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Foreword

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

This International Standard provides requirements for process measurement framework

s that support

and enable the assessment of process quality characteristics, from conceptualization to empirical

validation. In process measurement frameworks, measurement of a process quality
produces a composite measure (e.g. process capability levels of ordinal scale in ISO/IEC 330

characteristic
20). Examples

of process quality characteristics that are constructs (theoretical concepts) include process capability,
process security, process agility, and process safety. The main users of this International Standard are
developers of process measurement frameworks and process assessment models. Conformity to this
International Standard ensures that any process measurement framework is developed with reliable

structures or elements which will generate quality composite measures.

ThisInternational Standardis partofasetofInternational Standards designed to provide a
cohergnt framework for the assessment of process quality characteristics, based on‘obje
resulting from implementation of the processes. The framework for assessment cov
employed in the development, maintenance, and use of systems across the.informatic

ant to ISO/IEC 33004, that can be employed<for process assessments con
33002. The overall architecture and content of-the series is described in ISO/IEC

to repl
detailg

ace and extend parts of the ISO/IEC 15504 series of Standards. ISO/IEC 33001, Anne
d record of the relationship between the:[SO/IEC 330xx family and the ISO/IEC 15504

onsistentand
tive evidence
PI'S processes
n technology
Ces. The set of
pe. Results of
Iressing risks

Imeasurement
ment models,
Fformant with
33001.

International Standardsinthe ISO/IEC 330xxfamily of standards for processassessmentare intended

k A provides a
Series.
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INTERNATIONAL STANDARD ISO/IEC 33003:2015(E)

Information technology — Process assessment —

Requirements for process measurement frameworks

1 Scope

This International Standard sets out the requirements for process measurement frameworks for use in
process assessment. The requirements defined in this International Standard form a structure which

a) esfablishtherequirementsforprocess measurementframeworksinthe contextofprece

b) establish the requirements for the validation of process measurement frameworks for
askessment, and

c) esfablish requirements that are applicable to any process measurement framewor
composite measures across domains.

This Ifpternational Standard is applicable to the development of pro¢ess measurement fr
any prpcess quality characteristic across all application domains.

Annex| A presents a map of terminologies used in this Intethational Standard. Annex |
explarfation of construct specifications. Annex C reviews statistical validation meth

bS assessment,

Lise in process

ks to develop

hmeworks for

B provides an
pds. Annex D

provides some methods including references that can be'utilized in implementing the requirements for

procegs measurement frameworks. These Annexes:will be moved to a guide for constry
measurement frameworks to be developed as partofthe set of International Standards.

NOTE ISO/IEC 33020 is a process measurenient framework for assessment of process capal
this Inffernational Standard.

2 Normative references

cting process

bility based on

The following documents, in whele or in part, are normatively referenced in this document and are

indispensable for its application. For dated references, only the edition cited applies

For undated

referefces, the latest edition of the referenced document (including any amendments) applies

[SO/IEC 15939:2007, Systems and software engineering — Measurement process

[SO/IHC 33001:2015, Information technology — Process assessment — Concepts and termirn

3 Termsiand definitions

ology

For the purposes of this document, the terms and definitions given in ISO/TEC 33001, ISO/IEC 15939,

and the following apply:

31
aggregation method
method that combines a set of measurement values to create a composite value

Note 1 to entry: Aggregation methods are based on compensatory or non-compensatory models.
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3.2

compensatory model

MCDM model in which a composite measure is composed of individually weighted terms and where
criteria (also refer to attribute terms) with a high value can compensate for those of a low value in
proportion to each weight

Note 1 to entry: A compensatory model suggests that improving the more important measures (those with a
higher weighting) is more likely to increase or improve the overall composite value than improving the less
important ones. This model assumes that the weight (influence level) of criteria remains the same regardless of

the measured level of the criteria.

3.3

composite measure

variable deriy
construct spg
representing

3.4
composite v{
value from a ¢

Note 1 to entry

3.5
construct
conceptsuch :
using process

Note 1 to entry|
concepts such

Note 2 to entry]
its meaning, as

3.6
dimension
distinct comp)|

3.7
formative co
constructthat

Note 1 to entry

3.8

red from a set of operations of a construct’s multi-item measures defined acgory
cification (either reflective or formative) that is the way in which the latent'v
the construct of interest is linked to its measures

lue
omposite measure

: A composite value can be from an ordinal, interval, or ratio scale:

s the abstractidea, image, underlying theme, or subjéct matter that one wishes to m
assessments

In process measurement frameworks, construéts(also refers to latent constructs) are the
s the process quality characteristics and progess attributes.

: The meaning that one assigns to a construct is called theoretical definition, which should
well as discuss its distinct dimensions{facets).

onents that a multidimensional construct encompasses

nstruct
is formed from ifs observed measures in the relationship between a constructand its me

ling to
hriable

asure

retical

pxplain

asures

The constpuctis a consequence of its measures and each measure is a determinant of the coppstruct.

latent variablle
variable repré¢senting a unidimensional construct

Note 1 to entry: There should be a separate latent variable for each dimension of a construct and a minimum of
one measure per latent variable.

