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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.
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dditional annexés-are included, following Annex A; these are numbered as Annex B (Indicatg
pcess capability))and Annex C (Guidance on the process assessment framework);

Figinal Annéx B has been relocated as Annex D (Example of a process performance model).

Any feedback dr-questions on this document should be directed to the user’s national standards body

complete

listing of these bodies can be found at www.iso.org/members.html.
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ISO/IEC 33020:

Introduction

2019(E)

This document defines a process measurement framework for the process quality characteristic
of process capability. The process measurement framework in this document 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
in ISO/IEC 33004.

specified

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

quatity A3 ST—PT6 apabiity Aso—aerd e Fe— 4
sthakeholders, such as the sponsor of the assessment, who need to be assured that the requip
thjs process measurement framework have been met.

This document is part of a set of International Standards designed to provide a consistent and
framework for the assessment of process quality characteristics, based on objective’evidence
frpm implementation of the processes. The set of International Standards;-as a whole, :

drformance, benchmarking, or for identifying and addressing risks associated with appl
ocesses.

nd other
bments of

coherent
resulting
ddresses

ocess quality characteristics of any type. Results of assessment can be applied for improvinlg process

cation of

kx family,
hitecture

arld content of the series is described in ISO/IEC 33001. General issues relating to the appliication of

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

Several standards in the ISO/IEC 330xx family for(process assessment are intended to re
exftend parts of the ISO/IEC 15504 series. This document is intended to replace ISO/IEC 1550
Clpuse 5. ISO/IEC 33001:2015, Annex A provides a detailed record of the relationship bet]
ISP/IEC 330xx family and the ISO/IEC 15504\s€ries.

1l process

blace and
4-2:2003,
ween the
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Information technology — Process assessment — Process
measurement framework for assessment of process
capability

1 —Scope
This document defines a process measurement framework that supports the assessment df process
capability, in accordance with the requirements of ISO/IEC 33003. The process, measurement
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th ISO/IEC 33004 which can be used in the performance of assessment.of,‘process
cording to the requirements of ISO/IEC 33002. In the context of this documefit,and related s
ocess capability is a process quality characteristic related to the ability 6fa process to co
bet current or projected business goals.

e process measurement framework defined in this document formis-a’structure which
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.

is document also includes as informative,annexes a set of assessment indicators of process

at can be used in the construction of a“process assessment model using this process mea
hmework, and guidance on the medning of the process capability levels and the achievem
ocess attributes.

Normative references

e following documents are referred to in the text in such a way that some or all of thej

hmework provides a schema that can be used to construct a process assessment,model conformant

Capability
tandards,
sistently

Capability
surement
ent of the

r content

copstitutes requirements of this document. For dated references, only the edition cited applies. For

urjdated referenees;the latest edition of the referenced document (including any amendmenty) applies.
ISP/IEC 3300%;-Information technology — Process assessment — Concepts and terminology
ISP/IEC.33003, Information technology — Process assessment — Requirements for process medsurement
frTmeworks

3

Terms and definitions

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

© ISO/IEC 2019 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=05ed0ea3c544be5bce9ccb17eec9e291

ISO/IEC

3.1

33020:2019(E)

conformity
fulfilment of a requirement

Note 1 to entry: In English the word "conformance" is synonymous but deprecated. In French the word
"compliance" is synonymous but deprecated.

[SOURCE:

3.2
documen

IS0 9000:2015, 3.6.11, modified — Note 2 to entry has been removed.]

ted information

informati
is contair

Note 1 to g
Note 2 to g

— them

— inforgnation created in order for the organization to operate (documentation);

— evide

Note 3 to

ed
ntry: Documented information can be in any format and media and from any source.
ntry: Documented information can refer to:

Anagement system, including related processes;

hce of results achieved (records).

entry: This constitutes one of the common terms and core defifiitions for ISO management syst

standards|given in Annex SL of the Consolidated ISO Supplement to the [SO/IEC Directives, Part 1.
[SOURCE{1S0 9000:2015, 3.8.6]

3.3

nonconfgrmity

non—conf‘%rmity

non-fulfillment of a requirement

[SOURCE] ISO/IEC/IEEE 24765:2017, 3.2615, modified — The admitted term "non-conformity" h
been added.]

34

process ¢apability

characteifization of the ability of a-process to meet current or projected business goals

3.5

process ¢apability level

characteifisation of a pregcess on an ordinal measurement scale of process capability (3.4)

4 Overview

The proc¢ss’/measurement framework for assessment of process capability described in this docume
is expresgedin terms of a set of process attributes. Each process attribute is defined in terms of a set]

on required to be controlled and maintained by an organization and the medium on whigl] i

P11

nt

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 process measurement framework for
assessment of process capability shall be conformant with the requirements for process measurement
frameworks in ISO/IEC 33003. Annex A documents the conformance of the measurement framework.

In addition to the definitions of process capability levels and process attributes, this document contains
in Annex B, a set of assessment indicators of process capability comprising generic practices for each
process attribute. The document also includes, in Annex C, detailed guidance on the use and application
of the measurement framework, and in Annex D, an example of a process performance model.
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The result of an assessment, using a process assessment model that incorporates this process
measurement framework, will be a set of process profiles — ratings of the achievement of the set of
process attributes for each process in the scope of the assessment. The result can also be expressed
in terms of the capability level ratings achieved for each process in the assessment scope. A capability
level rating does not guarantee that an organization will perform its processes at any given process
capability level, simply that it is capable of performing its processes at that level.

Users of this document may reproduce 5.2, 5.3, 5.4, 5.6 and Annex B as part of any process assessment
model or maturity model so that it can be used for its intended purpose.

5

5.
T}

conformant with the requirements of ISO/IEC 33003. This process measurement framework

SC

W
at

pr
fo

prj

TH
at

5.

5.
Py
ba
in
to

5.
T}
At

2.3 Process capability Level 1: Performed process

A process measurement framework for process capability

1 General

is clause defines a process measurement framework for the assessmentof process (¢

hema that can be used to construct a process assessment model for assessing process capah

ithin this process measurement framework, the measure of capabijlity is based upon a set ¢
fributes. Each process attribute defines a measurable property af-process capability. The

" an assessed process is derived from the set of process attribute ratings represented in th
ofile.

e achievement of one process attribute may be associated with the achievement of anothe
fribute within the process measurement framework.

2 Process capability levels and process-attributes

.1  General

ocess capability is defined on a six-pdint ordinal scale that enables capability to be assessed
ttom of the scale, Incomplete, through to the top end of the scale, Innovating. The scale r
Creasing capability of the implemented process, from failing to achieve the process purpos
continually improving and-able to respond to organizational change.

.2 Process capability Level 0: Incomplete process
e process is notimplemented or fails to achieve its process purpose.

this level there is little or no evidence of any systematic achievement of the process purpos

apability,
rovides a
ility.

f process
extent of

ocess attribute achievement is characterised on a defined rating scale. The process capahiility level

€ process

I' process

from the
ppresents
e through

5.

31 General

The implemented process achieves its process purpose. The following process attribute demonstrates
the achievement of this level.

5.2.3.2 PA 1.1 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.
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5.2.4 Process capability Level 2: Managed process

5.2.4.1 General

The previously described Performed process is now implemented in a managed fashion (planned,
monitored and adjusted) and its documented information are appropriately established, controlled and
maintained.

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

5.2.4.2 |PA 2.1 Performance management process attribute

The perfqrmance management process attribute is a measure of the extent to which the pesformance
of the prdcess is managed with necessary resources and competences. As a result of full achievementjof
this procgss attribute:

a) resulks to be achieved are determined and communicated;
b) risks|that can affect performance of the process are determined and addressed;
c¢) perfdrmance of the process is planned, monitored, measured, evaluated'and adjusted (as needed));

d) respgnsibilities and authorities for performing the process\‘are determined, assigned apd
comrhunicated;

e) resoyrces necessary for performing the process are%“determined, provided and maintainged
(as n¢eded);

f) persqn(s) performing the process are competent onrthe basis of appropriate education, training, for
experience;

g) interfaces between the involved parties are‘tmanaged to ensure both effective communication ahd
the lgvel of control expected.

NOTE 1 |[Results to be achieved can include'quality criteria for documented information, process cycle time|or
frequency| resource usage and boundariesof'the process.

