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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

This International Standard defines a process measurement framework for the process quality
characteristic of process capability. The process measurement framework in this International
Standard conforms to the requirements of ISO/IEC 33003 and is applicable to any domain. The process
measurement framework can be included in any process assessment model for the assessment of process

capability, as specified in ISO/IEC 33004.

This International Standard is primarily addressed to developers of process assessment models for the

G““G-; Erratra O1TPT6 apano Vs o o—at6 &—to Fe-Teat—aSSesSSs OF
sthakeholders, such as the sponsor of the assessment, who need to be assured that the requip
thjs process measurement framework have been met.

This International Standardis partofasetofInternational Standards designed to prowvide acons
coherent framework for the assessment of process quality characteristics, based‘on“objective
repulting from implementation of the processes. The framework for assessment covers
employed in the development, maintenance and use of systems across the information tg
ddmain and those employed in the design, transition, delivery and imprevément of services.
Infernational Standards, as a whole, addresses process quality characteristics of any type. |
asgessment can be applied for improving process performance, beiichmarking, or for identi
addressing risks associated with application of processes.

THe set of International Standards ISO/IEC 33001 to ISO/IE€-33099, termed the ISO/IEC 330
ddfines the requirements and resources needed for précess assessment. The overall ard
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arld content of the series is described in ISO/IEC 33001::General issues relating to the application of

conformity assessment to the assessment of process quality characteristics and organization:
maturity are addressed in ISO/IEC 29169.

Several Standards in the ISO/IEC 330xx family~of standards for process assessment are in
replace and extend parts of the ISO/IEC 15504 series of Standards. This International St
infended to replace Clause 5 of I[SO/IEC 15504-2:2004. ISO/IEC 33001:2014, Annex A provides
reford of the relationship between the.lSO/IEC 330xx family and the ISO/IEC 15504 series.
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Information technology — Process assessment — Process
measurement framework for assessment of process
capability
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is International Standard defines a process measurement framework that supports the as
process capability, in accordance with the requirements of ISO/IEC 33003. The procéssmea

D/IEC 33004[4] which can be used in the performance of assessment of procesS gdpability
the requirements of ISO/IEC 33002[3]. In the context of this and related standards, process
a process quality characteristic related to the ability of a process to consistently meet ©
ojected business goals.

e process measurement frameworks defined in this International Standard form a structur
facilitates self-assessment,
provides a basis for use in process improvement and process quality determination,
is applicable across all application domains and sizes of organization,
produces a set of process (capability) attributeaatings (process profile), and

derives a process capability level.

part of any process assessment model qr,maturity model so that it can be used for its intended purp

Normative references
lispensable for its applidation. For dated references, only the edition cited applies. Foq
ferences, the latest edition of the referenced document (including any amendments) applies

D/IEC 33001, Information technology — Process assessment — Concepts and terminology

D/IEC 33003 \nformation technology — Process assessment — Requirements for process med

Terms and definitions

TE Copyright release: Users of this International Standard may reproduce subclauses 5.2, 5.3, .4

sessment
surement

hmework provides a schema that can be used to constructa process assessment madelconformant with

hccording
Capability
urrent or

e which

e following documents, in)Whole or in part, are normatively referenced in this document and are

undated

surement

For the purposes of this document, the terms and definitions given in ISO/IEC 33001 and the following
apply.
31

process capability
characterization of the ability of a process to meet current or projected business goals

3.2
process capability level
characterisation of a process on an ordinal measurement scale of process capability
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4 Overview

The capability to perform a process to a specific level of performance depends on well established
principles. This International Standard sets out those principles that are common to all domains. The
process capability measurement framework described in this International Standard is expressed in
terms of a set of process attributes. Each process attribute is defined in terms of a set of process attribute
outcomes which can be evaluated to indicate the extent of achievement of the process attribute. The
process attributes are organised into process capability levels, ranging from Incomplete (in which the
process does not achieve its defined process outcomes) to Innovating (in which the process is continually
improved to respond to organizational change).

The result of an assessment, using a process assessment model that incorporates this proeg
measurement framework, will be a set of process profiles - ratings of the achievement of the)set

process
in terms

level rati
capability

5 Apr

5.1 Int

This clau
conforma

schema tlat can be used to construct a process assessment madel for assessing process capability.

