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ABSTRACT

Current metreological literature, including the Internaticnal vocabulary of
metrology - Basic and general concepts and asssoclated terms (VIM3 2007),
presents a special language slowly evolved and sometimes without consistent
uge of the procedures cf terminological work; furthermcre, nominal proper-
ties are excluded by definition. Both deficiencies create problems in
fields, such as laboratory medicine, which have te report results of all
types of property, preferably in a unified systematic syntax and format.

The present text aims at forming a domain ontology around "property", with
intensional definitions and systematic terms, mainly using the ter-
minological tools - with some additions - provided by the International
Standards ISO 704, 1087-1, and 10241.

"System” and Ycomponent'! are defined, "guantity" is discussed, and the
generic concept "property" ig given ag ‘inherent gtate- or process-descrip-
tive feature of a system including any pertinent components’ . Previously,
the term 'kind-of-guantity’ and gquasi-synonyms have been used as primitives;
the proposed definition of "kind-of -property" is 'common defining aspect of
mutually comparable properties’. "BExamination procedure®, "examination
method", "examination principle", and "examination" are defined, avoiding
the term ’'test’. The need to distinguish between instances of '"character-
istic®, "property", "type of characteristic", “kind-of-property?, and "prop-
erty value" is emphasized; the latter is defined together with "property
value scale®. These fundamental concepts are presented in a diagram, and
the effect of adding essential characteristics to give expanded definitions
is exemplified. Substitution usually leads to unwieldy definitions, but re-
veals any circularity as does exhaustive consecutive listing of defining

concepts.

The top concept <property> may be generically divided according to many

terminological dimensions, especially regarding which operators are allowed

among the four sets =, #; «, »; +, -; and x, :. The coordinate concepts
defined are termed by the respective modifiers ‘nominal’, ‘ordinal’, 'dif-
ferential’, and 'rational’ before ’... property’'. Other possibilities are

given, especially the stepwise division into "nowinal property" and "guanti-
ty"; "ordinal quantity" and "unitary guantity!; "differential unitary gquan-
tity" and "rational unitary quantity”. As top concepts, <kind-of-propertys,
cexamination procedures>, <examination>, <property value>, and <property
value scale» are i.a. divided homologously to <propertys. The term ‘ob-
servation’ and the modifiers ‘qualitative’, ’semiquantitative’, and ’‘guan-

titative’ are avoided.

"Metrological unit" and "system of metrological units" are defined together
with a number of specific concepts. Some problems with characteristics of

"SI unit' are discussed and an alternative system shown. The conceptions
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of "metrological dimension® are outlined, leading to a definition and

specific concepts.

The generally accepted IUPAC/IFCC syntax for designations of instantiated
properties is ‘System({specification)--Component {specification); kind-of-
property{specification)’, and "dedicated kind-of-property" is defined as
'kind-of -property with given sort of system and any pertinent sorts of
component’ . The related systematic terms may be generated according to ENV
1614 using generative patterns from BNV 12264. The elements of the
appellation and examination result of a singular rational propexty are
diagrammed. Finally, the possibilities of representing properties and their
results by the formalisms of relation and function from Set Theoxy and

Obiect-Oriented Analysis are exemplified.
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PREFACE

Following graduation in Medicine from the Univergity of Copenhagen 1951, a
wish to acquire a better fundament in chemistry led to wmy postgraduate stud-
ies in organic chemistry, biochemistry, and physical chemistry, the lattex
subject under Professoxr J.A. Chrigstiansen (1898-196%) and seniocr lecturer
Dr EBE. Glntelberg (1885-1962). Ever since, the topic of Quantities and Units

has occupled a part of wy professional life.

Encouraged by colleagues in the Danish Society for Clinical Chemistry and
Clinical Physiology (DSCCCP) - and often in collaboration with my colleague
and friend, Dr Kjield Jergensen - a series of lectures, articles, and book
chapters on gquantities and units in c¢linical chemistry were presented from
1957 onwards in Danish, Nordic, and international professiocnal fora and
texts. The publications were applications, adaptations, and extensions of
the recommendations by the International Union of Pure and Applied Chemistry
(IUPAC), Commission on Symbols and Fhysicochemical Terminology, and by In-
ternational Standards from the International Organization for Standardiza-
tion (IS0)/Technical Committee 12 on Quantities and Units.

BEventually, a proposed set of Recommendations 1966 (R-66) were approved by
the IUPAC Commigsioni on Clinical Chemistry and by the Council of the Inter-
national Federation of Clinical Chemistry (IFCC). These recommendations
were incorporated in a larger wmonograph by Dybker and Jergensen in 1967
[39].

Three important issues were:

- firstly, the increased biochemical insight gained by preferring guanti-
ties based on "amount of substance” with the unit "mole" over those based
on "mass" with the unit *kilogram”;

- secondly, the greater ease of comparing routine results for concentra-
tions if a denowminator for amount of system is chosen, i.e. litre or
kilogram; and

- thirdly, the increased informabion content and unambiguous data transmis-
sion obtained by using systematic terms for properties examined in clini-

cal chemistry and other laboratory disciplines.

Latexr, through work on the revisions of the 1984 and 1993 editions of the
International vocabulary of basic and general terms in metrology (VIM), I
slowly realized the necessity of applying the rules and procedures of termi-
nology work to provide ccherent concept systems facilitating appropriate
definitions and systematic terms. The present monograph is the outcome of

these considerations concerning some central cencepts in metrology.

In this context, for the initial formative stages of the present text,

Diploma engineer Heidi Suconuuti (Helsinki, FI), formexr chairman of the IS0



Ontology on properiy Preface P. 6/279

Technical Committee 37 on Terminology and other language resources, has been
an invaluable, kind, and expert influence.

During all these years, I have had the great privilege of being a member of
national, regional, and international specialist groups for which terminole-
gy has been a significant or even main concern, either in a general sense
or specifically related to metrology or my specialty Laboratory Medicine'.
The listing raises fond memories of many intensive and instructive, humor-

ous, and heated discussions with colleagues who became friends.

My participation in the discussions and work within these bodies cobviously
has been an important influence on this monograph. The involved eminent and
dedicated scientists, however, should in no way be held responsible for any

mistakes or deficiencies in this text.

Not all of these colleagues can. be thanked here by name, but besides Dr
Kjeld Jergensen mentioned above I should specifically offer my sincere grat-
itude to Professor Robert Zender (t)} (Chaux-de-Fonds, CH), Dr J. Christopher
Rigg {(Langhaven, NL), and Dr Henrik A. Olesen {Copenhagen, DXK) - all major
plavers in the field of properties and units in laboratory medicine, a sub-
ject that many would think esoteric, some essential.

My work on this subidect obviously would not have been possible without scme
pied-&-terre, and thanks for excellent facilities and professionally stimu-
lating climates are due to the admiﬁistrations, department heads, and col-
leagues of the Copenhagen University Institute of General Pathology {(later
Medical Microbiology), the Departments of Clinical Chemistry at The 0ld
Peoples Town (De Gamles By) and Frederiksberg Hospital.

The composition of this monograph has been made in my Department of Stand-
ardization in Laboratory Medicine at the H:S§ Kommunehospitalet (now abol-

! puring the last four decades, in varicus intervals, the zet of groups

includes:

- CEN/TC 140 In Vitro Diagnostic Medical Devices/W& 4 on Reference Systems,

- CEN/TC 251 Medical Informatics/WG 2 Health Care Terminology, Informatics,
and Knowledge Bases,

- DSCCCP Committee on Quantities and Units (DK},

- IFCC Expert Panel (later Committee) on Quantities and Units,

- I80/TC 212 Clinical Laboratory Testing and In Vitre Diagnostic Test Sys-
tems/WG 2 on Reference Systems,

- IS0/Technical Advisory Group 4 Metrology/WG on the International vocabu-
lary of basic and general terms in metrology (VIM),

- IUB/IUPAC Committee on Biochemical Nomenclature,

- IUB/TUPAC Joint Commission on Biochemical Nomenclature,

- TUPAC Commisgsion (later Subcommittee) on Nomenclature, Properties, and
Units jointly with the IFCC Committee (of the same name),

- IUPAC Commission on Quantities and Units jointly with the IPCC Committee
{of the same name),

- IUPAC/IFCC Joint Working Party on the Compendium of terminology and no-
menclature in c¢linical chemistry,

-~ ITUPAC Interdivisional Committee on Nomenclature and Symbols,

- Joint Committee for Guides in Metrology/WG 2 on the VIM, and

- Lykeion {DK).
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ished) and the H:S (now REGION H) Frederiksberg Hospital of the Copenhagen
University Hospital, and thanks ave offered to their administrations for the
generous overhead provided. Special thanks for cowputer graphics are due
to Draughtsmen Mr Thierry Wieleman and Mr Benny Rosenfeld who ably gave my

sketched figures a professicnal appearance.

Finally, T am most grateful for the wany vears of skilful secretarial as-
sistance, critical help, and steadfast friendship of correspondent, medical

secretary Ms Inger Danielsen.

NOTE

This work to a large extent is identical with my thesis foxr Dector of
Medical Sciences, which was published in APMIS (Acta Pathologica,
Microbiologica et Immunologica Scandinavica) 2004;212{Suppl 117):1-210,
publicly defended, and accepted by the Faculty of Health Sciences at the
Univergsity of Copenhagen (Denmark] 2004. This new text ig not to be

regarded as a thesis.

Many editorial changes have been introduced, mainly in response to new word-
ing in International Standards and the third edition of the International
Vocabulary of Metrology. Some technical modifications are due to an evolu-

tion in the author’'s views.

2009-04
R. Dybkaer
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1 HISTORICAL INTRODUCTION

'- nothing lives if it is not properly pliaced in its historical context and tied to
the dates that form the skeleton of its history’.
Maurice Danloux-Dumesnils, 1969 [28]

The ability of an individual continuously to examine internal and external
signals by means of the senses and to compare the outcome with remembered
or recorded previous instances in order to react advantageously is a pre-

regquisite to survival and well-being of individual and society.

When the object of examination is the overt appearance of another human be-
ing and the purpeose is diagnosis with a view to alleviate his or her dis-
tress, we have the inception of health care as performed by & mother on her

child or of wmedicine as practiced by a witch-doctor on a customer.

The examination of a person’s excreta opens a new door te diagnosis as when
Egyptian priests under Akhenaten (Imhotep IV) three and a half millenia ago
used grain as a herbal sensor for urinary growth-promoting hormone tfo reveal
pregnancy; or when Indian clinicians two millenia before cur time noticed

that ants are partial to ‘honey-urine’ from diabetics.

The more formal examination of the patient’s urine - the so-called uroscepy
- was heralded by Hippocrateg of Kog (460-377) who related the formation of
bubbles in the urine to renal diseasze [51]. (We now know that the sign is

caused by an abnormally high protein excretion.)

Such serendipitous discoveries were sliowly supplemented by experimental
clinical chemistry introduced by the Swiss physician and alchymist Philippus
Aureclus Theophrastus Bombastug von Hohenhelm (1493-1541), alias Paracelsus,
who extolled the importance of ‘ilatrochemistry’ in shedding light upon

medical problems as follows.

‘Chemistry solves for us the secrets of therapy, physiology and patholo-
gy. - Without chemistry we are trudging in darkness’.
(aftexr I.M. Kolthoff {90])

The next three centuries saw important progress in ‘qualitative’ sexaminati-
ong ~ first of inorganic elements, later of organic compounds - such as when
Robert Boyle (GB, 1627-1691) in 1684 examined human bleod for chloride [12]
and William Hyde Wollaston (GB, 1766-1828) in 1810 found the amino acid
cystine in human bladder stoneg [(127].

‘Quantitative’ examinations of properties with wany possible values are
gometimes achieved by subjective judgement of a single person or a panel of
assessors, e.g. for winetasting, but are mostly performed by measuring in-
struments, which have been evolved during the last two centuries for, e.g9.,
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gravimetry, volumetry, and spectrometry, culminating in present-day big,
"automated’, multichannel, self-calibrating, self-controlling, artificial-
intelligent electromechanical, and electronic diagnostic machines or small,

sophisticated, disposgable measuring devices.

The operation of such complex and often expengive equipment elicited a neesd
for medical laboratories with specialized dedicated persconnel. The first
were established during the eighteen hundreds, especially in the hospitals
of German speaking Europe. Around 1900, small medical department labora-
torieg were common and fifty years later they had grown to become huge, cen-
tralized, independent departments to accommedate specialists and equipment
providing daily results in the thousands. Today, technological advances and
miniaturization permit considerable dscentralization to aid ‘point-of-need
examinations’ - usually called ‘point-of-care testing’ (POCT) - whether at
the hospital bed, in general practice, or by the patient himself.

Fundamental to all communication about the outcome of an examination is a
compariscon with a conventionally accepted reference, either in the form of
a procedure cr a standard, and ancient examples of weights and measures were
used by the BRabylonians and Egyptians thousands of years age. Today, most
of the measurement units that are universally accepted - although not fully
implemented ~ constitute the Systéme International d'Unités (85I} [6] which
is predominantly used for data in science and technology.

NOTE 1 - The $I hag been developed from the Convention du Métre, adopted
in Paris 1875-05-20, which was itself based upon the Metric System cof an
originally ‘natural system’ of units suggested by the French diplomat
Charles Maurice Talleyrand-Périgord (1754-1838), vainly in 1790 and with

some success in 1799 [28].

In some cases, an SI unit is neot applicable and coff-system units, such as
the WHO international units for some biological substances, are defined in-

dependently [128].

NOTE 2 - Another example of an off-system unit - albeit for a difficultly
measurable, 'soft’ property - was proposed by Mr Tim Daw in a letter to
The Times (2996-07-08) defining one milliHelen, as the amount of beauty
needed te launch one ship. Mr Daw wust be a devotee of Homer.

The expression of a measurement result generally needs a number, and our
present conventional number system is a combination of ancient ideas. The
early Egyptian had a decimal system of counting; the Sumerians used a
positional notation in writing sexagesimal numbers; around the year 200 A.D.
the Indians had symbols for the integers zerc to nine, and akout 1200 they
had real decimal positional notation for fractions. In Europe, the Western
Arabic number symbols were modified and adopted, the Scot John Napier {1550-
1617} introduced the decimal sign, and the Dutchman Simon Stevin (1548-1620)
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introduced the comma and gave a fundamental description of the whole system

and its use {29].

The expansion and diversification of Laboratory Medicine around the middle
of the last century was pioneered by various types of professional - e.g.
physicians, chemists, biochemists, pharmacists, chemical engineers, and
physicists. Consequently, the unambigucus exchange of laboratory data and
information became more difficult due to a coxnucopia cof terms, local con-
ventions, and unsgystematic ad hoc vocabularies. This development wag not
only inconvenient, but sometimes exposed patients to risk due to inadvertent

misinterpretation of transmitted ‘unfamiliarx’ data.

NOTE 3 - The concept "laboratcry medicine" is used here in the sense of
‘branch of medicine providing the health care system with laboratory
results and related information and advice pertaining to the clinical

gtate and treatment of health care recipients’ [38].

To improve this unfortunate situation - and following a decade of studies
centred in Copenhagen [27, 35, 36] - a monograph was prepaved in 1967 {391,
incorporating a Recommendation 1966 (here sometimes abbreviated R-66) from
the joint Commission on Quantities and Units {in Clinical Chemigtry) of the
International Union of Pure and Applied Chemistry (IUPAC) and of the Inter-
national Federation for Clinical Chemistry (IFCC). The treatise emphasized
the need for a metrological and physico-chemical view of the properties
examined in the clinical laboratories. It also embraced and extended the
special metrological language elaborated by several international scientific
bodies, and foremost the Technical Committee on Quantities, Units, Symbols,
Conversion Factors, and Conversion Tables of the International Organization
for Standardization (ISCO/TC 12} as presented in the IS0 3l-geries, currently
under revision {64], and that of the IUPAC Division of Physical Chemigtry,
now also in a new edition of ’'The Green Book' [82].

The monograph, including R-68, was timely both because metrological concepts
were scantly known among the heterogenecus group of practitioners of Labora-
tory Medicine, and because the metrolegical basic documents did not cover
all needs of the medical laboratory, being restricted to "physical gquanti-
ties" also called "measurable quantities” and ignoring other important forms

of properties.

The document further suggested a new systematic syntax and format for the
names of the properties of systems being measured or otherwise examined in

the medical laboratories.

During the following three decades, many updated and expanded recommend-
ations in the field of Laboratory Medicine have adhered to the same prin-
ciples {e.g. 61, 83, 84, 85, 86]. Throughout, however, there has been un-
certainty about definitions and terms for some concepts related to "quanti-
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ty" that are central to the special language of metrology.

NOTE 4 - "Special language" is defined in the International Standard ISO
1087-1 "Terminology Work - Vocabulary - Part 1: Theory and application'
as ’language used in a subject field and characterized by the use of spe-
¢ific linguistic means of expression’ [72-3.1.3]. A more nourishing (and
somewhat circular) definition of "language for special purposes (LSP)}"
is given by Picht & Draskau: 'formalized and codified variety of lan-
guage, used for special purposes and in a legitimate context - that is
to say, with the function of communicating information of a specialist
nature at any level - at the highest level of complexity, between initi-
ate experts, and, at lower levels of complexity, with the aim of inform-
ing or initiating other interested parties, in the most economic, precise
and unambigucus terms possible’ [110]. A useful discussion of the ap-
proaches to and the characteristics, relations, and uses of "LSP" is

found in a thesis by Hey [59].

The uncertainty is still presgent in spite of the appearance of three edit-
sons of the International vocabulary of metreleogy {7, 9, 132]. (ViM2 will
indicate the gsecond edition from 19893, VIM3 the third edition from 2007 and
2008}, and a review by Thor [120) of the I50 31-0 "Quantities and units -

General principles'" [64].

Besides the simple term ’‘quantity’ [28, 29, 38, 3%, 61, 64, 82, 83, 84, 85,
86, 131, 132], the set of terms for closely related concepts includes the

complex terms

- 'kind-of -quantity’ (22, 37, 39, 61, 83, 84, 8§, 131, 132]
(often written without hyphens [33, 39, 132]1);
‘physical quantity’ [64];

- ‘measurable guantity’ {7, 9];

- f‘guantity in a general sense’ [7, 120];

- fquantities of the same kind’ {7, 64, 120];

-~ 'category of quantities’ [7, 64, 120]; and

- particular quantity’ [7].

The problems increase when concepts for the group of ‘qualitative’ proper-
ties that are not accepted as guantities, but which form important items of
medical laboratory reports, have to be meshed with the concepts surrounding

"quantity".

The following terminclogical study of the concepts involved was therefore
undexrtaken with a view to form concept systems and conseguent definitions
and partially systematic terms for a central part of the professional or
special language of metrology used in describing states and processes of
physical, chemical, and biological systems, including a contribution to the
standing discussion on a consistent nomenclature for requesting and report-
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ing examinations in Laboratory Medicine.

In other words, the aim is to fashion and describe a domain ontology related
to the top concept "property".

NOTE & - The concept "ontology" is here taken to have one of the emerging
meanings of ‘characteristics, definitions, teyms, and relationships of
the significant concepts in a given domain' (see discussion in [55,
1221} .

The source material, besides classical and modern fexts on metrology, in-
cludes terminology documents related to physics, chemistry, laboratory med-
icine, and metrology. International, BEuropean, and a few National standards
have been consulted as being the valuable outcome of consensus between

various stakeholders.

There will be no attempt to adhere to a single theory of knowledge, whether
under the heading of empiricism, raticnalism, historicism, or pragmatism -
they are all views with various valid traits [4]. The principal aim is a
useful outcome. A wholesale acceptance of the proposed concepts, defini-
tions, and terms cannct be expected, but they may serve as a stimulus for

further discussion and evolution.

The necessary tools for the terminclogy work undertaken will be described
in the following Chapter 2.
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2 TERMINOLOGY

‘How many a dispute cculd have been deflated into a singie paragrapbh if the disputants had

dared to define their terms.’
Arigtotle, 384-322 B.C. [quoted in 109)

FUNDAMENTALS

2.1 The formation and description of an ontoleogy {(Ch.l-Note 5) unavoid-
ably depends on the choice of a gpecial language {Ch.l-Note 4) of terminolo-
gy. Among the.several possibilities, the curxrent terminological inherent
philosophy, principles, and vocabulary of the IS0 Technical Committee 37
Terminology (Principles and Coordination) [7%, 72, 117] have been preferen-
tially used in the present text because they are international, updated, and

generally available.

As some of the terminological concepts used may not be widely known to non-
terminoclogists, such concepts are conveniently given by term and definition
in an alphabetical Vocabulary (Annex A). An elevated vertical bar, ‘!, pre-
ceding a word in the text, usually only at first appearance in a given chap-
ter as well as in legends to tables and figures, warks that the vocabulary
has an entry starting with that word or a closely related one of the same
root. Thus, among the above words, ‘special language’, 'vocabulary’, 'ter-
minclegy’, ‘concept’, 'term’, and 'definition’ should have had a bar and
their respective definitions can be found in Annex A. Some textual nota-
tions indicating types of terminological concept to be discussed later are

given in Table 2.1.

The graphical notations used in the !concept diagrams arxe mostly taken from
the IS0 [72] and are given in Figure 2.1 for convenience. Thig set of
notations is fairly primitive. Thus, there are no indications of lspecific
concepts vnder lassociative relation (such as causal, sequential, and tempo-
ral relation}, nor of respective roles and cardinalities of the partners in

a relation. For the present purpose, however, the get guffices.
2.2 The fundamental 'metalinguistic concepts

"concept® (further in Section 2,10),

"term' {also called ’‘definiendum’),

"definition” {(also called ‘definiens‘’), and

liobject® (also called ‘referent’} (further in Section 2.23)

may be considered to form a three-faced pyramidal |concept system with "con-
cept" at the top and in asscciative relations with the other three at the

bottom [21, 117), e.g. as in Figure 2.2, upper part.
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Figure 2.1 !Terminographical notations

'Hierarchical structures

1

2

3
4

'Generic relation as a tree diagram from a 'generic concept to 'spe-
cific concepts; possible, but unspecified further specific concept(s)
are shown by a short additional line and three dots.

'partitive relation as a rake diagram from a !comprehensive concept
to 'partitive concepts where a close-set double line indicates similar
partitive concepts; an uncertain such plurality is shown by one of the
pair of lines being broken; possible further partitive concepts are
indicated by an extended back lacking any tooth.

Terminological dimensions {8.2.19) (one and two)

Pogsible plurilevel 'generic hierarchy

Non-hierarchical structure

5 IAssociative relation as a double-headed arrow between two !'concepts in
thematic connection

Ingtantiation Undefined concept

6 Correspondence 2 between an 7 Concept indicated by 'term in a
Mindividusl concept 0and its figure, but not explicitly defined.
linstance o (ISO 1087-1 [72) uses parenthesis,

not sguare brackets.)
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|concept

Blume
flower
blomst

R P
.-

l@efinition

reproductive organ
in a plant from which
fruit or seed is developed

referent concept
characteristics vaerbal form linguistice referent
gymbol
The concept triangle, The semantic triangle
corresponding to the (Ogden”s triangile),
(rotated) base of the corresponding to the
pyramid. . {(left - right shifted)

rear side of the pyramid.

Figure 2.2 Illustrated diagram of some fundamental 'concepts of the con-
ceivable and perceivable world (after Sucnuuti [117] and ENV 12264 [21]).

Double-headed full-line arrow = fundamental 'associative relation.
Double-headed breoken-line arrow = secondary assoclative relation.

*Term” could be exchanged for the 'generic concept “designation”.

The semantic txriangle [60] and the concept triangle [26] are shown for
comparison.



Ontology on property 2 Terminology P. 24/279

This !onomasiological concept system, emphasizing "concept”, is felt more
applicable to the present task than the alternative !semasioclogical view
of having “"term” as a !comprehensive concept cevering the lpartitive con-
cepts "expressgion" and "concept" {97]. The top ¢f the pyramid, "concept",
is in the mind. The three '"ground level’ entities are claimed to be either

a) concrete or abstract: phenomena, perceived cr conceived (termed ob-
jects ox referents), exemplifying the concept or
b} representations of the concept (such as definitions and terms) in a

language used in communicating about the concept.

This arrangemeﬁt should not be interpreted as if "concept" is generating all
three lower entities. There is usually a |causal associative relation from
object {8) to a concept that hag been justified and clarified as to meaning -
this process ie called conceptualization {71-5.1 to 5.3] {=zee also Sections
6.21 toc 6.25). Subseguently comes the formulation of a definiticn and ex-
planation, and the selection of a term {or other verbal l!designation or a

non-verbal designation) for communicaticn.

NOTE - This concept system is simplified in the sense that ¥Yterm" and
*definition" c¢an be considered to be specific concepts under "represent-
ation®, but the structure is sufficient in the present context.

Some triangular diagrams are closely related to the pyramidal structure (see
Figure 2.2, lower part). Dahlberg [26] has a ‘concept triangle’ with
"referent" at the top, '"characteristics” (or "meaning") at the lower left
and "verbal form" {or "term") at the lower right corner - in toto said to
constitute the concept. This triangle resembles the base of the pyramid.
Iivonen and Kimimdki [60] draw a ’semantic triangle’ with ‘“concept",
"linguistic symbol" (or "name"), and "referent", thus resembling the rear
face of the pyramid, sometimes known as ‘Ogden’s triangle’.

2.3 The terms and definitions of some !metrological concepts that may be

unfamiliar to non-metrologists are also presented in the Vocabulary (Annex

A) and signalled in the text by the elevated preceding vertical bar.

2.4 Each lterminclogical entry for a proposed concept given in the main

text is framed. The lintensional definition is phrased according to the IS0
terminological rules [71, 117] of

- being brief;

- containing information sufficient to indicate the position in a concept
system;

- using the nearest !generically |supercordinate concept;

- adding one or a few ldelimiting characteristics; and

- putting other information in notes.
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2.5 The imicrostructure of such a terminoclogical entry with suggested
term(s), definition, any example(s), and note(s) is essentially according

to IS0 {63] with

- proposed ‘preferred, usually !systematic term(g) in bold type in a sepa-
rate line (for each);

- ladmitted termis) in lightface type in a separate line {for each);

- any symbol;

- metrological concepts used the first time in the text of the entry and
defined elsewhere in the text given in bold type with parenthetic Section
number '(S.z)' or reference to the Vocabulary by an elevated vertical

bar.

The proposed concepts can be found by term{s} in the alphabetic Glossary

{(Annex B}.

2.6 Other concepts with texms and definitions taken from referenced
gsources or fashicned for digcugsion are indented with term in italics,
coclon, definition, and any relevant source in gquare brackets, The ref-
erenced concepts are found in Ammex A, the working concepts in Annex B.

2.7 Considering the partially conflicting terms and definitions of me-
trological concepts found in various authoritative documents, the eventual
proposals will entail choices and changes from such earlier texts. This
becomes necessary if a consistent, partially systematic lnomenclature is to
e based upon a chosen concept system and if the conseguent intensional
definitions are to use terms that may be substituted by the corresponding
definitions [71]1. It should be stressed, however, that - even within a
given concept system - the definition of a concept may be phrased in several
ways. As regards the choice of systematic terms, the partially conflicting
principles of term Fformation are detailed in the IS0 704 [71-7.3].
Important considerations have been

- transparency, i.e. inference from term to concept, and
consistency, i.e. a eoherently structured terminological system corre-
gponding to the concept system,

whereas the advantage of

- linguistic economy,

which may conflict with

- acouracy,

is sometimes achieved by an adnitted !abbreviated form.
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2.8 BPBecause of the multiple !relations of the metrolegical concepts being

discussed, a given concept may have to be used in text before being formally
designated and defined. An internal reference to the appropriate section
having the terminological entry should diminish any initial inconvenience

associated with such forward references.

2.9 Unfortunately, the terminological concept systems, the definitions
of seemingly similar concepts, and their terms vary between organizations
and authors oxr even within a given text. Thus, there is no universal term-
inological metalanguage [e.g. 26, &7, 1191. Ag mentioned, however, the
terminology used here is mainly that of the I50 1087-1 {72]. Yet, to avoid
misunderstandings, it seems pertinent to discuss a few central termi-

nological concepts and their relations for use in the present context.