NOTE 2 | Techniques for progress monitoring and evaluation can include milestone achievement and percentdge
complete fowards next milestones;elapsed time compared to estimated time of activities, actual resource usdge
compared|against planned requiréments, experienced people estimate of percentage complete of activities|or
work pacKlages, burn down ¢harts representing measurable progress such as outstanding work (or backlog) oyer
time (or sffory points).

NOTE 3 |Resources \include people, infrastructure, and environment for the operation of processgs.
Infrastrudture caninclude buildings and associated utilities, equipment (including hardware and softwarje),
transportation resources and information and communication technology. A suitable environment can bg¢ a
combinatipn 6fhuman and physical factors including social and psychological environmental factors. Resourges
include inferhal and external resources and can include customers and users. The term ‘resources’ is defined|in
ISO/IEC/IEEE 24765.

NOTE 4  Applicable actions to acquire necessary competences can include, for example, the provision of
training to, the mentoring of, or the re-assignment of persons, or the hiring or contracting of competent persons.

NOTES5  Addressing risk establishes a basis for achieving improved results and preventing negative effects.
Actions taken to address risks should be proportionate to the potential impact. Options to address risk can
include avoiding the risk, taking risk in order to pursue an opportunity, eliminating risk source, changing the
likelihood or consequences, sharing the risk, or retaining risk by informed decision.

4 © ISO/IEC 2019 - All rights reserved
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5.2.4.3 PA 2.2 Documented information management process attribute

The documented information management process attribute is a measure of the extent to which the
documented information produced internally, or acquired from an external source when performing
the process is appropriately managed. As a result of full achievement of this process attribute:

a) requirements for the documented information of the process are determined;
b) requirements for control of the documented information are determined;

c) _documented information is appropriately identified, and controlled according to requirements;

d)] documented information is reviewed and approved for suitability and adequacy in acderdpnce with
planned arrangements and adjusted as necessary to meet requirements;

e)| documented information is determined, maintained and retained to the exteft necessaily to have
confidence that the process has been performed as planned and to demonstrate the conformity of
products and/or services to their requirements.
NOTE1 Requirements for the control of documented information can\in€lude requirementys for the
id¢ntification and description, format and media, and control of changes ((e)}g. version control), diftribution,
refrieval and use, storage and preservation, including preservation of legibility, retention and dispofition, and
fof making it available and suitable for use when and where it is needed.

NOTE 2 The documented information referred to in this clause-s<hat which results from the achi¢vement of
the process purpose through the process outcomes.

5.2.5 Process capability Level 3: Established process

5.2.5.1 General

The previously described Managed processiis now implemented using a defined process|which is
aspured and continually improved.

The following process attributes, together with the previously defined process attributes, derhonstrate
the achievement of this level.

5.2.5.2 PA 3.1 Process définition process attribute

The process definition process attribute is a measure of the extent to which a standard process is
established and maintained. As a result of full achievement of this process attribute:

a)| a standard-proécess, including appropriate tailoring guidelines, is established and maintgined that
describes-the fundamental elements that must be incorporated into a defined process;

b)| the required inputs and the expected outputs for the standard process are determined;

c)| csequence and interaction of the standard process with other processes is determined;

d) roles, competences, responsibilities and authorities for performing the standard process are
determined;

e) resources for performing the standard process are determined;

f) knowledge necessary for the operation of the standard process is determined and maintained.
NOTE Knowledge can be based on internal sources (e.g. intellectual property, knowledge gained from
experience, lessons learned, and the results of improvements in the process) and external sources (e.g. standards,

academia, conferences, customers and external providers).

When addressing changing needs and trends, the need to acquire or access any necessary additional
knowledge and required updates should be considered.

© ISO/IEC 2019 - All rights reserved 5
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5.2.5.3 PA 3.2 Process deployment process attribute

The process deployment process attribute is a measure of the extent to which a standard process is
deployed as a defined process. As a result of full achievement of this process attribute:

a) adefined process is deployed based upon an appropriately tailored standard process;

b) required roles, responsibilities and authorities necessary for performing the defined process are
assigned and communicated;

c) required person(s) necessary for performing the defined process are competent on the basis of
definled education, training and experience;

d) required resources necessary for performing the defined process are made available, monitored
and rheasured;

e) documented information is available to ensure that the defined process achieves”its intended
resulfs.

NOTE 1 |[Responsibilities and authorities are normally assigned to roles or actors in thé\processes.

NOTE 2 | Appropriate tailoring includes deploying the standard process as is.

5.2.5.4 |PA 3.3 Process assurance process attribute

The procpss assurance process attribute is a measure of the extent to which the defined process|is
assured gdnd continually improved. As a result of full achievement of this process attribute:

a) appro¢priate data and information are collected and analysed from monitoring and measuremgnt
of the process to evaluate the effectiveness and risks of the process, and to identify needs ahd
oppoftunities for improvement;

b) critefia and methods needed to ensure effective operation and control, and continuing suitabilify,
adeqpacy, effectiveness and risks of the procéss are determined and evaluated;

c) confdrmity of the defined process (and associated activities, outputs and documented informatidn)
is objectively assured;

d) actioh is taken on any nonconfermity, based on its nature and effect, and tracked to closure;
e) the standard process is continually improved based on identified needs and opportunities.

Documeﬂted informatiofi”should be retained of any nonconformities describing actions takén,
concessigns obtained~and authority deciding action in respect on the nonconformity. Documented
informatjon reviewsinclude management reviews

NOTE Actiorinr dealing with nonconformity can include any of the following a) correction b) segregatipn,
containmgnt ,@r ‘\suspension of products or services c) informing the customer d) obtaining authorization for
acceptancg ander concession e) evaluating the need for and eliminating causes in order to prevent re- occurrenge.
Al'ly actiortakento adjuat the pcr formatrceof-the process witbe uxauascd trthe ScoptT ofthePerformarice

Management process attribute (PA2.1).

5.2.6 Process capability Level 4: Predictable process

5.2.6.1 General

The previously described Established process is now performed predictively. 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.

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

6 © ISO/IEC 2019 - All rights reserved
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5.2.6.2 PA 4.1 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) process information needs in support of relevant defined quantitative business goals are
established;

b) process measurement objectives are derived from process information needs;

c)| measurable relationships between process elements that contribute to the process performance
are identified;

d)| quantitative objectives for process performance are established to support relevant’business goals;

e)| appropriate measures and frequency of measurement are identified and-defined in [line with
process measurement objectives and quantitative objectives for process.performance;

f)| techniques for analysing the collected data are selected;

g)| results of measurement are collected, validated and reported Gm order to monitor the |extent to
which the quantitative objectives for process performance aré&umet.

NOTE1 Information needs typically reflect management, technieal, project, process or product neegds.
NQTE 2 Measures can be either process measures or product measures or both.
NQTE 3 Techniques for quantitative data analysis cansnclude statistical and mathematical methods — data

tabulation, descriptive data, data aggregation/disaggirégation and other advanced analytical methofls such as
cofrelation, analysis of variance and regression.

5.2.6.3 PA 4.2 Quantitative control process attribute

ThHe quantitative control process attribute is a measure of the extent to which objective datd are used
tojmanage and control process performance that is predictable. As a result of full achievemgnt of this
process attribute:

a)| assignable causes of process variation are determined through analysis of the collected dpta;
b)| distributions that characterize the performance of the process are established;
c)| corrective actions are taken to address assignable causes of variation;

d)| separate distributions are established (as necessary) for analysing the process under thelinfluence
of assignable causes of variation;

e)| process performance data are used to develop predictors of process outcomes.

agm L Ll
5.2:7—Processtapabitity tevel 5-hmovating process

5.2.7.1 General

The previously described Predictable process is now continually improved to respond to changes
through identified innovative approaches for process innovation.

NOTE Innovation can involve the adoption of wholly new processes and methods, new technologies that
require different processes, or others.

The following process attribute, together with the previously defined process attributes, demonstrates
the achievement of this level.

© ISO/IEC 2019 - All rights reserved 7
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5.2.7.2 PA 5.1 Process innovation process attribute

The process innovation process attribute is a measure of the extent to which changes to the definition,
management and performance of the process are identified and effectively implemented from identified
innovative approaches for process innovation using internal resources and/or using external ideas
according to defined process innovation objectives.

