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In addition, the cost of the measurement process for the prototype shall be examined to verify or improve the
cost analysis.

Use the results collected from the prototype to improve the metric descriptions (see table 2) and descriptions
of data items (see table 3).

 

5.3.3 Collect the data and compute the metrics values

 

Using the formats in table 2 and table 3, collect and store data at the appropriate time in the life cycle. The
data shall be checked for accuracy and proper unit of measure.

Data collection shall be monitored. If a sample of data is used, requirements such as randomness, minimum
size of sample, and homogeneous sampling shall be veriÞed. If more than one person is collecting the data,
it shall be checked for uniformity.

Compute the metrics values from the collected data.

 

5.4 Analyze the software metrics results

 

Analyzing the results of the software metrics includes interpreting the results, identifying software quality,
making software quality predictions, and ensuring compliance with requirements.

 

5.4.1 Interpret the results

 

The results shall be interpreted and recorded against the broad context of the project as well as for a particu-
lar product or process of the project. The differences between the collected metric data and the target values
for the metrics shall be analyzed against the quality requirements. Substantive differences shall be investi-
gated.

 

5.4.2 Identify software quality

 

Quality metric values for software components shall be determined and reviewed. Quality metric values that
are outside the anticipated tolerance intervals (low or unexpected high quality) shall be identiÞed for further
study. Unacceptable quality may be manifested as excessive complexity, inadequate documentation, lack of
traceability, or other undesirable attributes. The existence of such conditions is an indication that the soft-
ware may not satisfy quality requirements when it becomes operational. Since many of the direct metrics
that are usually of interest cannot be measured during software development (for example, reliability met-
rics), validated metrics shall be used when direct metrics are not available. Direct or validated metrics shall
be measured for software components and process steps. The measurements shall be compared with critical
values of the metrics. Software components whose measurements deviate from the critical values shall be
analyzed in detail. The fact that a measurement deviates from a critical value does not necessarily mean that
the software component will exhibit unacceptable quality during operation. Deviation from a critical value
may occur because metrics are not infallible; they are only indicators of quality. What metrics indicate about
quality during development may not be the quality achieved in operation. Depending on the results of the
analysis, software components shall be redesigned (acceptable quality is achieved by redesign), scrapped
(quality is so poor that redesign is not feasible), or not changed (deviations for critical metric values are
judged to be insigniÞcant).

Unexpected high quality metric values shall cause a review of the software development process as the
expected tolerance levels may need to be modiÞed or the process for identifying quality metric values may
need to be improved.
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5.4.3 Make software quality predictions

 

During development validated metrics shall be used to make predictions of direct metric values. Predicted
values of direct metrics shall be compared with target values to determine whether to ßag software compo-
nents for detailed analysis. Predictions shall be made for software components and process steps. Software
components and process steps whose predicted direct metric values deviate from the target values shall be
analyzed in detail.

Potentially, prediction is very valuable because it estimates the metric of ultimate interestÑthe direct metric.
However, prediction is difÞcult because it involves using validated metrics from an earlier phase of the life
cycle (for example, development) to make a prediction about a different but related metric (direct metric) in
a much later phase (for example, operations).

 

5.4.4 Ensure compliance with requirements

 

Direct metrics shall be used to ensure compliance of software products with quality requirements during sys-
tem and acceptance testing (see 5.1). Direct metrics shall be measured for software components and process
steps. These values shall be compared with target values of the direct metrics that represent quality require-
ments. Software components and process steps whose measurements deviate from the target values are non-
compliant.

 

5.5 Validate the software quality metrics

 

For information on the statistical techniques used, see [B114], [B115], [B117],

 

1

 

 or similar references.

 

5.5.1 Purpose of metrics validation

 

The purpose of metrics validation is to identify both product and process metrics that can predict speciÞed
quality factor values, which are quantitative representations of quality requirements. If metrics are to be use-
ful, they shall indicate accurately whether quality requirements have been achieved or are likely to be
achieved in the future. When it is possible to measure factor values at the desired point in the life cycle, these
direct metrics are used to evaluate software quality. At some points in the life cycle, certain quality factor
values (for example, reliability) are not available. They are obtained after delivery or late in the project. In
these cases, other metrics are used early on in a project to predict quality factor values.