39
MCDM

Multiple-Criteria Decision Making or Multi-Attribute Decision Making
making preference decisions (e.g., evaluation, prioritization, and selection) of available alternatives
characterized by multiple criteria

Note 1 to entry: A criterion in MCDM corresponds to measure.

Note 2 to entry: An MCDM with one alternative is the same as the development of a composite measure.
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measurement model
the implicit or explicit relationship between a latent variable and its (multi-item) measures

Note 1to entry: The relationship between areflective (formative) constructand its measure(s) is called areflective
(formative) measurement model.

3.11

multidimensional construct
construct that consists of a number of unidimensional constructs.

Note 1 to entry: Each dimension of a multidimensional construct is called unidimensional and is represented by

one lat

ant yariohla BEach dinoncion can bovyo sonlein]o snaacuvne T o o leidiancinnal conRStry

the me
from tH
multid
numbe

3.12

non-compensatory model

MCDM

Note 1
althoug
policy,

3.13
reflec
constr

Note 1

3.14
scale
orderd

Note 1
types g

Nomin

not imply order among th¢ categories.

Ordina

Intervs
examp
The va

eV o roroTe Eror - e ST O T Cort Tt v C e r e pre- T oot S ST o e e r e S oo e T S oS

hning of capability when it is defined as the common factor underlying its process attriby
e case when capability is defined as a simple sum of its process attributes. The former-is'ca
mensional construct and the latter is formative. A multidimensional construct can‘span an
- of levels.

model that does not allow criteria to compensate for each other,in‘proportion to t}
to entry: Strongly positive or negative terms influence the overall composite value disp|

h the weight stays the same. There are various non-compensatery models depending on
the purpose of the composite measure, and/or the measurement scale.

five construct
uctthatis viewed as the cause of measuresin therelationship between a constructan

Lo entry: Reflective construct is an underlying&factor of the variation of its measures.

d set of values, continuous, or discrete, or a set of categories to which the attribute

to entry: The type of scale dépends on the nature of the relationship between values on
f scales are commonly defined:

h] — the measurement values are categorical. For example, the classification of defects by

—the measurement values are rankings. For example, the assignment of defects to a severity l6

1 —the measurement values have equal distances corresponding to equal quantities of th
e, cyclematic complexity has the minimum value of one, but each increment represents an &
ue,of zero is not possible.

t, for example,
tes is different
led a reflective
indeterminate

eir weights

roportionately,
the evaluation

Hits measures

is mapped

the scale. Four
their type does
velis aranking.

P attribute. For
dditional path.

Ratio

the e aSUTEMeETt Values Tave equat diStarces COITesSpoITding to equdat quarntities of the

ttribute where

the value of zero corresponds to none of the attribute. For example, the size of a software component in terms
of LOC is a ratio scale because the value of zero corresponds to no lines of code and each additional increments
represents equal amounts of code.

[SOUR
3.15

CE: ISO/IEC 15939:2007]

unidimensionality
existence of a single trait or construct underlying a set of measures

©150/1
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4 Requirements for process measurement frameworks

This clause defines the requirements for developing process measurement frameworks. Guidance in this
International Standard is limited to providing a better understanding of these requirements. Figure A.1
provides a mapping of the relationships between some terms used in this Clause.

NOTE Guidance on achieving conformance to these requirements, including examples and methods, will be
provided ina guide for constructing process measurement frameworks to be developed as part of the set of Standards.

4.1 Conceptualization

41.1 Requil ements
a) A measunement framework shall identify and address a single process quality characteristic

b) A procesq quality characteristic in a process measurement framework shall be defined on thg basis
of a multidimensional construct;

c) A procesg quality characteristic in a process measurement framework shall be defined as g set of
process aftributes;

d) Each progess attribute shall define a property of the process quality-characteristic;
e) Each progess attribute that is not directly measurable shall be cehsidered as a construct;

f) Process dttributes in a process measurement framework<hall be defined as either reflective or
formativg.

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

4.1.2 Guid4qnce

The process of identifying and clarifying eéncepts is called conceptualization. A concept is gn idea
or image thaf unites phenomena of interést (e.g., traits, behaviour traits) under a single term/It is a
summarizing|device to replace a list of specific traits. Most process quality characteristics (e.g., grocess
capability) arg not observable but aretheoretical concepts called constructs.

The composite measures (e.g.,process capability level) used in process measurement frameworks are
defined on the basis of a con§tytict composed of process attributes. A measurement framework gnay be
structured info a series of levels of achievement.

When a procdss attribute is not directly measurable, it may also be defined as a construct. The set of
process attrifutesfar‘any construct may be either reflective or formative.

Participation pfiéxperts and stakeholders can increase the validity of the process quality characferistic
and its process attributes; aspects of validity are discussed in C.3.

A multidimensional construct can be depicted with a path diagram including a set of dimensions and
their relationships. Use of a path diagram improves the understandability of model scope and structures.