WCONCEPT" AND "CHARACTERISTICY

2.10 The basic concept "concept" is defined by the I50 1087-1 as follows.

cencept: unit of knowledge created by a unigue combination of charac-
teristics (8.2.11) [72-2.2.1)

Although there are many views on the nature of a concept [see, e.g., 4], it
will hexre he considered.to be a mental entity that generalizes a set of one
or more objects. The concept corresponds to a class of such objects consti-
tuting the 'extension (S.2.24) of the concept,.

The subject of conceptualization is taken up again in Sections 6.21 to 6.25.

2.11 A property that occurs in all the cbjects of such a collection is

generalized as a characteristic, defined by the IS0 as

characteristic: abstraction of a property ($.5.5) of an object (8.2.23)
or ¢f a set of objects [72-3.2.4]

which together with the definition of "concept™ {8.2.10) shows that concepts
are considered to ‘have’ characteristics, whereas objects 'have’ properties

(see Chapter 5).

NOTE 1 - Unfortunately, there is another definition of "characteristic®
in the recent International Standard on Quality management systems EN IS0
2000 [70-3.5.1]1, also gquoted in the IS0 3534-2 [75-1.1.1], namely ‘dis-
tinguishing feature’. This is ambiguous because there is no indication
of whether the distinction concerns a concept or an object. The latter
relation is probably assumed - judging from the Notes with examples - so
that the definition applies to the concept that will here be termed
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‘property’ (5.5.5) as discussed in Section 5.1.

Note 2 - The tendency to confuse "characteristic" and '"property" is not
new as evidenced by the FOQC defining "characteristic" as 'property which
heips to differentiate between items of a given population’ {44-1.3.2];
the ITUPAC giving 'property or attribute of a material that is measured,
compared, or noted’ [80-2.1.3]; and the ASTM stating 'property of items
in a sample or population which, when measured, counted or otherwise
observed, helps to distinguish between the items’ [27.

2.12 In the 1S5S0 concept diagrams, the relation between "concept" and
"characteristic® is shown as !associative [72-A.2]. This may seem strange
in view of the phrase ‘created by’ in the definition of the former (5.2.10)
and the definition of

intension: set of characteristics which make up the concept [72-3.2.9]

together with a l!partitive relation between fcharacteristic" and "inten-
sion® [72-R.3]. {That this partitive relation is depicted as being ‘un-
finished' could be a mistake.) The difference between the definiticns of
"concept" and *intension® is not that obvious, as pointed out by Nistrup
Madsen [36], and could suggest a partitive rather than an asgociative rela-
ticn between "concept" and '"characteristic'". Here the latter sort of re-
lation will be preferred in accordance with the phrases 'unigue combination’
in the definition of "concept" and ‘set off in the definition of "inten-
sion®. The whole ('combination') is here considered to be a complex that

is more than the mere accumulation of its parts {’'set’).

2.13 The I80 presents a terminclogically pluridimensional (8.2.19) lge-
neric tree diagram on <concepts> [72-A.2] vhich can also be shown as a simple
field diagram {Table 2.13). There is no definition for a concept entering
into an associative relation with another concept; only hierarchical con-

cepts are included.

2.14 The !superordinate concept <characteristics can also be divided into
a generic hierarchy, including !'essential characteristic® and its specific

concept !"delimiting characteristich [72].

2,.14.1 Furthermore, the IS0 defines "type of characteristics" (with a

plural ‘s’) as

type of characteristics: category of characteristics which serves as the
criterion of subdivision when establishing concept systems [72-3.2.5]

and provides examples such as {in the IS0 notation} colour embraces being

red, being blue, etc.
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Table 2.13 Simple field diagram on the !generic relations of |<concepts

(8.2.10). Fields that are separated by a horizontal double line belong to
different terminological dimensions (£.2.19). Ipefinitions are given in the
Mocabulary.

concept lgeneral concept

lindividual concept

l'superordinate concept lgeneric concept

lcomprehensive concept

lsuberdinate concept Ispecific concept

Ipartitive concept

lcoordinate concept

"Category" is not defined, but lexical synonyms are 'type’, ‘class’, 'set’,
'division', and ‘group’. How a set of different characteristics could func-
tion as a (single) criterion of division ig not guite obvious. Probably the
intent is rather to congider ‘type’ as a divisible entity which is commen

to a set of characteristics.

2.14.2 For the present purposes, the term and definition and representa-

tion of examples will be modified as follows.

type of characteristic: common defining aspect of a !set of coordinate

characteristics {(8.2.16)

NOTE 1 - The set of coordinate characteristics can serve when dividing
a 'general concept into l'specific lcoerdinate concepts.

EXBMPLE 1 - having a physical property is !superordinate to the set of

coordinate characteristics {having a colour, having a length, ...} as a

physical property. Each of these coordinate characteristics subsequently

become a type of characteristic for the next lower level,

EXAMPLE 2 - having a gender is superordinate to the set of coordinate in-

dividual characteristics (5.2.18) {ig female, is male, ...} in gender
NOTE 2 - "Type of characteristic® gives an indication of a lhierarchical

level where a given characteristic will be further divided into coordi-

nate characteristics. {See further Section 2.17.)

NOTE 3 - In a plurilevel hierarchical |concept system of characteristics
in n levels, there may be n-2 separate types of characteristic.
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NOTE 4 - In this text, the isolated lterm for a characteristic in general
may be underlined and begin with the present particle of a verb, e.g.
'having ...’ whereas the term for a type of characteristic undergoing
division way be given a double underlining and begin with the present
participle of a verb and the indefinite article, e.g. ‘having a ...';

such conventions are language dependent. See also Section 2.18 NHote 3.

2.15 The lgeneral concept "human body" wmight be described, e.g., by the

congecutive, increasingly specific, generically related characteristics

having physical propexrty

- having spatial dimension

-~ having height

Bach of these characteristics can also be considered to be a type of charac-
teristic because there would be other physical properties than having spa-
tial dimension, othexr spatial dimensicns than having height, and manyl

heights. Thus, the first-level type of characteristic with its set of gen-

erically subordinate characteristics is

having a phvsical propexty {KI)

- having spatial dimension {KIA} )

- having mass {KIR} ; sy
- having volume {KIC) )

- etc. )

where the first three indented entries are members of the first set of de-
limiting coordinate characteristics (SI). The codes are used in Figure
2.15. The first of these subordinate characteristics, e.g., obviously is
alsc a second-level type of characteristic for a second-level set of delim-
iting coordinate characteristics (S8IA), e.g.

having a gpatial dimengion (KIA)

- having height (KIAa) }

- having sagittal thicknesg at the waist (KIAb) § SIA
- et }

For the concept "human body" an analogous subdivision into a second level
gset of further divisible coordinate characteristics would not apply in each
of the characteristics having masgs and having volume. They would gubdivide

directly into individual characteristics (8§.2.18) analogously to the follow-

ing.

One third-level type of characteristic and its subordinate individual char-
acteristics (S.2.18} would be
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having a height (KIha)

- is 1,63 metre in height (KIAa,) )

- ig 1,64 metre in height {KIRa,) ; SIka
- ete. ;

where each of the two first indents (in 8IAa) is a delimiting characteristic
that 1s also an individual characterigtic ($.2.18) of the individual concept
of a given person. The concept system for all these characteristics is
shown in Figure 2.15 by their symbols showing the plurilevel generic

inheritance.

2.16 The following concept has been used already in the definition and

examples of "type of characteristic" and wmerits a working definition.

coordinate characteristic: member of a !set of comparable l!delimiting

characteristics |subordinate to the sawme characteristic (S.2.11)

EXAMPLES - In Section 2.14 Bxamples 1 and 2; Fig. 2.15, e.g. the members
of the sets {KIA, KIB, KIC) and {KIab,, KIiAb,}

2.17 It may be discussed whether the relation between "type of character-
istic! and a given example is generic or associative (Suonuuti [118)). A
generic relation would apply to the examples KI and KIA in Figure 2.15 be-
cause they divide generically into lower types of characteristic such as for
KI into KIA, KIB, and KIC, which can inherit the traits of “type of charac-
teristic". When the levels of KIAa, KIAb, XIB, and KIC are reached, how-
ever, the further division shown iz into individual characteristics and they
cannct inherit the traits to becowe themselves types of characteristic. For
this reason, and because there is no IS0 notation for stopping generic in-
heritance, the relation between "type of characteristic" and a given example
is here chosen to be associative. It should be mentioned that the IS0 shows
an associative relation  between reype of characteristicg" and
"characteristic" and no superordinate concept for the former [72-A.3].

2.18 It may be useful in terminolegical discussions to have a concept in-
dicating that a given characteristic relates to an individual concept and
is not further subdivided in a given context. A working term and definition

is the feollowing (see also Fig. 2.15).

individual characteristic: characteristic (8.2.11) of an !individual

concept
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characteristic
{5.2.11)

type of
characteristic
{(5.2.14.2)

KII

81 of

| coordinate
characteristics
individual e 'A N (5.2.26)
characteristic o 0 O //W\:\ .

(s.2.18) 00 SIA of

l..— coordinate
characteristics

KIRa, SIAb of individual
—  +—coordinate
— characteristics
KIAa,

Figure 2.15 Mixed 'generic, 'partitive, and 'associative ‘concept dia-
gram on <characteristic> (8.2.11).

The five-level generic 'hierarchy is based on Section 2.15, starting from
“characteristic” to the second level, KI, going through three lower levels
(KIX, KIiAx, and XIAx,). KI is generically l'superordinate to the members
of the 'set of coordinate characteristics (8.2.16), SI. Two of these
'subordinate 'delimiting coordinate characteristics at the third level,
KIB and KIC, become 'types of characteristic and are each subdivided into
a set of delimiting cocordinate characteristics, indicated by circles, or
an unspecified branch. The third subordinate characteristic at the third
level, KIA, is subdivided into an unspecified and two specified charac-
teristics at the fourth level, KIAa and KIAb, forming a set SIA with each
member having subordinate delimiting coordinate characteristics indicated
by subscript Arabic numerals in KIAa, and KIAb,. One set ig shown as SIAb.
The left hand side of the diagram shows various levels in the hierarchi-
cal concept system with type of characteristic, such as KI, KIA, or KlAa,
which each covers the members of a set of coordinate characteristics. An
individual characteristic (S.2.18) is an indivisible characteristic in a
given context, for example the four symbolized KIAa, and KIAb,.
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EXAMPLES -~ is 2.87 metres in height (for an imagined "special human gi-

ant"); is red in colour {for "an identified ervthrocyte"); the character-

istics KIRa, and XIAb, in Fig. Z.15; has Danish pewrsonal social number

010198 0395 {for "a gpecific person")

NOTE 1 - An individual characteristic, say is red in colour, relates to

an individual concept, but wmay occur in many individual concepts {each

corresponding te one object).

NOTE 2 - In this text, the term for a characteristic taken to be individ-
ual in the context begins with a verb in the present tense, e.g. is ...,

has ..., but such a convention is language dependent.

NOTE 3 - An individual characteristic in one generic hierarchy of <char-
acteristic> may be wmodified into a type of characteristic in anocther

hierarchy kecause of subdivision. Thus, ig red in colour may disappear

in favour of having a red colour with individual characteristics such as

{is pink, is bordeaux, ...} in red colour.

2,19 The phrase ’terminologically pluridimensional’ (8.2.12) has been

used without a definition of "terminoclegical dimension". The IS0 1087-1
does not offer a foxrmal entry for this dimportant concept, but uses
"criterion of subdivision’. The IS0 704 speaks of ‘dimension c¢riterion’
without definition [71-%.4.2.2). PFoxr the present purposes a working term

and definition will be

terminoclogical dimengion: hierarchical division of a concept according
to a type of characteristic (8.2.14.2)

NOTE - The concept being divided is either a !generic or a !comprehensive
concept. Its subordinate concepts will be distinguished by the coordi-
nate characteristics (8.2.16) of the type of characteristic.

GENERIC INHERITANCE

2.20 An essential trait of a generic concept system is that down through

the hierarzchy any subordinate concept inherits all the characteristics of
its previous superordinate concepts in that line. Thus, if is 1.63 metre

in height is an individual characteristic (S.2.18) generically subordinate
to the type of characteristic (§.2.14.2) having a height (rather than having

a waist circumference), then the description of having a height also applies

to is 1.63 metre in height. Going further upwards, one is consecutively in-

formed that having a height is alsc subordinate to having a spatial dimen-

gion and that this, finally, is subordinate to having a physical property.
Thus, strictly speaking, the full designation of the individual character-

istic might be ig 1,63 metre in height as..2 spatial physical dimension.
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Usually, less will do, but the bare alphanumeric representation 'is 1.63
nmetre’ obviously cannot ensure that the intended inherited characteristics
are automatically and unambiguousgly conveyed and understood.

2.21 Superficially, it would geem that the characteristic is red in com-

mon parlance simply implies having a colour so that there is no need to men-
tion the texrm for the type of characteristic in the term for the char-
acteristic. Talking about wine, the assumption is valid {and so much so
that 'red’ is a synonym for ‘claret’). If the subject of discussion is the
pelitical persuasion of a person, ig red has a completely different meaning
that is not re;ated to skin, garments, or halr. Thus, as is well known, the
information contained in a 'homonymous !designation depends on the context.

2.22 Entering the realm of laboratory medicine, a simple example relates
to the general concept '"red bleood corpuscle®, with the lsynonym ‘erythro-
cyte’ (as used in Table 2.1). A typical human erythrocyte is shaped as a
more or less circular, bicencave disk with a central thickness of about 1.2
micrometre (1.2 um). Whereas, for the eryvthrocyte, is red with good reason

implies having a colour, the lunit of measurement, wicrometre (um), in is

1.2 micrometre by itself is not unambiguously indicating having a central
thickness; the alphanumeric string is 1.2 micrometre could alsce apply to

thickness near the rim of a cell. EBven more disconcerting, having a thick-

ness might not be meant because "erythrocvte®, having a volume divided by

surface area {(also called 'having areic volume'), has individual character-

istics expressed in the same unit, e.g., is 85 cubic micrometres divided by

140 _square micrometres equal to ig 0.6 micrometre. Such 'homonymy becomes

completely unmanageable in the many cases where the unit involved is "one",

as for individual characteristics of having a relative mass density (for

terythrocyte") and having a number (e.g. of "bleod group A sites on the ery-
throceyte surface"), both types of characteristic of “erythrocyte".

"OBJECT" AND "PROPERTYY

2.23 Turning from the worid of concepts to that of objects, the ISC 1087-

1 defines the general concept covering such ‘things’ as follows.
obhject: anything perceivable or conceivable [72-3.1.1]

with a note indicating that objects may be material, immaterial (abstract),
or imagined. Thus, respective examples could be a given woman’s blood, her
pulse rate, and a pursuing vampire from her dream. They are all linstances

(or referents) of general concepts.
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NOTE 1 - The form of definition, starting with ‘anything’ is not seman-
tically practical for substitution. ‘Thing’ {as a primitive) would be

proper.

NQTE 2 - It is beyond the present text to discuss the reasons for the
evolution in the terms used in relation to Aristotlie’s "substance": from
the ‘subject’ of scholasticism to the ‘object’ of modern philosophy.

NOTE 3 - The IS0 example of a conceivable object is ‘& unicorn’. Whereas
many representations of such a creature exist in books and on tapestries,
it ig highly doubtful that living examples have existed. (Any exhibited
object of a hetredlong straight spiral ivery horn declared to derive from
a unicorn rather seems to have adorned a narwhal - and to be a tusk.)
The alternative example, ‘pursuing vampire from her dream’ may relate to
bloodsucking beasts such as a very real Scuth American rat or an imagi-
nary reanimated human corpse. It might be argued that both the unicorn
and the dreamed vampire, instead of cbjects, should be considered to bhe
findividual concepts. This would make a clear separation between physic-
al entities or objects that are perceivable, and mental entities or con-
cepts that are conceived. In any case, metrolegy is concerned with the

physical world, including perceivable brain processes.

2.23.1 Synonyms or guasisynonyms of ‘object’ are 'entity’ and "item’.

Definitions encountered are

or

entity; item: that which can be individually described and considered
[3, 68-1.1, 108]

item; entity: anything that can be described and considered separately
[75-1.2.11}

item: object or quantity [read: amount] of material on which a set of

ohgervaticns <¢an be made [2]
the more elaborate, semi-lextensional
item: part, component, eguipment, sub-system or system or a defined

gquantity [read: amount] of material or service that can be individually

considered and separately examined and tested [44-1.2.1{(a), =78-3.10]

2.23.2 The DIN 1319-1 offers the entry

ohject of measurement: The cbject being measured in order to determine
the value of the measurand [32-1.2]

which is a circular definiticn that does not describe "object". A remark,
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however, explains that physical bodies, phenomena, or physical states are

included.

2.23.3 In analogy with the couple "concept" ($.2.10) ~ “characteristic!
{(8.2.11) and their respective definitions, it could be conzidered that
properties ‘combine’ to form an object. The relation between "object" and
"property" is nct shown by the IS0. One wmight consider a partitive relation
- as was discussed for "concept" and “"characteristic" -but, again, the de-
gscription of a biclogical object by a set of all its properties hardly means
that a duplicate instance can be created by putting the properties together
(if that were possible) and somehow shaking. So, the relation between "ob-

jecg" and "property" is here asgumed to be associative.

NOTE 4 - The currently suggested possibility of creating living organisms
from DNA and an appropriate soup of chemicals in a suitable environment
would require gynthesizing mechanisms different from ‘amalgamating’ pre-

existing defined properties.

2.24 The ISO does not either show a relation between “concept" and "ob-

Ject" [72-A.2], but in spite of the definition of
extension: totality of objects to which a concept corregponds [72-3.2.8)

and a partitive relation between "extension" and "cbject" [72-A.3-p. 20],
the verbal form 'corresponds’ in this definition is well chosen. Instances
of "concept" and Pobject” are from different worlds, and the concepts should

be asgociatively related.

2.25 It is an obvicus outcome of the above discussion to draw a four-

cornered concept diagram on “"concept", "characteristic®, Yobject’, and "pro-

perty" with four ‘sides’ of associative relationg (Fig. 2.25).

NOTE - A concept diagram in the IS0 1087-1 (72-A.3-p. 20) shows an asso-
clate relation between "object" and "charvacteristic". This relation, al-
though not incorrect, may be considered to be secondary, and without ex-

planation perhaps misleading.
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concept ¢ 5 characteristic “}— intension
(S.2.10) ($.2.11) (5.2.12)
{Figure 2.15)

I

extension —~ ocbject & 3y property
(s.2.24) ($.2.23) (5.5.5)
{(Figure 3.5}

Figure 2.25 Mixed 'concept diagram on some 'terminological 'concepts
around <concept> and <obijects

DESTGNATION

2.26 The terminclogical concepts presented =zo far are tools in the analy-
gigs of concepts and their relations. Another task of terminclogy is the
formulation of the designations of concepts, mainly in the form of terms and
definitions. Among the l|special languages for such purposes are the 'fea-
ture-value' approach of Gazdar [50, 97, 112] and the ’'semantic link-associa-
ted conceplt’ procedure of Sowa [112] as evolved by the CEN Technical Commit-
tee 251 ‘Medical informaticsg’ {21], but recently abandoned [2la].

2.2'7 The concepts used im the complex CEN 'metalanguage presented in the
ENV 12264 [21) were initially tried for the present concept analysis, but

subsegquently abandoned in favour of the IS0 philosophy because the CEN ap-
proach lacked a documented internal coherent concept system.

The formation of terms according to the CEN ENV will be further discussed
in Chapter 21.
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3 "SYSTEM" and "COMPONENT"

‘I must create a System, or be englaved by ancther Man’'s; I will not Reason and Com-

pare; my business is to Create.’
william Blake, 1757-1827 (Jerusalem [quoted in 24])

"SYSTEMY

3.1 In the previous two chapters it has been assumed that properties de-

scribe cbiects and that the relation between the lgeneral concepts "object!

(§.2.23) and "property" (8.5.5) is lassociative (Pig. 2.25).

3.2 In the present universe of discourse, 'Metrology (supplemented by
properties that are not guantities), and especially in Laboratory Medicine,
the delimited parts or phenomena of the world to which properties pertain
will be taken to be !instances of "system® under the lgeneric concept "ob-
ject". The concept “system® was originally adopted in the R-66 to emphasize
the complexity of biological objects and to accommodate any partition into
components which are invelved when defining most of the relevant properties,
for example a mass concentration of the chemical entity "lipid" in a system
"blood".

Interestingly, at the same time, Bunge opted for the term (concrete or ma-

terial) ’'system’ instead of ‘thing’ {15]. He considered "system" to be a
lspecific concept under "fact" (concrete ohject} together with "event",
"process", and "phenomenon", 'System’ was claimed to be more neutral than

‘thing’, wmore acgeptable as a term covering immaterial systems. Purther-
more, as he saild, 'By calling all existents "concrete systems" we tacitly
commit ourselves - in tune with a growing suspicion in all scientific gquer-
ters - that there are no simple structureless entities.’ Bunge also made
it ¢leaxr ‘that by adopting the convention that the protagonists of events
be called concrete systems, we make an ontological hypothesis that tran-

scends the scope of the special =zciences.’

Incidentally, the lconcept "system®” was used by the IUPAC around the same
time in the draft !definition of the SI base lunit of measurement {S.18.12)
fox the base unitary kind-of-guantity (5.13.9) "amount of substance",

which was adopted by the l4th General Conference on Weights and Measures in
1971 as follows: ‘The mole is the amount of substance of a system which
contains as many elementary entities as there are atoms in 0.012 kg of car-

bon 12: its symbol is "mol™"’ {6&}.

3.3 The proposed definition of "system® is the following.
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aystem
part or phenomenon of the perceivable or conceivable world consist-

ing of a demarcated arrangement of a lset of elements and a set of

relationships or processes between these elements

EXAMPLES - A human being, the blecod cof that human being, the leu-
kocytes of that blood, a single leukocyte among thewm, the DNA of
that leukocyle, a given gene in that DNA; a system of metrological
units {$.18.27)

NOTE 1 - Biological systems are essentially open, that is they al-
low input and output in addition to interxnal processes.

KOTE 2 - The !terminolegical phrase ‘part or phenomenon of the per-
ceivable or conceivable world’ is a substitution for the term
l"object’, but the extended ldefinition is preferred here in the
context of laboratory medicine to emphasize that systems may be
immaterial and are complex objects.

NOTE 3 - The term ‘element’ is not referring exclusively to "che-
mical element", such as carbon, €, but to any definable part ex-

cept a relationship or a process.

NOTE 4 - The state of an linstance of "system" is described by its

instantiated properties (5.5.5).

NOTE 5 - The extent and structure of a system is essentially de-

fined by the observer for some purpose [93].

NOTE & - !Synonyms of ‘system’ {or ‘object’) in various documents
are ‘entity’, ‘item’, and ‘unit’ {(not in the sense of !'unit of

measurement®} .

3.3,1 Slightly differently worded definitions are found in several
sources f[e.g. 37, 54, 86]. Recent IS0 proposals among several - comitting

gsome of very restricted applicability - are
system: integrated composite that consists of one or more of the proces-
ses, hardware, software, facilities and people, that provides a capabili-

ty to satisfy a stated need or objective [78-3.18]

and

system: set of interrelated or interacting elements {70-3.2.1]
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whereas the IUPAC's "The Gold Book" offers

system: arbitrarily defined part of the universe, regardless of form oxr

size [79]
3.3.2 The Buropean Standard BN 1614 recently adopted the definition in

Section 3.1 [19-3.1].

HCOMPONENT ™

3.4 As mentioned, a property of a system by definition often pertains to
not only the entire system, but also to one or more indicated parts of the

gsystem. Such a subesystem is here simply defined as

component
analyte {admitted)}

part of a system (5.3.3)

NOTE X1 - A component - used in defining a property ($.5.5) - may
comprise more than one element of one or more types of element and

relationships orxr processes between them.

NOTE 2 - Besides one indicated component, a material system, in
principle, consists of a complementary part, in chemistry often
called ‘matrix’ when this is a mixture of elements.

EXAMPLE - Erythrcocytes as a component in blood are suspended in
blood plasma (with some leukocytes and thrombocytes) . Even if
this matrix is highly complex, it is congidered to be an integral
medium when defining, e.g., the number concentration of erythro-
cytes in blood.

NOTE 3 - TFor some properties, their ldefinitions do not involve
any individualized compénent; for example, the mass of a person.
In such cases, for construction of lappellations of properties,
the system and component may be designated identically, i.e. fPer-
gon({ID; calendar time)--Person; mass’.

NOTE 4 - A component may be anatomical {(e.g. erythrocytes), physic-

al (e.g. droplets of lipid), chemical {e.g. haemoglcobin), or a

process (e.g. coagulaticn), but such descriptions may overlap.
{cont.)
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{cont.)

NOTE 5 - In chemistry, the term ‘analyte' is sometimes used inter-
changeably with ‘component’ for that part of a system which is
pertinent to the definition of a given property {79, 81-1.2, 121].
Unfortunately, ‘analyte’ is also used synonymously with 'property’
{105]) and will not be used here.

3.4.1 Other definitions of "component” can be found in standards [e.g.

78-3.1] and recommendations, but they suffer from being worded to apply in
specific fields. Thus, the IUPAC has

compenent: constituent of a mixture the amount or concentration of which

can be varied independently [79]
and it is said to be lsubordinate to
constituent: chemical species present in a system [79}

3.4.2 The Buropean Standard EN 1614 recently adopted the definition in
3.4 [1%-3,2].

3.5 The general concept "system" may be considered to be a subordinate

concept toc "object", but not directly. A mixed !concept system cowprising
salient concepts discussed in this main section is presented in Figure 3.5.

3.6 Before discussing the formal definition of ‘“property" (5.5.5), the

current meaning of its subordinate concept "gquantity" will be presented in

the next Chapter as a background.
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object
(5.2.24)
[non~-composite [composite object]

obiject]
component
LI IR system ——{::(8'3'4)
(5.3.3) [matrix}

'i : i

1 L] 1

1 ] 1

1 ) 1
property [element] [relationship] [process]
(5'5'5) \

component
(8.3.4)

Figure 3.5 Mixed 'concept diagram on <object:
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4 CURRENT MEANING OF '"QUANTITY’

‘. ..8cience throughout the world has but one language - that of guantity, and but one
argument, that of experiment.’
Ernest Henry Starling, 1866-19%27 (& Century of Physiclogy, 1527 {[113]1)

4.1 The central Imetrological !concept !"quantity" was introduced into
physics by James Clerk Maxwell around 1870 [99, 100]. It was said to be ex-

pressed by two factors, namely

- a standard of reference, called the !'unit’ and being 'of the same kind’
ag the quanﬁity itself, and

- a number, called the |/'numerical value’', indicating how many times the
unit should be taken in a sum that would correspond to the magnitude of

the quantity.

NOTE 1 - Maxwell was essentially concerned only with gquantities that may
be divided one by another (here later to be termed ‘rational unitary
quantity’ (8.12.20)}}. The discussion in this chapter is restricted

accordingly.

NOTE 2 - The word ‘kind’ is used here and in the following as did Maxwell
in the sense that various sorts of guantity may be distinguished, and
that only the values of quantities of the same kind can be compared.
(The !complex term ’kind of quantity’ will be discussed later in Chapter
6 and finally in Chaptexr 13.)

4.2 Consequently, metrological texts on '‘physical guantities and units’ -

including the IS0 31 [64] - generally present the eguaticn
gquantity = numerical wvalue - unit

or in lsymbolic form
o = {0} e

4.3 The meaning of such an equation has been much debated, as is excel-
lently presented by de Beoer in a treatise on quantity calculus [30)]. There
is a concrete or operational interpretation by 'realists’ where individual
symbols of quantities are expressions of concrete physical objects (§.2.23)
and the is-equal-to and multiplication signs are not to be considered in the
algebraic sense. This ig indicated by de Boer by parentheses, (=) and (x).
There is also an abstract or axiomatic interpretation by ‘systematists’,
based on the mathematization of physics, where physical quantities are ‘pri-
mary concepts’ that may be multiplied with each other and {(if of the same
rational unitary kind ($.13.3.5)) added one to the other. The two view-
points are not always kept separate in practice.
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NOTE - The use of an is-equal-to sign between gquantities - a unit is also
a guantity - may also be criticized. A careful presentation would pre-
face the terms of ‘quantity’ and ‘unit’ by ‘magnitude of ...’.