Within th
attribute

process dttribute achievement is characterised on a'defined rating scale. The process capability ley

for an ass
profile.

The achie
attribute

5.2 Prgcess capability levels and process attributes

Process ¢
bottom o

ttributes for each process in the scope of the assessment. The result can also be~éxpress
bf the capability level ratings achieved for each process in the assessment scope. A capabil
ng does not guarantee that an organization will perform its processes at any,given procg
r level, simply that it is capable of performing its processes at that level.

ocess measurement framework for process capability

roduction
nt with the requirements of ISO/IEC 33003. This process measurement framework provide

is process measurement framework, the measut'e*of capability is based upon a set of proce
5. Each process attribute defines a measurable property of process capability. The extent

essed process is derived from the set of-process attribute ratings represented in the procg

vement of one process attribute'may be associated with the achievement of another proce
within the process measurementframework.

apability is defined-on-a six point ordinal scale that enables capability to be assessed from t
F the scale, Incompléte, through to the top end of the scale, Innovating. The scale represer

increasin

to continfially improving and able to respond to organizational change.

5.2.1

The proc¢ss-is not implemented, or fails to achieve its process purpose.

capability ofthe& implemented process, from failing to achieve the process purpose throu

ocesscapability Level 0: Incomplete process

SS
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se defines a process measurement framework for the)‘assessment of process capability,

b d
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At this level there is little or no evidence of any systematic achievement of the process purpose.

522 P

rocess capability Level 1: Performed process

The implemented process achieves its process purpose. The following process attribute demonstrates
the achievement of this level.
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5.2.21 PA11 Process performance process attribute

The process performance process attribute is a measure of the extent to which the process purpose is
achieved. As a result of full achievement of this process attribute:

a) The process achieves its defined process outcomes.

5.2.3 Process capability Level 2: Managed process

The previously described Performed process is now implemented in a managed fashion (planned,
meTmitoredandadjustedanditswork productsareappropriatety established; controttedamd mintained.

The following process attributes, together with the previously defined process attribute;derponstrate
the achievement of this level:

5.2.31 PA21 Performance management process attribute

The performance management process attribute is a measure of the extent-to which the perfoymance of
the process is managed. As a result of full achievement of this process attribtte:

a)| Objectives for the performance of the process are identified;
b)| Performance of the process is planned;

c)| Performance of the process is monitored;

d)[ Performance of the process is adjusted to meet plans;

e)| Responsibilities and authorities for performingthe process are defined, assigned and communicated;
f)| Personnel performing the process are prepared for executing their responsibilities;

g)| Resources and information necessary)for performing the process are identified, made favailable,
allocated and used;

h)[ Interfaces between the involved parties are managed to ensure both effective communidation and
clear assignment of responsibility.

5.2.3.2 PA2.2 Work product management process attribute

The work product mdanagement process attribute is a measure of the extent to which the workf products
prioduced by the process are appropriately managed. As a result of full achievement of this process
atfribute:

a)| Requirenients for the work products of the process are defined;

b)| Reduirements for documentation and control of the work products are defined;

c)L_Work products are appropriately identified, documented, and controlled:;

d) Work products are reviewed in accordance with planned arrangements and adjusted as necessary
to meet requirements.

NOTE1 Requirements for documentation and control of work products may include requirements for the
identification of changes and revision status, approval and re-approval of work products, distribution of work
products, and for making relevant versions of applicable work products available at points of use.

NOTE 2  The work products referred to in this Clause are those that result from the achievement of the process
purpose through the process outcomes.

© ISO/IEC 2015 - All rights reserved 3
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5.2.4 Process capability Level 3: Established process

The previously described Managed process is now implemented using a defined process that is capable
of achieving its process outcomes.

The following process attributes, together with the previously defined process attributes, demonstrate
the achievement of this level:

5.24.1 PA31 Process definition process attribute

process aftribute:

a) A stgndard process, including appropriate tailoring guidelines, is defined and maintained that
descyibes the fundamental elements that must be incorporated into a defined process;

b) The dequence and interaction of the standard process with other processes is determined.

c¢) Requlired competencies and roles for performing the process are identified,as part of the standajrd
procgss;

d) Requfired infrastructure and work environment for performing the process are identified as partof
the standard process;

e) Suitaple methods and measures for monitoring the effectiveneéss and suitability of the process qre
deterimined.