4.2 Construct definition

4.2.1 Requirements

a) The construct definition shall define the meaning of the process quality characteristic and its
process attributes in a process measurement framework;

b) The construct definition shall clarify the specification of the process quality characteristic and its
process attributes as dimensions;

4 © ISO/IEC 2015 - All rights reserved
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c¢) The construct definition shall provide a guide for the operationalization of the process quality
characteristic and its process attributes;

d) 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;

e) Atleastone 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;

4.2.2 Guidance

Although a process quality characteristic or process attribute should convey an intuitive understanding
of whdt it represents, interpretation may vary according to the observer. Thus, a definitipn is required
to explain and provide the meaning of a construct. This is called the construct definjtion:

Clarifi¢ation of a construct implies that for example the definition of the process.quality |characteristic
as spefified super-ordinate fully covers all of process attributes on the basis of tonstruct| specification,
where|process attributes as sub-ordinates are its distinct dimensions. A latent¥ariable can bg assigned to a
unidinpensional construct in the model. Statistical methods related to dimensienality are intfoduced in C.1.

4.3 OQperationalization

4.3.1 | Requirements
a) All process attributes shall be defined according to their construct specification;

b) Adhievement of process attributes shall be verifiable through objective evidence.

4.3.2 | Guidance

When |a process attribute is directly observable through formal assessments, self-regorts, surveys
(including questionnaires and interviews), observations, or other empirical means, it is a pase measure
that is|functionally independent of other measures. If a process attribute is measured wijith its several
sub-canstructs or measures, it cah-be considered as a construct. Four or more base measures are
recommended to measure a construct and perform a set of statistical tests (including model validation
and copnstruct specifications) inreflective specification.

NOTE Refer to Clauge\6.3.4 of ISO/IEC 33004 for assessment indicators that are utilizpd for process
attributte rating.

4.4 Constructspecification examination

4.4.1 | Requirements

Constructspetifications of the process quatity chraracteristicand its associated process attributes shall
be examined through operationalization and with rationale.

4.4.2 Guidance

There are two kinds of construct specifications that refer to the way in which the latent variable
representing the construct is linked to its measures (i.e., the relationship between a unidimensional
construct and its measures): reflective and formative measurement models. A process quality
characteristic or process attribute can be viewed either as underlying factors or indices produced by
observed measures. The former is referred to as reflective (effect) constructs or reflective measurement
models, and the latter formative (causal) constructs or formative measurement models.

The objective of a reflective measurement model is to measure a single property by using multiple
measures, whereas a formative model attempts to summarize multiple properties with a single

© ISO/IEC 2015 - All rights reserved 5
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composite value. In Annex B, these two specifications can be represented as Figure B.1 (a) and Figure B.1
(b), respectively.

Decision rules to examine reflective or formative, construct specification, are summarized in Table 1.
These decision rules can be applied to the process quality characteristic and its associated process
attributes. They can be assessed a priori statistical validation of construct specification. Annex B
provides the construct specification in detail.

Table 1 — Decision rules to examine reflective or formative measurement model

Decision rule Reflective measurement model Formative measurement model
o Measuresare manifestations ofthe con- ° Measuresare r‘lpfining characteristics (aspects)
struct. of the construct.
. Measures share a common theme. D Measures need not share a common therfe.
. Measures should be interchangeable. D Measures need not be interchangeable.
Characteristics of
measures of the . Measures should have the same or similar |e Measures need not have the'same or simflar
construct content. content.
. Excluding a measure should not alter the D Excluding a measure niay alter the concgptual
conceptual domain of the construct. domain of the construct.
. Measures are expected to co-vary with one |e Measures needwot co-vary with one anofther.
other.
] ) Rk The direction of causality is from the con- |e The direction of causality is from measufes to
Direction of causdlity | struct to its multi-item measures. the construct:
between construdt
and measures . Changes in a measure should not causeto |e Changes in the construct should not cauge
changes in the construct. changésiinthe measures.

In some instgdnces, the relationships depicted in Figure Bi\(Annex B) can have a higher-order level,
i.e., conceptudl definitions of constructs are often specified at a more abstract level, which somptimes
include multiple reflective and/or formative first-ordeér’dimensions. The definition of a higher-order
model should| be theory-driven in a reflective measure model. Statistical analyses should be ysed to
support or validate the definition.

4.5 Rating|process attributes

4.5.1 Requjrements
a) The procgss attributes shallbe'rated;
b) Ameasurpmentscale,i.e.;néminal, ordinal, interval, orratio, shall be defined for the process attrjibutes;

c¢) A measurement methed shall be identified that objectively assigns a value to each process attfribute.

4.5.2 Guid4qnce

Some assessm g g rocess
attributes for individual process instances assessed. On the other hand, others providing an overall
picture without ratings can simultaneously assess a set of process instances under the same contextas a
process.Rating of process attributes can be based on formal assessments, self-reports, surveys (including
questionnaires and interviews), observations, or other empirical means. Thus, a measurement scale for
rating base measures should be consistent with the granularity of assessment. Occasionally, rating in
self-reports or surveys is on the base of perception rather than objective evidence. Rating scale for the
process quality characteristic and its process attributes should be addressed with rationale, consistent
with the construct specification (refer to 4.3).