4.4 Taking the view that the above equations show !designations, usually
'terms or leymbols of concepts, the lgeneral concept - here designated by
the ‘simple term 'guantity’ - can be instantiated by given real-life systems
and become perceivable or conceivable !instances (see also Section 5.2),
Bach instance of "quantity" is an aspect of a spatio-temporally specified
system {(5.3.2) and has a magnitude that is congidered to be an instance of

"value' (numerical value - unit) on the right hand side of the equation.

4.5 The unit (latexr to be termed 'metrological unit’ in Section 18.12)
cn the right hand side of the egquation above has the same "metrological ldi-
mension" (cf. $.19.22) as the quantity on the left hand side, but neither
dimension nor unit can tell unambiguously which is the 'kind’ of that gquan-
tity (see alsc Section 2.22). This is because a given wetrolegical dimen-
sion or a given term or symbel for a unit may be associated with quantities
of different ‘kinds’.

EXAMPLE - The term 'kilogram per cubic metre’ is used in values for both

nent in system divided by "volume” of system), and both have the dimen-

sion ML®. '

Quantities of fundamentally different kinds cannot be added in spite of hav-
ing identical dimensions and being seemingly expressed in the same unit.
It has therefore been suggested that in this situation twe forms of "kilo-
gram per cubi¢ metre" are needed; they just  happen’ to have the same term.
This view is supported by the Italian standard on results and measurement
[43] and would also be in accordance with the principle of generic inherit-
ance (5.2.20).

4.6 The (abstract) general concept "unit of measurement" has !specific
concepts of abstract units, such as *kilogram”, "millilitre", oxr "gram per
litre". Rach of these has a !'definition that can be & method for ‘realiz-
ing’ or ’'embodying’ their respective physical forms, collectively conceptu-
alized as | "measurement standard" or "etalon' [16, 116, 131], with instances
such as a given one-kilogram weight {of mass}, a given hundred-milliliter
measure (of volume), and a given !reference material with an assigned value

of seventy grams per litre (for the mass concentration of protein).

4.7 Stille described "physikalische Grosse" (de) (‘physical guantity’)
in a partly negative way as being ‘not a physical object, state or process

in itself or to be identified with them - it only describes the natures
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(‘Beschaffenheiten’) or properties ('Eigenschaften’) of such objects,
states, or processes’, adding that it must be measurable [116-p.8]1. (That
a guantity should describe a preperty is not compatikle with the present

choice of concept system and terms.)

4.8 A conventional meaning of the concept “quantity" was expressed in the

R-66 as follows.
guantity: measurable real property of a specified system [35-3.1.0]

This definition uses "property" as a primitive and ctherwise uses measurabi-

lity and inherence as characteristics.

An lindividual concept is "amount-of-substance concentration of glucose in
the blood of John Smith at 1995-12-03T09:00%. This |appellation corresponds
to only one instantiated quantity, mainly that which could be measured at

that time in that person.

4.9 The ISQ 31-0 [64] does not explicitly define in lwords a concept with
the gimple term ‘quantity’. Besides the symbolic equation in Section 4.2,
however, an example is given, namely 'wavelength of one of the sodium lines
being equal to 5,896 x 107 m’. This is echoed by Thor [120} in saying that
"the mass of a proton is a quantity’. These two examples do not prove, how-
ever, that the R-66 and the IS0 31-0 have exactly the same understanding of
“gquantity" because the wavelength and mass quoted are not specified in time

and space, but are supposed to apply to all respective instances.
4.10 The VIM2 had the formal definition

(meagurable) gquantity: attribute of a phenomenon, body or substance that
may be distinguished qualitatively and determined quantitatively [7-1.1]

but this has been improved in the recent VIM3 to

guantity: property of a phenomenon, body, or substance, where the prop-
erty has a magnitude that can be expressed as a number and a reference

[132.1.1]

where [Note 2] 'A reference can be a measurement unit, a wmeasurement

procedure, or a referencs material, or a combination of such’.

4,11 The words used in the latter definition are common language designa-
tions of concepts that are not defined elsewhere in the VIM3, but presumably

may be 'translated’ approximately as follows.

properxty - thing owned
phenomenon, bedy or substance - object or system
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magnitude - silze
reference - &s explained in the Note qucted above

For an example given by the VIM3 as an ‘amcunt-of-substance concentration
of ethancl in a given sample of wine’, a date is understood to have applied
because the sample presumably would not keep forever (for one reason or an-

other) .

4,12 The optional adjective ‘measurable’ in the complex term of VIM2
'measurable guantity’ was redundant, but could have been introduced to avoid
confusion with 'guantity’ in another dictionary sense, "amount®. Such pos-
sible misunderétanding is a side-effect of lterminologization, but may be
circumvented by always distinguishing between ‘guantity’ and ‘amount’,
lequivalent to French distinguishing between the respective terms ‘grandeur’
and ‘guantité’, The term ’‘guantity’ is now go entrenched in the English me-
trolegical !vocabulary that 'a change is unlikely. In the following, in ac-
cordance with VIM3, the simple term ‘quantity’ will be used to denote a gen-
eral concept referring to real-life instantiated quantities, each of which

could be measured.

4.13 Some of the problems meriting discussion stem from unsatisfactory
definitions of "guantity" and related concepts. They seem often toc have
been defined independently, intuitively, omitting analysis of !characteris-

tics or interactions within a lconcept system.
The relevant guestions to ask include the following.

How is '"gquantity" related to concepts such as
Paystem",
"component ',
"value",
"oroperty value scale",
"measurement"”,
"meagurement proceduren?
- Is there a separate concept that might be termed ‘'kind-of-guantity' and
how would it be related to "gquantity"?
-~ Is “guantity" subordinate to a !generic concept such as "property" and,

if ‘yes’,which are one or more !'coordinate concepts to "quantity"?

Provided that "property" as a !superordinate concept can be usefully defined
- and this will be attempted in the next Chapter 5 - the previous guestions
may have to be multiplied to accommodate the respective 'generically !subor-

dinate concepts.

- How, then, should these interrelated concepts be defined?
(For "system" and “component®, see Section 3.3 and 3.4 respectively.)}
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At the end, the outcome of such deliberaticns will influence a systematic
lnomenclature for the subjects of examinations in laboratory medicine -

quantities or otherwise.

4,14 1In the following chapters, the necessgary iterative interplay of con-
cept system, definitions, and terms during the lterminology work is not ex-
plicitly explained, but the suggested systems may be compared with the cor-

responding proposed definitions.

4.15 The discussion about guantities will only concern those that have
values that are a product of a numerical value and a unit (including the
unit "one") or simply a number indicating cordinal magnitude. Thus, complex
guantities, vector guantities, and tensor quantities are excluded.
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5 "PROPERTY",
"examinand”, and "measurand”

‘One always measures properties of things, not the things themselves,.’
Churchill Bisenhart, 1963 [42]

"PROPERTY"

5.1 As was mentioned in the Historical intreduction (Ch.1}, Laboratoxy
Medicine needs ‘to describe both bona fide gquantities and cther features of
patients and materials. Searching for a !superordinate concept and !|term,
it seems pertinent that besides the R-66 (5.4.7) the IS0 and the VIM use a
leoncept termed ‘property’ in lterminological and !metrological !definitions
of ‘'general concepts that are relevant here. For example,

- “characteristic" is defined as an ‘abstraction of a property of an object
or of a set of cbjects’ [72-3.2.4 = §.2.11];

- ‘'reference material" is defined as a ‘material, sufficiently homogenecus
and stable with reference to specified properties, which has been estab-
lished to be fit for its intended use in measurement or in examination

of nominal properties’ [132-5.13].

Neither source gives a definition of "property", but uses the term as a lin-
guistic primitive in one of its orxdinary English dictionary senses - as has

hitherto also been the case in the present text.

5.1.1 The German Standard DIN 55 350-12 from 198% on concepts in the

field of quality and statistics [31] offers a definition based on functicn.

Merkmal: Eigenschaft zum Erkennen oder zum Unterscheiden von Einheiten
[31-2.1]

The text translates ‘Merkmal’ into English ‘characteristic’, so

characteristic: property for identification or differentiaticon of cb-

jects

Such & definition - besides confounding "characteristic" and "property! -
includes codes for !cbjects and that is hardly intended. It is important,
however, that the need for a concept superordinate to "quantity’ and includ-

ing "Nominalmerkmal” is realized.

5.1.2 The Bnglish version ¢f the German Standard DIN 1313 [33] explains
that "characteristic" {'Mexkmahl’) is superordinate Lo "guantity” ('Grdsse’)

and definesg
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characteristic: property which is made precise in an objective way and
which assigns to any object belonging to the characteristic a value
characterizing a distinctive mark of the characteristic [33-11.6]

This definition is circular, difficult to understand, and - as usual - there
is overlap of ’'characteristic’, and ‘property’, whereas the IS0 describes

objects by properties and concepts by characteristics [71, 72].

5.1.3 Another attempt to promote the concept with a larger !extension
proposed the term ‘quantity’ {40] - inspired by Stevens' paper on scales of
measurement [114] - but this did not meet favour among the imetrologists re-

viging the first edition of the VIM [9].

5.1.4 Recent documents on terminclegy in laboratory medicine freely use
‘property’ as a term for a superordinate concept left undefined [e.g. 11,
861 .

Clesen proposed

property: set of data elements (system, component, kind-of-property)
common to a set of particular properties [106-4.1}

which - rather than defining "property" - seems to list the !subordinate
concepts "designation of system", "designation of component", and “designa-
‘tion of kind-of-property" in Ipartitive relations to a superordinate 'com-
prehensive concept of "designation of dedicated kind-of-property" (see Chap-
ter 20).

5.2 BAccording to the IS0 standards cn ! Terminclogy work, both the !Vocab-
ulary {721 and the Principles and methods [71}, a given characteristic de-
scribes a concept, both being mental constructs, whereas a given property
describes a given object (5.2.23) - here in the form of a given system
(8.3.3). In a fhierarchy of concepts the most subordinate concept is an
lindividual concept. Thus, an individual concept under "system" is lassoci-
atively related to one or more individual concepts under "property" (see

Figure 5.2}.

NOTE - The explicit distinction between an individual concept and its
corresponding !instance of “object" is only upheld in the text when
deemed helpful. Thus, an indefinite or definite acticle before the term
of a concept may indicate an individual concept having a corresponding

instance.
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Figure 5.2 !Concept diagram on '“concept®, '“characteristic®, “system”
{(5.3.3), and “property” (S5.5.5)

5.3 The usages of ‘property’ quoted above (5.5.1) as well as colloquial
language have no requirement of measurability sensu stricto, that is assess-
ment of magnitude, for the instances of the concept "property'". A given
sample of urine, for example, may be judged to have the property = red in

therefore proposed that "property" be a superordinate concept to the subor-
dinate !specific concept "quantity". (A l!concept system will be detailed
in Chapter 12.)

5.4 As regards a definition of "property", it is posszible as mentioned
to follow the IS0 {721 implicitly considering this general concepl as a

primitive and rely on the explanation in an ordinary dictionary.

NOTE - The outcome, however, may not be helpful. In the Concise Oxford
Dictionary [1], one relevant sense of "property" just mentions "attri-
bute", which itself leads into a ring of !synonyms with ‘quality’ and
'characteristic'; the Webster concurs [126].

In the present context, however, where specific subordinate concepts such
as '"quantity" have to be defined, an understanding of the meaning of "pro-

perty" seems relevant.

As all systems have properties and as these are of fundamental importance
to the description of our world, it is no wonder that the |characteristics
of "property” have been long debated and that many often conflicting views
on its nature have been advanced by eminent philosophers from Plato and
Aristotle onwards. This is not the place for a discussion of these theo-
rieg; reviews (and references) may be found in handbooks f{e.g. 4 - especial-
ly p. 489-91 & 657-8; 18 - especially p. 65-70; 15) under various synonymous

or gquasi-synonymous headings such as 'attribute’, ‘characteristic’, 'enti-



Ontology on property 5 "Property" P. 50/279

ty’, ‘feature’, ’‘magnitude’, ‘property’, ‘quality’, and ‘trait’. In any
case, properties are regarded as being somehow attached to ('possessed by’,
"instantiated by', or ‘exemplified by’') their respective objects {(here in
the form of instances of "system" (5.3.3)). The two extreme viewpolints are

- properties existing independently of objects ('transcendence’) and
- properties as non-spatial unique parts of their respective objects (’im-

manence’ ) .

Here, it will be agsumed that there i1s an associlate relation between the

general concepts Ysystem" and “property! (see Figures 3.5 and 5.2).

Applying the analytical method for devising a definition of "property", the
following statements may be listed.

5.4.1 Any instance of "property" will be considered te be inherent in or
immanent in an instance of Mgystem" (8.3.3) including any pertinent "compo-
nents" (8.3.4).

NOTE - The adjective ’‘inherent’ is used here in an ordinary dictionary
sense rather than in a special philosophical sense as in ‘inherent val-

ue’ .

Being inherent {(in a system) seems an obvious choice as a characteristic of

the concept "non-relational (internal) property®. such as "number of ery-
throcytes (in a blood compartment)". In some cases, the property only be-
comes manifest by manipulation during examination {$.8.4), that is by an in-
teraction between an instance of "system" and a given measuring device, in-
cluding a humar sense organ. Such is the case for instances of "catalytic
activity of the enzyme alkaline phosphatase (in a blood plasma compart-
ment} ", where the catalytically induced rate of conversion of a specific sub-
strate in a defined reaction mixture is measured. Yet, the catalytic prop-
erty has to be related to the enzymatic component, and the special circum-
stances of Imeasurement ($.15.14) are part of the definition of the proper-
ty, just as could be a specified temperature at which the temperature-de-
pendent length of a given metal rod is measured. TFor "relational {extrin-
sic) property®, there is a defined interdependency with another system, such
as for "degree of blccod group compatibility with the blocod of a given pa-

tient (for a portion of donor blood)*.

NOTE - The recognition of the existence of an individual property inevi-
tably depends on whether the property is detectable by some examining
system. A bee is said to register ultraviolet radiation from & flower,

but not what humans label visible light.

5.4.2 Any instance of "property" is descriptive of the state of its ’par-
Y prop Y P

ent’ gystem ($.3.3}, ultimately by the distribution of its property values



Ontology on property 5 "pProperty" P. 51/279

(6.9.15}. So, being descriptive (of a system) 1s another characteristic.

5.4.3 Any instance of "property", in principle, is perceivable directly
by the senses or indirectly as aided by a device, or it is conceivable by
a thought process. Thus, the property may be subjected to an examination
(8§.8.4}) according to an examination procedure (5.7.3), even if such an ac-
tivity may ncot be practicable. Thus, being examinable is a characteristic.
Scme kinds of property are wholly defined by their respective examination

procaedures, which become part of their l|designations; the property involving

an enzywme in Section 5.4.1 is an example.

5.4.4 Any instantiated property has a distribution of property values
(5.9.28) permitting classification among and comparison with other proper-
ties of the same kind-of-property (5.6.19). Ergo, a further characteristic

is having property wvalues.

5.5 Of the above four characteristics, the first and second will be con-
sidered to be !delimiting characteristics, and they seem sufficient for a
meaningful definition. The third characteristic is lessential, but an in-
stance of "property" may be assumed to exist without being examined, and not

all properties are defined by their examination procedures (§.7.3). Regard-
ing the fourth characteristic, it is considered an essential characteristic,
but nct & delimiting ocne. Consequently, the following definition is
offered.

property

inherent state- or process-descriptive feature of a system (8.3.3)

including any pertinent components {5.3.4)

NOTE 1 - An linstance of "property" is defined on a space-time co-
ordinated instance of "zystem" with one or two indicated compo-

nents if relevant.

NOTE 2 - A process of a system may be internal ox involve the en-

vironment .

NOTE 3 - Any instance of "property" may be subject tc an examina-
nation (5.8.4) according to an examination procedure (85.7.3).
Such an examination procedure may be an integral part of the lde-
finition of a given property.

NOTE 4 - An instance of "property'" has a distribution of property
values (5.9.15) serving to describe the parent system and allowing
comparison with other instances of property of the same kind-of-
property (5.6.19).
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NOTE - The BN 1614 has adopted this definition [19-3.3], although adding

‘peing determined’ - which is not always correct.

5.5.1 It is possible to devise a minimal definition by recalling that a
relevant component is a part of a system and therefore might not need speci-
al mention, and by sugdesting that if the feature is inherent it is probably

also state- or process-descriptive. Thus,
property: inherent feature of a system

The more detailed foxrmulation is preferred here for emphasis on the reole of

a property and the freguent involvement of a specific component.

Using the word ’feature’ as a linguistic primitive in the definition of
'property" allows the latter concept to be formally defined rather than it-

self being considered a primitive.

5.6 The insistence on "property" being an inherent and state- or pro-
cesg-descriptive feature of “system" distinguishes property from other pos-
sible features such as an identifyving name or code, which are assigned and
are not necessarily describing the state of the system. Thus, being inher-
ent and being state- or process-descriptive are ldelimiting characteristics

of "property". The inherence of a property is not affected by the fact that
the way in which a property is defined and represented is decided by lan-

guage and convention.

"EXAMINANDY

5.7 It is sometimes practical to have a specific genexal concept corre-
sponding to the instances of “property" that will be or are being examined.

The folleowing concept is therefore proposed.

examinand
property (8.5.5) intended to be examined

NOTE 1 - The property wvalue ({5.9.15) of the examinand may be dif-
ferent from that of the property actually being examined due to
changes of the system during the examination {(S.8.4).

NOTE 2 - The examined property value (S.2.20) way be obtained in-
directly through examinationg of other properties giving the exam-

ined property value by calculation.
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NOTE - The Webster has the spelling ‘examinant’ [126], but the COD ex-
plains that the suffix ‘-and’ indicates 'a person or thing tc be treated
in a specified way’ [1], and that is applicable here.

"MEASURAND™

5.8 The above and following definitions are fasghioned differently from

that of the VIMZ concept
measurand: particular quantity subject to measurement [7-2.6)

in that the metalinguistic adjective 'particular’ is omitted and that intent
rather than actuality ig chosen. Thus, the VIM3 definition

measurand: guantity intended to be meagured [132-2.3]

iz adopted for quantities (8.12.13, 12.14).

measurand
quantity (5.12.13, 12.14} intended to be measured

NOTE - Analogously to Section 5.7 Notes 1 and 2.

The concepts defined in Sections 5.5, 5.7, and 5.8 form a lconcept system
as diagrammed in Figure 5.8,

property
(8.5.5)
(1)
0
(2) L
quantity nominal
1 G (8.12.13, 12.14) property

(8.12.4)

(3)

]/\
examinand [non-contemplated measurand [non-contemplated
{(8.5.7) property] (8.5.8) quantity]

Figure 5.8 !Terminologically oligodimensional (S.2.19) 'generic 'concept
system on <properiy=

Terminclogical dimension
(1) having a magnitude;

{2) having intention of examination (S5.8.4);

{3) having intention of measurement (S.15.14)
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5.9 <Property> is a |superordinate concept with characteristics as de-
scribed, all occurring in the mind. Through generic division using delimit-
ing characteristics, several hierarchical levels of specific but still gene-
ric concepts can be described, each corresponding to two or more instances
of <propertys>. The final subdivision yields individual concepts that each
corresponds to an instance that is a feature ¢f an instance of "system” with
spatio-temporal coordinates. A given individual concept, being a generic
divison of <property>, has inherited all the characteristics indicated at
the various levels of the unbroken chain up to and including that superordi-
nate concept. Generic hierarchies on <propertys> will be discussed in Chap-
ter 12.

5.10 In principle, a distinction can be made between three situations ex-

emplified ag follows (see also Table 2.1).

- The characteristic (in the mind) having a mass of seventy kilograms is

a delimiting characteristic for a subordinate concept covering, e.g., a
group of many adults under the general concept "homc sapiens sapiens',
-  The individual characteristic {$.2.18) {(still in the mind) has_ the mass
of seventy kilogramg, applying to the individual concept "Mr John Smith

of Greenwich, global social security number 10 752 319 625, at 2009-02-
i4". The same characteristic undoubtedly appliies to the individual con-
cepts of many other men, but is an individual characteristic when one
thinks of this Mr Smith.

- An instance (in the real world) of "property", such as mass = 70 kg,

measured on the instance of "system" Mr John $mith (same spatio-temporal
coordinates ag above) and corresponding to the individual characteristic

in the previous exanple.

NOTE - That two past, present, or future instances of the human race
should have had, have, or will have exactly the same mass at a given ca-
lendar tiwme is highly unlikely - and certainly not provable - as the num-
ber of water molecules alone in a 70-kg individual is of the order of 15
%x 10%%; the numerical value ‘70’ is truncated for practical purposes to
indicate a class interval, usually [69.5; 70.4]. For many other dedica-
ted kinds-of-property (Sf20.6), such as the ‘number of arms on a human
being’, identical values are commen.

5.11 The correspondence between the second and thixd example, from cha-
racteristic of concept to property of instance, from mind to matter, is an
expression of the dualism "idealism-materialism" that has been discussed by
philosophers through the ages since Plate. The distinction is not always
upheld in practice as evidenced by the sometime use of ‘characteristic’ and

‘property’ as gynonyms.

5.12 The definition of "property" in Section 5.5 is not a description of



Ontology on property 5 "Property! P. 55/279

an instance of “property" - as is occasiocnally claimed. The definition de-
scribes a general concept covering the common characteristics of all those
individual concepts that each corresponds to an instance of "property® and

where the set of instances is the lextension of the general concept.

5.13 The importance of providing a sufficiently informative lappellation
for an individual characteristic was discussed in Sections 2.20 to 2.22 {(Ge-

neric inheritance). It was argued that is red or is 1.63 m were not neces-

sarily unambiguous; the next higher level in the generic hieraxchy of
cproperty> should be given also, for example colour is red and heicht is
1.63 m respectively. The situation is analogous for instances of "propex-
ty*, here the corresponding cclour = red and height = 1.63 m. As will be

"kinds-of-property (5.6.19) whereas = red and = 1.63 m are customarily

thought of as instances of "property value" (8.8.15}.

5.14 1A lgeneric division of <property> according to the relationship be-

tween instances of a given kind-of-property will be presented in Chaptex 12.
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6 "KIND-OF-PROPERTY"
and conceptualization

*There must be as many units as there are different kinds of guantities to be meas-

ured, ...’
James Clerk Maxwell, 1831-79 {A btreatise on electricity and magnetism 1873 [99])

TKIND-OF-PROPERTY"

6.1 Hitherte !terms such as 'kind’, ‘kind of guantity’, and ‘kind-ocf-pro-
perty’ have been used {Table 2.1, 5.4.1, $.4.5) without ldefinitions of the
corresponding lconcepts, but in accordance with preponderant, long estab-
lished practice. It is now necessary to explore their meanings and lxela-
tions to concepts such as "property® (S.5.5), "gquantity* (8.12.13, 12.14),
and Ycategory of guantities" (8.6.10, £.13). As the literature on the
lcharacteristics of "guantity" far outweighs that on “property®, the prin-
ciples of the former will be discussed first with a view to applying them

on the latter.

6.2 Many authors, from Maxwell [99), Lodge [95], and von Heimholtz [123]
onwards, have used phrases such as 'kinds of guantities’, ‘quantities cf the
same kind’, ‘Gréssen der gleichen Art' {de), ’'Grdssenart’ (de) {‘kind-of-
guantity’) [82, 124] or 'guantities of the same nature’ [56]1 or "‘Qualitic’
[45]. However, these pioneers did not explicitly define the corresponding

concepts.

6.3 Around 1950, Fleischmann [45, 46]%, and Stille in his fundamental
treatise [116], distinguished systematically between "Grdsgenart" ("kind of
guantity") and "Gré&sse" (*guantity"). The former is described as a concept

of a qualitative nature, also called ‘Qualitit’ by Héberli [57]1; the latter
in addition is said to possess a gquantitative aspect, a magnitude, Examples

of Mr A. Brown at 2000-10-11" respectively. There was no |terminological
analysis, however, establishing a lconcept system and full definitions.
Thus, it is not c¢lear how the separate concepts "guantity” and "kind of
gquantity" are supposed to be related to each other. Is one of them !super-
ordinate or are they in lassociative relation or is ‘kind of quantity’ just
a colloguial phrase meaning an unspecified sort of quantity’? In the fol-
lowing, for the sake of digcusgion, a concept - “"kind-ef-guantity® - will
be taken to exist before any attempt at a definition.

6.4 When clinical chemists during the nineteen fifties realized that the

* pleigchmann’s Inomenclature is less consistent in a subsequent paper 2
[471.
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formation of 'appellations for guantities {as lindividual concepts) with
corresponding linstances measured in patients preferably should have a sys-
tematic structure, the syntax and format of

‘System--Component; kind of quantity’

was introduced [39]. It was stressed that the third element represented a
concept different from "quantity' and therefore an independent term was nec-
essary. {(The lvariant with hyphenation, ‘kind-cf-guantity’, was lately in-
troduced to hinder !abbreviation, thus emphasizing the indivisibility of the
term [37]. This detail, however, is not essential.) Actually, this concept
seems identical with the "Gréssenart" above {8.6.3) although it, in some pa-
pers [47], is difficult to distinguish from "metrological [dimension
(8.19.22}.

6.5 BAmong the proposals and formal recommendations that have appeared de-
scribing or exemplifying some concept considered to be different from " (meas-
urable or physical} quantity" by either indicating a ’'general’ aspect of
"guantity", also called 'guantity in a general sense’, or perhaps of a set
of mutually comparable linstances of "quantity", some are listed in Table
6.5,

Table 6.5 Chronocleogical iist of some published proposals - from more

than the four last decades - for a !concept assumedly relating to the common
aspect of a group of mutually comparable !instances of "quantity" or

"property™
Entry Term Definition or explanation Reference
1 Gréssenart, de 'Verallgemeinerung der benannten Fleischmann
{= kind-of- physikalischen Grdgsen’ (genera- 1951 [45]
quantity) lization of instances of "guanti-
ty")
Examples: length, time, energy,
2 physikalische ‘Die Bezeichnung Y“Grdssenart! soll Stille
Grdssenart, de nur den gqualitativen Wesensinhalt 1861 [1i6]
(= physical des durch sie reprasentierten phy-
kind-cf- kalischen Begriffs erfassen’
gquantity) (... comprises the qualitative

nature of the physical concept
represented}
Example: length,

(cont .}
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{cont .}

3 kind of ‘nature of a property’ TUPAC/IFCC
gquantity Examples: length, area, ... 1866 [39]

4 metrical pre- ‘designates a quantitative proper- Bunge
dicate (or ty ... that can be analyzed into 1967 [18]
numerical object wvariable(s), numerical vari-
functor, able{s), and a function from the
gquantity, former to the latter.’
magnitude) Examples: length, stimulus

strength,

5 physical ‘complete specification of the ope- McGlashan

guantity rations used to measure the ratio 1971 [101]
(& pure number} of two instances of
the physical quantity’
Examples: length,

G kind of ‘abstract concept of the property, IUPAC/IFCC
quantity common to a number of real pheno- 1979 [83}

mena {quantities)’
Examples: length, area,

7 guantity in a Examples: ‘length, time, ..., BIPM & al.
general sense electrical resistance’ 1984 [9]

8 property, 'propositional function’, ‘mapping Zender
including operator’, ‘relational operator’, 1892 [130]
kind of ‘open sentence’ [linking system
gquantity as a set theory dowmain and the

possible values as a range]
Examples: mags {wag), concentra-
tion was, colour is, is

9 " category of ‘Mutually comparable [physicall I80 1992 [64]
guantities quantifies are grouped together Thor 1993 {120]

into subsets called categories of
gquantities. Quantities in such a
subset are called guantities of
the sawme kind." [14]
Example: mass
10 guantity in a Examples: ‘length, time, ..., BIPM & al.

general sense amount-cof-substance concentration’ 1993 [7]
(cont.)
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(cont.)

11

12

13

14

15

16

17

kind-of-
quantity

quantitative
property,
magnitude,

measure

void

kind-of-
quantity

kind of
gquantity
{Grossenart,
de)

void

kind-of-
quantity

'definition of how tc obtain a
value of a guantity by measuring
a quantity of its system or its
componentsa or both’.