As aresult of full achievement of this process attribute:

a)
b)

‘)
d)

e)

f)

g)

5.3 Process attribute rating scale
Within th
capability
attribute
A procesy

N Not achieved:

There is 1

P

Thereis s
assessed

L

There is
attribute
assessed

F

process innovation objectives for the process are defined that support the relevant business goals;

apprépriate data are analysed to identify opportunities for best practice and innovation;

innov
an in

impa
stand

imple
perfo

effec
prod

Parti

Largg

ration opportunities derived from new technologies and process concepts are identified;
plementation strategy is established to achieve the process innovation objectives}

ct of all proposed changes is assessed against the objectives of the defired process a
ard process;

mentation of all agreed changes is managed to ensure that any disruption to the procsg
rmance is understood and acted upon;

Ict requirements and process and innovation objectives.

is process measurement framework, a process attribute is a measurable property of proce
. A process attribute rating is a judgement of the degree of achievement of the proce
for the assessed process.

attribute is measured using an ordinalGcale as defined below.

ttle or no evidence of achievement of the defined process attribute in the assessed process.
hlly achieved:

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

ly achieved:

evidence of a systematic approach to, and significant achievement of, the defined procsg
in the<assessed process. Some weaknesses related to this process attribute may exist in t
process.

riveness of process change on the basis of actual performance is.evaluated against the definged

he

SS
he

chiavzad

Fully

a
aCcIIICcveery

There is evidence of a complete and systematic approach to, and full achievement of, the defined process
attribute in the assessed process. No significant weaknesses related to this process attribute exist in
the assessed process.

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

The corresponding percentages shall be:
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Not achieved 0 % to <15 % achievement
Partially achieved >15 % to <50 % achievement
Largely achieved >50 % to <85 % achievement
Fully achieved >85 % to <100 % achievement

The ordinal scale may be further refined for the measures P and L as defined below.

P

Partially achieved:

Th
as

P-

T}
as

L+

Th
at
as

[l
[

TH
at
as

T}

ere is some evidence of an approach to, and some achievement of, the defined process attrib
sessed process. Some aspects of achievement of the process attribute may be unpredictable

Partially achieved:

ere is some evidence of an approach to, and some achievement of, the defined-process attrib

Largely achieved:

ere is evidence of a systematic approach to, and significant achievement of, the define
fribute in the assessed process. Some weaknesses related to, this process attribute may e
sessed process.

Largely achieved:

ere is evidence of a systematic approach to, and’significant achievement of, the define
fribute in the assessed process. Many weaknesses related to this process attribute may ey
sessed process.

e corresponding percentages shall be:
Partially achieved- >15 %'to <32.5 % achievement
Partially achieved+ >32.5 % to <50 % achievement
Largely achieved- >50 % to <67.5 % achievement
Largely achieyved+ >67.5 % to <85 % achievement

A Process dttribute rating method

5.4.1 General

A

bro€esSs outcome is the observable result of successful achievement of the process purpose.

sessed process. Many aspects of achievement of the process attribute may-be unpredictablel

ute in the

ute in the

1 process
ist in the

[l process
ist in the

A

PTOCESS attribute OutcoIe 15 the ObServabie Tesultt of achievenent of a Specified process att

ibute.

Process outcomes and process attribute outcomes may be characterised as an intermediate step to

pr

oviding a process attribute rating.

When performing rating, the rating method employed shall be specified relevant to the class of

as

sessment. The following rating methods are defined.

The use of rating method may vary according to the class, scope and context of an assessment. The
lead assessor shall decide which (if any) rating method to use. The selected rating method(s) shall be

Sp

ecified in the assessment input and referenced in the assessment report.
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5.4.2 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) process outcome characterisations for all assessed process instances shall be aggregated to provide
a progess performance attribute achievement rating;

d) process attribute outcome characterisations for all assessed process instances shall be aggregated
to prpvide a process attribute achievement rating.

5.4.3 Rating method R2
The apprpach to process attribute rating shall satisfy the following conditions:

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

b) procgss attribute characterisations for all assessed process iistances shall be aggregated [to
provide a process attribute achievement rating.

54.4 ating method R3

Process afttribute rating across assessed process instancesshall be made without aggregation.
5.5 Aggregation method

5.5.1 (eneral
When pegforming an assessment, ratings may be summarised across one or two dimensions.
For example, when rating a

— procegss attribute for a given,process, one may aggregate ratings of the associated process (attribute)
outcqmes — such an aggregation will be performed as a vertical aggregation (one dimension).

— procegss (attribute)<outCome for a given process attribute across multiple process instances, one
may pggregate the-ratings of the associated process instances for the given process (attribute)
outcqme — suehian aggregation will be performed as a horizontal aggregation (one dimension).

— procgss attribute for a given process, one may aggregate the ratings of all the process (attribute)
outcqmessfor all the processes instances — such an aggregation will be performed as a matfix
aggreégation across the full scope of ratings (h/\m dimpncinnc)

The use of aggregation of ratings may vary according to the class, scope and context of an assessment.
The lead assessor shall decide which (if any) aggregation method to use. The selected aggregation
method(s) shall be specified in the assessment input and referenced in the assessment report.

As described in 5.3, process attributes are rated using an ordinal scale. The assessor may choose to
apply expert judgement to summarize the ratings without employing a formal mathematical approach,
alternatively an aggregation method may be used. An aggregation approach requires that the ordinal
ratings be converted to interval values in order to perform aggregation. The validity of this conversion
from ordinal ratings to interval values is dependent on two conditions[1l:

a) The ordinal scale must be sufficiently constrained that the ordinal values are reasonably evenly
spread. The rating scale defined in this document meets the requirement of being evenly spread.
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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

5 = raY d3 H 1 i3 tlhad
[ Y -] VIIC UIIIICIIS1IVUIIdI assl csal.luu IIITLIIUUS

5.5.2.1 General

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

5.5.2.2 One dimensional aggregation using arithmetic mean

Agdgregation may be performed by computing the arithmetic mean\(average) of the ratings of the
inferval values, rounding the result to the nearest integer (by rounding up or down), and cpnverting
the result back to the corresponding ordinal rating. When rounding is necessary the interjval value
wlll be rounded down to the nearest integer when the averagé«alue is less than the midpoin{ between
consecutive integers; it will be rounded up if the average-yalue is at or above the midpointl between
czﬁsecutive integers.

5.5.2.3 One dimensional aggregation using median

Aggregation may be performed by computing.the median (middle value) of the ratings of thg interval
values, the given data is arranged in order.from lowest to highest. If there is an odd number of data
then the median is the middle value. If thene is an even number of data then the two middle yalues are
selected and the arithmetic mean (average) taken. If there is an even number 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.
5.5.3 Two dimensional aggregation methods

5.5.3.1 General

In[an assessnient when there are multiple process instances being assessed, then it may be neg¢essary to
summarizé.the ratings across two dimensions.

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

As noted in 5.5.2, this may be accomplished using the expert judgement of the assessor(s) or it may be
accomplished 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 example, projects
initiated 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.

5.5.3.2 Two dimensional aggregation using arithmetic mean

Aggregation 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 corresponding
ordinal rating.

© ISO/IEC 2019 - All rights reserved 11
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Itis not permitted, when performing aggregation, to take an average of averages since such an approach

is not statistically valid.

5.5.3.3 Two dimensional aggregation using heuristics

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

Table 1.

5.6 Process capability level model

The process capability level achieved by a process shall be derived from the process attribute ratidgs
for that pfocess according to the process capability level model defined in Table 1.
Table 1 — Process capability level ratings
Scale Process attributes Rating
Level 1 Process performance Largely or fully.
Level 2 Process performance Fully
Performance management Largelgortully
Documented information management Laggely or fully
Level 3 Process performance Eully
Performance management Fully
Documented information management Fully
Process definition Largely or fully
Process deployment Largely or fully
Process assurance Largely or fully
Level 4 Process performancé Fully
Performance management Fully
Documented.information management |Fully
Process.definition Fully
Proeess' deployment Fully
Process assurance Fully
Quantitative analysis Largely or fully
Quantitative control Largely or fully
Level 5 Process performance Fully
Performance management Fully
Documented information management Fully
Process definition Fully
Process deployment Fully
Process assurance Fully
Quantitative analysis Fully
Quantitative control Fully
Process innovation Largely or fully

12
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Annex A
(informative)

Conformity of the process measurement framework

A{l Conformance requirements

All.1 General

The following requirements (indicated by ‘shall’ statements) for a process measurement fijamework
arg drawn from ISO/IEC 33003 which provides normative requirements fox process measurement
frameworks.