A well-established documented assessment process for rating process attributes provides credible
measurement results. The approach to rating the process attributes shall be defined in the documented
assessment process, and may depend on the class of the assessment, based on the assessment objectives.
Thus, for this purpose, a documented assessment process will guide the process for establishing,
planning, performing and evaluating assessment under an integrated assessment scheme. If there

6 © ISO/IEC 2015 - All rights reserved
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is consensus in the community, a validated documented assessment process can be adopted after
examining its conformity with measurement purposes.

4.6 Aggregation

4.6.1

Requirements

Aggregation derives a composite value or rating by combining a set of measurement values.

a) All aggregations required within the measurement framework shall be identified;

b) A

grpgnﬁnnlnpfhndcchqllhpcppriﬁpd;

‘)
d)
e)
f)

Ag
Ag
Ag
Ag

4.6.2

The sd
stated
the sti
point d
and it
achievi

A MCL
compd
depen
and/of
compe

An ag
level d
as the
proceg
perfor]

A rati
achiev
to pro

gregation methods shall be statistically valid.
gregation methods shall utilize consistent measurement scales;
gregation methodsshallbe consistent with the measurement frameworkpolicies and

gregation methods shall be consistent with construct specifications.

Guidance

ale of composite measure for the process quality characteristic or process attrib|
in accordance with its construct specification. Theaumber of aggregation requirg
ucture of a multidimensional construct of process)quality characteristic in 4.1. P
faggregation can be the hierarchical order of.constructs such as process quality c

assumptions;

ute should be
d depends on
rincipally, the
haracteristics

process attributes. Each process quality characteristic level on the scale is defined in terms of the

pments of a set of process attributes.

M with one alternative can also be tegarded as the aggregation method to der
sitemeasure.Anaggregation metho@maybebased on compensatory or non-compen
ling on the construct specification, evaluation policy, the purpose of the compg
the measurement scale. A formative model with no measurement error can be cq
nsatory type MCDM which aggregates different aspects or dimensions into a comp

pregation example related would be the combination of a set of process attribut
f process capabilityjrassuming a formative specification. In a mutidimensional c
process quality (characteristic and its process attributes, aggregation is used t¢
s capability levebfrom a set of process attribute ratings. In addition, if process attr
med for each.0f ' multiple process instances, aggregation methods should be providg

g scale. of a process quality characteristic or process attribute represents the
ement:The scale expressed as an ordinal scale can be transformed from an interva
vide anchor points for the rating. For example, the rating scale may be applied

exten

ve a value of
Katory models
site measure,
nsidered as a
bsite value.

P ratings to a
bnstruct such

determine a
bute rating is
d.

extent of its
or ratio scale
o express the

ofiachievement of 2 nrocess attribute for a nrocess instance in a snecific organizat
r r r =]

ional context,

or to express the extent of achievement of a process attribute across multiple process instances within
the defined organizational unit scope.

Consistency in measurement scale implies that lower level transformation, from a higher measurement
level to lower level, is possible such that, (i) a ratio scale can be transformed to an interval, ordinal, or
nominal scale, (ii) an interval to an ordinal or nominal, and (iii) an ordinal to a nominal. However, the
inverse direction is not allowed.

A composite value of the reflective construct can be computed by averaging or summing the values of
measures if associated assumptions are satisfied. Those methods can also be applied to the aggregation
of sub-constructs to obtaina composite value of higher-level constructin the multidimensional construct.

The presence of outliers should be examined, and highly skewed measurement values should be
transformed, if necessary. True outliers may be removed from the aggregation. If measures have a
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different range of values, normalization is required before any data manipulation because of differences
in measurement units. An appropriate normalization method should be used with respect to both the
theoretical basis and data properties.

4.7 Sensitivity analysis

4.7.1 Requirements

Sensitivity analysis aims to examine the robustness of the composite value. The kinds and methods of
sensitivity analysis depend on rating and aggregation method in process measurement frameworks.

a) Sensitivi
b) Sensitivif]

c) Sensitivit

4.7.2 Guidqnce

The robustnsd
analysis. Uncg
propagates t
analysis exa
variance. Sen

Including wei
analysis for w
models do nof

5 Requireg

5.1 Requirements

] 3 lLolll £, £ i 1 £ Ataazl i
|y dlldly S1o olldll UT pPUTLIUTNTITIICTU TUT TTHITASUT TIIITIIT SLAITS UL PIULLOSS Al TUULLS,
y analysis shall be performed for aggregation methods;

y analysis shall be performed for weights, if applicable.

ss of the composite value can be evaluated by uncertainty.@halysis or by sen;j
brtainty analysis examines how uncertainty in input factors-such as measurement
rough the structure of the composite measure and affects¢hé composite value. Sen;
ines the extent to which each individual source of uncertainty contributes to the
sitivity analysis can be performed on the basis of proacess attributes.

bhts in a composite measure, for example most eompensatory models, requires sen;
eights, where a weight assignment method should be specified. Non-compensatory
require weights.

ments for the validation of process measurement frameworks

itivity
values
itivity
putput

itivity
MCDM

at the

t with

rocess

es in a

a) Plans for|reliability and validity ofprocess measurement frameworks shall be established|
beginning of standardization. These plans shall include post-standardization activities;

b) Claims on reliability and walidity of process measurement frameworks shall be consister
construct specification;

c) Consisterjcy (also refers to equivalence) as a reliability measure shall be examined for p
attributes, if reflective;

d) Validities|shall be examined for the process quality characteristic and its process attribut|
process measurement framework;

e) Construct specification shall be empirically examined for the process quality characteristic and its
measures in a process measurement framework;

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

under development shall be documented for validity investigation.