The history of the application of metrics indicates that predictive metrics were seldom validated (that is, it
was not demonstrated through statistical analysis that the metrics measured software characteristics that they
purported to measure.) However, it is important that predictive metrics be validated before they are used to
evaluate software quality. Otherwise, metrics might be misapplied (that is, metrics might be used that have
little or no relationship to the desired quality characteristics).

Although quality subfactors are useful when identifying and establishing factors and metrics, they need not
be used in metrics validation, because the focus in validation is on determining whether a statistically signif-
icant relationship exists between predictive metric values and factor values.

Quality factors may be affected by multiple variables. A single metric, therefore, may not sufÞciently repre-
sent any one factor if it ignores these other variables.

 

1

 

The numbers in brackets correspond to those of the bibliographical references in annex D.
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5.5.2 Validity criteria

 

To be considered valid, a predictive metric shall demonstrate a high degree of association with the quality
factors it represents. This is equivalent to accurately portraying the quality condition(s) of a product or pro-
cess. A metric may be valid with respect to certain validity criteria and invalid with respect to other criteria.

The person in the organization who understands the consequence of the values selected shall designate
threshold values for the following:

 

V

 

 Ð square of the linear correlation coefÞcient

 

B

 

 Ð rank correlation coefÞcient

 

A

 

 Ð prediction error

 

P

 

 Ð success rate

A short numerical example follows the deÞnition of each validity criterion. Detailed examples of the appli-
cation of metrics validation are contained in annex C.

a)

 

Correlation.

 

 The variation in the quality factor values explained by the variation in the metric val-
ues, which is given by the square of the linear correlation coefÞcient (

 

R

 

) between the metric and the
corresponding factor, shall exceed 

 

V

 

, where 

 

R

 

2

 

 > 

 

V

 

.
This criterion assesses whether there is a sufÞciently strong linear association between a factor and a
metric to warrant using the metric as a substitute for the factor, when it is infeasible to use the latter.
For example, the correlation coefÞcient between a complexity metric and the factor reliability may
be 0.8. The square of this is 0.64. Only 64% of the variation in the factor is explained by the varia-
tion in the metric. If 

 

V

 

 has been established as 0.7, the conclusion would be drawn that the metric is
invalid (that is, there is insufÞcient association, or correlation between the metric and reliability). If
this relationship is demonstrated over a representative sample of software components, the conclu-
sion could be drawn that the metric is invalid.

b)

 

Tracking.

 

 If a metric 

 

M

 

 is directly related to a quality factor

 

 F

 

, for a given product or process, then a
change in a quality factor value from 

 

F

 

T1

 

 to 

 

F

 

T2

 

, at times T1 and T2, shall be accompanied by a
change in metric value from 

 

M

 

T1

 

 to 

 

M

 

T2

 

, which is the same direction (for example, if 

 

F

 

 increases, 

 

M

 

increases). If 

 

M

 

 is inversely related to 

 

F

 

, then a change in 

 

F

 

 shall be accompanied by a change in 

 

M

 

in the opposite direction (for example, if 

 

F

 

 increases, 

 

M

 

 decreases). To perform this test, compute
the coefÞcient of rank correlation (

 

r

 

) from 

 

n

 

 paired values of the factor and the metric. Each of the
factor/metric pairs is measured at the same point in time, and the 

 

n

 

 pairs of values are measured at 

 

n

 

points in time. The absolute value of (

 

r

 

) shall exceed 

 

B

 

.
This criterion assesses whether a metric is capable of tracking changes in product or process quality
over the life cycle.
For example, if a complexity metric is claimed to be a measure of reliability, then it is reasonable to
expect a change in the reliability of a software component to be accompanied by an appropriate
change in metric value (for instance, if the product increases in reliability, the metric value should
also change in a direction that indicates the product has improved). That is, if Mean Time to Failure
(MTTF) is used to measure reliability and is equal to 1000 hours during testing (T1) and 1500 hours
during operation (T2), a complexity metric whose value is 8 in T1 and 6 in T2, where 6 less complex
than 8, is said to track reliability for this software component. If this relationship is demonstrated
over a representative sample of software components, the conclusion could be drawn that the metric
can track reliability (that is, indicate changes in product reliability) over the software life cycle.

c)

 

Consistency.