Al1.2 Conceptualization

A |process capability level is characterised by one or more proeess attributes, which are formative
measures of the process capability. Process attributes are requitred in order to construct the process
capability. Process attributes are demonstrated by achievemyent of the process attribute ¢utcomes,

A%

nich are reflective measures. See Figure A.1.

Process
capabitity level

Formative

Process
attributes
Reflective

l

Process

attribute

©

outcomes

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

b)

f)

g)

A.1.3 Cpnstruct definition

a)

b)

d)

14

A process measurement framework shall identify and address a single process quality
characteristic.

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

A process qnq]ify characteristicina process measurement framework shall be defined on the basis

of a multidimensional construct which consists of a set of unidimensional constructs.

The grocess measurement framework is a construct comprised of nine process attributest

A prqcess quality characteristic in a process measurement framework shall be defined as a set|of
procgss attributes.

The grocess measurement framework is a construct comprised of nine process-attributes.
Each|process attribute shall define a property of the process quality characteristic.

The pgroperty defined by each process attribute is described in Clausé:5.

Each|process attribute that is not directly measurable shall be ceifsidered as a construct.
Each|process attribute in this measurement framework is a;construct and defined in Clause 5.

Procg¢ss attributes in a process measurement framewerk shall be defined as either reflective Jor
formative.

The grocess attributes of this measurement framework are formative.

The pProcess measurement framework shalkdocument the policies and assumptions 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.

The ¢onstruct definitioh~shall define the meaning of the process quality characteristic and |ts
procgss attributes in @process measurement framework.

The theaning of thé process quality characteristic and its process attributes are given in Clause J.

The donstruct'definition shall clarify the specification of the process quality characteristic and |ts
procgss attributes as dimensions.

The $pecifications of the process guality characteristic and its process attributes are givenlin
Clause 5.

The construct definition shall provide a guide for the operationalization of the process quality
characteristic and its process attributes.

Operationalization of the process quality characteristic and its process attributes is given in
Clause 5.

The construct definition shall state the scales of composite measures such as categorical (e.g., a
series of ordinal values such as capability level) or numeric.

The scales of composite measures in this measurement framework are given in Clause 5.
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Atleast one of the process attributes shall comprise the achievement of the defined process purpose

and process 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.1.4 Operationalization

a)

All process attributes shall be defined according to their construct specification.

nnnnnnn Attt ac apen dafinad 1 O D 4bha docorintinnce FAlloyay o oo o f\v\v\vnf\l‘]ﬂ
He-Pro€essattrpttesare-aeHe ao—=tHe-ae SErpaeRS oW €O hapPproacH+6ae

escribed in

b)

A

Cd
bd

E4
cld

Al

5.1.

Achievement of process attributes shall be verifiable through objective evidence.

In the process performance attribute, the achievement of process outcomes is dempnstrable

based on objective evidence. In all other process attributes, the achievement of the at
demonstrable on the basis of objective evidence, employing the processattribute outcom
measures.

J{1.5 Construct specification examination

nstruct specifications of the process quality characteristic and(its associated process attrib
examined through operationalization and with rationale,

1.6 Rating process attributes

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

A measurement scale, i.e., nonunal, ordinal, interval, or ratio, shall be defined for th
attributes.

The measurement scalefor base measures are ordinal, defined in 5.3.
A measurement method shall be identified that objectively assigns value to each measure

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

1.7 Aggregation

All aggrégations required within the measurement framework shall be identified.

Aggregation methods are defined in 5.5.

tribute is
bs as base

utes shall

ch Process Attribute is operationalized through a set.of base or derived measures depending on the
iss of assessment. See 5.4.1.

e process

Aggregation methods shall be specified.

Aggregation methods are defined in 5.5.

Aggregation methods shall be statistically valid.

Rationales for the validity of aggregation methods in this document are given in 5.5.
Aggregation methods shall utilize consistent measurement scales.

The aggregation methods use consistent scales, described in 5.5.

Aggregation methods shall be consistent with the measurement framework policies and

assumptions.

© ISO/IEC 2019 - All rights reserved
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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.1.8 Sensitivity analysis

a)

b)

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[2l[6], The investigatio

included inter-rater agreement and internal consistency, both of which were found to be acceptable.

The pessi asing a : = aERE HE-cates
scalefto a three or two category scale by combining either the middle two ratings (N, (P, L), F),0¢'t
outel| two ratings ((N, P), (L, F)). The current four category scale cannot be improved by reducti
to a three or two category scale.

Sensitivity of process capability level ratings was investigated during the SPICE"Trials a

ivity analysis shall be performed for aggregation methods.

Somq sensitivity analysis data related to aggregation is available inthe SPICE Trials reportslel
howsgver its relevance to the current approach is limited. The issu€ of aggregation was examined

detailL during the development of this document.
Sensitivity analysis shall be performed for weights, if applicable.

Weights are not used in this measurement framework(o are not applicable.

A.2 Refjuirements for the reliability and-validation of process measurement
frameworks

a)

b)

<)

d)

e)

f)

Plany for reliability and validity of process measurement frameworks shall be established at t
beginning of standardization. These plans shall include post-standardization activities.

Clainps on reliability and validity of process measurement frameworks shall be consistent w
consfruct specification.

Consjstency (also refersto”equivalence) as a reliability measure shall be examined for procsg
attributes, if reflective:

Validjties shall bécexamined for the process quality characteristic and its process attributes i
procgss measuregment framework.

Consfructspecification shall be empirically examined for the process quality characteristic and
meaguresin a process measurement framework.

ns

j=ni

e

ts

External measures (e.g., goals, criteria, and/or achievements) of a process measurement framework

under development shall be documented for validity investigation.

Validation was performed during the SPICE trials conducted during standard development.

The measurement method and capability scale were tested during the SPICE trials. There has been no
change to 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 document.

16
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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:

— H.-W. Jung, et al., "Findings from Phase 2 of the SPICE trials," Software Process: Improvement and
Practice, vol. 6, pp. 205-242, 200121,

—  SPICE Trials (1999), SPICE Phase 2 Trials Final Report, ISO/IEC/JTC 1/SC 7/WG 10l6].

—{ SPICE Trials (1998), SPICE Phase 2 Trials Interim Report, ISO/IEC/JTC1/SC7/WG10[Zl,

© ISO/IEC 2019 - All rights reserved 17


https://standardsiso.com/api/?name=05ed0ea3c544be5bce9ccb17eec9e291

ISO/IEC 33020:2019(E)

Annex B
(informative)

Indicators of process capability

B.1 Process capability levels and process attributes

Process cppability is defined on a six-point ordinal scale that enables capability to be assessedfrom the
bottom of the scale, Incomplete, through to the top end of the scale, Innovating. The scalerepresernts
increasing capability of the implemented process, from failing to achieve the process purpose through

to continflal improvement to respond to organizational change.

NOTE1 [In the next paragraphs, ISO/IEC 33020 process attribute definitions and progess/attribute outconjes

are identiflied with italic font.

B.2 Process capability Level 0: Incomplete process

The procgss is not implemented or fails to achieve its process purpaose:

At this leyel there is little or no evidence of any systematic achieyement of the process purpose.

B.3 Process capability Level 1: Performed pracess

Process tapability Level 1: Performed process

The implemented process achieves its process purpose.

[5.2.8]

The folloyving process attribute demonstrates the achievement of this level.

PA 1.1 Rrocess performance progess attribute

a result df full achievement ofthis process attribute:

a) The process achieves'its expected process outcomes.

The process performance attribute is a measure of the extent to which the process purpose is achieved. 4s

[5.2.3.0]

Generic practicefor PA.1.1

PA.1.1.GPTAchieve the process outcomes

Achieve the intent of the base practices.

Relevant information items to evidence achievement of the process outcomes are identified.

B.4 Process capability Level 2: Managed process

Process capability Level 2: Managed process

The previously described Performed process is now implemented in a managed fashion (planned, monitored
and adjusted) and its documented information are appropriately established, controlled and maintained.