5.2.4.2 |PA3.2 Process deployment process attribute

The proc¢ss deployment process attribute is a measure of the extent to which the standard procesgis
deployed|as a defined process to achieve its progess outcomes. As a result of full achievement of this
process aftribute:

a) A defined process is deployed based upon an appropriately selected and/or tailored standard
procgss;

b) Requfired roles, responsibilities ‘and authorities for performing the defined process are assigngd
and dommunicated;

c) Persqnnel performing the defined process are competent on the basis of appropriate educatign,
trainjng, and experienhce;

d) Requfred resources and information necessary for performing the defined process are made
availpble, allo€ated and used;

e) Requfired infrastructure and work environment for performing the defined process are magde
availfllle, managed and maintained;

f) Appropriate data are collected and analysed as a basis for understanding the behaviour of the
process, to demonstrate the suitability and effectiveness of the process, and to evaluate where
continual improvement of the process can be made.

5.2.5 Process capability Level 4: Predictable process

The previously described Established process now operates predictively within defined limits to achieve
its process outcomes. Quantitative management needs are identified, measurement data are collected
and analysed to identify assignable causes of variation. Corrective action is taken to address assignable
causes of variation.

4 © ISO/IEC 2015 - All rights reserved
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The following process attributes, together with the previously defined process attributes, demonstrate
the achievement of this level:

5.2.5.1 PA4.1 Quantitative analysis process attribute

The quantitative analysis process attribute is a measure of the extent to which information needs are
defined, relationships between process elements are identified and data are collected. As a result of full
achievement of this process attribute:

a) The process is aligned with quantitative business goals;

b)[ Processinformationneedsinsupportofrelevantdefined quantitative business goals arg éstablished;
c)| Process measurement objectives are derived from process information needs;

d)[ Measurable relationships between process elements that contribute to the praocess performance are
identified;

e)| Quantitative objectives for process performance in support of relevant business goals are
established;

f)| Appropriate measures and frequency of measurement are identified and defined in line with process
measurement objectives and quantitative objectives for process performance;

g)| Results of measurement are collected, validated and reported in order to monitor the [extent to
which the quantitative objectives for process performahnce are met.

NOTE1 Information needs typically reflect management,technical, project, process or product neegds.

NQTE 2 Measures may be either process measures,orproduct measures or both.

5.2.5.2 PA4.2 Quantitative control-process attribute

The quantitative control process attribute is a measure of the extent to which objective data are used to
manage process performance that ispredictable. As a result of full achievement of this process pttribute:

a)[ Techniques for analysing the collected data are selected;
b)| Assignable causes of proeess variation are determined through analysis of the collected data;
c)| Distributions that characterize the performance of the process are established;
d)| Corrective aetions are taken to address assignable causes of variation;

e)| Separateidistributions are established (as necessary) for analysing the process under the|influence
of assignable causes of variation.

5.2.6  Process capability Level 5: Innovating process

The previously described Predictable process is now continually improved to respond to change aligned
with organizational goals.

The following process attributes, together with the previously defined process attributes, demonstrate
the achievement of this level:

5.2.6.1 PAS5.1 Process innovation process attribute

The process innovation process attribute is a measure of the extent to which changes to the process are
identified from investigations of innovative approaches to the definition and deployment of the process.
As aresult of full achievement of this process attribute:

a) Processinnovation objectives are defined that support the relevant business goals;

© ISO/IEC 2015 - All rights reserved 5
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b) Appropriate data are analysed to identify opportunities for innovation;
c) Innovation opportunities derived from new technologies and process concepts are identified;

d) Animplementation strategy is established to achieve the process innovation objectives.

5.2.6.2 PA5.2 Process innovation implementation process attribute

The process innovation process implementation attribute is a measure of the extent to which changes
to the definition, management and performance of the process achieves the relevant process innovation
objectivegrAsaresuttof fultachtevenrentof this processattribute:

a) Impaftofall proposed changesisassessed againstthe objectives of the defined process and standajrd
procgss;

b) Impl¢mentation of all agreed changes is managed to ensure that any disruption_to,the procgss
perfdrmance is understood and acted upon;

c) Effectiveness of process change on the basis of actual performance is evaluatéd against the definged
prodfict requirements and process objectives.