5.2 Guidance

The quality of the process quality characteristic and its process attributes can be examined by using
empirical methods such as reliability estimation (especially if reflective) and validity tests. Process
measurement frameworks state their reliability and validity claims and how those claims shall be
corroborated. Statistical validation of requirements specified in this Clause can be provided by a
separate document or an Annex of a process measurement framework.
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5.2.1 Reliability

A general definition of the reliability of a measure is the variance of the true (latent variable) variance
divided by the total measure variance. Reliability concerns the degree of repeatability (stability) and
consistency (equivalence) of a measure in terms of its ability to capture latent variables. Repeatability
implies that “repeated assessments [at two different points in time, of the same process to the same
or alternative instrument by the same assessor] should produce results that can be accepted as being
identical. Consistency (equivalence) focuses on multiple measures of a construct measured at a single
point in time, where each measure is considered a separate but equivalent measure of the underlying
concept. C.2 briefly introduces statistical methods for estimating reliability.

A satisfactory level of reliability depends on how assessment results from a process measurement

framej
to the
accept]

In ref
constr

5.2.2

work are used. For instance, in applied settings where important decisions are mad
composite value, a high value of consistency (e.g., 0.9) is usually recommended-as
pble value.

ective constructs, unidimensionality is a required condition for the\reliability
uct validity.

Construct validity

The q
empir
proces
that th
that t}
standd
analys

If the
are no

I

ality of the process quality characteristic and processattributes can be exami
al methods such as reliability estimation (if reflective)sand validity tests. The
s measurement framework is a procedure for determining whether there is objed
e process quality characteristic and process attributes what they are intended to
ey are useful for their intended purposes. Some ‘validation methods can be perf

e with respect
fhe minimally

analysis and

ned by using
alidation of a
tive evidence
measure, and
brmed during

rd development as indicated by Clause 4. However, this clause addresses post hoc statistical

es to validate process measurement frameworks during trials and/or after publica

brocess quality characteristic and its process attributes in a process measureme

L correctly operationalized, measured; or statistically validated, any composite mg

weak ‘I‘r inappropriate. Thus, the process.guality characteristic and its process attribute
ement framework should be linked to its statistical validation, although statistical tests are not

meas
the pu
validit

Fpose of International Standards. Threats to the validity should be addressed when
y of process measurement frameworks. Validity tests depend on construct specific

Data o

external measures can be objectively or subjectively collected. They are used for ¢

predicfive validity. Construct validities are briefly explained in C.3.

5.2.3 | Construct specification

Constijuct specifications (also referred to as specification models) can be statisticg
determine whether the relationship between process quality characteristic and its proceg
formative ar'reflective. A simulation study can be performed if necessary. All aggregatio
the rationdle of construct specification.

[ion.
ht framework
asure may be
s in a process

bvaluating the
htions.

bxamining the

lly tested to
s attributes is
N should meet

NOTE

Confirmatory tetrad analysis, (addressed in B.3), can be used to statistically

specifications.

6 Verifying conformity of process measurement frameworks

test construct

This clause is concerned with the mechanisms that may be used to verify that the requirements of this
International Standard have been fulfilled.

Conformity to the requirements of this International Standard may be verified by:

— self-declaration (first party);

— asecond party;
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— athird party.

The party performing verification shall obtain objective evidence that the process measurement
framework fulfils the requirements set forth in Clause 4. Objective evidence shall be provided to
demonstrate the integrity and consistency of the process measurement framework.
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Annex A
(informative)

A terminology map

Figure A.1 presents a map of terms defined in Clause 3 and includes requirements and guidance defined in
Clause 4 (the arrows present reading direction). A process quality characteristic is explained, described,

and or

anized hy amultidimensional constructthat consists of a set of unidimensional co

hstructs. Each

of the
and cl:

rified via conceptualization and embodied by construct definition.