[5.2.4]
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The following process attributes, together with the previously defined process attribute, demonstrate
the achievement of this level:

PA 2.1 Performance management process attribute

The performance management process attribute is a measure of the extent to which the performance of
the process is managed with necessary resources and competences. As a result of full achievement of this
process attribute:

a) results to be achieved are determined and communicated;

by—rTsksthat camaffect performance of the process are determined armd addressed;
c)| performance of the process is planned, monitored, measured, evaluated and adjusted (as,nedded);

d) responsibilities and authorities for performing the process are determined, assigneddnd
communicated;

T

e] resources necessary for performing the process are determined, provided and-maintained (a
needed);

f) person(s) performing the process are competent on the basis of apprepriate education, trainfng, or
experience;

g] interfaces between the involved parties are managed to enstre both effective communicatiop and the
level of control expected.

[5.2.4.2]

Gé¢neric practices for PA.2.1

PA.2.1.GP1 Determine results to be achieved:for the performance of the process.
Results to be achieved are determined.

Ptocess performance goals are defined.

Apsumptions and constraints are eonsidered when identifying the performance goals.
Rpsults to be achieved are communicated to involved parties.
N
P

DTE Process performance goals for resources, effort, schedule and output are normally stdted.

A.2.1.GP2 Determine.and address risks relevant to the performance of the process.
Rfsks that can affect'performance of the process are identified and evaluated for effect and s¢verity.
Artions to mitigatethe risks are planned and performed.
M

onitor the risks and record the mitigation activities throughout the performance of the profess.

PA.2.1.GP3.Plan the performance of the process to achieve the determined results.

Plan(s) for the performance of the process are developed.

Proeéss activities and tasks are defined

Schedule and milestones are defined and aligned with the approach to performing the process.

Documented information reviews are planned.

PA.2.1.GP4 Control the performance of the process.
Process performance measures are established.
Process performance is monitored and the results are controlled.

Appropriate actions are taken when planned results are not achieved.

The plan(s) are adjusted and rescheduling is performed, as necessary.
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PA.2.1.GP5 Assign competent people with the relevant responsibilities and authorities for perform-
ing the process.

Responsibilities and authorities to perform the process are determined, assigned and communicated.
Required competencies are identified based on the responsibilities.

Competencies for management and execution of the process are ensured by training or work-based
learning.

Person(s) performing the process are considered competent on the basis of appropriate education,
training, or experience

Necessally competencies are acquired externally when needed.

PA.2.1.G[P6 Allocate and maintain resources to perform the process according to plan.

The humpn and infrastructure resources needed for performing the process are determined; provid}
ed and njaintained.

The infofmation necessary to perform the process is identified and made available:

The use ¢f the resources is measured and monitored to identify possible deviatiofs.
PA.2.1.GP7 Manage the interfaces between the involved parties.

The indiyiduals and groups involved in the process performance are ideritified.
Responsibilities of the involved parties are assigned.

Commurfication is assured between the involved parties.

Commurfication between the involved parties is effective.

PA 2.2 Documented information management pracess attribute

The docupmented information management procesS.attribute is a measure of the extent to which the
documented information produced internally, ot-acquired from an external source when performing the
process I§ appropriately managed. As a result-of full achievement of this process attribute:

a) requfrements for the documented information of the process are determined;

b) requfrements for control of the(documented information are determined;

[5.2.4.8]

Generic practices for PA.2.2

PA.2.2.GP1 Define the requirements for the documented information.

The requirements for the documented information to be produced are defined. Requirements may
include defining contents and structure.

Quality criteria of the documented information are identified.

Appropriate review and approval criteria for the documented information are defined.
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PA.2.2.GP2 Define the requirements for documentation and control of the documented informa-
tion.

Requirements for the documentation and control of the documented information are defined. Such
requirements may include requirements for (1) distribution, (2) identification of documented infor-
mation and their components (3) traceability

Dependencies between documented information are identified and understood.

Requirements for the approval of documented information to be controlled are defined.

PA.2.2.GP3 Identify and control the documented information in accordance with requirements.

he documented information to be controlled are identified.
hange control is established for documented information.

he documented information is identified and controlled in accordance with requifiements.

T

C

T

Versions of documented information are assigned to product configurations as'applicable.
The documented information is made available through appropriate accessimechanisms.
T

he revision status of the documented information may readily be ascertained.

PA.2.2.GP4 Review and adjust documented information to meet®he defined requirements.

Dpcumented information is reviewed against the defined requirements in accordance with planned
afrangements.

]

gsues arising from documented information reviews are féesolved.

PA.2.2.GP5 Maintain and retain information products to demonstrate that planned resul{s are
hieved.

pcumented information needed to confirm the performance of the process is determined.

a

D

Dpcumented information is used to demonstrate that the products and/or services satisfy thgir re-
gquirements.

B{5 Process capability Level 3 Established process

Process capability Level 3: Established process

The previously described Maitaged process is now implemented using a defined process which is gssured
hd continually improved,

Q

[5.2.5]
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The following process attributes, together with the previously defined process attributes, demonstrate
the achievement of this level:

PA 3.1 Process definition process attribute

The process definition process attribute is a measure of the extent to which a standard process is estab-
lished and maintained. As a result of full achievement of this process attribute:

a) astandard process, including appropriate tailoring guidelines, is established and maintained that
describestie fumdurmerntat etermernts that st be icorporated 1mto a defined process;

b) the required inputs and the expected outputs for the standard process are determined;
c) sequence and interaction of the standard process with other processes is determined;

d) roles, competences, responsibilities and authorities for performing the standard progess are
detefrmined;

e) resources for performing the standard process are determined;

f) knowledge necessary for the operation of the standard process is determiried and maintained.
[5.2.5.2]

O

Generic Tractices for PA.3.1

PA.3.1.GPP1 Establish and maintain a standard process thatwill support the deployment of the
defined process.

A standajrd process is developed that includes the fundamental process elements.

The stanfdard process identifies the deployment needs'and deployment context.

Guidancg¢ and/or procedures are provided to support implementation of the process as needed.
Appropriate tailoring guideline(s) are available as needed.

The stanfard process is maintained to meet the improvement needs and opportunities.

PA.3.1.GP2 Determine the inputs and outputs of the standard process.
Required inputs are identified, including information needed.
Expected outputs are identified.

Start and stop criteria fofthe standard process are defined as needed.

PA.3.1.GP3 Determife the sequence and interaction of the process as an integrated system of
processes.

The prodess’s sequence and interaction with other processes are determined.

Deploymfent of the standard process as a defined process maintains integrity of processes.

A . - =1L 1 . - LA LR L 1 | L Il £ -
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the standard process.

Roles and related competencies for performing the process are determined.

Authorities necessary for executing responsibilities are determined.

PA.3.1.GP5 Determine the resources for performing the standard process.
Appropriate resources are identified and determined.
Requirements for the quality of the resources are defined.

Process infrastructure components are identified (facilities, tools, networks, methods, etc).

Work environment requirements are defined.
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PA.3.1.GP6 Determine and maintain necessary knowledge for the operation of the standard
process.

Information and understanding needed to perform the process is determined and maintained.

NOTE Knowledge: facts, information, and skills acquired by a person through experience or educa-
tion; the theoretical or practical understanding of a subject.

PA 3.2 Process deplovment process attribute

The process deployment process attribute is a measure of the extent to which a standard progess|is de-
ployed as a defined process. As a result of full achievement of this process attribute:

a] a defined process is deployed based upon an appropriately tailored standard process;

b] required roles, responsibilities and authorities necessary for performing the defined process|are
assigned and communicated;

c) required person(s) necessary for performing the defined process are conipéetent on the basis pf
defined education, training and experience;

d) required resources necessary for performing the defined process.are made available, monitofed and
measured;

al documented information is available to ensure that the defined process achieves its intended results.
[5.2.5.3]

Gé¢neric practices for PA.3.2

PA.3.2.GP1 Deploy a defined process that satisfies the context specific requirements of the fise of the
sfandard process.

The defined process is appropriately selected and/or tailored from the standard process.
Criteria to verify conformity of the-defined process with the standard process are determinef.

The defined process is used toachieve the process outcomes.

PA.3.2.GP2 Deploy compétent people with defined responsibilities and authorities to support the
brformance of the defined process.

bmpetency criteriaforthe required roles are defined.

p

C

The roles for perfofiming the defined process are assigned and communicated.
The responsibilities and authorities for performing the defined process are assigned and commpinicated.
C

bmpeteney of the required person(s) is monitored and maintained with appropriate educatipn, train-
irlg, orexperience.