5.3 Process attribute rating scale

Within thiis process measurement framework, a process attribute is'ajmeasureable property of procgss
capability. A process attribute rating is a judgement of the degree ofachievement of the process attribyte
for the aspessed process.

A procesq attribute is measured using an ordinal scale as defined below.

N Npt achieved:

There is ljttle or no evidence of achievement of the defined process attribute in the assessed process.
P Partially achieved:

There is dome evidence of an approach to,"and some achievement of, the defined process attribute in the
assessed process. Some aspects of achievement of the process attribute may be unpredictable.

L Largely achieved:

There is vidence of a systematic approach to, and significant achievement of, the defined procgss
attributelin the assessed precess. Some weaknesses related to this process attribute may exist in the
assessed process.

F Fully achieved:

There is dvidence of a complete and systematic approach to, and full achievement of, the defined procdss
attributefinthe'assessed process. No significant weaknesses related to this process attribute existin the
assessed proecess

The ordinal scale defined above shall be understood in terms of percentage achievement of a process
attribute.

The corresponding percentages shall be:

N Not achieved 0 to <15% achievement

P Partially achieved > 15% to <50% achievement
L Largely achieved > 50% to <85% achievement
F Fully achieved > 85% to <100% achievement

6 © ISO/IEC 2015 - All rights reserved
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The ordinal scale may be further refined for the measures P and L as defined below.
P+ Partially achieved:

There is some evidence of an approach to, and some achievement of, the defined process attribute in the
assessed process. Some aspects of achievement of the process attribute may be unpredictable.

P- Partially achieved:

There is some evidence of an approach to, and some achievement of, the defined process attribute in the
assessed process. Many aspects of achievement of the process attribute may be unpredictable.

L+ Largely achieved:

There is evidence of a systematic approach to, and significant achievement of, the' définefl process
atfribute in the assessed process. Some weaknesses related to this process attribute’ may exist in the
asgessed process.

L- Largely achieved:

There is evidence of a systematic approach to, and significant achievement of, the definefl process
attribute in the assessed process. Many weaknesses related to this@nocess attribute may exist in the
asgessed process.

The corresponding percentages shall be:

pP- Partially achieved -  >15% to < 32.5% achievement
P+ Partially achieved+  >32.5 to <50% achievemeént

L- Largely achieved- > 50% to <67.5% achievement
L+ Largely achieved+ >67.5% to <85% achievement

5.4 Process attribute rating method
A process outcome is the observable result of successful achievement of the process purpose.
A process attribute outcomeis'the observable result of achievement of a specified process attfibute.

Prjocess outcomes and/process attribute outcomes may be characterised as an intermediate step to
prpviding a process attribute rating.

When performing)tating, the rating method employed shall be specified relevant to th¢ class of
asgessment. Théfollowing rating methods are defined.

The use of.rating method may vary according to the class, scope and context of an assessinent. The
lead asSessor shall decide which (if any) rating method to use. The selected rating method(d) shall be
splecified in the assessment input and referenced in the assessment report.

5.4.1 Rating method R1
The approach to process attribute rating shall satisfy the following conditions:

a) Each process outcome of each process within the scope of the assessment shall be characterized for
each process instance, based on validated data;

b) Each process attribute outcome of each process attribute for each process within the scope of the
assessment shall be characterised for each process instance, based on validated data;

c) Processoutcome characterisations for all assessed process instances shall be aggregated to provide
a process performance attribute achievement rating;

© ISO/IEC 2015 - All rights reserved 7
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d) Process attribute outcome characterisations for all assessed process instances shall be aggregated
to provide a process attribute achievement rating.

5.4.2 Rating method R2

The approach to process attribute rating shall satisfy the following conditions:

a) Each process attribute for each process within the scope of the assessment shall be characterized
for each process instance, based on validated data;

b) Proc
a pro,

5.4.3

Process

5.5 Aggregation method

When pet
For exam

— proce
outcq

— procg

aggre
such

—  proce
outcq

aggré

The use @
The lead

method(1shall be specified in the assessment input and referenced in the assessment report.