Examples: length, volume,
ffunction from a collection A of
{actual or pcssible) things into
a set X of numbers, such as the
natural numbers or the real line.
That ig, P:A = X.°

Examples: population, age, wage

'abstraction fof a guantity] with-
out indication of syst@ﬁ and com-
ponent, which is distinguished by
BIPM et al. {1993)
a general sense and is common to a

as quantity in

set of mutually cowmparable measur-
able quantities’.
Examples: pressure, substance con-

centration, length

‘collection of quantities which
are considered to be gualitatively
alike and for which it is nmeaning-
ful to add guantity values, inde-
pendent from a guantity system to
which they may belong’.

BExamples: length, ..., volume,

speed,

'common defining aspect of mutual-
ly comparable quantities’ (in ana-
logy to 'kind-of-property’)

Examples: hardness, pil, mass

Dybkar
1993 ([37]

Bunge
1994 {17]

IUBPAC/IFCC
1995 [86]

DIN
1998 [33]

Dybkaer
2004 [131]

{cont .

P. 59/279
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{cont.)
i8 kind-of- ‘element of information common to CEN
guantity a get of mutually comparable meas- 20066 [22]
urable quantities and necessary
for the definition of a measurable
quantity, along with a system and
often a component’
Examples: pressure, substance

concentration, length

19 kind-of - tcommon defining aspect of mutual- CEN
property ly comparable properties’ 2006 [19]
Examples: colour, mass, amount-of-

substance concentration

20 kind of faspect common to mutually compar- JCGM
guantity able gquantities’ 2007 [132]
Exampleg: diameter, ..., heat,

The distinction between the two concepts "quantity" and "quantity in a gen-
eral sense" is not always maintained in the respective texts. Although all
the concepts given by the variocus authors to exemplify "general aspect of
guantity" have the same type of term, e.g. ‘length’ and 'mass concen-
tration’, the definitions oxr explanations for that concept vary. It is

therefore not always obvious that the same concept is meant.

The German Standard DIN 1313 on guantitieg [33] stresses that in this upda-
ted edition of the standard the concept "kind of gquantity" is distinguished
from "guantity". Offhand, one could take this as an echo of the nomencla-
ture of 50 vears ago ($.6.3), but a closer look makes this conclusion uncer-
tain because examples of "guantity" given are length, mass, etc. Further-
more, it is said that ‘Kinds of guantities are collections of guantities
{'Gréssenarten’)’ and that a selected Yguantity” such as "length" with wide
applicability is chosen as a repfesentative {‘prototype’} of a "kind of
gquantity? comprising guantities (’'Grossen’) (such as diameter, wavelength,
et¢c.) with values that can be added. So, the text may be understood as
Tquantity! equivalent to eithexr "quantity" or rather "rational unitary kind-
of -quantity" {$.13.3.5) - the usual ambiguity - and "kind of gquantity® tc
"category of quantities” (as in the VIMZ-1.1-Note 3}.

6.6 The classical concept "guantity" corresponds to only thoge ingtances
having values on a rational unitary guantity-value scale (8.17.18) or pos-
gibly also a differential unitary quantity-value scale (§.17.17). That per-
ception of Pguantity" has the characteristic of being 'equal to’ a !"numer-

ical value" ‘multiplied by’ a !"unit of measurement" (S.4.2), and algebraic
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equations can be formed between different kinds-of-guantity according to the

rules of quantity calculus for each sort of unitary quantity-value scale.

6.7 When Imetrologists of a ’'systematist’ persuasion (see §,4.3) list
Ispecific concepts under {'base quantity" and !"derived quantity" in a
"system of guantities" (as discussed further in Chapter 123), such specific
concepts are for use in fundamental algebraical relations between base and
derived kinds-cof-quantity (see Section 13.8) [e.g. 7, 9, 45, 64, 82, 1lls6,
120, 132]. The c¢oncepts are not individual concepts with instances of
"measurable (or physical) quantity" having detailed defining measurement
procedures and eguating values including instances of units of measurement.
This was made quite clear by Fleischmann {45) and Stille [116] in the nine-
teen fifties, but it has scometimes been submerged in the |polysemous use of
‘guantity’ . Nevertheless, equations petween ldesignations of real-life
guantities are homomorphic with equations between the designations of the
corresponding abstract concepts of kinds-of-guantity, but the latter egua-
tions are devoid of units and {usually) of numerical factocrs. For example,
"mags_concentraticn' {p,) is defined quite generally by an equation as

ponent, g, = my/ V. This is a skeletal information sufficient to place

tion in 12.7). The structure of such an equation may not be reflected di-
rectly in the operational measurement procedure {$.14.4.3, S.14.4.4). The
latter might, for example, specify a method where mass concentration of a
given cowmponent in a given system is to be weasured directly from the
reading of absorbance in a calibrated lmeasuring system including a light
spectrometer; or the result for a pure solution could be obtained directly
by mass densitcmetry and a conversion table.

6.8 The idea of "kind-of-quantity" as a concept that is associatively re-
lated to "quantity" could be an interpretation of the texts mentioned in
Section 6.3 (Tab. 6.5, entrieg 1, 2} and of the first IUPAC/IFCC recomnenda-
tiong [35, 83] (Tab. 6.5, entries 3, 6). The functional aspect of "kind-of-
quantity" was emphasized wore recently (37, 130, 131] {Tab. 6.5, entry 8,
11, 17). (Zender [130]) uses the term 'property’ for the concept, including
"kind-of-quantity", that is here called 'kind-of-property’.) A related pro-
posal 1s that a "metrical predicate" [15] or "gquantitative property" or
"magnitude" is a function from a set of systems ('things’) to a set of val-
ues [17] (Tab. 6.5, entries 4, 8, 12). Prior to entry 17, most of the re-
maining references in Table 6.5 offer little help to positioning in a con-

cept system.
6.9 The ISC [64, 120 (Table 6.5, entry 9}] describes
- “{physical) guantity® for the all-comprising concept covering the |set

of all instances of (differential and. rational sorts of) "quantity";

- ¥goategory of quantities?, for example "mass', covering a subset, an lex-
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tension of mutually comparable instances of '"guantity" of that kind,
among which one is chosen as a reference guantity, here *kilogram*, under

the concept "unit of measurement".

The phrase 'mass in a general sense’ is alsc said to denote a category of
quantities [120], sco that something ’'in the general sense’ may also be con-
sidered to have instances from the physical world. A possible interpreta-

-

tion of the texts is shown as a mixed concept system in Figure 6.9.
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Figure 6.8% Prossible mixed 'concept diagram for *(physical) gquantity” and
“category of quantities” from texts of the I50 {64, 120]

The bold 'instances represent reference quantities, in essence instances
of “metrological unit”.

The choice of |partitive relations rather than lgeneric cnes is made here
because the IS0 connects directly from each general concept to its lset or

subeget of instances.

6.10 The vIM2 [7], had a set of concepts that was difficult to structure
because |polysemy was ‘officially’ allowed for the term ’‘quantity’ to mean
both "quantity in a general sense' or "kind of guantity", such as ’length’,
and "particular gquantity'", such as the "length of a given rod’'. Their
ltermincleogical relations to the single lintensionally defined concept
" {measurable) quantity® was not stated. Furthermcre, a "category of gquanti-

ties” was said to ‘group togethexr’ quantities of the same kind, allowing
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them to be placed in order of magnitude. A *“category of quantities® listed

‘work, heat, energy’ - comprised concepts that are usually considered to
be separately defined, although the values of their real-life instances may
be added. This concept therefore seems to have a larger extension than that
of the IS0 under the same term - another case of polysemy. VIM3 has aban-

doned these lmetalinguistic concepts [132].

6.11 It should appear from the |corpus presented that the concepts, their
descriptions, terms, and relations have been varying and often ambiguous.
It seemed useful to revive the early clear distinction by Fleischmann [45]
and Stille {116}, also urged by the IFCC/TUPAC [39], between "guantity"
whose instances possess magnitude (that may or may not be comparable and agd-
ditive) and "kind-of-guantity" that identifies concepts, such as "length",
each covering a number of instances with comparable values {whether additive

or not).

6.12 The IS0 term 'category of guantities’ [64] could have been used as
a synonyn for kind-of-guantity’, but the modifier ‘kind-cf-’ is a suitable
outcome of Maxwell’s more than a century ¢ld, phrase 'qguantities of the same
king’ [99%9]). PFurthermore, ‘kind-cf-’ has a connotation towards commonality
whereas 'category’ tends to indicate a set. The VIM2 designation 'guantity
in a general sense’ [7-1.1-Note 1] was nct terminologically acceptable as

tguantity' is a lgeneral concept and cannot have a further 'general sense’.

6.13 BAs noted in Section 6.10, 'category of guantities’ was also used by
the VIM2 as a term for a group of kinds-of-guantity with separate defini-
tions distinguished by the type of system being described, but with a funda-
mentally common kind-of-quantity, for example "length" for the specific con-

cepts "cixcumference", "thickness", and "wavelength" [7-1.1-Note 3]. In

a ‘prototype’ of a "CGrdssenart!, where ‘Grésgenart’ seems to be equivalent
to 'category of quantities’ [33-5.2}. Aanother example of a category given
Their instances have values which can be added and use the unit "joule® (=
kilogram sguare metre per second squared). Yet, these derived quantities
are defined differencly by eﬁuations among kinds-of-quantity so that they

are not obvicusly of a kind.

NOTE - “work" W = [Fdr; "heat" ¢ = TAS; '"ensrgy" E = m ¢

It seemed useful to reserve 'kind-cf-quantity’ for the concept with a defini-
tion separate from "gquantity". This is now formally supported by VIM3 [132-
1.1 and 1.2]. If necessary, 'category of guantities’ may be used for !sets
comprising additive guantities with more than one separately defined kind-
of-quantity. The borderline between the two concepts is not sharp and "cat-

egory of gquantities" will not be uged here.
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6.14 The VIM2 metalinguistic term 'particular guantity’ [7-1.1-Note 1}
and VIM3 'individual quantity’ [132-1.1-Note 1] presumably relate to ‘in-
stance of guantity’. Other linguistic expressions are used such as ‘a real-
life quantity’ or ‘a given guantity’ or ‘a special guantity’ (German ’spe-
zielle Grdésse’ ([33]). There is generally no need to define fparticular
gquantity", just as one would not define "particular tree". In detailed
terminological discussions, however, there may be a need to distinguish be-
tween an individual concept and its corresponding instance. In connection
with "guantity" {or "property") this text is using respective phrases such
as 'quantity {ox property) as an individual concept’ or an findividual con-
cept of "quantity" (or 'property")’ corresponding to an instance. These
phrages may prévisionally be substituted by the following two forms respec-

tively.

6.14.1

singular property: property ($.5.5) that corresponds to cne !instance

6.14.2
singular guantity: guantity (S.12.13, 12.14}) that corresponds to one

'instance

6.15 Hitherto, for reasons of history and available material, the discus-
sion has centred on "quantity® and "kind-of-quantity”, and it has been ar-
gued that there is a need for both these concepts [131].

Going to the supercrdinate level, where wmagnitude is not necessarily in-
volved, the respective concepts should be "property” and "kind-of -property”.

6.16 Whereas "property" hag already been defined {8.5.5}, the relevant
characteristics of "kind-of -property" proposed in varicus sources may be ob-

tained from Table 6.5 with appropriate modification. They comprise

- qualitative nature of a propexrty [39, 45, 1ie6],

- predicate or propositional function [15, 17, 130],

-~  examination procedure [37, 1011,

- abstract common feature of a set of properties [17, 1%, 20, 64, 83, 86,
120, 13171.

The first of these characteristics is rather vague, the second is a mattex
of representation, the third does neot distinguish from "property". The
fourth is important, and may subsume the intent of the first, but is also
vague. The import of the common feature, i.e. a characteristic, is that the
members of such a set belong to a defined class and are mutually comparable
by their respective values {on a given property value scale (5.10.14})}.
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6.17 Before attempting a definition of "kind-col-property", the type of
relation with "property" should be settled. For the pair "quantity" -
"kind-of -quantity” the possibkbilities of an associative relation was hinted

at in Section 6.8. It seemsg obwviocus that concepts such as "colour" and

“length" are generically lgsubordinate to "property". They both have a
”kggajgf—property”, but their individual specific concepts cannot inherit
from *kind-of-property® the characteristic of being common to a get.
Inasmuch ag there is analogy between characteristics generally describing
concepts and properties describing systems {($.3.3), it should be considered
to positicn "type of characteristic® (§.2.14.2) and "kind-cf-prcoperty"

analogously in their respective concept systems (see Figure 2.15}.

6.18 Consequently, in the present context, <property> is divided in a
hierarchy that may have more than one consecutive terminological dimension
{8.2.19) and therefore can contain several levels with respective examples

such as “physical property”, "linear dimension", “height", and "height = 1.7

metre". In addition, the hierarchical level can ke indicated by the con-

cepts "kind-of-property® and "singular property® (5.6.14.1}). The first one
of these two concepts relates assocliatively to all the penultimate concepts,

such as "height", "c¢elour®, and many others. The second concept indi-

cating level, "singular property", dJdivides generically in an dinfinite

number c¢f individual concepts, such as "height = 1.7 metre® and "colour

= red", each of which can be instantiated and is given by representations

of kind-of-property and property values. The singular properties under a
given kind-cf-propexrty are lcoordinate concepts.

6.18 The following definition of "kind-or-property" is proposed.

kind-of-property

common defining aspect of wmutually comparable properties (8.5.5)

EXAMPLES

- '"blood group"; "“colour?

NOTE 1 - The defining aspect of a given kind-of-property sometimes
includes an examination procedure (5.7.3}, such as the example of
Moh’s hardness.

{cont .}
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{cont.)

NOTE 2 - The comparability among properties, that have a given
kind-of -propery as an lessential characteristic, is allowed be-
tween properties of different systems {$.3.3)} and of one system,
and includes comparison of corresponding property values
(5.9.15},

NOTE 3 - Ceontrary to the position of "type of characteristic®
(5.2.14.2) asscociated to a plurilevel system on <characteristics
(Fig. 2.18), a plurilevel !concept system on <propertys cannot
have wmore than one level of properties with specified kinds-of-
property, and it will be at the level just above that of the
gsingular properties (8.6.14.1%).

NOTE 4 - The examples are short terms for, e.g., "having a blood

group’ .

NOTE -~ The definition was adopted in the EN 1614 [19-3.5], and (for "kind
of guantity") essentially in the VIM3. The latter gives

kind of guantity; kind: aspect common to mutually comparable quan-
tities [132-1.2]

6.19.1 The definition reguires not only comparability, but also identic-
al fundamental definition. Thus, e.g., ”gggg" and "heat" are here con

sidered to be different kinds-of-property (c¢f. $.6.13).

6.19.2 A definition patterned on that of "type of characteristic®

(5.2.14.2) would read 'common defining aspect of a set of coordinate proper-
ties’, but that would constitute a metalinguistic incursiocon upon the common

language preferably used in definitions of non-terminclogical concepts.

6.19.3 Any divigsion of <propertys> indicated as having a certain kind-of-

first of all a !specific concept under <propertys>, but is often simply
designated by the kind-of-property short term rather than, e.g., ‘property
having a colour’. The ability to identify the next to last level of generic
divison, that is just above singular properties, often has advantages of
generalization homologous to the use of variables in mathematics and species

in biclogical kingdoms.

6.19.4 The well-known phrase ‘properties of the same kind' could also be
used as a term for a concept defined as 'set of properties that are mutually
comparaple’. This would mean, however, defining a noun in the piural and
algo focussing on a set rather than on the shared traits of its members.
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6.20 The concepts "“property®, "kind-of-property”, and "singular property"

are related in the lconcept diagram of Figure 6.20 together with examples.

system
(5.3.3)

I

property
(8.5.5)

kind-of-
property
($.6.19)

“height" A "colouxr"
°* LI
singular "height
property
(8.6.14.1)] T mmmmemee
"height
e s NN T mmmEEe-
"eolox
= blue”
Figure 6.20 !'Concept diagram on “property”, “kind-of-property”, and

“singular property” with examples
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CONCEPTUALIZATION

6.21 It might be considered contradictory that a conceplt such as “proper-
ty", residing in the mind, is defined as a feature inherent in a system,
which is a part of the perceived or conceived world {(S.5.5). With the con-
cepts discussed previously in this chapter and with the terminclogical meta-
language of Chapter 2, it is possible to ocutline the process of conceptuali-
zation [71-5.1 to 5.3] with a metrological example.

6.22 ‘the first concept defined in the systematic terminclogical lvocabu-
lary of the 180 [72) is lvobject™ (§.2.23). That is probably no accident
because the formation of a concept in a person’s mind usually starts with
the physioclogical process of perceiving or conceiving an object with certain
properties situated in the perscon’s body or his environment. The object -
here chosen to be an instance of "system® (5.3.3) - ils abstracted by the
mind for purposes of deliberating upon the phenomenon. This process pro-
duces an lindividual concept with individual characteristics ($.2.18).

Meeting new instances of "system” and forming new corresponding individual
concepts may reveal that some of these concepts all have at least one indi-
vidual characteristic which is identical. This situation allows the forma-
ticn of a superordinate concept having that characteristic and corresponding
to an extension with all the instances of system having a property corre-

sponding to the characteristic.

If an individual or superordinate concept is found to have a characteristic
with some aspect in common with the characteristic of another concept, the
common part may be distinguished as a type of characteristic (§.2.14.2) for
a general concept at the next ‘synthesizing' level of abstraction. The pro-

cess of generalization may be pursued level by level.

6.23 As an example, and uging the notation presented in Table 2.1, a su-
pravital preparation from a sample of an adult human’s peripheral blood is
perceptionally examined under a microscope according to a certain procedure
(Figure 6.23). Variougly shaped, sized, and coloured blcod cells with
spatio-temporal cocrdinates are seen and may be roughly distinguished into

- red blood cells, erythrocytes, E1l, ..., En, that are red, biconcave disks
of various diameters avound 8 pm;

- white blood gells, leukocytes, Ll, ..., Lp that are blue (in wvarious
shades, intensities, and irregular areas) globules of various diameters
around 15 ym;

-~ platelets, thrombocytes, TL, ..., Tg that are blue, biconvex disks ol

various diameters around 2.3 pum,
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From individual physical systems, described by their instantiated properties
in a perceiving process, the ensuing conceptual process leads through levels
of increasing generalization to the superordinate concept <blcod cells.
Once established, these paths form a concept system, which will usually be
presented invertedly, in this case as a generic system. The hierarchy pexr-
mits the classification of any single blood cell to the desired degree of
specialization by examining the instantiated properties of the cell.

6.24 A given instantiated property, inherent to its instantiating parent
instance of ‘“system", cannct be detached and perceived as an isolated
physical phenomenon. A recorded diameter = 7.4 um or a colour = red is
not found floating around independently in space. BEach physical world
property may however be conceived as corregponding to an individual concept
in its own right, here called a singular property {8.6.14.1) - "diamster =

7.4 _pm® or "colour = red" - with its individual concept under "system" as
a specification or individual characteristic. The conceptualization and
generalization process for the singular property then proceeds analogously

to those described in £.6.22.

6.25 From an infinite number of singular properties the mind decides that
some are dldentical {apart from system specifications) and furthermore that
some are members of a set with a recurring aspect of all its members, say

that they have the essential characteristic "length". This uniting concept

is a kind-of-property (5.6.19) that delimits a specific concept under the

lgeneric concept <propertys.

Continued generalization ends with the topmost concept <propertys>, but many
such processegs proceed along different paths to give different concept

subsystems.

6.26 Analogously to the description for <blood cells> {$.6.23), any guch

system may be inverted into a generic concept system.

6.27 It is seen that terminclogical analysis begins with the instantiated

systems and their instantiated properties, i.e. with objects. In the
present context, the discussions often start with characteristics and con-
cepts whose extensions are familiar to the particular metrclogical communi-

ty.

6.28 The division of <kind-of-propertys according to several terminolo-

gical dimensions will be detailed in Chapter 13.



Oontology on property 7 "Examination procedure" P, 71/279

7 "EXAMINATION PROCEDURE",
"examination method", and
"examination principle”

*You know my methods, Watson.’
Bir Arthur Conan Poyle, 1855-1930 (The Memolrs of Sherlock Holmes,
‘The Crooked Man’ [quoted in 771)

YEXAMINATION PROCEDURE"

7.1 The proposed lterminological entry for "property" {(S.5.5) has a Note
3 stating that ‘an examination procedure may be an integral part of the
ldefinition of a given property’. Indeed, many kinds-of-property (8.6.18)
cannct be understood without such information as the property values
{§.9.18) of their !instances are completely ’'procedure-dependent'. The ex-
amination procedure indicates in sufficient detail how to perform an "exami-
nation" {£.8.4), usuvally in the form of verbal or written instructions, so
that a reproducible examination result (5.16.20) with an expected examina-

tion luncertainty (5.16.23) can be obtained.

7.2 The VIM3 is concerned with !concepts related te ¥quantity" (9.12.13,
12.14), not the !'superordinate concept "property". Conseguently, as the ex-
amination of a gquantity is conventionally called a 'measurement’ {$.,15.14.1,
15.14.2), the VIM3 defines a series of three concepts involving increasing
detail of infeormation given about how to understand and perform the measure-

ment .

7.2.1
measurement principle; principle of measurement: phenomenon serving as

a basis of a measurement [132-2.2]

7.2.2

measurement method; method of measurement: generic description of a
logical orxganization of dperations used in a measurement [132-2.5]

7.2.3
measurement procedure: detailed description of a measurement according
to one or more measurement principles and to a given measurement method,
baged on a measurement model and including any calculation to obtain a

meagurement result [132-2.6]

7.3 The Note 3 to the definition of "property"” given in Section 5.5 stip-
ulates the level as that of "procedure", and the following !term and defini-

tion are propesed for the concept.
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examination procedure

detailed instructions for performing an examination (S.8.4)

NOTE 1 - An examination procedure ig based upon a less detailed ex-
amination method (5.7.4), which itself is based upon one or more
examination principles {8.7.5), each of which is designated by a

word or a short !terminclegical phrase.

NOTE 2 - The examination procedure specifies the dedicated kind-
of-property {5.20.6) involved, any sampling, examining system, and
lreference material({s) needed, and the property value scale
{8.10.14) used, including any /metrological unit (S.18.12}. The
examination procedure is based on an examination model and speci-
fies how many examined property wvalues (5.9.20) wust be obtained
toe calculate an examination |result ($.16.20) including its ex-

pected examination |uncertainty (8§.16.23) .

NOTE 3 - The information presented in an examination procedure is
intended to be operational and should be sufficient for a trained

operator to perform an examination satisfactorily.

7.3.1 The definition does not conflict with the analogous one of the VIM3
given in Section 7.2.3, but is shorter, providing the additional information

in notes.

7.3.2 The US National Committee for Clinical Laboratory Standards (NCCLS)

defines.

procedure; protocol: specific sequence of actions or instructions to be
followed to accomplish a task [105]

which is ambiguous because it comprises both an activity and its descrip-

tion.
7.3.3 The ISO/TEC Guide 2, 7th edition, has

test method: specified technical procedure for performing a test [77-
13.2]

which uses ‘method’ as a !synonym for 'procedure’ but otherwise agrees with
the propeosed definition in Section 7.3. The Bth edition omitted the concept

[77a) . (Concerning the term ’‘tesgt’, see Section 8.5.)
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7.3.4 The I50 9000 offers a definition of
procedure: specified way to carry out an activity or a process [70-
3.4.5]
which covers a superordinate lgeneric concept for "examination procedure",
A lgeneric division of the superordinate concept <examination procedures is

offered in Chapter 14.

"EXAMINATION METHOD®

7.4 The more general formulation of instructions underlying a detailed

examination procedure may be defined as follows.

examination method

method of examination
structural basis of a !set of examination procedures (S.7.3) rela-
ted to a dedicated kind-of-property (5.20.6}

NOTE 1 - An examination method is based on one or more examination

principles (5.7.5).

NOTE 2 - The laconic description in an examination method is in-
sufficient to allow an examination (S.8.4) with prescribed examina-
tion luncertainty ($.16.23), but aids in devising and formulating

one or more examination procedures.

Whereas the VIM3 definition of "measurement method" (§.7.2.2) relates it

directly toc “measurement', the proposed definition relates to the stage
betwixt the two, the operational instructions in "measurement procedure';
substitution will invoke "examination". The VIM2 adjective ‘logical’ seems
superfluocus.

A lgeneric division of this concept is found in Section 14.11.

"EXAMINATION PRINCIPLE"

7.5 An examination method isg based on one or more designated fundamental
physical, chemical, or biological laws or types of meftrological action which

leads to the following concept.
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examination principle

principle of examination
fundamental phenomenal elements underlying an examination method
(8.7.4)

EXAMPLES - Gravimetry, volumetry, isotope dilution-mass spectro-
gscopy, thin-layer chromatography, ilmmunoprecipitation

The VIM3 definition of “measurement principle" (5.7.2.1) relates it directly
to "measurement® whereas the above definition relates to the nearest stage
of "measurement method", which by sequential substitution leads to "examina-

tion".
This concept is generically divided in Section 14.12.

7.6 The three concepts defined in this chapter are !associatively related

as shown in Figure 11.1.
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38 "EXAMINATION"

'To observations which ourselves we make/We grow more partial for
th’ observer’'s sake,’
Alexander Pope, 1£68B-1744 (Mowral Essays I.11 [gquoted in 24])

8.1 In 1946, Stevens reperted the outcome of seven years of long and dif-
ficult discussions by a Committee of the British Assocciation for the Ad-

vancement of Science [114]1. They ldefined

measurement: assignment of numerals to things so as to represent facts

and conventicns about them [114]

and stressed that the essential reguirement was a congistent set of rules
for assigning the numerals. Thege studies led to descriptions of four types
of scale based on respectively allowed mathematical operations with the nu-
merical values. This view of “scale of measurement" was suggested for ap-
plication in laboratory medicine (see also Chapter 10), and the concomitant
use of ’‘measurement’ as the term for the top lconcept was later advocated

for clinical chemistry [401.

8.2 The definition of "measurement™ by the British Committee as well as

Stevens’ later more general definition

measurement: process of wapping empirical properties or relations into
a formal model {115-p.20]

are 8o broad that they include the assignment of values for properties using
the mathematically simplest type of scale described - generally called a
nominal scale (5.17.5). Representations of property values (5.9.15), such
used as code numbers devoid of magnitude. Thus, it may seem illogical to
restrict "measurement" to activities leading to numerical expressions of
magnitude and exclude other ways of assigning numbers just because they rep-
resent !synonymous phrases. 1In any case, to most if not all physical 'me-
trologists, Stevens went too far when "measurement” included ‘the ‘number-

ing’ of football players for the identification of the individuals’ [5, %2].

8.3 The VIM3 reserves the term ‘measurement’ for activities leading to

values for properties having magnitudes by defining

measurement: process of experimentally obtaining one or more quantity
values that can reasonably be attributed to a guantity [132-2.1]

where '"guantity value® is defined as
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gquantity value; wvalue of a guantity; wvalue: number and reference

together expressing magnitude of a quantity [132-1.18}

A Note 1 explains that the type of reference is either a measurement unit
or a measurement procedure or a reference material. Still, most metro-
logists as mentioned would not favour the inclusion into "guantity" of prop-
erties with magnitudeless values, where any numerals are simply symbols of
classes, such as when 'zero’ and 'one’ symbolizes, for example, "female" and

"male" respectively.
NOTE - The IS0 9000 has the entry

meagurement procesgs: set of operations to determine the value of a gquan-
ticy ([70-3.10.2]

Measurement is usually considered to be a processg, however, so there is no

need to choose the 'complex term.

8.4 For the present purposes, that is a |superordinate concept for the

activities that yield an "examined property value" {8.9.20), the proposal
is to ldesignate and ldefine as follows.

examination

structured activity giving an examination result (8.16.20)"

NOTE 1 - The activity of examination essentially consists in com-
paring, by way of an examining system, the property (8.5.5) con-
sidered, i.e. the examinand (S.5.7)}, with a 'reference' of a like
nature to obtain an examined property value (S.9.20) with associa-
ted examination uncertainty ($.16.23). Such a reference may be
personal and subjective, such as & person’s memory of a colour; ox
the reference may be cbjective, the begt being a definition of an
ST unit (5.18.30}.