P4|A.3.2.GP3 Provide resources and information to support the performance of the definedprocess.

Required human resources are made available, allocated and used.
Required information to perform the process is made available, allocated and used.

Resources are measured and monitored to ensure their effective use.
PA.3.2.GP4 Maintain documented information as evidence of the process achieving expected results.

Documented information is maintained.

Documented information is available for review.

Documented information can be verified by person(s) independent of those performing the process.
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PA 3.3 Process assurance process attribute

The process assurance process attribute is a measure of the extent to which the defined process is assured
and continually improved. As a result of full achievement of this process attribute:

a) appropriate data and information are collected and analysed from monitoring and measurement
of the process to evaluate the effectiveness and risks of the process, and to identify needs and
opportunities for improvement;

b) criteft ;
adequacy, effectiveness and risks of the process are determined and evaluated;

c) conformity of the defined process (and associated activities, outputs and documented information) 1s
objegtively assured;
d) actiqgn is taken on any nonconformity, based on its nature and effect, and tracked torclosure;
e) The §tandard process is continually improved based on identified needs and opportunities.
[5.2.5.¢4]

Generic practices for PA.3.3

PA.3.3.GP1 Collect and analyse data about performance of the process to identify needs for im-
provemept.

Data reqfiired to understand the behaviour, suitability and effectiveness of the process are identified,
collected and analysed.

Results df the analysis are used to identify where continual improvement of the standard and/or
defined process can be made.

NOTE Diata about process performance may be gualitative or quantitative.

PA.3.3.GP2 Determine suitable methods and measures to monitor and evaluate the process.

Methods|and measures for monitoring the suitability, effectiveness and adequacy of the process are
determined.

Approprlate criteria and data needed-to monitor the process are defined.

The need to conduct internal audit, process compliance audit/reviews and management review is
established.

Suitability, adequacy and‘effectiveness of the process are measured and analysed continually using
appropripte methods.

Identifief risks are.gvaluated and managed.
PA.3.3.GP3 Assure conformity of the defined process.

Associated-activities, outputs and documented information are evaluated.

Conformity of the defined process with the standard process requirements 1s veriiied.
Any nonconformities are identified and documented.

Assurance activities are performed independently of the process instance to ensure objectivity.

PA.3.3.GP4 Act on nonconformities to adjust the performance of the process.
The nature and effect of nonconformities are analysed to plan appropriate actions.

Any changes needed are implemented to ensure that the process achieves its intended results

Actions are managed and tracked to closure.

24 © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=05ed0ea3c544be5bce9ccb17eec9e291

ISO/IEC 33020:2019(E)

PA.3.3.GP5 Improve the process based on the monitoring of the process.

Suitability, adequacy and effectiveness of the process are measured and analysed continually using
appropriate methods.

Internal audits, process capability audits/reviews and management reviews are performed when
needed.

Process changes are implemented to maintain the standard process.

B L Da oaceecanabilitys ictalhlao nxacacc
AV W § T ICTCauTCpPpTrotcssS

I'ocess capability Level 4: Predictable process

Lantitative management needs are identified, measurement data are collected and.analysed to|identify

P

The previously described Established process now operates predictively to achieve itsgrocess ougcomes.
Q

a§signable causes of variation. Corrective action is taken to address assignable causes of variatidn.

[5.2.6]

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

PA 4.1 Quantitative analysis process attribute

The quantitative analysis process attribute is a measure of the‘extent to which information need§ are
d¢fined, relationships between process elements are identified and data are collected. As a result|of full
athievement of this process attribute:

process information needs in support of relevant defined quantitative business goals are estqblished;

S,

b] process measurement objectives are derived from process information needs;

c) measurable relationships between process elements that contribute to the process performance are
identified;

d) quantitative objectives for proCess performance are established to support relevant businesd goals;

e] appropriate measures and-frequency of measurement are identified and defined in line with |process
measurement objectives.and quantitative objectives for process performance;

f) techniques for analysing the collected data are selected;

g] results of measurement are collected, validated and reported in order to monitor the extent fo which
the quantitative objectives for process performance are met.

[5.2.6.2]

Ge¢neriepractices for PA.4.1

PA.421.GP1 Establish process information needs, in support of quantitative business goal
Quantitative business goals relevant to the process are identified.

Stakeholders of the identified business goals and the quantitatively measured process, and their in-
formation needs are identified, defined and agreed.

PA.4.1.GP2 Derive process measurement objectives from process information needs.

Process measurement objectives to satisfy defined process information needs are derived.
PA.4.1.GP3 Identify measurable relationships between process elements.

Relationships between process elements are determined which contribute to the derived measure-
ment objectives.

© ISO/IEC 2019 - All rights reserved 25


https://standardsiso.com/api/?name=05ed0ea3c544be5bce9ccb17eec9e291

ISO/IEC 33020:2019(E)

PA.4.1.GP4 Establish quantitative objectives for the performance of the defined process, according
to the alignment of the process with the business goals.

Process performance objectives are defined to explicitly reflect the quantitative business goals.

Process performance objectives are validated with process stakeholders to be realistic and useful.

PA.4.1.GP5 Identify product and process measures that support the achievement of the quantita-
tive objectives for process performance.

Detailed measures are defined to support monitoring, analysis and verification needs of the quantita-
tive objectives.

Frequeng¢y of data collection is defined.

Algorithms and methods to create derived measurement results from base measures are defined, ag
appropripte.

Verificatjon mechanism for base and derived measures is defined.

NOTE Typically, the standard process definition is extended to include the collection of data for pro
cess medsurement.

PA.4.1.GP6 Select analysis techniques, appropriate to collected data.
Process ¢ontrol analysis methods and techniques are defined.

Selected [techniques are validated against process control objectives.

PA.4.1.GP7 Collect product and process measurement resultsthrough performing the defined
process.

Data collpction mechanism is created for all identified measutes.
Required data is collected in an effective and reliable matiter.
Measurement results are created from the collected data and analysed within defined frequency.

Measurement results are reported to those responsible for monitoring the extent to which quantita-
tive objeftives are met.

NOTE A|product measure can contribute to.@ process measure.

PA 4.2 Quantitative control process attribute

The quanttitative control progess/attribute is a measure of the extent to which objective data are used to
manage gnd control processpéerformance that is predictable. As a result of full achievement of this pro-
cess attripute:

a) assignable causesQf process variation are determined through analysis of the collected data;
b) distributions:that characterize the performance of the process are established;

c) corré¢ctive actions are taken to address assignable causes of variation;

d) separate distributions are established (as necessary) for analysing the process under the influence of
assignable causes of variation;

e) process performance data are used to develop predictors of process outcomes.
[5.2.6.3]

Generic practices for PA.4.2

PA.4.2.GP1 Determine assignable causes of process variation by analysing the collected data.
Variation in process performance is attributed to a specific, unpredictable cause.

Assignable cause indicates a possible problem in the defined process.
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PA.4.2.GP2 Establish distributions that characterize the process performance.
Variation in measurement results is used to analyse process performance.
Deviations are analysed to identify potential cause(s) of variation.

Trends of process performance are identified.

PA.4.2.GP3 Identify and implement corrective actions to address assignable causes.
Results are provided to those responsible for taking action.

Corrective actions are determined to address each assignable cause.

Cprrective actions are implemented to address assignable causes of variation.
Corrective action results are monitored.

Corrective actions are evaluated to determine their effectiveness.
PA.4.2.GP4 Establish separate distributions for analysing the process.

bnsequences of process variation are analysed.

C
Djfstributions are used to quantitatively understand process performanee under the influerce of as-
signable causes of variation.

PA.4.2.GP5 Develop predictors for process outcomes.

Process performance data are used.
P

Fedictors are independent variables to forecast process auteomes.

B{7 Process capability Level 5: Innovating’process

Plocess capability Level 5: Innovating process

The previously described Predictable process’is now continually improved to respond to changes|through
dentified innovative approaches for procéss’innovation.

~.

[Clalise 5.2.7]

The following process attribute, together with the previously defined process attributes, dempnstrates
the achievement of this leve):

PYA 5.1 Process innovation process attribute

The process innovationwprocess attribute is a measure of the extent to which changes to the definition,
management and-performance of the process are identified and effectively implemented from idgntified
rnovative appfoaches for process innovation using internal resources and/or using external ideqs ac-
cqrding to defined process innovation objectives.