As descri
apply exp
alternatiy
ratings b
from ordi

a) The ¢rdinal scale must be sufficiently constrained that the ordinal values are reasonably ever

spreg
even

ess attribute achievement rating.

ating method R3

tribute rating across assessed process instances shall be made without aggregation.

forming an assessment, ratings may be summarised across one ortwe dimensions.
ple, when rating a

ss attribute for a given process, one may aggregate ratings©fithe associated process (attribu
mes - such an aggregation will be performed as a vertical aggregation (one dimension).

ss (attribute) outcome for a given process attribute across multiple process instances, one m|

hn aggregation will be performed as a horizontal’aggregation (one dimension)

ss attribute for a given process, one may.aggregate the ratings of all the process (attribu
mes for all the processes instances =(Such an aggregation will be performed as a mati
gation across the full scope of ratings-(two dimensions)

f aggregation of ratings may vaftyjaccording to the class, scope and context of an assessme
assessor shall decide which, (if any) aggregation method to use. The selected aggregati

ed in 5.3, process attributes are rated using an ordinal scale. The assessor may choose
ert judgement to spmumarize the ratings without employing a formal mathematical approa
rely an aggregationnmethod may be used. An aggregation approach requires that the ordir
e converted todnterval values in order to perform aggregation. The validity of this conversi
nal ratings te'interval values is dependent on two conditions[1l:

d. The-rating scale defined in this international standard meets the requirement of bei
y/spread;

e)

ay

gate the ratings of the associated process instancesfor the given process (attribute) outcomie -

e)

ix

to
‘h,
al

ly
hg

b) There must be evidence of adequate sample size to assure adequate accuracy of the ordinal values.
This condition is met for class 1 and class 2 assessments, both of which are sufficiently rigorous to
require an adequate sample size.

Since these conditions are met, then the ordinal ratings can be converted to interval values as follows:

N->0;P>1;L->2;F->3or

N ->0; P-

>1;P+->2;L->3;L+->4;F->5
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5.5.1 One dimensional aggregation methods

Having converted the ordinal ratings to interval values, one of the following one dimensional aggregation
methods may be used to obtain a summary rating.

5.5.1.1 One dimensional aggregation using arithmetic mean

Aggregation may be performed by computing the arithmetic mean (average) of the ratings of the interval
values, rounding the result to the nearest integer (by rounding up or down), and converting the result
back to the corresponding ordinal rating. When rounding is necessary the interval value will be rounded
ddwn to the nearest integer when the average value is less than the midpoint between coEsecutive
infegers; it will be rounded up if the average value is at or above the midpoint between.copsecutive
infegers.

5.5.1.2 One dimensional aggregation using median

Aggregation may be performed by computing the median (middle value) ofthe ratings of thg interval
values, the given data is arranged in order from lowest to highest. If th€reis an odd number of data
then the median is the middle value. If there is an even number of data-then the two middle yalues are
selected and the arithmetic mean (average) taken. If there is an evenchumber of ratings and the process
of|taking an average of the two middle values results in real number;then the number is rourlded to an
infeger value using the rules above.

NOTE The operation of taking the mean is mathematically valid since we are dealing with intervall data.

5.5.2 Two dimensional aggregation methods

Infan assessment when there are multiple process‘instances being assessed, then it may be neg¢essary to
Sjmmarize the ratings across two dimensions.
r

Far example, for a given process, the progess outcomes of several process instances assessgd may be
aglgregated to form an overall process attribute rating.

Aq noted in 5.5.1, this may be accgmplished using the expert judgement of the assessor(s) or[it may be
acromplished using an aggregation method. Use of expert judgement should not be ruled out since there
may be situations where a small number of process instances may be outliers (for exampld, projects
in|tiated before a process improvement project, or when a small number of projects do not support the
rigour of a formal process)-Having converted the ordinal ratings to interval values, one of the[following
two dimensional aggregation methods may be used to obtain a summary rating.

5.5.2.1 Two dimensional aggregation using arithmetic mean

Agdgregation\may be performed by computing the arithmetic mean across the matrix of the full scope
of|ratings-{expressed as numeric interval values) and converting the result back to the corrdsponding
ordinal'\rating.

Nd s notperm
is not statistically valid.

incesuc aih approach

5.5.2.2 Two dimensional aggregation using heuristics

Aggregation may be performed using a defined set of rules to summarise the ratings. For example
Table 1.