 

 If factor values F1, F2,É, F

 

n

 

, corresponding to products or processes 1, 2, 

 

n

 

, have the
relationship F1 > F2> É, F

 

n

 

, then the corresponding metric values shall have the relationship M1 >
M2 > É, M

 

n

 

. To perform this test, compute the coefÞcient of rank correlation (

 

r

 

) between paired
values (from the same software components) of the factor and the metric; |

 

r

 

| shall exceed 

 

B

 

.
This criterion assesses whether there is consistency between the ranks of the factor values of a set of
software components and the ranks of the metric values for the same set of software components.
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Thus, this criterion is used to determine whether a metric can accurately rank, by quality, a set of
products or processes.
For example, if the reliability of software components 

 

X, Y

 

, and 

 

Z,

 

 as measured by MTTF, is 1000,
1500, and 800 hours respectively, and the corresponding complexity metric values are 5, 3, and 7,
where low metric values are better than high values, the ranks for reliability and metric values, with
1 representing the highest rank, are as follows:

Software Reliability Complexity
Component Rank Metric Rank

 

Y

 

1 1

 

X

 

2 2

 

Z

 

3 3

If this relationship is demonstrated over a representative sample of software components, the con-
clusion could be drawn that the metric is consistent and can be used to rank the quality of software
components. For example, the ranks could be used to establish priority of testing and allocation of
budget and effort to testing (that is, the worst software component would receive the most attention,
largest budget, and most staff).

d)

 

Predictability.

 

 If a metric is used at time T1 to predict a quality factor for a given product or process,
it shall predict a related quality factor 

 

Fp

 

T2

 

 with an accuracy of

where 

 

Fa

 

T2

 

 is the actual value of 

 

F

 

 at time T2.
This criterion assesses whether a metric is capable of predicting a factor value with the required
accuracy.
For example, if a complexity metric is used during development to predict the reliability of a soft-
ware component during operation (T2) to be 1200 hours MTTF (

 

Fp

 

T2

 

) and the actual MTTF that is
measured during operation is 1000 hours (

 

Fa

 

T2

 

), then the error in prediction is 200 hours, or 20%. If
the acceptable prediction error (

 

A

 

) is 25%, prediction accuracy is acceptable. If the ability to predict
is demonstrated over a representative sample of software components, the conclusion could be
drawn that the metric can be used as a predictor of reliability. For example, prediction could be used
during development to identify those software components that need to be improved.

e)

 

Discriminative Power

 

. A metric shall be able to discriminate between high quality software compo-
nents (for example, high MTTF) and low quality software components (for example, low MTTF).
For instance, the set of metric values associated with the former should be signiÞcantly higher (or
lower) than those associated with the latter.
This criterion assesses whether a metric is capable of separating a set of high quality software com-
ponents from a set of low quality components. This capability identiÞes critical values for metrics
that can be used to identify software components that may have unacceptable quality. The Mann-
Whitney Test and the Chi-square test for differences in probabilities (Contingency Tables) can be
used for this validation test.
For example, if all software components with a complexity metric value of greater than 10 (critical
value) have a MTTF of 1000 hours and all components with a complexity metric value equal to or
less than 10 have a MTTF of 2000 hours, and this difference is sufÞcient to pass the statistical tests,
then the metric separates low from high quality software components. If the ability to discriminate is
demonstrated over a representative sample of software components, the conclusion could be drawn
that the metric can discriminate between low and high reliability components for quality assurance
and other quality functions.

f)

 

Reliability.

 

 A metric shall demonstrate the above correlation, tracking, consistency, predictability,
and discriminative power properties for 

 

P

 

 percent of the applications of the metric.

Fa T2 Fp T2-

Fa T2

A<
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This criterion is used to ensure that a metric has passed a validity test over a sufÞcient number or
percentage of applications so that there will be conÞdence that the metric can perform its intended
function consistently.
For example, if the required success rate (

 

P

 

) for validating a complexity metric against the predict-
ability criterion has been established as 80%, and there are 100 software components, the metric
shall predict the factor with the required accuracy for at least 80 of the components.

 

5.5.3 Validation procedure

 

Metrics validation shall include identifying the quality factors sample, identifying the metrics sample, per-
forming a statistical analysis, and documenting the results.

 

5.5.3.1 Identify the quality factors sample

 

These factor values (for example, measurements of reliability), which represent the quality requirements of a
project, were previously identiÞed (see 5.1.3) and collected and stored (see 5.3.3). For validation purposes,
draw a sample from the metrics database.