~.
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As a result of full achievement of this process attribute:
a) process innovation objectives for the process are defined that support the relevant business goals;

b) appropriate data are analysed to identify opportunities for best practice and innovation;
¢) innovation opportunities derived from new technologies and process concepts are identified;
d) animplementation strategy is established to achieve the process innovation objectives;

e) impact of all proposed changes is assessed against the objectives of the defined process and standard
ProCEss;

f) implementation of all agreed changes is managed to ensure that any disruption to the process
perfermance is understood and acted upon;

g) effectiveness of process change on the basis of actual performance is evaluated against'the defined
product requirements and process and innovation objectives.

[5.2.7]

Generic Tractices for PA.5.1

PA.5.1.GP1 Define the process innovation objectives for the process that support the relevant
business|goals.

New busjness visions and goals are analysed to give guidance for@ew process objectives and poten-
tial areag of process innovation.

Quantitafive and qualitative process innovation objectives are defined and documented.

PA.5.1.GP2 Analyse data of the process to identify opportunities for best practice and innovation.

Feedback on opportunities for innovation is actively sought, including analysis of the results from the
process easurements.

Innovatipn opportunities are identified.

Best pra¢tices are identified and evaluated:

PA.5.1.GP3 Identify innovation opportunities of the process from new technologies and process
concepts

Possibilities of new process condepts on the innovation of process performance are identified and
evaluatefl.

Impact of new technologieson process performance is identified and evaluated.

Emergenft risks are considered in evaluating innovation opportunities

PA.5.1.GP4 Define ainimplementation strategy based on long-term innovation vision and objective

v

Commitrhent téiinnovation is demonstrated by organizational management including the process
owner(s), and other relevant stakeholders.

Measureb-that validate the results of process Phnngnc are defined to determine the nvpnrfnd effec-

tiveness of the process change and the expected impact on defined business objectives.

The proposed process changes are planned and prioritized based on their impact on defined innova-
tion objectives.

PA.5.1.GP5 Assess the impact of each proposed change against the objectives of the defined and
standard process.

Objective priorities for process innovation are established.

Specified changes are assessed against product quality and process performance requirements
and goals.

Impact of changes to other defined and standard processes is considered.
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PA.5.1.GP6 Manage the implementation of agreed changes.

A mechanism is established for incorporating accepted changes into the defined and standard pro-
cess(es) effectively and completely.

The factors that impact the effectiveness and full deployment of the process change are identified and
managed, such as:

— economic factors (productivity, profit, growth, efficiency, quality, competition, resources, and

capacity);

human factors (}'nh caficfnrfinn, maotivation, mnra]p, rnnﬂirf/rnhpcinn’ gn:ﬂ consensus,

participation, training, span of control);

management factors (skills, commitment, leadership, knowledge, ability, organisational d
and risks);

technology factors (sophistication of system, technical expertise, developnient methodol
need of new technologies).

raining is provided to users of the process.
Focess changes are effectively communicated to all affected parties.

ecords of the change implementation are maintained.

ulture

DY,

Pj

of

@)

\.5.1.GP7 Evaluate the effectiveness of process change.
brformance and capability of the changed process are measured and compared with histori

mechanism is available for documenting and reportinganalysis results to management ang
standard and defined process.

easures are analysed to evaluate the effectivenéss of process changes.

ther feedback is recorded, such as opportunities for further innovation of the standard proq

ral data.

owners

ess.

8 Mapping of indicators to precess attribute outcomes

Table B.1 — Mapping of generic practices to process attribute outcomes

hpping between the Generic Practices and the Process Attribute Outcomes are listed in Table B.1.

Gp | Practicelname | Maps to
PA.1.1: Process performance process attribute

PA.1.1.GP1 |Achieve the process outcomes. | PA.J1
PA.2.1: Perforimmance management process attribute

PA.2.1.GP1 Determine results to be achieved for the performance of the process. PA.J.1a
PA.2.1.GP2 Determine and address risks relevant to the performance of the process. PAZQ1b
PA.2-1.GP3 Plan the performance of the process to achieve the determined results. PA41c
PA.2.1.GP4 Control the performance of the process. PA2.1c

PA.2.1.GP5 Assign competent people with the relevant responsibilities and authorities for |PA.2.1d, f

performing the process.

PA.2.1.GP6 Allocate and maintain resources to perform the process according to plan. PA2.1e

PA.2.1.GP7 Manage the interfaces between the involved parties. PA21g

PA.2.2: Documented information management process attribute

PA.2.2.GP1 Define the requirements for the documented information. PA.2.2a

PA.2.2.GP2 Define the requirements for documentation and control of the documented PA.2.2Db
information.

PA.2.2.GP3 Identify, document and control the documented information. PA.2.2c

© ISO/IEC 2019 - All rights reserved

29


https://standardsiso.com/api/?name=05ed0ea3c544be5bce9ccb17eec9e291

ISO/IEC 33020:2019(E)

Table B.1 (continued)

GP Practice name Maps to
PA.2.2.GP4 Review and adjust documented information to meet the defined requirements. |PA.2.2d
PA.2.2.GP5 Maintain and retain information products to demonstrate that planned results |PA.2.2 e

are achieved.

PA.3.1: Process definition process attribute

PA.3.1.GP1 Establish and maintain a standard process that will support the deployment of |PA.3.1a
the defined process.

PA.3.1.GPE Determine the Inputs and outputs of the standard process. PA3TD

PA.3.1.GPB Determine the sequence and interaction of the process as an integrated system |PA.3.1¢
of processes.

PA.3.1.GP} Determine the roles, competencies, responsibilities and authorities for perform- |PA.3.1d
ing the standard process.

PA.3.1.GPp Determine the resources for performing the standard process. PA3.1le

PA.3.1.GPp Determine and maintain necessary knowledge for the operation of the standard |PA.3.1 f

process.

PA.3.2: Process deployment process attribute

PA.3.2.GP[L Deploy a defined process that satisfies the context specific requirements of the |PA.3.2a
use of the standard process.

PA.3.2.GPR Deploy competent people with defined responsibilities and authorities to sup- |PA.3.2 b, c
port the performance of the defined process.

PA.3.2.GP|
PA.3.2.GP|

o

Provide resources and information to support the performance of the process. |PA.3.2d

=

Maintain documented information as evidence ofithe process achieving expect- |PA.3.2 e
ed results.

PA.3.3: Process assurance process attribute

PA.3.3.GP[L Collect and analyse data about performance of the process to identify needs for |PA.3.3a

improvement.
PA.3.3.GPR Determine suitable methods andneasures to monitor and evaluate the process. |PA.3.3 b
PA.3.3.GPB Assure conformity of the defined process. PA.3.3c
PA.3.3.GP¢ Act on nonconformities te.adjust the performance of the process. PA.3.3d
PA.3.3.GPp Improve the process basgd on the monitoring of the process. PA.3.3e
PA.4.1 Quantitative analysis process attribute
PA.4.1.GP]L Establish process-information needs, in support of quantitative business goals. |PA.4.1a
PA.4.1.GPp Derive process measurement objectives from process information needs. PA4.1Db
PA.4.1.GPB Identify'measurable relationships between process elements. PA4.1c
PA.4.1.GP# Establish quantitative objectives for the performance of the defined process, PA4.1d
according to the alignment of the process with the business goals.
PA.4.1.GPp Identify product and process measures that support the achievement of the PA4d.le
quantitative objectives for process performance.
PA.4.1.GP6 Select analysis techniques, appropriate to collected data. PA4.1t

PA.4.1.GP7 Collect product and process measurement results through performing the de- |[PA4.1g
fined process.

PA.4.2 Quantitative control process attribute

PA.4.2.GP1 Determine assignable causes of process variation by analysing the collected data. | PA.4.2 a
PA.4.2.GP2 Establish distributions that characterize the process performance. PA4.2Db
PA.4.2.GP3 Identify and implement corrective actions to address assignable causes. PA4.2 c
PA.4.2.GP4 Establish separate distributions for analysing the process. PA.4.2d
PA.4.2.GP5 Develop predictors for process outcomes. PA4.2 e
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Table B.1 (continued)

GP Practice name Maps to

PA.5.1 Process innovation process attribute

PA.5.1.GP1 Define the process innovation objectives for the process that support the rele- |PA.5.1a
vant business goals.