5.6 Process capability level model

The process capability level achieved by a process shall be derived from the process attribute ratings for
that process according to the process capability level model defined in Table 1.
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Table 1 — Process capability level ratings

Scale Process attributes Rating
Level 1 Process Performance Largely or fully
Level 2 Process Performance Fully
Performance Management Largely or fully
Work Product Management Largely or fully
Level 3 Process Performance Fully
Performance Management Fully
Work Product Management Fully
Process Definition Largely or fully
Process Deployment Largely or fully
Level 4 Process Performance Fully
Performance Management Fully
Work Product Management Fully
Process Definition Fully
Process Deployment Fully
Quantitative Analysis Largely or fully
Quantitative Control Largely or fully
Level 5 Process Performance Fully
Performance Management Fully
Work Product Management Fully
Process Definition Fully
Process Deploymerit Fully
Quantitatiye\Analysis Fully
Quantitative Control Fully
Process Innovation Largely or fully
Process Innovation Implementation |Largely or fully
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Annex A
(informative)

Conformity of the process measurement framework

A{l Conformance requirements

The following requirements for a process measurement framework are drawn from\ISO/IEC 33003
which provides normative requirements for process measurement frameworks. Whereé text|has been
qyoted from ISO/IEC 33003, that text is enclosed in a box, for ease of identification.

J1.1 Conceptualization

process capability level is characterised by one or more process attributes, which are formative
pasures of the process capability. Process attributes are required-in-order to construct the process
apability. Process attributes are demonstrated by achievement of-the process attribute gutcomes,
nich are reflective measures.

o5 > »

=

Process
capability level

1‘

Formative

Process

attributes

Reflective

!

Process attribute
outcomes

Figure A.1 — Formative and reflective measures of process capability

The concept of process capability does not provide a measure of anything other than process
capability formed by process attributes. For example, process capability does not infer anything about
organizational performance.

a) Aprocess measurementframework shall identify and address a single process quality characteristic;

The measurement framework is defined for the single process quality characteristic of software
quality

b) A process quality characteristic in a process measurement framework shall be defined on the basis
of a multidimensional construct which consists of a set of unidimentional constructs;

The process measurement framework is a construct comprised of nine process attributes.
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c) A process quality characteristic in a process measurement framework shall be defined as a set of
process attributes;

The process measurement framework is a construct comprised of nine process attributes.
d) Each process attribute shall define a property of the process quality characteristic;
The property defined by each process attribute is described in Clause 5.

e) Each process attribute that is not directly measurable shall be considered as a construct;

Each[process attribute in this measurement framework is a construct and defined in Clause 5.

f) Procgss attributes in a process measurement framework shall be defined as either reflective |or
formative.

The grocess attributes of this measurement framework are formative

g) The grocess measurement framework shall document the policies and assumptipns underlying |ts
use ajnd application;

The policies and assumptions underlying the use and application of this process measuremgnt
framework are set out in Clauses 1, 4, and 5.

A.1.2 Cpnstruct definition

a) The ¢onstruct definition shall define the meaning of the\process quality characteristic and |ts
procgss attributes in a process measurement framework;

The meaning of the process quality characteristic andits process attributes are given in Clause §

b) The qonstruct definition shall clarify the specifiddtion of the process quality characteristic and jts
procgss attributes as dimensions;

The $pecifications of the process quality:characteristic and its process attributes are given |in
Claude 5

c) The ¢onstruct definition shall previde a guide for the operationalization of the process qualjty
chargcteristic and its process attributes;

Operptionalization of the process quality characteristic and its process attributes is given in Claus¢ 5

d) The ¢onstruct definition~shall state the scales of composite measures such as categorical (e.g} a
serief of ordinal values'such as capability level) or numeric;

The Jcales of cemiposite measures in this measurement framework are given in Clause 5.

e) Atledstone,of the process attributes shall comprise the achievement of the defined process purpdse
and grocess outcomes for the process; this is termed the process performance attribute;

The process performance attribute (PA 1.1) comprises the achievement of the defined process
purpose through achievement of the process outcomes for that process.

A.1.3 Operationalization
a) All process attributes shall be defined according to their construct specification;

The process attributes are defined in 5.2; the descriptions follow a common approach, described in
5.1
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Achievement of process attributes shall be verifiable through objective evidence.