 

5.5.3.2 Identify the metrics sample

 

These metrics (for example, design structure) are used to predict or to represent quality factor values, when
the factor values cannot be measured. The metrics were previously identiÞed (see 5.2.1) and their data col-
lected and stored, and values computed from the collected data (see 5.3.3). For validation purposes, draw a
sample from the same domain (for example, same software components) of the metrics database as used in
5.5.3.1.

 

5.5.3.3 Perform a statistical analysis

 

The tests described in 5.5.2 shall be performed.

Before a metric is used to evaluate the quality of a product or process, it shall be validated against the criteria
described in 5.5.2. If a metric does not pass all of the validity tests, it shall only be used according to
the criteria prescribed by those tests (for example, if it only passes the tracking validity test, it shall be used
only for tracking the quality of a product or process).

 

5.5.3.4 Document the results

 

Documenting results shall include the direct metric, predictive metric, validation criteria, and numerical
results, as a minimum.

 

5.5.4 Additional requirements

 

Additional requirements, those being the need for revalidation, conÞdence in analysis results, and the stabil-
ity of environment, are described in the following subclauses.

 

5.5.4.1 The need for revalidation

 

It is important to revalidate a predictive metric before it is used for another environment or application. As
the software engineering process changes, the validity of metrics changes. Cumulative metric validation val-
ues may be misleading because a metric that has been valid for several uses may become invalid. It is wise
to compare the one-time validation of a metric with its validation history to avoid being misled.
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The following statements of caution should be noted:

Ñ A validated metric may not necessarily be valid in other environments or future applications.
Ñ A metric that has been invalidated may be valid in other environments or future applications.

 

5.5.4.2 ConÞdence in analysis results

 

Metrics validation is a continuous process. ConÞdence in metrics is increased over time as metrics are vali-
dated on a variety of projects and as the metrics database and sample size increases. ConÞdence is not a
static, one-time property. If a metric is valid, conÞdence will increase with increased use (that is, the correla-
tion coefÞcient will be signiÞcant at decreasing values of the signiÞcance level). Greatest conÞdence occurs
when metrics have been tentatively validated based on data collected from previous projects. Even when this
is the case, the validation analysis will continue into future projects as the metrics database and sample size
grow.

 

5.5.4.3 Stability of environment

 

Practicable metrics validation shall be undertaken in a stable development environment (that is, where the
design language, implementation language, or program development tools do not change over the life of the
project in which validation is performed). In addition, there shall be at least one project in which metrics
data have been collected and validated prior to application of the predictive metrics. This project shall be
similar to the one in which the metrics are applied with respect to software engineering skills, application,
size, and software engineering environment.

Validation and application of metrics shall be performed during the same life cycle phases on different
projects. For example: if metric 

 

X

 

 is collected during the development phase of project 

 

A

 

 and the saved val-
ues are later validated with respect to direct metric 

 

Y

 

, whose values are collected during the operations phase
of project 

 

A

 

, the metric 

 

X

 

 shall be used during the development phase of project 

 

B

 

 to assess direct metric 

 

Y

 

with respect to the operations phase of project 

 

B

 

.
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Annexes 

 

(These informative annexes are not a part of IEEE Std 1061-1992, IEEE Standard for a Software Quality Metrics Meth-
odology, but are included for information only.)

 

Annex A
Examples of factors, subfactors and metrics, and the relation-
ships among them

 

(informative) 

 

Tables A1 and A2 illustrate descriptions of factors and subfactors, respectively. This selection was made to
provide illustrative and usable deÞnitions of factors and subfactors. Figure A1 illustrates a possible set of
metrics for each one of the factors and its associated subfactors.

Note that these tables are not exhaustive. There are many possible sets of factors, subfactors, and metrics
that can be used. Consult annex D for additional sources of this information.

 

Table A1ÑSample factors

 

Factor Description

 

EfÞciency An attribute that bears on the relationship of the level of perfor-
mance to the amount of resources used under stated conditions.

Functionality An attribute that bears on the existence of certain properties 
and functions that satisfy stated or implied needs of users.

Maintainability An attribute that bears on the effort needed for speciÞc modiÞ-
cations.

Portability An attribute that bears on the ability of software to be trans-
ferred from one environment to another.

Reliability An attribute that bears on the capability of software to maintain 
its level of performance under stated conditions for a stated 
period of time.