Conceptualization

Phenomenon [Clause 4.1]

~

is term to describe, is a process of identifying

hinidimensional constructs assigns meaning to phenomenon of interest. A constfug

t is identified

organize, and assign and clarifying Multidimeénsional construct
meaning to [Clause 4.1]
) Process quality is. d consist of
defines the meaning of characteristic
Cdnstruct and clarifies (Construct)
definition — Stf;i ing;Zl;C(t)f [Clause 4.1} A set of unidimensional constructs
[Clause 4.2] P 4
are evaluated are factored into represents
~ for or are an unidimensional
Validities & Construct construft
Reliability are opexahionalization of specification test o~
[Clause 5.1] [Clause 5.1] Latent variable
Sensitivity N ’ [Clause 4.2]
Analysis are evaluated empirically evaluate
[Clause 4'7]\ for process attributes whether
is performed (or \ they are reflective or
Asgessment the rating scal Pr(',cess formative. Compensatory and
\ _~ attributes non-compensafory models

Composite measure
[Clause 4.2]
s

/

includes

is obtained by is c@ned to  [Clause 4.3]
Rating

[Clause 4.5]  is gxamined by determines a
is performed for  composite value o
Decision rules of ratings of P ! MCDM
construct o kind
specification Aggregation _— """ of

[r‘lancn 4 A] LC1 461

felause4-6}

Figure A.1 — Map of terminologies

The process quality characteristic is operationalized as a set of process attributes, which are specified
as either reflective or formative. Decision rules provide guides on the definition of process attributes. If
process attributes are defined as reflective measures, factor analysis can support to determine a set of
unidimensional constructs. On the other hand, process attributes defined as formative may treat each
process attribute as a dimension. Each dimension of process attributes can be represented by a latent

variable. Construct specification tests can empirically evaluate process attributes to determine whether
they are reflective or formative. A rating obtained by assessment is assigned to each of process attributes.

© ISO/IEC 2015 - All rights reserved
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Ratings assigned to process attributes are aggregated to derive a composite measure which is a value
(numerical or ordered level). The aggregation method is a kind of MCDM model (compensatory or non-
compensatory). The aggregation method selected may be influenced by construct specifications (i.e.,
reflective or formative), evaluation policy (e.g., compensatory or non-compensatory), the purpose of the
composite measure, and/or the measurement scale.

Sensitivity analysis can be performed for measurement scales of process attributes, aggregation
methods, and weights, if applicable. The quality of the process quality characteristic and its process
attributes can be examined by using empirical methods such as reliability estimation and validity tests.
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Annex B
(informative)

Construct specification: Reflective or formative

This annex addresses construction specification. The following describes three models, which may be
used for developing composite values (e.g., process quality level) via the aggregation of measurement
values (p g aset ofthe rating of process :\H’rihnfpc) The twao cpnrifirnfinnc asabasisofe p]anation can

be repfesented as Figure B.1 (a) and Figure B.1 (b), respectively.

a) Reflective specification b) Formative-spetification
Zeta
T ©)
X, X, X, X,
(N B B b S &
X~
53

Figure B.1 — Relatienship between a construct and its measures.

In the|above Figure B.1 (a) lambda (A) is a loading parameter and denotes the correldtion between
constrjuct Ksi (§) and measure’x (delta (§) is an error term); Figure B.1 (b) gamma ()f) is a loading
paramleter for the measurex (zeta ({) is a disturbance term).

The causal direction Hasimportant implications for process attributes in the process contekt. If a process
quality characteristic'is assumed to be reflective, then the goal of actions should be one from which
broad |[penefits flow naturally and are reflected in the process attributes. Interventions focused solely
on indfividuakprocess attributes may divert resources from more useful activities. Intefventions in a
formative construct should be focused on specific areas related to process attributes that ponstitute the
procegsquality characteristic. In this case, improving one process attribute does notimply i

B.1 Reflective model

As shown in Figure B.1 (a), a construct theoretically defined is an abstract concept that can be measured
by using indirect multi-item measures. Constructs can be viewed as causes of measures. That is,
measures reflect or manifest the extent to which a construct is changed, and variations in a construct
result in variations in measures. A shift in the construct expects all measures to shift in the same
direction because the measures reflect the same underlying construct. Thus, a high correlation between
any two measures may be expected.

Furthermore, because measures have the same or similar content and they are supposed to be sampled
from the same conceptual domain, reliable measures are interchangeable, and excluding one measure
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should not alter the conceptual domain of the construct. When measuring psychological constructs such
as personality traits and attitudes, reflective measures are recommended.

The relationship between a construct and its measures is represented by a set of equations in which

each measure

depends on a latent variable as follows:

X :/1154‘51‘

where x; is the ith reflective measure that depends on the latent variable &; the coefficient A; is the
expected impact of a one-unit difference in £ on x;; and the random error term §; is the measurement

error. The dec

ision rules for reflective construct are summarized in Table 1.

B.2 Form

In the format
and the const
characterize

aspect of the
construct, i.e.
of the constr]
measures can
distinct impa
are usually cd

A formative c

n=y1X14

where 7 is the
of measure x;
the model on

B.3 Form

A formative c
term ( is assu
determined b
measures. Its

C=y1x1

where Crepre
a latent varial

fuct is a composite variable formed or induced by a combination of its measures. Me
h set of distinct causes that are not interchangeable. Each measure-captures a s

ict domain, they need not be highly correlated. High correlations between for

ative model

ve construct in Figure B.1 (b), measurement values are viewed as causes .ofa cor

construct domain. Thus, omitting a measure may alter the conceptual domain
it may adversely influence content validity. Because measures répresent different

influence the stability of measurement coefficients and make it difficult to separ
rt of individual measures on the construct. Construct measures of activities or bel
nsidered formative constructs.