Inthe process performance attribute, the achievement of process outcomes is demonstrable based on
objective evidence. In all other process attributes, the achievement of the attribute is demonstrable
on the basis of objective evidence, employing the process attribute outcomes as base measures.

A.1.4 Construct specification examination

Construct specifications of the process quality characteristic and its associated process attributes shall
be examined through operationalization and with rationale.

E4
cld

A
a)

b)

iss of assessment. See 5.3.3.

J1.5 Rating process attributes

1.6 Aggregation

ch Process Attribute is operationalized through a set of base or derived measures dependJng on the

The process attributes shall be rated;
The unit of measurement is specified in 5.3.

A measurement scale, i.e.,, nominal, ordinal, interval, or ratios/shall be defined for thg process
attributes

The measurement scale for base measures are ordinal, defined in 5.3.
A measurement method shall be identified that objegtively assigns value to each measure|

The method for assigning a value to the measure of\process capability is described in 5.3.

All aggregations required within the measurement framework shall be identified;
Aggregation methods are defined in.5.5.

Aggregation methods shall belspecified;

Aggregation methods arewdefined in 5.5.

Aggregation methodsshall be statistically valid.

Rationales for thevalidity of aggregation methods in this international standard are giveh in 5.5.
Aggregationmethods shall utilize consistent measurement scales;
The aggrégation methods use consistent scales, described in 5.5

Aggregation methods shall be consistent with the measurement framework poljcies and
assumptions;

f)

Aggregation methods shall be consistent with construct specifications.

Consistency with policies and assumptions, and with the construct specifications is described in
5.5.

A.1.7 Sensitivity analysis

a)

Sensitivity analysis shall be performed for measurement scales of base and derived measures.

Sensitivity of the process capability scale was tested during the SPICE Trials[5.6]. The investigations
included inter-rater agreement and internal consistency, both of which were found to be acceptable.
The possibility of increasing internal consistency was investigated by varying the four category
scale to a three or two category scale by combining either the middle two ratings (N, (P, L), F) or the
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outer two ratings ((N, P), (L, F)). The current four category scale cannot be improved by reduction
to a three or two category scale.

Sensitivity of process capability level ratings was investigated during the SPICE Trials and reported
in the Interim ReportlZ]l. Overall the investigation concluded that distortion downward of the
capability level rating had greater effect than distortion upwards, but that guidance should be
provided to assessors concerning the potential effects of distortion.

b) Sensitivity analysis shall be performed for aggregation methods;

c) Sensitivity analysis shall be performed for weights, if applicable.

Weights are not used in this measurement framework so are not applicable.

A.2 Refuirements for the validation of process measurement frameworks

A.2.1 Reliability and validity

a) Plang for reliability and validity of process measurement frametWworks shall be established at the
beginning of standardization. These plans shall include post-standardization activities;

b) Clains on reliability and validity of process measurement-frameworks shall be consistent with
cons{ruct specification;

c) Cons]stency (also refers to equivalence) as a reliability measure shall be examined for procgss
attributes, if reflective;

d) Validjties shall be examined for the process(quality characteristic and its process attributes in a
proc¢ss measurement framework;

e) Consfruct specification shall be empitically examined for the process quality characteristic and fts
measgures in a process measurement framework;

f) Extefgnal measures (e.g., goals; eriteria, and/or achievements) of a process measurement framewdrk
unde} development shall he decumented for validity investigation.

Validatiop was performed-during the SPICE trials conducted during standard development.

The meaqurement method and capability scale were tested during the SPICE trials. There has been po
change td the concepts of the measurement scale that would invalidate the process capability scale|or
the findings of the\trial.

A.3 Conformance

A process measurement framework shall be in conformity with the requirements of this International
Standard

When data are available during trials and/or after the publication of a framework, rigorous statistical
analyses will be required for all the applicable requirements.

The results of such analyses are referred to when meeting the requirements in A.1 and A.2 and are
documented in the following references:

e H.-W.Jung, et al,, “Findings from Phase 2 of the SPICE trials,” Software Process: Improvement and
Practice, vol. 6, pp. 205-242, 2001[5].

e SPICE Trials (1999), SPICE Phase 2 Trials Final Report, ISO/IEC/JTC1/SC7/WG10lel.
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