Usability An attribute that bears on the effort needed for use (including 
preparation for used and evaluation of results) and on the indi-
vidual assessment of such use by users.
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Table A2ÑSample subfactors 

 

Factor Subfactor Description

 

EfÞciency

 

Time economy Capability of software to perform speciÞed functions under 
stated or implied conditions within appropriate time frames.

Resource economy Capability of software to perform speciÞed functions under 
stated or implied conditions, using appropriate amounts of 
resources.

 

Functionality

 

Completeness The degree to which software possesses necessary and sufÞ-
cient functions to satisfy user needs.

Correctness The degree to which all software functions are speciÞed.

Security The degree to which software can detect and prevent infor-
mation leak, information loss, illegal use, and system 
resource destruction.

Compatibility The degree to which new software can be installed without 
changing environments and conditions that were prepared 
for the replaced software.

Interoperability The degree to which software can be connected easily with 
other systems and operated.

 

Maintainability

 

Correctability The degree of effort required to correct errors in software 
and cope with user complaints.

Expandability The degree of effort required to improve or modify the efÞ-
ciency or functions of software.

Testability The effort required to test software.

 

Portability

 

Hardware independence The degree to which software does not depend on speciÞc 
hardware environments.

Software independence The degree to which software does not depend on speciÞc 
software environments.

Installability The effort required to adjust software to a new environment.

Reusability The degree to which software can be reused in applications 
other than the original application.

 

Reliability

 

NondeÞciency The degree to which software does not contain undetected 
errors.

Error tolerance The degree to which software will continue to work without 
a system failure that would cause damage to the users. Also, 
the degree to which software includes degraded operation 
and recovery functions.

Availability The degree to which software remains operable in the pres-
ence of system failures.
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Figure A1 maps a factor to subfactors to metrics. This is for illustrative purposes only. Note that, in general,
mappings between factors, subfactors, and metrics may be one-to-one, one-to-many, or many-to-one.

 

Figure A1ÑSample diagram to show the relationships between factors, subfactors, and 
some metrics

 

Usability

 

Understandability The amount of user effort required to understand software.

Ease of learning The degree to which user effort required to understand soft-
ware is minimized.

Operability The degree to which the operation of software matches the 
purpose, environment, and physiological characteristics of 
users, including ergonomic factors such as color, shape, 
sound, etc.

Communicativeness The degree to which software is designed in accordance with 
the psychological characteristics of users.

 

Table A2ÑSample subfactors  (

 

Continued

 

)

 

Factor Subfactor Description

Factor Subfactor
Metric
Type Metric

Maintainability Correctability (Fault
Counts)

Closure time
Isolate/Fix time
Interface size
Fault rate
Omission/Commission count

Testability (Degree of
Testing)

Statement coverage
Branch coverage
Functional requirement coverage
Test plan completeness

(Effort) Resource prediction
Effort expenditure
Work productivity

Expandability (Change
Counts)

Change effort
Change size
Change rate
Change count
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Annex B
Sample metrics descriptions

 

(informative) 

 

This annex provides the following:

a) Examples of how to compute software metrics
b) Detailed descriptions of some major metrics
c) Sample metric results

The examples are not intended to be all inclusive. Additional examples exist but, due to space limitations, all
of them cannot be documented here.

 

B.1 Detailed metrics descriptions

 

The following summarizes some major metrics. The references listed below should be consulted for a com-
plete understanding of the metrics.

 

Table B1ÑExample metrics computations

 

Factor/Subfactor Computation

 

Completeness Ratio of number of completed documents or software 
components to total number of documents or software 
components.

Consistency Ratio of number of documents or software components 
that are free of contradictions to total number of docu-
ments or software components.

Correctness Ratio of number of user mission objectives that have been 
correctly implemented in software components to total 
number of user mission objectives.

Interoperability Ratio of number of interface speciÞcations or software 
components whose interfaces are compatible to total 
number of interface speciÞcations or software compo-
nents.

Maintainability Ratio of total error correction labor time to total number 
of corrections.

Reliability Ratio of number of computer runs that produce correct 
outputs to total number of computer runs.

Testability IdentiÞcation of independent paths corresponding to 
McCabe metric for path testing.

Traceability Ratio of number of documents or software components 
for this phase that can be traced to the previous phase to 
total number of documents or software components for 
this phase.
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