NOTE 2 - The activity may be subjective or objective, even autcoma-
ted, and is prescribed in the examination procedure (S.7.3).

g8.4.1 It is important that the activity should not only give a single

estimating value but also its associated examimation uncertainty (8.16.23),
in toto an examination result (S.16.20).

NOTE 1 - The IS0 8402:1994 used 'examination’ in defining "validation®
and ‘“verification" [68], but this standard is now replaced by IS0
S000:2005 [70] which deleted that term.
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NOTE 2 - The International Standard ISO 15138 included the present
author’'s suggestion to define "examination" as a superordinate concept,

but chose the VIM2 phrasing, avallable at that time, of

examination: set of operaticns having the object of determining the

value of a property [74-3.6]

This definition was recently augmented by BEN IS0 1518%:2007 to ... value
or characteristics of a property’ [132-3.4], but this confuses the issue

because a characteristic is not determined {(5.2.11).

8.5 The fterm ‘examination’ for the superordinate concept, covering a
wide spectrum of approaches to obtaining gquantity values, ig chosen because
it hag fewer unwarranted connotations and seems less associated with speci-
fic purposes cr procedures than texrms such as "assessment’, 'determination’,
‘evaluation’, 'investigation’, ’'measurement’, 'observation’, and ‘testing’.

(Especially regarding the term ‘observation’, see Section 15.21.)
8.5.1 The concept "test" is defined in the IS0 9000:2005 as

test: determination of one or more characteristics according to a proce-
dure {70-3.8,3]

which is a shorter version of previous similar definitions [such as 121] as

well as a recent one giving

test: <technicals> technical operation that consisgts of the determination
of one or more characteristics of a given product, process, or service

according to a specified procedure [75-3.2.3]

It wmay be assumed that 'characteristic’ is used tc designate the concept
here called ‘property’, see Section 2.11, Notes 1 and 2.

In contrast to the proposed definition of "examination", this definition
uses the somewhat colloguial phrase of ‘determination of one or more charac-
teristics’ rather than ‘determination (or estimation) of a (property) val-

ue’. Otherwise, the meanings are similax.

8.5.2 Sometimes, it is not clear whether 'test’ refers to an instruction
or an act. An example is the definition by the US National Committee for
Clinical Laboratory Standards.

test: gualitative, semigualitative, gquantitative, or semiquantitative
procedure for detecting the presence of, or measuring the guantity of an

analyte [1085]

where ‘procedure" is itself defined ambiguously [S$.7.3.2]. Furthermore,
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‘quantity’ seems to be a synonym for ‘amount’ making the concept very re-

gtricted.

8.5.3 The term ‘test’ is often used to indicate an activity involving
stress on the item (or system) - in agreement with a dictionary sense. This
ig obvious in the definition by the Eurcpean Organization for Quality

test: functional trial or examination, of one or more characteristics
of an item, by subjecting the item tc a set of physical, chemical, envi-

ronmental or operating actions and conditions [44-1.4.2]

but such strain - often to the point of destruction of the system - is cer-

tainly not always an ingredient in "examination".

‘Test’ is furthermore often implying a purpose of assessing whether a re-

quirement has been met, i.e. compliance.

The term ‘test’, unfortunately, is also a lhomonym for an examining system,

usually of a modest size.

8.6 It is not the intent in the present study to discuss theories of
measurement in detail (see, e.g. [21]), but a few words might not be amiss
to show the complexity of measurement. The classical axiomatic approach

fundamentally relateg a set of empirical measurands (5.5.8), ¢, one-one ontoe
the equivalent set of numbers, M, assigned to describe them. In this ideal-
ized view there is a tendency to forget the empirical process of measurement
necessary to obtain the numbers [15, 52]. The operational approach starts
with a set of measurands, Q. Each of these interacts with a !measuring sys-
tem (especially its sensor) and the enviromment to produce (a signal which
may have to be further processed to give) an output signal as a member of
a set of reading values, R. By lcalibration with !measurement standards,
a function between their assigned values and the reading values in R is esg-
tablished. The inverse measuring function transforms the set of reading
values into a set of measurand numerical values, M. Inasmuch as the meas-
urement is subjeclt to sources of luncertainty of measurement (§.16.24) [8),
the gset Q is not equivalent f(one-one onto)} to the set M. Each measurand is
expressed by a (usually central) value with a surrounding uncertainty inter-
val of values which ¢an reascnably be attributed t¢ the measurand and to-
gether constitute a lresult of measurement ($.16.21) (see further in Section
9.22). At the present superordinate level, the respective sets involwved
could be termed ‘examinands’ (5.5.7), ‘reading (including senscry) values’,

and ‘examinand values’.

An alternative description of measurement is outlined under "property value

gcale? in Section 10.3
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8.7 BAn English-language version of a German standard DIN 1319-1 on Basic

concepts in metrolegy [32] divides "measgurement® into Ltwo concepts.

8.7.1
dynamic measurement: measurement during which either the measurand it-
self or its value changes significantly over time, or during which the
measurand is a function of time-dependent quantitites, depending on the

principle of measurement [32-2.1.1)

8.7.2
static measurement: measurement during which the measurand or its value
does not change over time and by which the measurement is not based on

other time-dependent quantities [32-2.1.2]
These definitions are confusing for two reasons.

Firstly, the phrase ‘the measurand itself or its value changes’ {or not)
presumes that a measurand {or examinand) inherently can remain constant
while its value changes (instability of measuring system aside). It seems
more natural to say that a variable state-describing property indicates a

changing system.

NOTE - Heraclitus from Efesos {c. 540-480 B.C.) already realized that
"You cannot step into the same river twice, for the second time it is not
the same river’. A successor even emended this to ‘You cannot step into
the same river once’ [guotations in 89). In a !terminoclogical sense, it
could be claimed that a given river - rather than being an !individual
concept - becomes a general concept with an infinite numbexr of time-spec-
ified linstances. The T80 1087-1, however, considers "Saturn" an example
of individual concept [72-3.2.2] and would label Ganges the same way.

The system is not dmmutable but retains its identity.

In practice, however, at least some properties of a system may appear con-
stant during its lifetime, aithough this is no guarantee of total stability.

Secondly, as remarked in the German standard, a given measurand which is
congidered constant may be measured indirectly by combining changing input

quantities.

EXAMPLE - The rate of conversion of a bicchemical process may be found
constant during a reasonable time interval when the change of amount of
substance of a reactant divided by the corresponding duration is measured

repeatedly.

This latter situation appropriately may be termed ’‘dynamic measurement’,
where the modifier concerns the measurement as described in a measurement

method rather than the nature of the measurand. The term 'static measure-
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ment’, then, applies when, in principle, no time-dependent input-quantities

are inveolved in the method.

The definition of "static measurement" is unfortunate in being formulated

in a negative manner [19-4.4.3].

8.8 The following working definitions of the corresponding superordinate

concepts may be offered.

8.8.1

static examination: examination (8.8.4) where the value of any input
property value (8.92.16) is constant with time

8.8.2

dynamic examination: examination {(5.8.4) where at least one inpub prop-

erty value (8.9.15}) is time-dependent

8.9 rFurther lgeneric¢ divisions of <examinations as a superordinate con-

cept are presented in Chapter 15.
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9 "PROPERTY VALUE",
"true property value", and
"examined property value”

. one disciplined in the fine art of doubting never can he absolutely cer-
tain. Abgolute certalnty isg a privilege of uneducated minds - and fanatics.
It is, for scientific¢ folk, an vnattainable ideal.-’
CJ Keyser, 1922 [88]

"PROPERTY VALUE"®

9.1 The !general concept *value" is discussed in philosophy with meanings
such as ’virtue’ or ‘appropriateness’, and in formal logic about correct
reasoning. In the present context of '"property" {5.5.5), as understood in
Imetrology including laboratory medicine, ancther philosophically ‘value-

free' sense of "value' is involved.

9.2 Bs has been reiteratively stated in this text, common language is of-
ten less than exact in distinguishing between "property", "kind-of-property"
(8.6.19%), and "value", heavily relying on the context.

EXAMPLE 1 - The properties of a given exythrocyte may be given as ‘seven
micrometres and red’, which is an abbreviated and therefore ambiguous

red in colour. The former version has contextual (and hopefully correct)

assumptions about the respective kinds-of-property.

EXAMPLE 2 - 'Colour and length are properties’ most likely means that
they are kinds-of-property, but not "dedicated kinds-of-proparty"

{5.20.6) or linstantiated properties with values.

EXAMPLE 3 - Meeting with a king cobra, one might pause {perhaps with some
trepidation) and exclaim: ‘The colours and length of this fellow are im-
pressive’, mentally comparing the perceived values of its properties of
thege kinds to recalled modal values for such longitudinal beasts.

EXAMPLE 4 - BEven a (written) standard may pregsent ambiguous informatien.
The DIN 1313 [33] has the following four examples under Grdssenwert
[quantity valuel. ‘15 w’ and "-3.7 V' are both indubitably correct val-
ues. The next two entries are 'Lichtgeschwindigkeit im Vakuum’, which
is a system (5.3.3) (light in vacuum) and kind-of-gquantity (speed), and
‘Ruhemasse des Elektrons’, which is also a system (resting electron} and
kind-of-quantity {mass), and neither of these two latter examples - con-
stituting dedicated kinds-of-property - have a quoted value, presumably
because they are considered to be generally known,
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9.3 The widespread practice of letting a value - and especially its me-
troelogical unit ($.18.12} if any - imply the pertinent kind-of-property can
lead tc mistakes because of a lack of essential information (¢f. the dis-
cussion of ‘thomenymy for !characteristics in Section 2.22). Therefore, as
an example, the outcome of a statistical treatment of temporarily 'severed’
numerical wvalues has to be referred back to their kind-of-property to be

meaningful.

9.4 In the presently used |terminological notation (Table 2.1}, the cox-
regpondence between individual characteristics (8.2.18) of an lindividual
concept, say, of "erythrocyte no. 21" of the mind-world and instantiated
properties of erythrocoyte no. 21 of the material world is as follows (see

also Section 6.22).

The "erythrocyte no. 21" is red with the type of characteristic (8.2.14) hav-

ing a ¢olour and is seven micrometres for having a diameter, alternatively

expressed by jg red in ceolouxr and is seven micrometreg in diameter respect-

ively.

Conventionally, = _red and = 7 pm are called the values of their respective

properties, colloguially, simply 'red’ and ‘seven wmicrometres'.

9.5 To gain further insight in the metrological conception of “value",

it is both proper and useful again to gquote Maxwell from the beginning of
the Preliminary to his A treatise on electricity and magnetism [99].

‘Bvery expression of a Quantity consists of two factors or components.
One of these is the name of a certain known quantity of the same kind as
the quantity to be expressed, which is taken as a standard of reference.
The other component is the number of times the standard is taken in orxderx
to make up the required quantity. The standard guantity is technically
calle@d the Unit, and the.number ig called the Numerical Value of the

guantity.’

As mentioned in Section 4.2, later metrological treatises routinely present
thisg fundamental statement as the equation

guantity = numerical value - unit

and in the present text those three terms are taken to !designate mathema-

tized general concepts.

9.6 Maxwell considered the right-hand side of the equation an expression
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of a given lquantity (S.12.13, 12.14), a standardized description by way of
another guantity of the game kind, the lmeasurement unit (5.18.7, 18.12).

NOTE - If should be recalled that - irrespective of measurement uncer-
tainty (S.16.24) - there can be more than one valid expression of a given
quantity, such as a diameter of a system = 7 pm, = 0.007 mm, or

What the word 'expression’ means is not clear. As seen from the guote above
{8.9.5}, one of the two 'elements’ or ‘factors’ is said to be the ‘name of
a certain known guantity’, that ig the name of the unit. ‘The text does not
gimply say the‘unit as one might rather expect from the eguation. Prcbably,
however, the wording of the text cannot bear strict terminological analysis,
and it is unlikely that the right-hand side is thought to be a verbal desig-
nation for the concept on the leff-hand side as it would not make sense to

multiply a name by a number.

That the is-equal-to sign indicates a necessary ‘likeness’ between the two

sides of the equation is supported by the generally accepted rearrangement
quantity/unit = numerical value

which shows a ratio between the mathematized general concept "quantity" and
the mathematized general concept of a specific concept under "guantity",
namely "unit® (¢f. Fig. 18.44a). Any such pair of individual concepts under
"gquantity" and "unit" must be of the same kind-of-quantity.

9.7 Whereas the IS0 1087-1 [72] does not mention “"value", the VIM3I (as

already quoted in Section 8.3) ldefines

guantity value; value of a guantity; value: number and reference to-
gether expressing magnitude of a quantity [132-1.19]

Thisg definition implicitly echoes Maxwell's words (8.9.5), including ‘ex-
pression’, but intrcduces the primitive ‘magnitude’. The phrase 'magnitude

of’ could mean that "value" is considexred to be a characteristic of "quanti-

ty",

NOTE - A definition in the DIN 55 350-12 [31} of "Merkmalswert" (transla-
ted as ‘characteristic value’, but should be 'property value’) has 'Der
Erscheinungsform des Merkmals zugeordneter Wert'. A translation is dubi-
ocus because of ‘-wert’ and 'Wert', but could be 'expression of the value

that is assigned to the property’.

9.8 The meaning of the lterm ‘guantity’ in the VIM3 is terminologically
somewhat unclear because of the Note 1 which exemplifies both !generic con-

cepts, |specific concepts, and !singular quantities.
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9.9 The similarity between "type of characteristics" in the IS0 1087-1
[72-3.2.5] and "type of characteristic" in the present text (5.2.14.2) on
one side and "kind of guantity" in the new VIM3 [132-1.2] and "kind-of-guan-
tity (or -property!® in the present text (5.13.3.1, 6.19) on the other side
seems to be optimal, even if the terms of the lconcepts and phrasing of

thelr examples differ.

9.10 The IS0 concept “characteristic” with the example being red is not
essentially different from the presently defined "individual characteristic®
{S.2.18), but this !subordinate concept does not appear in the 150 [72].
So, it will simply ke taken foxr granted that the usual IS0 designation of
a characteristic is an abbreviation of a full term including the term for
the type of characteristic, here has the colour red.

9.11 The gituation as rvegards the properties or guantities corresponding
to characteristics is not quite so simple. The I50 does not elabcrate on
"property", but as mentioned simply lets it correspond to "characteristic®.
Also, the IS0 does not list{ a concept related Lo "property" and correspond-
ing to "type of characteristics!. Here, it will be assumed that the full
degignation of an instantiated property should reflect inheritance like the
full designation of an individual characteristic, see Section 9.4. The
example of the VIM3 concept "individual quantity" '‘number concentratiocn of
erythrocytes in blood sample 1’ offers no indication of wvalue, but it may
be aSSumgd that a value is understood as being inherent, even when it is not

of known magnitude.

9.12 Before discussing the position of "property value" in a concept sys-

tem, the following statements can be listed.

9.12.1 "System', "property", "kind-of-property", and “property value®

are general concepts.

9.12.2 A spatio-temporally defined instance of "system® has inherent

state-descriptive instantiated properties of various kinds-of-property.

9.12.3 An instantiated property inherently possesses a property value or
usually a distribution of property values (see Section 9.18). (For simpli-
city here, the latter is generally assumed to apply even if the term
'property value' is used.)

9.,12.4 Full information about an instantiated property regquires data for
both its kind-of-property and its property value(s) with reference to the
instantiating system and its pertinent component {s). The instantiated prop-
erty exists, however, and cften can be perceived - either directly or aided

by a device - whether its property value is known or not.
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9.12.5 Instantiated properties of a given kind-of-property can be

classified and compared by their respective property values.

9.12.6 hcocording to certain rules, walues of unitary guantities
(5.12.17) (sometimes of ordinal guantities {8.12.16), but not of nominal
properties (5.12.4)} of the same or different kinds-of-quantity may enter
inte appropriate algebraic property value eguations formed homologously to
equations between the respective kinds-of-quantity. Thus (omitting indi-

vidual equation signs and single broken underlining for simplicity),

. 2.5 mole
7 mole/litre = ——m8M——
0.5 litre

is homologous to (with double guotation marks and double broken underlining

omitted)

amount of substance of cowmponent

amcunt-of -substance concentration =
volume of system

9.12.7 A preoperty value of an instantiated property is a member of the
set of property values of the same kind-of-property constituting an appro-
priately defined property value scale (S.10.14). Alternatively, one may say
that a property wvalue is a sample point in a unidimensional sample space

defined for a kind-of-property.

9.12.8 The property value of an instantiated property can often be esti-

mated by examination (8.8.4} during which a comparison is made between the
examinand {8.5.7) and a reference with an asgsigned property value of the

game kind-of-property.
9.12.9 The characteristics of inherence (5.9.12.3), comparability
(8.9.12.5}, and membership of a set ($.9.12.7) are ‘essential character-

istics.

9.13 Based on the above information, the relation between "property" and

"property value" can be explored.

9.13.1 As a property can be considered inherently to possess a property

value {£.9.12.3), "property value® cannot be lgenerically subordinate to
"property"®.,
9.13.2 Forming a !concep:t system with "property® as a !comprehensive

concept covering two !partitive concepts, one of which would he "property
£ d P p

value", is not possible because a given property value is considered to be
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an expression of the magnitude of a property (cf. 8.9.6 and 9.7) rather than
a part of it.

9.13.3 The perceived inherence of a property value in a property
{£.9.12.3) and the VIM3 definition of "quantity value" {S.9.7) both suggest
an associate relation between '"property" and "property wvalueb. Whereas
<property> 1s generically superordinate to, for example, "property having
a diameter" and this in turn is generically superordinate to, say, the

singular property "diameter of seven micrometers®, this concept may be said

an instantiated diameter, diameter = 7 um, of a given system.

5.,13.4 The VIM3 defines

measurement unit; unit of measurement; unit: real scalar guantity,
defined and adopted by convention, with which any other quantity of the
same kind can be compared to express the ratio of the two guantities as

a number [132-1.¢2]

and the eguation in Section 2.6 also seems to Treguire that a wetrological
unit is a quantity (heve as its specific concept "unitary guanticy®
(§.12.17)}. Therefore, a quantity value (S.16.7, 16.8) might also be con-
sidered to be a gquantity. A diameter consisting of seven one-micrometre
lengths still seems to have alsec a concatenated or joined length of seven

micrometers. Indeed, “seven micrometers" could itself be a metrological
unit - say, a "usual erythrocyte diameter unit® - just as "sixty seconds®
ig a metrological unit, also called ‘minute’. Yet, a singular unitary guan-

tity {cf. S$.6.14.2), corresponding to an instantiated guantity of an instan-
tiating system, is not identical with the sgeparately defined metrological
unit having a material instance used as a reference in assessing the wmagni-
tude of the instantiated qguantity. Furthermore, ordinal guantities
(§.12.16) are not related to metrclogical units. Thus, "quantity value" is
agsociatively related to "quantity!, and, by analogy, "property wvalue" to
"propexrty".

9.13.5 Just as conceptualization eventually leads from ilmmaterial in-
stantiated properties inherent to instantiating systems in the physical
world to "property® of the mind world ($.6.21 to 6.25 and Pigure 6.23), the
property value ipherent to an instantiated property may be conceptualized
into the general concept "“property wvalue". BAs a superordinate concept,
<property values may then be divided in its own concept systenm.

9.14 The concepts "system", "property", "kind-of-property”, and "property

value" may now be assumed to form a concept system as shown in Figure 9.14.
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9.15

Based on the discussion in Section 9.13, it is propesed to designate

and define the general concept "property value" as follows.

property value

value of a property

value

inherent feature of a property (85.5.5) used in comparing it with
other properties of the same kind-of-property {(8.6.19)

NOTE 1 - A property value is a member of a conventionally defined
set of possible values forming a property value scale (5.10.14).

NOTE 2 - An !instance of ‘“property value" is conveniently repre-
sented as a relational operator, such as =, s, or >, followed by a
leymbol or an alphanumeric string the form of which depends on the
kind-of -property and the property value scale.

EXAMPLES
colour, e.g. = red (in a traffic light);
- letter, e.g. = _B (for blood group);

NOTE 3 - Compariscn between instantiated property wvalues of the

lword, e.g. =_vellow;

symbol, e.g. = o;

alphanumerical, e.g. = Al as a taxon value (for an electropho-

retically separated haemoglobin fraction);

tre.

same kind-of-property serves to compare their respective proper-
ties and thereby their parent systems (5.3.3) or different parts
of a system. '

NOTE 4 - A property value may be estimated by examination {S.8.4).

The word pattern ‘property value’ has been preferred over that of the ad-

mitted term ‘value of a property’ for ease of further derived systematic

texrms.
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"TRUE PRCPERTY VALUE"

9.16 This definition of "property value" does not specify its 'source’ .

it is sometimes useful to be able to distinguish between specific subordi-

nate concepts such as "true property value', “examined property value®, "un-
corrected experimentally examined property value¥, "corrected experimentally
examined property value", and "subjectively examined property value". The

first two of these specific concepts may be defined according to the type

of characteristic having a source.

9.17 An instantiated property value that ig conceived as inherently de-
gcribing an instance of "system" without having been obtained by exawmination
is wholly dependent on the definition of the property including its parent
gystem. The classical term is ‘true value of a guantity’ and the concepl
ig proposed to be defined as follows.

true property value

true value
property value ($.9.15) that is consistent with the ldefinition of
a corresponding property {(5.5.5)

NOTE - A true property value is a member of a population of prop-
erty values in the statistical sense, and such a property value
and population remain unknown; they may, however, be estimated by

examination {(5.8.4).

This definition is analogous to the new VIM3Z definition

true guantity value; true value of a guantity; true value: quantity val-

ue consistent with the definition of a quantity [132-2.11]

9.18 It is often assumed that a single true quantity value is sufficient
for the c¢lasgification of an instance of "quantity". Héwever, due to inde-
terminateness and - not least in lakboratory medicine - uncertainty in the
definition of an instance of "system” (8.3.3}, with any pertinent components
(8.3.4), and any defining examination procedure (S$.7.3), the full 'expres-
sion’ of the magnitude of the quantity generally requires a distribution of
true guantity values rather than a single one. A single guantity value
without conceivable variability may be sufficient for a time-specified well-
delimited system where well-defined, easily recognized, and localizable
itemg have to be counted, but such a situation will be considered to be a
special case of the general principle. Analogous considerations apply for

"nominal properties" (5.12.4).
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"EXAMINED PROPERTY VALUE®

9.19 Even if an examinand may have a specified examination procedure

(8.7.3) as part of its definition, the act of examination intrcduces new
sources of examination uncertainty (8.16.23) stemming from the actual condi-
tiong of any sampling, equipment, calibration, procedural steps, the ana-
iyst, and the environment. Thus, the distributicn of true property values
ig ceonvoluted with a distribution of uncertainty effects. Consequently -
even after correction for any estimated systematic effects - the population
of possible property values from which actual examined property values are
taken may have another location and should have a larger dispersion than
those of the distribution of true property values.

9.20 An examined property value may be defined as follows.

examined property wvalue

examined value
property value (5.9.15) obtained by interaction between an examin-
ing system and a system {5.3.3) possessing the property (5.5.5}

NOTE - The interaction constitutes an examination (8.8.4) per-
formed by an examining system - consisting of a person and/or
equipment - according to a given examination procedure (8.7.3) un-

der specified precision conditions.

9.20.1 If nowminal properties {(8.12.4) are not considered, an analogous

concept may be defined relating to "gquantity" (8.12.14) and "measurement®
(S.15.14.2).

measured quantity value

measured value
guantity value (S5.16.8) obtained by interaction between a measur-
ing system and a system (S.3.3) possessing the gquantity (S.12.14)

NOTE - The interaction constitutes a measurement (5.15.14.2) per-
formed by a !measuring system - consisting of a person and/or
equipment - according to a given measurement procedure (S.14.4.4)

under specified precision conditions

9.20.2 The term ‘observed value' is sometimes used for "examined proper-

ty value®, "examined gquantity value" or the cerresponding "result®. Thus,
the American Society for Testing and Materials has
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obgerved value: value obtained by carrying out the complete protocol of

the test method once ... [2]
The IS0 3534-2 gives the definition

chserved value: obtained value of a guantity oxr characteristic [75-
3.2.8]

with “"obgervation" left undefined and a note that this term is also used as
a syncnym for ‘observed value’. The reasons for not using ’‘cbservation’

here are given in Section 15.21.

9.21 Several examined property values of an examinand or measured guanti-
ty values of a measurand, including any !corrections, may be needed to
obtain a final ‘*examination result" {5$.16.20) or "measurement result”
(8.16.21}.

This view was expressed somewhat differently by Mergenau [102] as follows.
'An empirically "true" value of a measured guantity does not exist. What
passes for truth among the results of measurement is maximum likelihood, a
concept that attains meaning if a sufficlent statistical sample of differing

measured values is available.’

9.22 The classical ideal apprcach of describing a measurement result
(§.16.21) of a quantity as a true gquantity value {5;9.17.2) burdened with
various systematic and random lerrors of measurement suffers from the fact
that true quantity values are essentially unknown. The wmodern paradigm, pre-
sented in the Guide to the expression of uncertainty in measurement {81,
avolds the term ‘true value’. Instead, an coperative approach is based on
a function of input quantities yielding the cutput quantity, the measurand.
Each input quantity has an estimated quantity value obtained by measurement
{(8.5.14.1, §.5.14.2) or other means and corrected if necessary. These input
guantity values are combined by a model or function, homologous to that he-
tween the input guantities, giving the guantity value of the measurand as
the output. The measurement uncertainty (S.16.24) of this quantity value
is obtained by combining the respective measurement uncertainties of the in-
put guantity values and of any corrections. Each such input standard meas-
urement uncertainty is evaluated from replicated measurements by classical
a posteriori statistice or from other a priori sources including metrologic-
al experience. The combined standard measurement uncertainty of the output
measurement result is based on an uncertainty budget and a suitable combi-
nation of the standard measurement uncertainties. The combined standard
measurement uncertainty permits calculation of a coverage interval compris-
ing the guantity wvalues that are being attributed to the measurand with a
stated level of confidence or coverage probability. The details are beyond

the purpose of the pregent text.
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A generic division of the supercrdinate concept <property valuesr is

9.23

made in Section 16.

The several sorts of property value discussed so far may be connect-

9.24

9.24.

+
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9.25 As seen by the examples of Section 9.15, a property value can take
many forms. For a unitary quantity especially, the conventional representa-
tion is the alphanumeric combination of the representation of a numerical
unitary quantity value (8.16.16) and the representation of a metrological
unit. The last two concepts are |coordinate concepts in Ipartitive relation
to the representation of the unitary guantity value as shown in Figure 9.25.

property
(8$.5.5)
nominal property quantity
(8.12.4) (5.12.13, 12.14)
ordinal guantity unitary quantity
{(§.12.16) {(8.12.17}
unitary quantity value
($.16.10)
[representation of a unitary quantity wvaluel
[representation [representation
of a numerical unitary guantity value] of a metrological unit}
Figure 9.25 Mixed 'concept diagram arcund “unitary guantity”, “unitary

guantity value”, and its representational elements
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10 "PROPERTY VALUE SCALE"

‘For he by geometbric scale/could take the size of pots of ale.’
Samuel Butler, 1612-1680 {Hudibras I.i 121 {quoted in 24])

10.1 Whereas the noun ‘scale’ in the COD [1] has three groups of meanings
around "flake", "weighing device", and "graded classification system", we
are here only concerned with the latter interpretation, derived from Latin

‘scala’ for staircase or ladder.

10.2 In his pioneexing paper from 1946, On the theory of scales of meas-
rement, Stevens gave no formal ldefindtion of Yscale of measurement" [114] -
covering nominal, crdinal, interval, and ratio scales (8.17). From the

text, however, one may deduce an !intensional definition.

scale of measurement: numeral (or numerical) series, ordered by conven-
tion, having characteristics isomorphic with certain empirical cperations
perfermed with objects, permitting use of the seriesz as a model to repre-

sent aspects of the empirical worid [114]

10.3 From Bunge's momentous tome on The gearch for truth {(in Methodology
and philosphy of science) [15], the section on ‘Scalie and unit’ permits the

definition

measurement scale: interval in which the degrees of a property are rep-
resented together with the ordering and spacing of the representatives
[15-p.221}

where ‘degrees of a property’ in the present |terminology could be ‘unitary
guantity wvalues (8.16.10) relating to a given unitary kind-of-quantity
(5.13.3.3) " as Bunge excludes properties having nominal (5.16.2) or ordinal
property values (5.16.3}).