PA.5.1.GP2 Analyse data of the process to identify opportunities for best practice and PA.5.1b
innovation.

PA.5.1.GP3 Identify innovation opportunities of the process from new technologies and PA5.1c
prncncs rnncaptc_

PA.5.1.GP4 Define an implementation strategy based on long-term innovation vision and PAH.1d
objectives.

PA.5.1.GP5 Assess the impact of each proposed change against the objectives of the definned” |[PA.J.1 e
and standard process.

PA.5.1.GP6 Manage the implementation of agreed changes. PA§1f

PA.5.1.GP7 Evaluate the effectiveness of process change. PAj1lg
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Annex C
(informative)

Guidance on the process measurement framework

C.1 Process measurement framework for process capability

The procgss measurement framework is based on the concept of processes having commonproce
attributes$, related to the extent of achievement of the quality characteristic of process capability. The
process dttributes have been defined and allocated to process capability levels, to forin an ordiry
measurernent scale for process capability.

The follojving clauses provide guidance on the meaning of the process capability levels, along w
guidance|on the achievement of the nine process attributes allocated to process capability levels
through §.

C.2 Process capability Level 0: Incomplete process

The Incomplete process is one that is either not performed at all, orfor which there is little or no eviden
of systematic achievement of the process purpose. Systematicvachievement is characterized by t
routine performance of base practices and the presence of appropriate input and output informati
items whijch, collectively, ensure that the process purpose.is-achieved.

Capability level 0 is the only process capability level-with no process attributes; in effect, level 0 c
be considered as the state of not being at capabilitylevel 1 or above. Accordingly, determination o
process ds being capability level 0 will be largel{based on the lack of adequate objective evidence
consider [t to be operating at capability level 1

C.3 Process capability Level 1: Performed process

The Performed process achigves its process purpose through the performance of base practices and t
presence |of appropriate inpyt and output information items which, collectively, ensure that the procs
purpose is achieved.

While thg processattribute at capability level 1 is stated in such a way as to be common to all procesg
(as are al] processsattributes) in reality the process attribute is related to process performance and t
achievementofiprocess outcomes which differ from process to process. In other words the assessme

SS
se
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ce
he

hn
[ a

indicator§ (f process performance that would demonstrate the evidence of achieving the procg
attribute 3 i Ve e T TTOT ST - —— SN i
assessed.
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Capability level 1 focuses exclusively on the extent to which the outcomes defined for the process are

achieved.

C.3.2 PA 1.1 Process performance process attribute
A process outcome describes one or more of the following:
— production of an artefact;

— asignificant change of state;
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— meeting of specified constraints, e.g. requirements, goals, etc.

Accordingly, assessors will need to focus their attention on information items and practices which
relate to one or more of the above process outcomes, depending on the nature of the particular process
outcome being considered.

Assessors will verify that the persons performing the process understand the purpose of the process
and perform the base practices. The information items resulting from performing the activities,
together with input information items, are further evidence of process performance. However, the
simple existence of these information items is not sufficient by itself; it should be evident that they

PR Y T onns 4]
cofrtrottretoacevig tire pProcesspurpose:

CH4 Process capability Level 2: Managed process

C.t.1 General

The Managed process is planned, monitored and adjusted to meet identified results to be achjeved and
to|produce documented information that are appropriately established, cofitrolled and maintgined.

The primary distinction from the performed capability level is thdt-the performance of the process
is[now planned, monitored and adjusted to deliver documented information that fulfil ¢xpressed
refquirements. Thus, the essential elements of the managed ‘process are the managemé¢nt of its
pdrformance and the explicit focus on documented information management. The critical|role that
prpactive management of these two aspects of the processAulfils is to increase assurance that what is
prioduced is what is needed and that the process operates.in a more predictable manner.

The proactive management of the process will result/in information items and/or activities which are
verifiable (e.g. planning and/or plans, monitoring mechanisms and/or adjustments to the prodess based
ugon the results of comparison of the planned versus actual performance of the process).

C.t.2 PA 2.1 Performance management process attribute

The performance management procéss/attribute is concerned with the application of basic mahagement
terthniques to provide reasonable assurance that results to be achieved are determined and niet.

The determination and communication of the desired results is a critical requirement for achieyement of
thjs process attribute. Typically, the desired results would include things such as (1) quality of artefacts
prioduced, (2) process eycle time and (3) resource usage. Another key issue is the identifichtion and
mitigation of risks thateould affect the performance.

At this level of process capability, process performance may be monitored in either qualitative terms
(elg. peer reviéws will be easy to understand and to conduct) or quantitative terms (e.g. peejr reviews
wlll, on average, detect at least 80 % of the defects in the product).

Sdme processes (e.g. supporting, organizational and management processes) may not requirg planning
for each'instance but may perform continuously understanding arrangements.

Without clearly defined responsibilities and understood lines of authority, any group undertaking is
at risk from the start. Hence, an important facet of the managed process is the explicit assignment of
responsibility and authority for performing the process. The essential aspects to be addressed are the
identification, assignment and communication of responsibilities and authorities for performing the
process. Note that all stakeholders in the process (e.g. process owner, process implementers, etc) should
be informed of these activities.

Person(s) performing the process will be deemed competent on the basis of appropriate education,
training, or experience. The resources and information needed to implement the process in accordance
with the identified process performance objectives are identified, made available, allocated and
used. It is especially important to be prepared to make appropriate adjustments to the resources and
information made available as the performance of the process is now being managed and potentially
being adjusted as necessary to respond to deviations from the planned performance.
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Associated with the management of resources needed to perform the process is the management of
interfaces between the involved parties to ensure effective communication and clear assignment of
responsibility. There are typically several types of stakeholders to consider — the process owner(s),
the process implementer(s), those who provide the necessary resources and information, those
involved upstream of the process and those downstream of the process and potentially others. Since
even seemingly minor changes in the process performance may have a significant impact on one or
more of the stakeholders, it is vital that the interfaces between these parties be planned, monitored and
adjusted as appropriate and that these be communicated in a clear and timely manner.

C.4.3 PA 2.2 Documented information management process attribute

The docymented information management process attribute is concerned with the application’|of
basic management techniques to provide assurance that documented information produced Jre
approprigtely identified and controlled. The documented information referred to in this clause|is
that whidh results from the achievement of the process purpose through the process outcomes (d.g.
documented information resulting from the process attaining capability level 1).

Documented information are artefacts associated with the execution of a praocess; accordingly, the
nature of the documented information will vary depending on the purposé of the process. Some
documented information may be a part of the deliverable product while othgr'"documented informatipn
may not (g.g. quality records such as personnel records, or meeting minutes):

Requirenjents for the documented information of the process are identified to provide a basis for their
productign (as well as verification). Note that requirements for the;documented information will lik¢ly
have a significant influence on the performance requirements_for the process itself; thus, the tyvo
process aftributes at capability level 2 are interdependent.

Requirenients for the documented information of the practess may be functional requirements which
pertain tp characteristics of the documented information (performance, size, etc.) or may be ngn-
functionall requirements which pertain to agreements;or constraints which are not directly related|to
documented information characteristics (delivery dates, packaging, etc.) or may be a combination of both.

Requirenjents for the control of the documerited information of the process are also defined; thdse
are consiflered as distinct from the requireiments for the documented information. Various degrees|of
change cqntrol or configuration management may be appropriate depending on specific aspects of the
documenfed information and/or the project.

The requjrements for the identification and control of the documented information of the process qre
then apprl‘Led as the basis for appropriate identification, and control of the documented information.

Documenfted information®fthe process resulting from implementation of the process are reviewed|in
accordanfe with plannéd)arrangements and adjusted as necessary to meet requirements. The extgnt
and natufe of review will depend upon many factors, all of which should be considered as part of the
planning for documented information management.

Documenteddnformation needs to be retained so that it can be independently verified.

C.5 Process capability Level 3: Established process

C.5.1 General

The Established process is based upon a standard process which is effectively deployed as a defined
process to achieve its process outcomes. The process is performed using a defined process tailored
from an established and maintained standard process. The standard process identifies resources —
both human and infrastructure — needed for performance of the process, and these are incorporated
into the defined process. Appropriate data are collected to identify opportunities for understanding
and improving both the standard process and the defined process.
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