bnstruct can be represented as follows:
L+ygxg+¢,
construct being estimated by its formative measure x;; the coefficient y; denotes thg

on the latent variable n; the disturbance term { denotes the effect of measures omi
). The decision rules for formative.¢onstruct are summarized in Table 1.

ative model with no error'(composite measure)

bnstruct can be represented without the error term in Figure B.1 (b), i.e., the distu
med to be zero. Then,-this works as an MCDM process and denotes a composite m
y the combination ef\a set of measures xs weighted by the importance or priority o
relationship canbe rewritten as follows:

L+yqxq,

sents'the weighted composite of xs. In the equation, if all y;x; terms are known, then
ble’but a composite value. The validation procedure for a composite measure overls

struct
asures
pecific
of the
facets
mative
hite the
aviors

effect

kted in

rbance
basure
f those

is not
Ips the

formative mo

del"described above. This standard clearly indicates any differences between for

mative

construct and composite measure if appropriate.

14

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=a4700bbeece4cc63a4ea172b21908d54

ISO/IEC 33003:2015(E)

Annex C
(informative)

Some statistical validation methods

If data from the use of a process measurement framework is available, Clause 5 requires statistical
analysis in order to provide evidence of conformity to the applicable requirements. This annexillustrates

examplesof the statistical methods for meeting the requirementsofClause 5

C.1 Dimensionality

A stat
analys
under]

pratory factor
of dimensions

stical test of dimensionality is applicable only to reflective specifications. Expl
is (EFA) and confirmatory factor analysis (CFA) can be used to determinethe number
ying a set of measures and test the unidimensionality of each dimension[11[2].

C.1.1 | Exploratory factor analysis

EFAisjused to explore the dimensionality of a measurement instrtiment by finding the lowlest number of

interp
the ter
variab|
Dataa

retable factors needed to explain the correlations among a set of measures. EFA, a
m “exploratory,” does not specify the structure of-the linear relationship between|
les and factors. In EFA, the structure of the factor'model or the underlying theory
e used to identify the number of factors and the quality of measures. Thus, EFA car

5 indicated by
the observed
is not known.
be viewed as

N

a techmique to aid in theory building. This is valid ‘enly for reflective measurement model§

C.1.2 | Confirmatory factor analysis

measures and
tors based on
or invariance
) of structural

CFA d¢
latent
theory
of the

equati

als specifically with measurement'models, i.e., the relationship between observed
variables or factors. In CFA, theranalyst must provide the number of underlying fag
. CFA provides an evaluationiof'method effects and an examination of the stability
factor model over time. Moreover, CFA should be conducted before the specificatior
bn model.

C2 |

Reliabjlity estimation of constructs is applicable only to reflective specifications. Ther
reliabillity estimation methods such as test-retest, alternative-form, split-half, and intern
(CronHach’s alpha)lél. These four are usually categorized into repeatability (stability) an
(equivplence) by the basic strategies used to evaluate reliability. Repeatability (stability]) implies that
“repeatedvassessments [at two different points in time, of the same process to the same pr alternative
instrument by the same assessor| should produce results that can be accepted as being identical”[3¢l.
It is estimated by using the test-retest and the alternative-form methods. Consistency (equivalence)
focuses on multiple measures of a construct measured at a single point in time, where each measure
is considered a separate but equivalent measure of the underlying concept. The split-half and internal
consistency methods are used to measure this consistency.

Reliability

e are various
1l consistency
d consistency

If assessors are presented with the same evidence, they ideally will produce exactly the same ratings.
In practice, however, the subjective nature of ratings makes it highly unlikely that there will be perfect
agreement in all cases. Inter-rater agreement, sometimes referred to as external reliability, is defined as
the extent to which assessments in the same process with the same standards by two independent teams
of assessors produce the same results. The Cohen Kappa coefficient[14] has been used as a measure of
the reliability of process assessments. However, because of its paradox, an index of observed agreement
is proposed in process assessment[41],
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C.3 Construct validity

Construct validity denotes the degree to which operationalization accurately reflects its construct.
Following describes construct validities such as face, content, predictive, concurrent, convergent, and
discriminant. These validities can be applied to reflective measurement models. Face and content
validities are generally applicable to formative models as well.

C.3.1 Face validity

Face validity addresses measures from operationalization to determine whether they appear to be a
good translatlon of the construct. That is, it 1nvolves determlmng whether measures appear to cover

validity involyes a crltlcal review of measures after they are developed
Face validity $hould be examined, for examples, in the definitions of a process quality charagterigtic, its
process attrijutes, outcomes, practices, and achievement.