Furthermore, there is a division into

conceptual [measurement] scale: ordered interval on which the numerical

values of a magnitude are represented [15-p.221}

where ! ’'numerical values of a magnitude’ seems to be a synenym of !‘true nu-
merical unitary quantity values of a given kind’', and

material [measurement] scale: ordered sel of marks, such as the numerals
on an instrument, the reading of which enables us to assign numerical

valuegs to the magnitude concerned [15-p.221)

where ‘pumerals’ are 'possible numerical unitary quantity values’ and "'nu-
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merical values’ are ‘numerical unitary quantity values' (5.16.16).

NOTE - In the latter two definitions there is no mention of an appropri-
ate metrological unit (S.18.12), which after all is as important asg the

numerical unitary quantity value.

Bunge used the dichotomy in conceptual and material scales to describe his
view of the structural complexity of !measurement ($.15.14.1, 15.14.2) ne-
cassitating four relational systems (S.3.3) each reguiring an ordering rela-

tion and respectively a

- factuval lset of rdegrees’ of a physical {kind-of-]property (8.6.19),
such as weight [mass], ﬁ;

- conceptual subset of real numbers, R, providing ‘actual’ values [true
unitary quantibty wvalues];

- factual set of 'marks’ on a matexrial scale, M*; and

- conceptual subset of rational numbers, M, providing measured unitary

gquantity wvalues.

A mapping from K to R and partial mappings from M* to M and from M to R cow-
plete the system.

From a terminoclogical point of view, the material scales can simply be lin-
stances of the lconcept "guantity value scale'. Another approach is offered
in Section 10.16.

10.4 The extensive and useful review of "scale" by Berka [5] lists a num-
bexr of 'characteristics of "scale of scaling" (corresponding te “"ordinal
guantity value scale"), and "scale of measurement". The latter, in what Ber-
ka {echoing Bunge) callg the conceptual sense, is given at least two non-
formal definitions, of which the most understandable says

scale of measurement: ordered interval of numerical values of the meas-
ured magnitude, reflecting the choice of the unit of measurement by the
objective properties of this magnitude, and by its conceptual definition

within some thecretical framework [5-p.12]

The meaning seems less than clear, but 'magnitude’ may (again) be interpre-

ted as "quantities of a given kind'.

From the lcontext, it appears that this concept applies exclusively £o pro-
perties {(8.5.5) for which ratios between their values {$.%.15) have meaning,
that is guantities in the narrowest sense, in French 'grandeur mesurables’,
in accordance with classical theory of measurement. Berka’'s concept is one
of the four scales defined by Stevens [114} and called 'ratio scale’. For

the present purposes .the concept is too narrow.
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10.5 The German standard DIN 55 350-12 from 1988 [31] on Concepts in the
field of guality and gtatistics; concepts relating to characteristics
{tequivalent to '‘kind-of-property’) embraces Stevens’ broader concept - al-
though referring to a German-language source. The definition given,

Skala: Zweckmissig geordneter Wertebereich eines Merkmals [31-1.1.3]
may be translated as

scale: purposefully ordered set of property values for a given kind-of-

property

NOTE - Translation of the German definition is difficult. The standard
gives the translation of ‘Merkmal’' into English ‘characterigtic’, which
in the present text is reserved for the 'special language of terminology
and which describes concepts, not lobjects. "Merkmal® is defined through
‘Bigenschaft’ which could eguivalate with 'property’. Merkmal’ could
alternatively equivalate with 'kind-cf-property’ as corroborated by the
examples of Merkmal given such as "temperature". The problem seems to

arise from the prevalent lack of distinction belween property and kind-

of -propexrty.

10.6 A paper from 198% on Measurement, value, and scale in laboratory

medicine {40). suggested the application of Stevens’ ideas. No formal
definition of measurement scale was presented, but the text combines to

measurement scale: ordered set having possible values as elements [40]

where ‘measurement’ is a lsynonym of the present text's ‘examination’ and

a common kind-of-property is presupposed.

10.7 From the definitions discussed above, the following characteristics

can be listed:

- numerals (for nominal properties (S.12.4)) or numerical guantlty values,
- interval of property values or set of property values,

- ordered or purposefully ordered or conventicnally ordered,

-  possible preoperty values,

- property values of a given kind-of-property,

- characteristics isomorphic with certain empirical operations on lobjects,
- model of aspects of the empirical world,

-  serving to order property values and thereby their respective |instances

of properties.
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10.8 Stevens restricted the values even of a nominal property value scale
to ‘numerals’ serving as labels or type numbers {114]. Thig choice is
congistent with his definition of “weasurement® as ‘assignment of numerals
to objects or events according to rules’. In the present text, however,
"property value" ($.%9.15) may also have |instances that are words or phra-

10.9. The 'term ‘interval’ is used !polysemously for the numerical values
between and often including one or both of the limiting values, and for the
limiting values only. The term !’set’ is therefore preferred for the lgen-
eral concept, both because all values are defined and because there is no

restriction on type of value which may include words and phrassg.

10.10 oOrdinary language demands that a value scale be ordered, but gives
no specifics, although most numerical scales would be ordered by ascending
value. For nominal property value scales {$.17.5%), the order does not in-
fluence the function, but for practical, technical, or mnemotechnical rea-
sons a constant order is often chosen, such as for blood groups A, B, AB,
¢. When a set is ordered - and that requires some rule or convention - it
ig haxdly necessary to gualify it by ’'conventicnally’ or 'purposefully’.

10.11 BAn important role of a property value scale is that it presents the
property values that can possibly be thought of for the singular properties
{5.6.14.1) under consideraticn or that ¢an be obtained by examination of in-
stances of "property", so that these can be classified for subsequent com-
parison. A property value scale may be thought of as a unidimensional sam-

ple space.

10.12 The activity of classifying instances of property according to
their examined property values {8.9.20) reguires that the instances be of

the same kind-of-propexrty.

EXAMPLE - It makes no sense to construct a (unidimensional) examined
property value scale comprising the possible examined property values
{(8.9.20) for the masses, lengths, intelligence quotients, and genders of
c¢hildren - notwithstanding that such values may have interesting rela-

tionships within one c¢hild at a given time.

10.13 sSteveps claimed that there ig ‘a certain isomorphism between what
we can do with the aspects of objects and the properties of the numeral se-
ries® [114]. ("Homomorphism" would have been a more apprcopriate, less
stringent characteristic [91-p.8]1.) The empirical operations listed were
determining eguality, greater or less, equality of differences, and
equality of ratios; numerals were said to vield to analogous operations.
These operations will be discussed later for a generic division of <examina-
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tion scale> {gee Chaptex 17). The general isomorphism, although considered
an lessential characteristic by Stevens, is here not used as a !delimiting
characteristic as it may not be true for all types of property. The same
may be said of the allied trait that the series of numerals provides a
formal mathematical system, a model for empirical properties. It is, how-
ever, important to stress that the choice of property value scale in a cer-
tain situation should be governed by the characteristics of the properties
of the given kind-of-property (see Chapter 12).

106.14 As an ocutcome of the above considerations, the concept is termed

and defined as follows.

property value scale

scale of values of properties

scale

ordered lset of possible, mutually comparable property values
(5.9.15)

NOTE 1 - Regarding various forms of the property values, see Sec-

tion 9.1%, Note 2 and Examples.

NOTE 2 - A property value scale is used for ordering and comparing
Tinstances of property (5.5.5) of a given kind-of-property
(§.6.19) by their respective (distributions of) property values,

NOTE 2 - The !definition of the properties using a certain proper-
ty value scale may include their respective examination procedures

{8.7.3) as an 'essential characteristic.

NOTE 4 - The statistical manipulations allowed with samples of
property values from a property value scale are based on the rela-
tionships between the respective properties and characterize the
property value scale {(see Table 17.4).

The word pattern ‘property wvalue scale’ has been preferred over that of the
admitted forms 'scale of values of properties’ or ‘"scale of property values’
for ease of style and derivation.

10.15 Berka argued - as did Bunge (5.9.3) - that it is necessary to dis-
tinguish between "conceptual scale of measurement, conventionally called
'geale’, and material measurement scale”, which he proposed to call 'grade’
[5]. The reasoning was that, for a certain kind-of-guantity, the conceptual
gscale includes all possible numerical guantity values whereas each of sever-
al material scales would comprise only a distinctive 'subinterval’ of all

gquantity values.
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It seems entirely possible that any useful, !generically !subordinate con-
cept under <property value scales> can be defined for a given kind-of-proper-
ty and selection of property values, and that material scales, whether as
isolated devices or as displays on pieces of equipment, should simply be re-

garded as instances of such concepts.

10.16 The concept «property value scale> may be generically divided analog-

ougly to «property values (5.9.17, 9.20) into

10.16.1

true property-value scale

scale of true values of properties
property value gscale ($.10.14) that is consistent with the ldefi-

nitions of corresponding properties (8.5.5) involwved

10.16.2

examined property-value scale

scale of examined values of properties
examination scale
property wvalue scale (5.10.14) obtained by fcllowing an examina-

tion procedure (5.7.3)

NOTE -~ The process involves firstly establishing a calibration
function and secondly utilizing its inverse measuring function.

10.16.3 For a given dedicated kind-of-property (8.20.6) these two spe-
c¢ific property value scales need not be identical. The true property-value
scale, for example, might be continucus whereas the examined property-value
could be discontinuous due to the nature of the examination procedure

(5.7.3} and examining system; or an examination bias might change the scale

limits.

10.17 A lconcept diagram of "property value scale" and some related con-

cepts are shown in Figure 10.17.
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property
(8.5.5)
/

examinand
(8.5.7)
examination property value
(8.8.4) (8.9.15)
examined true
property value property value
(£.9.20) - (8.¢.17)
examined true
procperty-value property-value
scale scale
{($.10.16.2) (8.10.16.1)

property wvalue

scale

(§.10.14)
Figure 10,17 Mixed 'concept diagram of *property wvalue scale”, “prop-
erty”, “examination”, and “property value’ with some 'subordinate concepts

10,18 1In a recent revision of the statistical vocabulary, IS0 3534-2, the

top concept defined here in Section 10.14 is given as
scale: system of reference values for a characteristic [75-1.1.3]

where ‘characteristic’ unfortunately is used in the sense of ‘property’ and
"reference value" is not defined. It seems that the proposed definition in
Section 10.14 is mere informative. Furthermore, "reference value" is often
used for property values that are conventionally accepted as being well re-

searched.

10.19 A generic division of "property value gcale® according to relations

between divisions of "property" will bhe described in Chaptexr 17.
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11  GENERAL CONCEPT SYSTEM of the
MAIN SUPERORDINATE CONCEPTS in
CHAPTERS 3 and 5 to 10, and
expanded and explicatory definitions

GENERAL CONCEPT SYSTEM

11.1 The principal lconcepts defined in Chapters 3 and 5 to 10 may he
presented as the wmixed !concept system diagrammed in Figure 11.1. Such a
presentation facilitates a review of the ldefinitions of concepts which were
designed in accordance with the rules listed in Section 2.4.

11.2 Which lessential !characteristics of a concept are considered to be
idelimiting characteristics for a definition, and which ones are put in

notesg, depend on

-  the structure of the concept system;

- which lrelations appear to be the most important;

-~  how many relations from a given concept are considered useful for expli-
cit representation;

- the lterminclogical stress on aveiding both internal and external circu-
larity in definitions; and

- the target audience.

As a consequence, it is unlikely that any choice will appear optimum to all

users.

EXPANDED DEFINITIONS

11.3 Bach of the definitions proposed so far, except for that of "syg-
tem", is sufficient to indicate the position of the corresponding concept
in the concept system shown in Figure 11.1. Expanded definitions of the
main concepts, however, may be formulated by utilizing more of the related

concepts shown.
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[matrix]

system
(5.3.3)

"7 component
‘(§7/)' (3.3.4)

examination
principle g},;»*’{7f’~’7 property o—j—» kind-of-
. (8.5.5) property
(5.6.19)

(5.7.5)
examinand
(8.5.7) examination
uncertainty
(S.16.23)
axamination
method
(8.7.4) examination property
result value
(S.16.20) (S.9.15)
examination < D > examlrion \
procedure (8.8.4)
(S.7.3}
system «<—p examined true
(s.3. 3) property property
value value
(8.9.20) (5.9.17)
examined crue
prcperty- property-
value value
scale scale
(8.10.16.2) {8.10.16.1)
property
(8.5.5)

property-value scale
(5.10.14)

Figure 11.1 Mixed 'concept diagram on the 'metrological 'concepts given
proposed 'definitions in Chapters 2 and 5 to 10 (except for “measurand”).

A triangular cpen arrowhead points from a given concept to another concept

usged in the 'definiens of the first one.
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11.4 The concept "property” is defined in Section 5.5 by relations to
"gystem" (5.3.3) and "component! (8.3.4), but the definition could be great-

1y expanded by invelving more relations as follows.

property: inherent feature of a system, including any pertinent compo-
nents, that is state- or process-descriptive in the form of a distribu-
tion of true property values, which may be estimated by examined property
values obtained through examination of the property as an examinand ac-

cording to an examination procedure

11.5 “Examination procedure" (5.7.3) is defined by the 'associative rela-

tion to "examination" (S.8.4}, but could be further explained.

examination procedure: detailed instructions, based on an examination
method utilizing one or more examination principles, for performing an
examination of a property yielding one or more examined property values
found on an appropriate examined property-value scale

11.6 The definition of "examination" (5.8.4) may be expanded as follows.

examination: structured activity according to an examination procedure,
applied to a property, giving one or more examined property values found

on an examined property-value scale

11.7 An expanded definition of "property wvalue® (S.9.15) is possible as

follows.

property value: inherent feature of a property that is found on a prop-
erty-value gcale of the same kind-of -property and that gerves for ¢lagsi-
fving and comparing propertieg of that kind-of-property

11.8 The concept "property value gscale" (S.10.14) is shown in Figure 11.1
with a Ipartitive relation to fproperty value", but the definition may be
expanded.

property value scale: ordered set of possible, mutually comparable prop-
erty values that may be transformed into an examined property-value scale
by performing examinations on examinands according to a specified exanmi-

nation procedure

EXPLICATORY DEFINITIONS

11.9 Even more detailed explicatory definitions may be obtained from a
given definition through substitution of defined !'terms by their respective

definitions. Table 11.9 shows '"property" as an example. The cutcome -
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sometimes called an exploded definition - is toc cumbersome for ordinary
use, but serves for checking that a definition has net inadvertently become

externally circular.

Table 11.9% Explicatory !definition of the !concept "property" ($.5.5):
‘inherent state- or process-desciptive feature of a system (8.3.3) including
any pertinent components (8.3.4)°, shown after substitution of the 'terms
in italiecs. The left-hand column gives the explicatory definition, the
right-hand column lists the substituted terms in brackets.

property

inherent state- or process-descriptive

feature of a [system ($.3.3)]
part or phenomenon of the perceivable

or conceivable world consisting of a

demarcated arrangement of a !set of elements

and a get of relationships

or processes between these elements

including any pertinent [components (5.3.4)]
parts of that [system {(5.3.3)]

part or phencmencn

11.10 A check can alsoc be obtained simply through a structured listing

by term of the related concepts used in the definition.

EXAMPLE - The fecllowing list appears from serial substitution in the
definition of
examination procedure (S.7.3)
examination (£.8.4}
examination result (8.16.20)

examined property value {$.9.20)

property value (8.9.15) X
property (8.5.5) 0 X
system (8.3.3) 0 x
component (S.3.4) 0 x
system (5.3.3) 0 x
kind-of-property {8.6.19) X
property {(see 0 above) %

system (5.3.3)

property (see ¢ above)
examination uncertainty {S.16.23)

property value (see x above)

property (see O above)
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12 GENERIC CONCEPT SYSTEM on
<PROPERTY > and <QUANTITY >

<PROPERTY >

12.1 As has been repeatedly alluded to, the |concept "property" (§.5.5)
is lgeneric and can be divided according to either of many terminological
dimensions (5.2.19) giving !specific concepts with |characteristice indica-

ted by modifiers such as

primary (= material), secondary (= cultural);
- physical, chemical, biological, soccial;
non-relational (= internal}, relational (= external);
- directly perceivable, inferable (= objectifiable) [56];

- intensive, gquasiextensive, extensive [56];

- subjective, instrumental;

-  basge, derived;

- dimensicnal, zerco-dimensional (= having the dimension cone}, non-dimen-
gional ;

- non-unitary, unitary;

- gualitative, semiquantitative, guantitative;

- continuous, discrete; and

- scalar, complex, vector, tensorial (only scalar quantities are considered

in this text).

A singular property (5.6.14) will be !subordinate to several of the corre-
sponding specific concepts, which are not always defined in the same way in

all scuxrces.

12.2 Here, firstly, a further important characteristic of "property' will
be used for division, namely the mathematical relationships that can be de-
fined between the property values (9.9.18) of !instantiated properties of
a given kind-of-property {(S5.6.192). Stevens used the respective permissible
operations on property values to characterize five types of "scale of meas-
urement!, namely *nominal scale®, "ordinal scale", ?linear interval scale",
"logarithmic interval scale”, and "ratic scale" [114, 115]) (see also Section
12.8). The approach was criticized by, e.g., Berka {5] and Gonella [52, 53]
on the grounds that "scale" is secondary to "quantity" and "measurement".
This objection can be met by instead using Stevens’ principles describing
the values that are inherent in properties. The other objection, that Ste-
vens defined "quantity" and "measurement" too widely, has been met here by
introducing "property® ($.5.5) and “"examination" (5.8.4) as !superordinate

concepts.
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The cheoice of the !preferred term for a specific concept is here sometimes
a variant of current usage. The reasons are given in Sections 12.23 to
12.27.

In the proposed !definitions, concepts are ldesignated by full !systematic

terms even if the style becomes somewhat heavy.

12.3 Essentially, the division of V"property" depends on which of the ope-
rators equal to (=), unequal to (#), less than (<), greater than (>), plus
{(+), minus (-), multiplied by (x), and divided by {(:} can pbe appiied meaning-
fully between two properties of the same kind-of -property and between their

property values.

12.4 The mathematically most primitive situation applies to the clagsifi-
cation of properties, on the basis of their respective property values, be-
tween disjoint classes. The question is, Are two properties and thelr prop-
exty values equal or different? The property values may be names, symbols,
or numerals functioning as symbols without any magnitude implied, and any
order is conventional. The German standard DIN 1313 [33] defines "nominal
characteristic" {‘Nominalmerkmal’} as ‘characteristic for which no cpera-
tions or relations are defined for wvalues’. Thisg is unfortunately a nega-

tive definition, and it could be argued that = and = do represent relations.

The proposed terms and definiticn are as follows.

nominal propexrty

nameable property

property (5.5.5}, defined by an exanination procedure (5.7.3},
that can be comparad for equality with anothexr property of the
same kind-of-property (8.6.12), but has no magnitude

EXAMPLES
of dedicated kinds-of-property (5.20.6)
Blood--Plasma; colour(visual examination; (milky, red, yellow))

Rlood--Brythrocyte; group(visual examination; (A, B, AB, 0))

Person--; gendexr(visual examination; (female, male} or (0, 1})
Thermometer--; taxon{visual examination; (air, ethanocl, wercury,
thermoelectric))

NOTE 1 - A nominal property cannot enter intc algebraic equations
and is not related to a !metrological dimension ($.19.22) or a me-
trological unit (S.18.12).

{cont.)
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{cont.}

NOTE 2 - For !singular nominal properties ($.6.14.1) of a given
kind-of-property, classified by property value (5.92.15), the num-
bers of members in any two c¢lasses may be compared by difference

and ratio.

NOTE 3 - Singular nominal properties of a given kind-of-property,
clagsified by property value, form a number distribution (= fre-
qgquency distribution), which can be described by mode and allows

contingency correlation and chi-square test.

NOTE 4 - The {term !‘attribute’ has sometimes been used to lde-
signate "nominal property", bub not here. The term 'qualitative
property’ has also been used, but is ambiguous because "ordinal
property” ($.12.5}) is often included in a lconcept under 'quali-

tative characteristi¢’ [31-1.1.5].
NOTE 5 - Ordinal properties (8.12.8), differential properties
(§.12.8), and rational properties (5.12.7) ¢an alsc be compared

for equality.

NOTE 6 - See also Section 12.9.

12.4.1 It may be debated whether the characteristic involving comparabi-

lity should be between the properties - as in the proposed definition - ox
between their property values., In the latter case the definition should

read
‘property, defined by an examination procedure {§.7.3)}, whose prop-
erty values can be compared for equality with those of another prop-

erty ...

With the mathematization of physics {(§.4.3), either choice seems allowable
and the simplest approach has been preferred and applied also to the follow-
ing definitions.

12.4.2 The VIM3 now includes the definition

nominal property: property of a phenomenon, body, or substance,
where the property has nc magnitude [132-1.30]

which is a negative definition and uses "property" as a primitive.
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12.5 hs soon as properties have property values in the form of ordinal
numbers or words or symbols expressing degree of magnitude, many metro-
logists would accede that they are guantities (5.12.13, 12.14). The new
type of comparison which twe properties {and their preperty values) can
enter into -besides a decision on eqguality - is whether one is greater ox
smaller than the other. Consequently, such properties can be ordered ac-
cording to magnitude, but differences cannot be compared meaningfully. The

following term and definition are proposed.

ordinal property

ordenable property

property ($.5.5), defined by an examination procedure (S.7.3)
having a magnitude and that can be stated only to be lesser than,
equal tc, or greater than another property of the same kind-of-

property {8.6.19)

EXAMPLES

of dedicated kinds-of-property {8.20.8)

Patient--Abdominal pain; severity{subjective judgement; (absent,
slight, woderate, severe) or (0, 1, 2, 3))

Urine--Albumin; concentration(dip stix; (0, 1, 2, 3, 4))

Water--; temperature (finger feeling; (cold, tepid, hot))

NOTE 1 - An ordinal property is not related to a metrological di-
mension {5.19.22) or a metrologiecal unit (S.18.12)} and cannct en-

ter into algebraic eguaticons, only inteo empirical equations.

NOTE 2z - !Singular ordinal properties (S$.6.14.1) of a given kind,
clasgified by property wvalue (8.9.15), can be ranked according to
magnitude, but differences between their values in the form of or-

dinal numbers cannot be ranked.

NOTE 3 - Singular ordinal properties of a given kind-of-property
tor comparable systems (5.3.3), classified by magnitude of proper-
ty value, form a number distribution (= freguency distribution),
which can be described by mode, median and other fractiles, and

which allows rank-order correlation, sign and run tests.

NOTE 4 - The modifier ‘qualitative’ isg sometimes used instead of

‘ordinal’, but not here due to overlap with ‘nominal’.

NOTE 5 - In the ldefinition, the phrase ‘having a magnitude angd’
may be omitted as being inferable from the subsequent description
of mathematical relationships.

(cont.}
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{cont.)
NOTE 6 - See also Sections 12.9 and 12.16.

NOTE 7 - Differential properties (8.12.6) and rational properties
{5.12.7) can also be ranked.

12.6 Properties having property wvalues in the form of cardinal numbers
enter the metrical realm. The next further wmeaningful operation hetween
properties {and their property values) is subtraction and the assessment of
equality of diﬁferences. The proposed term and definition are as follows.

differential property

differenceable property

property (S$.5.5) having a wmagnitude and that can be subtracted
from, but cannot be divided by, another property of the same kind-
of-property (5.6.19}

EXAMPLES
cof dedicated kinds-of-property {5.20.6)
Blood--Base excess{H'-binding site); amount-of-substance concen-

tration difference{Patient - norm; (=« -15, -14, ..., 0O, ...,
14, = 15) mmol/l)
Patient--Rectum; Celsius temperature({35.1, ..., 42.0) °C)

NOTE 1 - A differential property is related to a property walue
scale (5.10.14) with a conventicnal arbitrary zero.

NOTE 2 - A differential property is related to a Imetrologlcal di-
mension (5.19.22) and a metrological unit (5.18.12} (including the
metrological unit “one"}. A lgingular differential property
(§.6.24.1) can be divided by its metrological unit.

 NOTE 23 - A differential property can enter inte some algebraic
equations with properties of other kinds-of-property.

NOTE 4 - Differences between comparable differential properties
can ke divided one by another (except for division by zero); the
ensuing ratio is a rational property (5.12.7)

(cont.)
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(cont . )

NOTE 5 - Singular differential properties of a given kind-of-
property for comparable systems, classified by magnitude of prop-
erty value (§.9.15), form a number distribution (= frequency dis-
tribution), which can be described by its average, standard devi-
ation, and average deviation, and which allows product-moment

correlatiocn, correlation ratic, t-test and F-test.

NOTE & - Properties with exponential values can be transformed
into logarithmic properties which behave as differential

properties.

NOTE 7 - Stevens [114]) and the DIN 1313 [33] use the modifier
‘interval’ rather than ‘differential’. {The preference here for
the latter ig explained in Section 17.7, Note 6.)

NOTE 8 - Rational properties can also be subtractive.

NOTE 9 - See also Sections 12.9 and 12.19.

12.7 The full set of meaningful basic algebraic operations for properties
{and their property values) is applicable whéﬁ not only subtraction and ad-
dition, but also division and multiplication are allowed between properties
of the same kind-of-property. The following term and definition are pro-

posead.

rational property

raticable property
property (5.5.5) having a magnitude and that can be divided by an-
other property of the same kind-of-property (8.56.19)

EXAMPLES .

of dedicated kinds-of-property (5.20.6)

Patient--; mass((0, ..., 30,1, ..., 207,5, ...) kg}

Plasma-~-Sodium ion; amount-of-substance concentration((..., 90,
91, ..., 165, ...) mmol/l)

Interstellayr space--; thermodynamic temperature{{0, 0,1, ...) K)

NOTE 1 - A rational property has a property value scale (8.10.14)

with a ‘natural’, ‘absolute’ zero.

NOTE 2 - Section 12.6, Note 2 applies analogously.
{cont.)
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{cont.)

NOTE 3 - A rational property can enter into algebraic eguations
with rational properties of the same or other kinds-of-property
for a given system {5.3.3), but addition and subtraction within a
system are restricted to properties of the same unconditionally

extensive unitary kind-of-gquantity (S.13.5.1).

NOTE 4 - |Singular raticnal properties (8.6.14.1) of a given
kind-of-property for comparable systems, classified by magnitude
of property value (8.9.1%), form a number distribution (=
frequency distribution), which can be described by classical

statistics including coefficient of variation.

NOTE 5 - See also Sections 12.9 and 12.20.

12.8 Bs mentioned in Section 12.2, Stevens is criticized by Gonella [52,
53] for focusing on scales rather than on quantities and for proposing that
nominal properties are measured. Instead, Geonella recommends the approach
of the Italian standard UNI-4546:1984 [43), restricted to the narrower field
of !measurement (8.15.14.1, 15.14.2). Without claiming an exhaustive or mu-
tually exclusive set of classes, the following classes or types of ‘grandez-
za’ {it), translated as ‘entity’, are described.

NOTE - The texm ‘grandezza’ 1is said to cover both "kind-of-quantity"
(8.6.18) and "specific quantity" - just as the VIM2 use of "guantity" -
but ‘parameter’ is preferred for the instantiated quantity.

i2.8.1
entity: gquantity, property, condition used to describe phenomena and

evaluable in terms of units of measurement {53-6.1]

This definition seems to cover "differential property" {8.12.4) and "ration-
al property" ($.12.7}; however, the meaning of !"unit of measurement"
{5.18.12) is said to be widened so that ordinal properties {§.12.5}, depend-
ing on !measurement procedure ($.14.4.3, 14.4.4) or !measuring system are
included. ‘The definition of "unit of measurement™ must contain all the
elements necessary to identify unequiveocally the kind-of-entity to which the

measured entity belongs', so

unit of measurement: term of refervence, adopted by convention, to com-
pare an entity with other entities of the same kind [53-6.1.2].
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Consequently, the equation ‘quantity/value = unit’ cannct be a reguirement.
This widening of the 'extension of "unit" will not allow a system of metro-

logical units and would probably not attract a majority of metrologists.

12.8.2
rational entity: entity whose values are expressed by rational nuwbers
that represent the ratio between the measured entity and a specific enti-
ty of the same kind ... ag the unit of measurement [is assumed to be]l and
for which the ratioc between two entities of the game kind is meaningful
[63-6.1.3.11

This concept is identical with "raticnal property® (8.1i2.7).

12.8.3 The concepl "e¢yclic entity! includes Y"angle" and "phase" and hasg
characteristics requiring ‘representation in terms of modular algebra' [52-

47 .

12.8.4
digital entity: entity concerning the counting of objects or events in-
dividually identified and having values expressed by positive integers
{53-6.1.3.2)

The unit is said to be the individual lcbject or event, which means that an
apple is a unit for number of apples. It would appear that this quantity
is simply a rational property of a discrete phenomenon where the kind-of-

property is "number".

12.8.5
ingtrumental entity: entity whose values are expressed as a one-to-cne
correspondence with points on a conventional interpolable scale and for
which the ratio between two entities of the sgame kind ig meaningless
whereas greater ox smaller is meaningful [53-6.1.3.3]

This definition seems to ke identical with that of ordinal property (§.12.5)
and this interpretation ig reinforced by examples such as Rockwell hardness,
toughness, and rugosity. Yét, when Celsius temperature and calendar time
are included - customarily classified as differential properties - the con-

cept becomes less clearly delineated.

12.8.6
selective entity: belonging to a predefined set or interval and having
as unit of measurement the definition of the selected class [52-4]

Examples given are "grading of gravel and sand by sieveg"; "Mohs hardness" -
which both could be labelied ordinal properties - and “"category of thermo-
meter glass by the colour of a built-in strip" - which in the present termi-
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nology would require a nominal property (5.12.4), e.g. "taxcn". It seems
strange that a metrological unit is claimed to be involved, especially as

neminal properties are included.

12.8.7 The "complex entity", consgisting of a set of entities, including
vector and position in a phase space [53-6.1.3.4], is beyond the scope of

this text.

12.8.8 The set of 'entities’ presented from the Italian standard seems
less clear as regards termg and definitions than the set described above in
Sectionsg 12.4 to 12.7.

12.8 The division of the generic top concept <propertys> directly into
four specific lcoordinate concepts as shown in Sections 12.4 to 12.7 is tra-
ditional. The definitions do not stress, however, the lgeneric aspect of
the successive increase in the allowed mathematical and statistical opera-
tions on sets of property values. The respective characteristics of compa-

rability are cumulative 'downwards’ on the basis of the following coperators.

nominal property s #

ordinal property

I
Il
v

differential property

]
H
A
v

i

il
A8
A
v
+
1
X

rational property

It could seem possible to fashion definitions accordingly in a generic step-
wige hierarchy such that

nominal property: property allowing estimation of equality

ordinal property: nominal property allowing estimation of rank of magni-
tude

differential property: ordinal property allowing estimation of subtrac-

tive magnitude

rational property: differential property allowing estimation of divisible

magnitude

but this concept system would not take into account the ’'negative’ charac-
teristics of each generic concept. For example, the characterisgstic of "nom-
inal property" of having no magnitude cannot be inherited by "ordinal prop-

exty" which demands having magnitude.

12.10 BAmong the several other ways in which <propertys> is being generic-

ally divided, the most common one may be shown by a simplified field diagram
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of a generic lconcept system.

property (3.5.5)
nominal property (5.12.4}
gquantity (8.22.13, 12.14)
ordinal property {5.12.5) = ordinal cquantity {8.12.16)
differential property = differential unitary gquantity
‘ {5.12.8) (5.12.19)
rational property = rational unitary guantity
{(8.12.7}) (5.12.20)

where the VIM3 definition of "quantity" (already discussed in Section 4.10)

is

guantity: property of a phenomenon, body, or substance, where the prop-
erty has a magnitude that can be expressed as a number and a reference
{132-1.1]

Some metxologists would prefer Lo use ‘quantity’ as a !synonym for ‘rational
property’ (5.12.7), but admit also "differential property" (§.12.6) under
"gquantity". However, the VIM3 definition invokes the characteristic having
magnitude, so it dcoes not exclude "ordinal property" (S.12.5). ‘The French
version of VIM3 calls the latter concept 'grandeur ordinale’. The German
standard DIN 1313 [33] uses ‘characteristic’ ('Merkmal’) as the term for the
top concept, eqguivalent to ‘property; only "ratic scaled properties" are

termed ‘Grésse’ or 'skalare CGrésse’.

12.11 The German standard DIN 55 350-12 [31] has another interpretation

of the modifier 'quantitative’ applied to Merkmal {de} (= property or kind-
of -property)l. It may be translated into the generic concept system
property

qualitative property
nominal property
ordinal property

gquantitative property.
differential property
rational property

12.12 Further ambiguity is added by various texts when the term ‘semiguan-

titative property’ is used in either of the senses

- ordinal property,

- property with only a few pogsible values,

- property having values with a large relative luncertainty of measurement
(8.16.24) .
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Neither of the modifiers ‘qualitative’, ’'semiguantitative’, or 'gquantita-
tive’ should be usged without concomitant definition of the related concept.

Here, they are avoided.

<QUANTITY:

12.13 In view of a long tradition, it will be next to impossible to aban-
don the concept "guantity" and only use the specific concepts in Sections
12.5 to 12.7 with terms derived from ‘property’. Furthermore, many engi-
neers would not accept that ordinal properties be excluded from being guan-
tities. It is therefore practical to explore an alternative partial concept
system and |terminology based on "guantity®, which it is proposed to define

as felliows.

guantity
“property {(8.5.5) having a wmagnitude

EXAMPLES
211 examples given under the ldefinitions in Sections 12.5 to 12.7
are dedicated kindsg-of-quantity {(S.20.7).

NOTE 1 - All guantities have quantity wvalues (S8.16.7,. 16.8}) that
can at least be stated to be lesser than, equal to, or greater
than anothexr gquantity wvalue of the same kind-of-gquantity

(£.13.3.1}.
NOTE 2 - The concept ‘'"quantity" comprises ordinal quantity
{(5.12.16), differential gquantity {(5$.12.19), and ratiomal quantity
(5.12.20) .
NOTE 3 -~ The magnitude is expressed by a number and a reference

that can be a metrological unit (S.18.12), measurement procedure
(5.14.4.3, 14.4.4), and/or reference material (5.5.1).

12,14 This definition, together with Note 3, is not in conflict with that
of the VIM3 (see Section 12.10) as is obvious when ‘property’ isg substituted
by its definition in Section 5.5. 8till, there might ke metrclogists who
do not want to be involved with nominal properties {$.12.4) at all., In that

case an expanded definition could be
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quantity
inherent sgtate- oxr process-descriptive feature of a system

(8.3.3), including any pertinent components (5.3.4), that has a

magnitude

NOTE - The Examples and Notes of Section 12.13 apply.

12.15 The recent decision clearly to include "ordinal quantity" under

'guantity" ig shown, e.g., by the example "Rockwell C hardness" given in the
VIiM3 [132«1‘1}; and the inclusion of the concept “ordinal quantity" [132-
1.26, S.12.186}1.

12.16 assuming that "ordinal property" is a specific concept under "guan-
tity" ($.12.13}), a new term and redefinition with the new genus proximum is

necessary as follows.

ordinal quantity

ordenable guantity

guantity (S.12.13, 12.14), defined by a measurement procedure
{8.14.4.4}, that can be stated only to be lesser than, eqgual to,
or greater than another gquantity of the same kind-of-guantity
{(5.13.3.1)

NOTE - The Examples and Notes of Section 12.5 apply analogously.

A shorter, less explicit definition could be "guantity that is rankable by

magnitude, but not substractive or divisible’.

12.16.1 The proposed definition, combined with Examples and Notes of

Section 12.5, is not in conflict with that of the new VINMZ intreducing

ordinal guantity: guantity, defined by a conventional measurement proce-
dure, for which a total ordering relation can be established, according
to magnitude, with other quantities of the same kind, but for which no
algebraic operations among those guantities exist [132-1.26]

12.17 1t is possible, also, to derive a concept from "quantity" which is

coordinate and complementary to "ordinal quantity’, for example
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unitary quantity
gquantity (8.12.13, 12.14) with a magnitude expressed as a refer-

ence guantity multiplied by a number

EXAMPLES
All examples given in Sections 12.6 and 12.7 are dedicated unitary

kinds-of-guantity (S.20.7}.

NOTE 1 - All unitary quantities have quantity wvalues (5.16.7,
16.8} each of which can at least be subtracted from ancother guan-
tity value of the same kind-of-quantity {5.13.3.1}.

NOTE 2 - The !concept "unitary gquantity" comprises differential
unitary guantity {5.12.19) and rational unitary quantity
(8.12.20) .,

NOTE 3 - A unitary guantity can enter into algebraic and arithme-

tic equations with other unitary gquantities.

NOTE 4 - A unitary guantity is related to a 'metrological dimen-
sion (8.19.22) if the kind-of-guantity is an element in a systen

of unitary kinds-cf-guantity (5.13.7}.

NOTE 5 - The "reference quantity" invoked in the !definition is a
metrological unit (8.18.12}), incliuding *one", inveolved in a uni-

tary quantity wvalue (5.16.10).

NOTE 6 -~ A lsynonym of ‘unitary quantity’ is ‘metrical quantity’,
and lequivalents are ’quantitative Merkmal’' (de), 'grandeur me-
surable’ (fr), but !definitions should be checked as the lconcepts

may have different lextensions.

12.18 McGlashan [101] offered the definition

physical quantity: complete specification of the operations used to meas-

ure the ratio (a pure number) of two instances of the physical quantity

where the denominator is an instance of "wmetrological unit® that will be
stipulated in the measurement procedure. Formally, this definition verges
on being circular, defining the concept by {instances of) itself. Further-
more, the phrase seems to describe "rational unitary measurement procedure"
{8.14.6.2) rather than "guantity" or "kind-of-quantity". McGlashan’'s view
ig different from the mentioned cccasional need to reference the examination
procedure in a specification of a property (see Section 5.5, Note 3). The

similarity with the concept "examination procedure" is seen by substituting
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in its proposed definition (8.7.3) the term 'examination’ by its related

definition (8.8.4) giving

examination procedure: detailed instructions for performing a structured

activity giving an examinaticon result

12.19 Using "unitary guantity" as a genus proximum it ig possible to re-

define "differential property" as follows.

differential unitary guantity

differenceable unitary guantity

differential guantity

difference guantity

unitary quantity ($.12.17) that can be subtracted from but cannot
be divided by another gquantity of the same unitary kind-of-quanti-
ty (8.13.3.3)

NOTE - The Examples and Notes of Section 12.6 apply analogously.

This concept is not often explicitly discussed in metrological texts on
guantities, although division of <property value scale> implies the neces-
gity (see Sections 17.4 and 17.7). Yet, Fleischmann mentioned ‘Differenz-
grdsse’ (Grodsse, de, meaning singular gquantity or kind-of-quantity) and gave
as examples "Uberdruck" {excess pressure) and temperature with a zero point
different from that of the thermodynamic temperature scale [47). Likewise,
DIN 1313 wmentions "interval scaled characteristic" {'Intervallskaliertes
Merkmal+’) [33-11.3].

12.20 As a coordinate complementary concept, the last aspecific concept

"raticonal property" can be redefined.

rational unitary guantity

raticable unitary qguantity

rational quantity

ratio guantity

unitary quantity (8.12.27) that can be divided by ancther quantity
of the same unitary kind-of-quantity (8.13.3.3)

KOTE - The Examples and Notes of Section 12.7 apply analogously.
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12.21 With the redefined series of concepts, one may build another gener-

ic 'hierarchy on <propertys.

property (5.5.5)
nominal property {S.12.4}
guantity (S$.12.13)
ordinal guantity (S.12.16)
unitary quantity (§.12.17)
differential unitary gquantity (5.12.19)
rational unitary gquantity (S.12.20)

The two types of generic hierarchy discussed are presented in the !concept

diagram of Figure 12.21}.

The two-level !concept system with four coordinate specific concepts is sim-
ple and operative. The four-level consecutively dichotomic system resembles

current terminology of Imetrology.

12.22 Some terminclogists would stress succinclness more than information

and it is possible to fashion much shorter definitions of the specific con-

cepts under <propertys. Thus,

12.22.1

nominal property: property (8.5.5} without magnitude

This seemingly negative definition becomes accepltable by substitution of
‘property’ by its definition, and the characteristic given is 'essential and

ldelimiting.

12,22.2

ordinal property; ordinal guantity: property (8.5.5) with only rankable
magnitude

12,22.3
differential property; differential guantity: property (S.5.5) with sub-
tractive but not divisible magnitude

12.22.4

raticnal property; rational gquantity: property {$.5.5) with divisible

magnitude

12.22.5%
guantity: property (8.5.5) with a magnitude

which is egquivalent to the definition in Section 12.13.
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property
(8.5.5)

nominal nominal
property property
(5.12.4) (3.12.4) quantity
{5.12.13)
(or §.12.14
as top concept)
< =
1
ordinal ordinal
property quantity
(8.12.5) {(5.12.16)
unitary
-+ {4) quantity
(5.12.17})
0
differential differential
property unitary
(8.12.6) quantity 1
(5.22.19)
X
rational rational
property unitary
(8.12.7) quantity
(5.12.20)

Figure 12.21 Pluridimensional 'generic 'concept diagram on <propertys
(§.5.5) according to two and four levels.

Terminological dimension (8.2.19)

(1} having the allowed algebraic comparisons between properties;

(2} having a magnitude; {3}
{4)

having a 'metroiogical unit {S$.18.12);

allowing a ratio between quantities of the same unitary kind-of-

gquantity (5.13.3.3);

0 = no; 1 = ves

'Concepts paired in the same horizontal line have identical 'extensions.
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12.22.6
unitary guantity: quantity (5.12.22.5) with a magnitude expressed as a
reference guantity multiplied by a number

which ig identical to the definition in Section 12.17.

12.22.7
differential unitary quantity: unitary guantity (£.12.22.6) with sub-

tractive magnitude

12.22.8
rational unitary quantity: unitary quantity {§.12.22.85}) with divisible

magnitude

12.22.9 Such ultrashort definitions need a thorough understanding of the
system of allowed mathematical operators {(see Section 12.9}, which can be
applied algebraically or arithmetically between kinds-of ~-property or lnumer-
ical values of properties respectively, and when to compare within a kind-

of -property and within a system bearing two properties.

12.23 Regarding the !complex terms for the four !zubordinate concepts of
<property:> defined in Sections 12.4 to 12.7, 12.16, and 12.22.1 to 12.22.4,
the choice between adjectives and adjectival nouns as medifiers ig difficult
because of existing, sometimes ambiguous usage. It would be useful to have
one set of modifying words for systematic terms of isologously placed, assc-
ciatively related specific concepts under <propertys> (this chapter), <kind-
of -propertys> (Ch., 13), <examination procedure> (Ch. 14), <examination> (Ch.
15), <property value> {Ch. 16), and <property value scale> {(Ch. 17}, but
that is not linguistically gquite simple in English.

12.24 The set of nouns 'nomination’, 'ordination’, 'difference’, and 'ra-
tio’ used as adjectival nouns could be used with ‘property value', 'proper-
ty value scale’, and the first two as simple terms instead of ‘examination’.
The set goes less well with 'examination procedure’, 'property’, and 'kind-

of -property’, which can neither designate a process nor an outcome.

12.25 The set of adjectives '‘nominal’, ‘ordinal’, ‘differxential’ {in the
CoD 1) wmeaning ‘of, exhibiting, or depending of a difference’ rather than
a requirement of infinitessimal difference), and 'rational’ (ignoring philo-
sophical connotations) comprises common language words, and the first two
have been extensively used with ‘scale’. Other meanings of 'nominal value’,
such as ‘very little value’ or ’supposed operating value’, would have to be

ignored.

12.26 BAnother set of adjectival forms is 'nameable’, ‘ordenable’ (not in

the COD), 'differvenceable’, and ‘ratiocable’, where the last two Ineoterms
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have been considered for the revision of the VIMN regarding divisions of
<property>. This set is excellent and evocative for that purpose as well
as with ‘kind-of-property’', ‘property value’, and ’‘property value scale’,

but will not serve with ‘examination procedure’ and ‘examination’,

12.27 Thug, it ig proposed that the set of modifiers in Section 12.25 be
used for preferred derivative systematic terms. It is the simplest and
linguistically least problematic as a single set for terms of specific con-
cepts under <propertys, <kind-of-property>, <examination procedure>r, <exami-

nations, <property value:, and <property value scales>.
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13  GENERIC CONCEPT SYSTEM oOn
< KIND-OF-PROPERTY >
including <kind-of-quantity >

<KIND-OF-PROPERTY >

13.1 Chapter 6 discussed the !concept "kind-of-property" and arrived at

the ldefinition

kind-of -property (8.6.19}): common defining aspect of mutually comparable

properties

even if the lcorpus behind this definition inevitably is mostly concerned
with "kind-of-guantity", often under |synonyms (see Table 6.5). The pro-
posed definitiong in Chapter 12 of the !specific concepts under <propertys
(5.5.5), including those of "quantity" (5.12.13, 12.14), allow a lock at a
possible lconcept system on <kind-of-propertys.

13.2 One partial concept system could correspond to the lgeneric division

of <propertys into four specific lcoordinate concepts as in the left-hand
half of Figure 12.20. This could mean four specific coordinate concepts

with lterms and definitions as follows.

13.2.1

nominal kind-of-property
kind-of-property (8.6.19) for properties (8.5.5) without magni-

tude, but with comparability for eguality

EXAMPLES - '"taxon"; "blood group"; "colour"

NOTE - A nominal kind-of-property is sometimes called an ’attri-

bute’, but not here.
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13.2.2

oxrdinal kind-of-property

kind-of-propexrty (5.6.19} for properties (5.5.5), defined by an
examination procedure (5.7.3), that are rankable by magnitude, but
are neither subtractive nor divisible

EXAMPLES - "hardness"; "severity"

13.2.3

differential kind-of-property

kind-of-property ($.6.19) for properties (8.5.5) that are sub-

tractive, but not divigible

EXAMPLES - "bage excess"; "Celsgius temperalLure®

13.2.4

rational kind-of-property

kind-of-property (5.6.19) for properties (5.5.5) that are divis-
ikle

13.2.5 In each definition - to avoid an impression of circularity - the

short description of salient Icharacteristics of the singular properties
{5.6.14.1) is stated instead-of simply giving the term for the specific con-

cept {(such as ‘nominal property’ in Section 13.2.1).

<KIND-OF-QUANTITY>

13.3 Another generic concept system may be structured as the right-hand
half of Pigure 12.2), giving firstly "nominal kind-cof-property" as defined
in Section 13.2.1. Subsequently,
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13.3.1

kind-of~quantity

kind-of-property (5.6.19) for properties (5.5.5)

having a magni-
tude

EXAMPLES - The Examples of Sections 13.2.2 to 13.2.4 apply.

NOTE - Notes 1 to 4 of Section 6.19 apply homelogously.

13.3.2

ordinal kind-of~gquantity

kind-cf-quantity (5.13.3.1) for quantities (5.12.13, 12.1l4) that

are rankable by magnitude, but are neither subtractive nor divis-
ible

BAAMPLES - The Examples of Section 13.2.2 apply.

13.3.3

unitary kind-of-quantity

kind-of~-quantity (5.13.2.1) for quantities (S.12.13, 12.14) with

magnitudes expressed as a reference quantity multiplied by a num-
ber

EXAMPLES - The Examples of Sections 13.2.3 and 13.2.4 apply.

NOTE - The reference quantity is a metrological unit (S.18.12).

13.3.4

differential unitary kind-of~-gquantity

differential kind-of-guantity

unitary kind-of-guantity (5.13.3.3) £for quantities (8.12,13,
12.14) that are subtractive, but not diviagible

EXAMPLES - The Examples of Section 13.2.3 apply.
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13.3.5

rational unitary kind-of-quantity

rational kind-of-quntity
unitary kind-of-quantity (5.13.3.3) for gquantities (S.12.13,
12.14) that ave divisible

EXAMPLES - The Examples of Section 13.2.4 apply.

13.4 It may be argued that there is usually no need to be able to distin-
gulsh between several such specific concepts under <kind-of-property>, be-
cause the characteristics appear in the definitions of the !subordinate con-
ceptg to <property>. Then the definition in Section 13.1 (= $.6.19) suffi-
ces. Sometimes, however, a specific concept may be useful, e.g. see Section
13.7.

13.4.1 Tf "nominal property® is excluded from the Field of discussion,
it will be necessary with an alternative definition to Section 13.3.1 as
follows

kind-of-guantity

common defining aspect of mutually comparable gquantities (5.12.14)

NOTE - The three last lines of Examples in Section 6.19 and its
Notesg 1 to 4 apply homeclogously.

NOTE - This definition [1231-13.4.1) virtually has been adapted by VIM3 as

kind of gquantity: aspect common to mutually comparable guantities {[132-
1.2}

13.4.2 If this latter definition is preferred, the referenced Section
number 8.13.3.1 after ‘kind-of-quantity’ in the definiticns of "ordinal
kind-of -quantity" (5.13.3.2) and "unitary kind-of-quantity® {(S.13.3.3) must
be changed to 8.13.4.1.

13.4.3 The chacteristic of "quantity" (8.12.13, 12.14) having a magni-

tude is not explicit in Section 13.4.1 but appears with substitution. An

explicit formulation could be

kind-of -quantity: common defining aspect of cquantities (S.12.14) allow-
ing comparability by magnitude
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13.5 In a separate terminological dimension (S.2.19), <kind-of-gquantitys
may be divided according to physical {(and arithmetic) additivity between its
linstantiated properties and property values (8.9.15). The terms 'extensive
quantity’ and ‘intensive quantity’ are sometimes used somewhat loosely with-
out distinguishing between theory and reality [82]. Bunge [15] gives good
examples of the difference between being arithmetically additive as a proof
of having an extensive kind-of-quantity and a physical sum that can be meas-
ured and conpared with the individual measured values of the systems (8.3.3)
or parts of a system being joined. For example, geometrical volumes are ad-
ditive, so that "geowmetric volume" is an extensive kind-of-quantity. In
contrast, a volume of ethancl dissolved in a volume of water results in a
volume smaller than the aritbmetic sum. Purthermore, experimental proof
that & kind-of-quantity has additive instances can be difficult to obtain
due to the luncertainty of measurement. Bunge divides kind-of-quantity

(which he terms ‘magnitude’) into four types that may be defined as follows.

13.5.1

unconditionally extengive unitary kind-of-quantity

unitary kind-of-gquantity (5.13.3.3) for whose gquantities {5.12.14)
a physical addition operation exists such that a guantity value
(6.16.7) for the total of a system (S.3.3) equals the arithmetic

sum of the quantity values for its parts

NOTE - An unconditionally extensive unitary kind-of-guantity is
distributive,

EXAMPLES

13.5.2

quasiextensive unitary kind-of-quantity

unitary kind-of-quantity (5.13.3.3) for whose quantities (8.12.14)
a physical addition operation exists such that a gquantity value
(5.16.7) for the total of a system {8.3.3) is approximately equal
to the arithmetic sum of the guantity values for its parts

EXAMPLES

"mags" (by muclear reactions, not in atom bombs); "energy"
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13.5.3

conditionally extensive unitary kind-of-guantity
unitary kind-of-quantity (8.13.3.3) for whose guantities (5.12.14)

a physical addition operation exists such that a quantity value
{8.16.7) for the tctal of a system (5.3.3) may be different from
the arithmetic sum of the quantity values for its parts due to the

respective internal and envircnmental conditions

EXAMPLES
"length"; "volume™; "amount of sgubstance™

13.5.4

intensgive kind-of-quantity
kind-of-quantity (5.13.3.1 or 13.4.1) for whose gqguantities

{5.12.14) a physical addition operaticn does not exist and where a
quantity value ($.16.7} is invariant with the extent of a system

(§.3.3) of constant composition

EXAMPLES

NOTE - The !definition covers both intensive ordinal kind-of-gquan-
tity (£.13.3.2) and intensive unitary kind-of-guantity (S.13.3.3)

13.86 In the description of the universe, it has proven advantageous to

select by conventilon a reasonably small number of kinds-of-gquantity as being
functionally independent of each other and to define cther kinds-of -guantity
Lrom such base kinds-of-guantity according to algebraic rules. The set of

base and derived kinds-of-quantity is said to form a system.
13.6.,] The VIM3 has the entry

system of quantities: set of gquantities together with a set of non-con-
tradictory equations relating those guantities {132-1.3]

keeping the traditional use of 'quantity’ including “kind-of-guantity?.

13.6.2 The German standard DIN 1313 defines "quantity system" (‘Gréssgen-

system’) as follows.
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guantity system: set of values comprising the quantity values of suitab-
ly selected kinds of guantities and the real numbers such that operations
of calculation are defined in the sget for which the usual laws of
calculation holds [33-6.2)

Thig strange definition claimsg that a quantity system is a set of quantity
values and that seems unacceptable.

13.7 For the present purposes a definition will be fashioned on the VIM3
model, but with kind-of-quantity, without selection of prototype, and with
no reference to guantity values. Howevey, *ordinal kind-of-quantity" will

have to be left out.

system of unitary kinds-of-guantity

set of unitary kinds-of-guantity (5.13.3.3) and any defining alge-
brai¢ equations between them

EXAMPLES

"length", "magg", "time", and all unitary kinds-of-guantity de-

rived from them are used with the CGS system of units;

"length", "mass“, "time", "electric_current®, "thermodynamic tem-

all unitary kinds-of-gquantity derived from them are used with
the [International System of Units, 8T {§.18.33.2) and main-
tained by the IS0 Technical Committee 12 [64}.

NOTE - A system of unitary kinds-of-quantity is constructed on the
bagis of conventionally chosen physical laws giving a coherent set

of algebraic unitary kind-of-quantity equations.

The VIM3 definiticon ($.13.6.1), sensu stricto, dees not exclude that func-
tionally independent kinds-of-quantity have defined (mathematical) rela-
tionships between them.

13.8 For the functionally independent kinds-of-quantity of a system, the
VIM3 defines

base guantity: guantity in a conventionally chosen subset of a given
system of quantities, where no subset quantity can be expressed in terms

of the others {132-1.4]

Here, the emphasis on kind-of-guantities will be preferred.

13.9 The following term and definition are proposed.
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base unitary kind-of-quantity

unitary kind-of-quantity ($.13.3.3}, in a subset of a system of
unitary kinds-of-guantity (5.13.7), that is chosen to be algebra-
ically independent of other unitary kinds-of-guantity in the
gubset

EXAMPLES
The unitary kinds-of-guantity "length", ™"mass", "time" in the

field of mechanics are all base unitary kinds-of-quantity used
with the MKS system.

The base uhitary kinds-of-quantity "length', "mass", “"time", eleg-
tric_current®, "thermodynamic temperature", "amount_ of sub-
stance", ‘'luminoug intengity"™, and their derived unitary kinds-

of-gquantity (S.13.11}) are now termed the ‘International System of
Quantities, I8Q’'.

NOTE - A base unitary kind-of-quantity has no defining unitary
kinds-of-quantity (8.13.3.3), but is used in defining derived
unitary kinds-of-quantity (5.13.11}.

NOTE - The number of base unitary kinds-of-quantity in a system of unit-
ary kinds-of-quantity is chosen accoxding to the practical needs of a
certain field of science and technology. In this connection Guggenheim
opines that ‘... the number of fundamental guantities [here: base unit-
ary kinds-of -gquantity] having independent dimensions is, to some extent,
a matter of cheoice. But, if in the same problem or set of problems two
authors make a different choice, the one choosing the greater number is
likely to ke the more competent physicist.’ [567.

13.10 Each non-base unitary kind-of-guantity in a system of unitary

kinds-cf-quantity is defined by the VIM3 as

derived quantity: gquantity, in a system of quantities, defined in terms
of the base quantities of. that system [132-1.5]

13.11 The proposed term and definition is

derived unitary kind-of-quantitv

unitary kind-of-quantity {S.13.3.3) defined in a system of unitary
kinds-of-quantity {(5.13.7) by an algebraic equation between base
unitary kindg-~of-quantity (5.13.9)

{cont.)
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(cont.)
EXAMPLE 1
From the second set of examples of Section 13.9, the derived uni-

tary kind-of-guantity ‘Tamcount-of-substance content rate" is de-

fined as equal to T“amount of substance (of component) changed®

divided by "magg (of system)" and "time elapsed®.
NOTE - To demonstrate physical relationships, the right-hand side
of the defining eguation may be expressed by including derived

unitary kinds-of-quantity rather than base ones exclusively.