C.3.2 Content validity

which
ument
ures it
ncept.
follow

Content validjity examines whether measures, as operationalized, captures the construct for
the latent varjable stands. Content validity depends on the extent to which .a‘measurement instr
reflects a specific domain of content in terms of the number and scope-of the individual meas
contains. The| theoretical definition of a construct states the domain ahd dimensions of the ¢
For content vhlidity, the design and development of a process measurement framework should
rigorously defined development procedures.

hould be examined, for examples, in the definitions of a process quality characteristic, its
utes, outcomes, practices, and achievements

Face validity ¢
process attrilj

C.3.3 Predictive validity

Criterion vali
itis valid. Pre
(X). The high
measure is th
degree of err¢

Concurrent v
The differenc
the two meas

For predictiv
should be ass
increasing th¢

ity compares a measure with some-$tandard variable that it should be associated
dictive validity concerns a future criterion (Y) that is correlated with a relevant m

with if
basure

b1 the correlation between X (e:g., the level) and Y (e.g., performance), the more valid the

s particular criterion. The talidity coefficient can vary depending on the criterion 3

lidity is assessed by correlating a measure with the criterion at the same point i
e between concurrent validity and predictive validity rests on the point in time at
ires are administered.

b and/op-concurrent validity, the achievement level of a process quality charact
hciated\with external measure(s) defined in 5.1 d). An example is to test a question
e capability level improve the ability to meet the schedule commitment?”

C.3.4 Conv

ergent validity

nd the
r associated with it, evényjthough the measurement characteristics remain the samile.

N time.
which

eristic
“Does

Convergent validity refers to the degree to which multiple methods for measuring a variable provide
the same results. Each individual measure can be viewed as a different method for measuring the same
construct. Thisis ananalysis of a question “Are reflective measures highly associated with its construct.”

C.3.5 Discriminant validity

Discriminant validity assesses the extent to which a construct and its measures differ from another
construct and its measures. For a valid measure, the variance in the measure should reflect only the
variance attributable to its intended latent variable and not to other latent variables. The discriminant
validity of a set of constructs can be evaluated after the convergent validity of individual constructs is
established. An example is to question whether an ordinal scale of capability level is a distinct construct.
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C.4 Construct specification

Confirmatory tetrad analysis (CTA) is used to statistically test construct specification (reflective or
formative specifications). The term confirmatory implies that a model is specified in advance. The term
tetrad refers to the difference between the product of a pair of co-variances and that of another pairl3l.
CTA can be applied to some under-identified models and non-nested models that cannot be tested using
a conventional approach. Further, CTA does not require numerical minimization and thus avoids the
associated convergence problems present in other estimation approaches. CTA can be performed by
using the CTA-SAS routinel[35](44],
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Annex D
(informative)

Methods for implementing the requirements for process
measurement frameworks

Thisannex providesasummary of methods for implementing the requirements for process measurement

frameworks. This table does not provide a rull I1st. The phases denote the steps that the aeveloprlent of
process measpirement framework should follow.
Definition Methods/references
Phase 1: Develop ¢oncepts/constructs (reflective and formative)
Theoretical concept A big picture showing the constructs and their relationships |e Law et ah#U]
(framework) in a manner consistent with theory and/or previous research (9]
on process characteristics or properties to be measured bya |° Johmson etal.[3
process measurement framework. . M xwelll11]
. Miles and Hubermanl[12]
Theoretical definjtion of A theoretical definition states the domain and dimensions of | Maxwell[11]
constructs a construct and classifies construct specifications as reflec- N
tive or formative. Formative issues in SEM are discussed By’ |° Bollenld
Edwards[19].
Phase 2: Perform pperationalization (develop outcomes and/or practices as measurement instruments) (reflective and formative|
Face validity The extent to which a construct is accurately translated into |e Content validity ratio by Lqw-
the measurement instrument. That is, the extent to which shell5]
the measurement instrument appears to measure what it is K [14]
intended to measure). Cohen’s kappa
. Nunnally and Bernstein[42]
Content validity The extent to which the outcomes-and/or practices in a . Content validity ratio by Lqw-
measurement instrument représent the domain, i.e., a shell5]
check of the operationalizationragainst the relevant content , (14]
domain for the construct Cohen’s kappall4
Mental experimeijts/deci- |Mental experiments{oridecision rules for determining reflec- |e Decision rules (Jarvis et al-|20],
sion rules in operfitional-  |tive and formative. Petter et al.[21])
ization .
. Measurement instrument develop-
ment (Diamantopoulos[1Z], Diamantopoulos
and Winklhofer[18], Edwards and Bagozzil18],
Rijsdijk et al.[26])
Phase 3: Conduct p confirmatofy/tetrad test to determine whether a construct is reflective or formative
Confirmatory tetiad test__ “\['A-Statistical test for determining whether a constructis . Ting,[44] Bollen et al.,[34] Bgllen
(CTA) reflective or formative. and Ting,[35] Hipp et al.[40]
Phase 4: Examine|thedinidimensionality of constructs (the statistical test can be applied only to reflective)
Unidimensionality The extent to which observed measures (e.g., process . Annex B
attributes) is closely related to one another and represents .
a single concept (Hattiel8]). A composite value calculated by |° . Principal com%:)zr])nents_factor
the unweight sum of item ratings can be used as an estimate analysis (E(;]FA) (Brownl2l, Gerbing and
of the corresponding construct under unidimensionality Andersonl13])
(Gerbing and Anderson(13], p. 186). . Confirmatory Factor Analysis
(CFA) (Brown [2])
Phase 5: Validate constructs (only for reflective)

18
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