EXAMPLE 2

13.12 The algebraic egquation mentioned in the definition of Section 13.11

can be symbolized as a function

Q = f(Q}_; Qz; -y Q,;)

where 0 is a derived unitary kind-of-quantity being defined, and @, O,
etc. are cother derived or base unitary kinds-of-gquantity. Depending on the
form of the function, specific concepts under <unitary kind-of-guantity> may
be defined. In cther words, <unitary kind-of-quantity> may be divided gener-
ically in a terminological dimension (8§.2.12) according to the type of char-
acteristic (8.2.14.2) having a defining function of .... The concepts for

rational unitary kinds-of-gquantity are cutiined in the DIN I313 [33-10], but

defined in a different way here.
NOTE - All the following kinds-of-quantity are derived, but it seems un-

necessary to include that modifier in their systematic terms as the ini-

tial 'word indicates as much.

13.12.1

proportionate rational unitary kind-of-guantity
0=k Q
rational unitary kind-of-quantity (5.13.3.5) that is equal to an-

other rational unitary kind-of-quantity multiplied by a constant

NOTE - ¢ and @, have linstances as a pair pertaining to the same

systemn (8.3.3).
(cont.)
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{cont.)
BXAMPLES
tamount of substance® and "number of enthles" of a defined com-

pound with a specifled elementary entity in a material; the con-
stant 1is the reciprocal of the ‘'molar number constant®

(= reciprocal Avagadro constant);

i3.12.2

product rational unitary kind-of-quantity
0=k 0 @
rational unitary kind-of-quantity (S$.13.3.5}) that is equal te a

rational unitary kind-of-quantity multiplied by one or more other

rational unitary kinds-of-guantity and a constant

NOTE - Q, £, and &, have linstances as a triple pertaining to the
game system (5.3.3).

EXBMPLE - "area" of a rectangle from "length" of each of two sides

perpendicular to each other

13.12.3

quotient rational unitary kind-of-quantity

Q= k- Ql/Qz
rational unitary kind-of-quantity (8.13.3.35) that is equal to a

unitary kind-of-quantity divided by a different rational unitary
kind-of-quantity and multiplied by a constant

NOTE 1 - 2, @, and O, have linstances as a triple pertaining to
the same system (S5.3.3).

NOTE 2 - A quotient rational unitary kind-of-quantity is directly
proportionate to the numerator rational unitary kind-of-guantity
and inversely proportionate to the denominator one.

NOTE 3 - The constant is often equal to one.

EXAMPLE - “volumi¢ mass" = "mass_density" from "mpass" of a system
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13.12.4

fractional change rational unitary kind-of-quantity

0 =
rational unitary kind-of-guantity {(5.13.3.3) that is equal to an
incremental rational unitary kind-of-quantity divided by the orig-

inal one

NOTE 1 - @, @, and (,, have linstances as a triple pertaining to

the same gystem (S5.3.3).

NOTE 2 - Thig rational unitary kind-of-gquantity has the coherent
derived metrological unit (5.18.19) "one" and the derived metro-

logical dimension one ($.19.27}).

NOTE 3 - The modifier ‘relative’ is often used instead of 'frac-
tional change’, but is here used for "relative rational unitary
kind-of-quantity" (5.13.12.5).

(ij = Qw)/Qla

13.12.5

relative raticnal unitazxy kind-of-quantity

Q= Ql/Ql,reE
rational unitary kind-of-guantity (£.13.3.3) that is equal to a

given rational unitary kind-of-quantity of the same system {5.3.3)
divided by the same rational unitary kind-gquantity of a reference

system

NOTE 1 - Section 13.12.4, Note 2 applies.

NOTE 2 - This restrictive use of the modifier ‘relative’ was for-
mulated in the R-66 [3%-4.17]).

13.12.6 The set of concepts defined in Sections 13.12.1 to 13.312.5 is

small.

Many other useful divisions of "kind-of-quantity’ can be identified,

such as "compositional kind-of-guantity", "material kind-of-guantity", and
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a host of further specific concepts with terms from a systematic lterminolo-
gy, where each type of mathematical definition of a unitary kind-of-quantity
from other unitary kinds-of-quantity is captured by a specific modifier at
the beginning or end of the term for the unitary kind-of-guantity in gues-
tion {[B6-5.14].

EXAMPLES of modifilers are 'ratio’, ‘efficiency’, 'decremence’, 'entitic’,
"lineic’, ‘volumic’, ’‘concentration’, ‘content’, ’'molar’, and ‘rate’
[86].

13.13 The concepts with proposed term and definiticns given in this Chap-
ter are relatéd ag shown in the multidimensional, mainly generic concept
system of Figure 13.13. This does not show the two-level system of "kind-
of -property’ divided directly into the four specific concepts defined in
Sections 13.2.1 to 4.

13.14 Division of <unitary kind-of-quantity> may he considered according
to a further terminological dimension of whether or nct a system of unitary
kinds-of ~quantity (5.13.7) is involved. Thus, we have

in-gystem unitary kind-of-guantity

unitary kind-of-guantity (5.13.3.3) that is a member of a system
of unitary kinds-of-quantity (S5.13.7)

EXAMPLES - "amount-of -substance”, "amount-of-substance concentra-

quantity, termed ‘International System of Quantities’, correspond-
ing to the |International System of Units (SI) (8.18.33.2).

NOTE 1 - This !concept is usually not uged explicitly, but is im-
plied in defining the |specific concepts "base unitary kind-of-
guantity® {8.13.9) and "derived unitary kind-of-guantity (S.13.11}
by the phrase ‘in a {(subset of a) system of unitary kinds-of-guan-

tity’.

NOTE 2 - An in-gystem unitary kind-of-quantity may utilize an off
-system metrological unit (£.18.34.1). Thus, a length may be ex-
pressed in inches.
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property
"///)7 (5.5.5)
kind-of-property
(3.6.19)
(1)
0 1 1 unconditionally extensive
a1 ] kind-of-quantity
pomina kind-of- (S.13.5.1)
kind-of- quantity (4)
broperty {8.13.3.1)
(8.13.2.1} (2) quasiextensive
kind-of-quantity
0 1 (8.13.5.2)
ordinal
klnd_?f_ u?ltary conditionally extensive
gquantity kind-of- . ,
K kind-of-gquantity
(£.13.3.2) quantity ($.13.5.3)
(5.13.3.3) T
0 {3)
intensive
differential kind-of-quantity
unitary ( (8.13.5.4)
5
kind-of- 1 )
quantity proporticonate rational
(5.13.3.4) unitary kind-of-quantity
) (5.13.12.1)
rational 7T
unitary {6}
kind-of- product rational
quantity unitary kind-of-guantity
(5.13.3.5) (8.13.12.2)
s¥stem of unit?ry quetient rational
kinds-of-quantity unitary kind-of-quantity
(8.13.7) (§.13.12.3)
1

fractional change rational
unitary kind-of-quantity
(S.13.12.4)

base unitary
kind-of-quantity
(8.13.9)

derived unitary
kind-of-quantity
(8.13.11)

relative rational
unitary kind-of-quantity
(8.13.12.5)

Figure 13.13 Diagram of a pluridimensional mixed 'hierarchical 'concept
system cf the proposed 'concepts defined in Chapter 13 on <kind-of-prop-
erty> (8.6.19).

Terminological dimension (5.2.19) having properties related to a{n)

{1} magnitude; (2) 'metrological unit ($.18.12);

(3} ratio between quantitiesg of the same kind-of-quantity ($.13.3.1);

(4) addition; (5) functional independence; (6} form of function;

0 = no; 1 = yes
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13.15 The other specific coordinate concept is

off-system unitary kind-of-quantity

unitary kind-of-quantity ($.13.3.3) that is independent of a given
gystem of unitary kinds-of-guantity (8.13.7)

EXAMPLE 1 - "amount of substance® is an off-system unitary kind-

of ~quantity in the system of unitary kinds-of-guantity correspond-

ing to the centimetre-gram-second system of units (CGS).

EXAMPLE 2 - "antitoxicity" is independent of the !International

System of Quantities (ISQ) (5.13.9). A corresponding loff-system
metrological unit (5.18.34.1) is defined by a unitary measurement

procedure {5.14.5.2).

13.16 The concepts defined in Sections 13.5 and 13.12 have characteris-
tics which are inherited by their gspecific singular guantities (5.6.14.2).
These may therefore be characterized by the same modifiers as their respec-
tive parent kinds-of-guantity (5.6.19). (Such subordinate concepts are not
defined in Chapter 12.)

13.17 The top concept "kind-of-property" may be divided according to a
further terminological dimension, namely that of scientific or technical
field of use. Examples are scciology, economics, psychiatry, and biology -

in which fields the kinds-of-property defined in Sections 13.2 and 13.3
occur. In physics, ten areas are presented in the IS0 Standards Handbook
en quantities and units {64], e.g. space-time, mechanics, and physical
chemistry and molecular physics. Many of the listed kinds-of-quantilty axe
uged in other fieids than physics.

13.18 Some of the terms given in this Chapter are formed in accordance
with a systematic terminclogy showing generic relations. If they are found
too long for a given purpose, labbreviation is possibie. Thus, the terms
'kind-of-property’ and ‘kind-of-guantity’ may be used without invoking
derived termsg for theilr respective specific concepts {¢f. $.13.4). A
candidate for omission is ‘unitary’ when the mathematical characteristics
of the gquantity values (8.16.7, 16.8) under discussion are well known, but
then the concepts strictly speaking unintentionally include ordinal kinds-
of-quantity (8. 13.3.2). The possibility of omitting ‘kind-of-’ in all

terms is mentioned in Section 6.19.3.
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14  GENERIC CONCEPT SYSTEM oOn
< EXAMINATION PROCEDURE >,
<measurement procedure >,
<examination method>, and
<examination principle>

<EXAMINATION PROCEDURE:>

14.1 Upon reviewing the current VIMI 'concept of "measurement procedure®
(8.7.2.3) with the lassociated concepts "measurement principle" (5.7.2.1)
and "meagurement method" (8.7.2.2), Chapter 7 arrived at a l!definition of

the lgeneric concept

examination procedure {(8.7.3): detailed instructions for performing an

examination {8.8.4)

With the division of <propertys> in hand (Ch. 12, espec. Fig. 12.21), the
necessary background for a divison of <examination procedure> seems present.

Obviously, it could be debated whether it would be more logical to start
with a division of "examination! or even of "property value" {(8.9.15) before
discussing "examination procedure". An examination procedure requires some-
thing to describe, namely an examination, which needs a target, that is a
property having a property value., Conversely, a property value cannot be
detected unless by an examination, which depends on a previously existing
examination procedure. The two-way situation ig a reflection of the asso-
ciative relations between the concepts {see Figure 11.1). The present
choice of continuing with <examination procedures> is made because the
definition of a property is in itself to a degree dependent upon an exam-
ination procedure {§.5.5, Note 3), and the expression of the property value

inherent in a property also depends on the examination procedure.

14.2 Before continuing, it should be asked whether "examination proce-

dure" needs to ke divided. This appears to ke the case because |metrology

seems to require one or more !specific concepts for its restricted field.

14.3 It is entirely feasible to define a set of four !coordinate specific
concepts on <examination procedure>, respectively associated to the four co-
ordinate specific concepts on <property> shown in the left-hand side of
Figure 12.21. The four concepts are defined as follows.
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14.3.1

nominal examination procedure

nomination procedure

examination procedure (S.7.3) estimating eguality

EXAMPLE - Detailed description of blood grouping

14.3.2

ordinal examination procedure

ordination procedure

examination procedure (5.7.3) estimating rank of magnitude

EXAMPLE - Detailed description of dip-stix examination {$.8.4) of
concentration of urinary albumin on an ordinal property-value
gcale (8.127.6) of (1, 2, 3, 4, 5)

14.3.3

differential examination procedure

difference procedure

examination procedure (5.7.3) estimating a subtractive magnitude

EXAMPLE - Detailled description of how to examine rectal Celsius
temperature
14.3.4

rational examination procedure

ratio procedure

examination procedure (85.7.3) estimating a divisible magnitude

EXAMPLE - Detailed description of how to examine the amount-of-

substance concentration of lead(II) in bleoced

This set of coordinate specific concepts is straightforward in comprehensi-

bility and use.
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<MEASUREMENT PROCEDURE:>

14 .4 If the right-hand side of Figure 12.21 for division of <propertys
is preferred, a homologous oligclevel generic 'hierarchical concept system

is required.

14.4.1 The first division, then, depends on whether magnitude is consid-

ered or not. The initial econcept not invelving magnitude is "nominal exami-

nation procedure® as defined in Section 14.3.1.

14.4.2 The complementary coordinate concept to "nominal examination pro-
cedure" as defined by the VIM2 is not using "examination procedure" as a

genus proximum.

measurement procedure: detailed description of a measurement according
to one or more measurement principles and to a given measurement method,
based on a measurement model and including any calculation to obtain a

measurement result [132-2.8)

14.4.3 In the present terminclogical dimension {(8$.2.19), however, the

definition may become

measurenent procedure

examination procedure (§.7.3) estimating magnitude

EXAMPLES ~ The Examples of Sections 14.3.2 to 14.3.4 apply.

14.4.4 If the field of interest is wmetrology, excluding the necessity of

the !superordinate concepts "property" and "examination procedure", an al-

ternative definition is

meagsurement procedure

detailed instructions for performing a measurement {S.15.14.2)

EXAMPLES - The Examples of Sections 14.3.2 to 14.3.4 apply with
replacement of ‘examination ($.8.4)’ and 'examine’ by ‘measurement
{(§.15.14.2})' and 'measure’ respectively.

14.5 Dividing <measurement procedure> accerding to whether or not a
metrological unit ($.18.12) is inveolved vields two new coordinate gpecific

concepts as follows.
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14.5.1

ordinal measurement procedure

ordination procedure

measurement procedure {S.14.4.4) estimating rank of magnitude

EXAMPLE - The BExample of Section 14.3.2 applies although ’exawmina-
tion (5.8.4)" would be replaced by ’‘measurement (S.15.14.2)°

14.5.2

unitary meagurement procedure
neasurement procedure (S.14.4.4) utilizing a multiplicable refe-

rence guantity

EXAMPLES - The Examples of Sections 14.3.3 and 14.3.4 apply, al-
though ’examine’ would be exchanged by ‘measure’ .

14.6 The latter concept may be divided according te whether differences

or ratios are involved.

14.6.1

differential unitary measurement procedure

differential wmeasurement procedure
difference measurement procedure
unitary meagurement procedure (8.14.5.2) estimating a subtractive

magnitude

EXAMPLE - The Example of Section 14.3.3 applies with ‘measure’ for

‘examine’ .
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14.6.2

rational unitary measurement procedure

rational measurement procedure
ratio measurement procedure
unitary measurement procedure (S.14.5.2) estimating a divisible

magnitude

BEXAMPLE - The Example of Section 14.3.4 applies with 'measure’ for

fexamine' .

14.7 Comparing the combined generic hierarchies on <examination proce-
dure> presented in Figure 14.7, the right-hand side is obviously more com-
plicated than the left-hand side, but the terms are alsc more informative

{(and two are inevitably more complex) .

14.8 It is gquite likely that in daily practice only "examination proce-
dure", '"nominal examination procedure”, "measurement procedure®, and pos-
sibly "ordinal measurement procedure® will be used. In view of the various
conflicting usages, it is imperative to define "measurement procedure" in

& given text.

It couid be argued that terms such as 'differential examination procedure’
(§.14.2.3) are ambiguous because the examination precedure may not have a
difference structure. The alternative would be 'differential property exa-
mination procedure’ or perhaps rather 'examination procedure of a differen-
tial property’, but this term is rather unwieldy.

14.9 If a definition iz thought to be too sparse, the principle of sub-

stitution will lead to more explicit information.

EXAMPLE
ordinal examination procedure {(5.14.3.2)
[examination procedure {(5.7.3)]

detailed instructions for performing aln]
[examination (S$.8.4)}]

structured activity giving [an examination result (8.16.20}]

etc.
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examination
{($.8.4)

examination
procedure
(8.7.3}

nominal nominal
examination examination
procedure procedure measurement
(5.14.3.1) (5.14.3.1) procedure
{3) (8.14.4.3)
{or §.14.4 .4
as top concept)
< m
ordinal ordinal
examination measurement
procedure procedure
(s.14.3.2} {8.14.5.1) unitary
) measurement
-+ {4) procedure
(8.14.5.2)
differential differential
examination unitary
procedure measurement
{(S$.14.3.3) procedure 1
(5.14.6.1)
X
rational rational
examination unitary
procedure measurement
($.14.3.4) procedure
(8.14.6.2)

Figure 14,7 pluridimensional 'generic 'concept diagram on <examination
procedures> (5.7.3) according te twe and four levels (c¢f. Fig. 12.21)

Terminological dimension (5.2.19)
(1) having an algebraic comparison between property values (8.9.15);

(2) having & magnitude of property values;

(3) having a metrological unit (S5.18.12);

(4) having & rational magnitude of property values;

0 = no; 1 = yes
'Concepts paired on the same horizontal line have identical 'extensions.
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14.10 A check for circularity can also be made.

EXAMPLE
differential unitary measurement procedure ($.14.6.1)
unitary measurement procedure {5.14.5.2)
measurement procedure (S.314.4.4.)
Imeasurement ($.15.14.2)
measurement result {$.16.21)
measured quantity value {($.9.20.1)

quantity value (8.16.8) o
gquantity (§.12.14) x 0
gsystem (S5.3.3) x 0
component (5.3.4} X 0
system (5.3.3) x O

system (S.3.3 above)

quantity (see x above)
measurement uncertainty (5.16.24)

guantity value {gee © above)

quantity (see x above)

<EXAMINATION METHOD>

14.11 Inasmuch as the salient steps of an examination procedure are given

in an

examination method (S.7.4): structural basis of a set of examination
procedures (8.7.3) for a dedicated kind-of-quantity (5.20.6}

thig concept can be divided !generically, homologously to the |concept ays-
tem on <examination procedure> presented in Figure 14.7. As the use of such
specific concepts will probably be rather limited, only the most likely can-
didates are given here in accordance with Section 14.8.

14.11.1

nominal examination method

examination method (8.7.4) for estimation of equality

14.11.2

measurement method

examination method (8.7.4) for estimation of magnitude
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14.11.3

ordinal measurement method

examination method (8.7.4) for estimation of rank of magnitude

14.11.,4 These gparse definitions may bhe made more explicit by substitu-

tion of 'examination method’,

14.11.5 Within metrology sensu stricto, an alternative definition of

"measurement method" may be preferred as follows.

measurement method

structural basis of a set of measurement procedures (S.14.4.4)

<EXAMINATION PRINCIPLE:>

14.12 Regarding the principles behind an examination method, the concept

examination principle (5.7.5): fundamental phenomenal elements underiy-

ing an examination methed (8.7.4)

can also be divided homologously to the concept system in Section 14.11.

14,12.1

nominal examination principle

examination principle {8.7.8) for estimation of eguality

14.12.2

measurement principle

examination principle ($.7.5) for estimation of magnitude

14.,12.3

ordinal meagurement principle

examination principle (£.7.5) for estimating rank of magnitude
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14.12.4 More explicit definitions are obtained by substitution. Fur-
thermore, more direct definitions related to measurement may be preferred,

such as

measurement principle

fundamental phenomenal elements of a generic description for a

measurement procedure (5.14.4.4)

From this concept, as a genus proximum, specific concepts may be defined in
the usual generic way, e.g. for "ordinal measurement principle?, "differen-

tial measurement principle", and "rational measurement principle".

14.12.5 in practice, most metrologists would just use "measurement prin-

ciple™ as defined above - or in the VIM3 (5.7.2.1)

14.12.6 The sequence of words in the terms of Sections 14.12.1 and
14.12.3 is an outcome of the generic derivation chosen. 'Principle of nomi-

nal examination’, and ’‘principle of ordinal measurement’ are cother choices,
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15 GENERIC CONCEPT SYSTEM on
<EXAMINATION > and <measurement>;
quantification

<EXAMINATION>

15.1 There is no generally agreed division of the !superordinate concept

examination (5.8.4): structured activity giving an examination result
(8.16.20)

The simplest approach is that of Stevens who refrained from excluding any
type of examining cperation correspending to one of the lspecific concepts
under <examination procedures> (see Figure 14.7). Only one !concept was of-

fered, ldefined by various phrases such as

15.1.1
measurement: assignment of numerals to objects or events according to
rule [114-p. 677]

15.1.2
measurement: assignment of numerals bo things so as to represent facts
and conventions about them [1i4-p. 680]

15.1.3
measurement: process of mapping empirical properties or relations into
a formal model [115-p. 20]

but, in any case, in Stevens’ view, 'measurement’ would be a !synonym of the

presently proposed !term ‘examination’' for the top concept.

15.2 It was proposed to adopt this approach in ¢linical chemistry with

the definition

measurement: set of coperations by which a value isg assigned to a guan-
tity [40]

with the note that [the designation of] "value" is partitively divided intc
relational operator and symbols, figures, cor letters, and where ‘quantity’
is a synonym of ‘property’. Although differently worded, this definiticn
is essentially the same as that proposed for *examination® and quoted in
Secticn 15.1. As has been repeatedly alluded tco, the comprehengive meaning
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of ‘measurement’ has been heavily criticized by several Imetrolegists,

wherefore "examinabion" has been introduced here instead.

15.3 Whereas metrology generally denies that "measurement" can include
the activities consisting in finding values of nominal properties (S.12.4),
there is some vacillation concerning ordinal properties {5.12.5), and wmeas-
urement of differential properties (8.12.6) is often not formally distin-
guished from that of rational properties (8.12.7). However, VIM3 now has

an entry for *'nominal property" (8.12.4.2).

15.4 Bunge shortly described the empirical operation “mcasurement" as

‘quantitative observation’ or more formally, here in paraphrase, as

measurement: assignment of an individual number te a certain property

of a definite object with the help of observation [15-p. 206]

As '‘magnitude’ was stated to be required, the property is a gquantity, proba-
bly exciuding an ordinal property, but the need to involve !#unit of meas-
urement" (“metrological unit" £.18.12) (ircluding "one") is not part of this

definition or those of Stevens above.

15.5 McGlashan, essentially interested in rational unitary quantities
(§.12.20), insisted that measurement is counting. ‘The only kind of physic-
al quantity which we can measure {directly], that is to say count, is one
that is a number, such as the number of peas in a bottle ...’. ‘For any
other kind of physical guantity the best we can do is to

[measure {verb)]l: count the number which is the ratio of two instances
of the physical quantity’ [i0l-p. 1]

Here, the denowminatcr is a reference guantity, usually a measurement unit.
This definition delineates the most restricted specific concept under "meas-

urement" .

NOTE
The wording is a short version of Stille’'s

Messung: experimentell erfassbare[n) Ausserungen des untersuchten
Vorganges oder Zustandes nach geeigneten und vorgegebenen Messverfah-
ren mit gleichartigen und zahlenwertmissig bekannten oder definier-
ten Ausserungen des physikalischen Geschehens zu vergleichen [116-p.
2]

with the addition that the latter is the unit which is the basis of the

measurement.
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15.6 Berka after much discussion distinguished between two concepts which

may be defined in paraphrase as follows.

i5.6.1

scaling: examination with scales of the ordinal type [5-p. 7]

15.6.2

measurement: examination with scales of the metrical type [5-p. 7]
where metrical scale type relates to both differential and ratiocnal proper-
ties. In view of the several weanings of 'scaling’ listed by Berka, the
term is not felicitous, but "measurement” is c¢learly distinguished.

15.7 The German standaxrd DIN 1319-1 (in an English version) has

measurement: performing certain operations to determine the value of a

quantity {measurand)} [32-2.1]
and value of a guantity is defined in another German standard as

guantity value: value assigned to a distinctive mark of the guantity
[33-3.3]

which is circular.
15.8 As wag discussed in Section 8.3, the VIM3 definition of

measurement: process of experimentally obtaining one or more gantity
values that can reasonably be attributed to a quantity [132-2.1]

coupled with the definition of

gquantity value; value of quantity; value: number and reference together
expressing magnitude of a quantity [132-1.19]

and its Note 1 shows that an !instantiated ordinal property can be measured.

15.9 The varicus views of division of <examinations, lassociatively rela-

ted to division of <propertys>, are shown in Table 15.9.

The conclusion is that "measurement" has been ‘characterized so as to relate
to one, two, three, or all of the series of four specific concepts underxr
<property>, counting upwards from the mathematically most advanced, "ratio-
nal property" at the bottom.
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15.10 On the basis of the propesed definition of "examination" (S5.15.1),
and starting with the most holistic, classificatory type of activity, the

proposed term(s) and ldefinition are as follows.

nominal examination

nomination

examination (5.8.4) estimating equality

E¥AMPLES - The parenthetic procedures in the examples of Section
12.4 appiy.

NOTE - The outcome of a nominal examination is an examined nominal
property value (cf. 5.9.20 and S5.16.2) with asscciated examina-

tion uncertainty (5.16.23).

The word ‘nomination’ has connctations besides the naming of lindividual
concepts. The Concise Oxford Dictionmary [1] has ’‘the act or an instance of
nominating’, and for ‘nominate’ it gives ‘menticn by name’, which is what
is intended here. The alternative ‘c¢lassification’ would be less accurate
as other sorts of examination are alsc classifying property values and there-

by properties.

15,11 cContinuing with division of <examinations> in one level, analogously

to Figure 14.7 left-hand terminclogical dimensicn ($.2.19), leads to

ordinal examination

ordination

examination (8£.8.4) estimating rank of magnitude

EXAMPLES - The parenthetic procedures in the examples cf Section
12.5 apply.

NOTE - The outcome of an ordinal examination ig an examined ordi-
nal property value {(cf. 5.9.20 and £.16.3) with associated exami-
nation uncertainty (S.16.23).

The simple term ‘ordination’ can have a clerical whiff, but is used here in

another lexical sense of ‘the arrangement of things etc. in ranks’ (1].
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15.12 The third !coordinate specific concept is

differential examination

examination (S.8.4) estimating a subtractive magnitude

EXAMPLE - Uging a clinical thermometer

NOTE - The outcome of a differential examination is an examined
differential property value (cf. §.9.20 and $.16.4) with associa-

ted examination uncertainty {(8.16.23).

15.13 The final coordinate concept is

rational examination

exanmination (5.8.4) estimating a divisible magnitude
EXAMPLE - Using an analytical balance
NCOTE - The outcome of a rational examination is an examined dif-

ferential property wvalue (¢f. 8.9.20 and 8.16.5) with associated
examination uncertainty (8.16.23),

<MEASUREMENT >

15.14 It is unlikely that metrologists will forgo the concept "measure-
ment" which excludes "nominal examination’. BEven with this restriction, the
problem is the variation in the lextension of the concept which can be
derived from Table 15.9. Undoubtedly, however, the engineering disciplines
would prefer to have "ordinal examination" included and this would accoxd
with the interpretation of the VIM3 presented in Sections 12.15 and 15.8.
Consequently, one may define as follows, homologously to ‘measurement
procedure” {5.14.4).

15.,14.1

measurement

examination ($.8.4) estimating magnitude

BEXAMPLES ~ The examples appertaining to Sections 15.11, 15.12, and
15.13 apply.

{cont.)
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(cont.)
NOTE - The outcome of a measurement is an examined quantity value
{§.16.7, 16.18) with associated examination uncertainty (S.16.23).

15.14,2 If the top concept "examination" is ignored, an alternative def-

inition would be

measurement
structured activity providing a measurement result (S.16.21)

EXAMPLES - As for 8.15.14.1.

15.15 Dividing <measurements>, as defined in Section 15.14.2, according
to whether or not a metrological unit (S.18.12) is used yields two coordi-

nate specific concepts as follows.

15.15.1

ordinal meagurement

ordination
measurement (5.15.14.2) estimating rank of magnitude

EXAMPLES - The examples of Section 15.11 apply.

NOTE - The outcome of an ordinal measurement is a measured oxdinal

quantity wvalue (cf, 5.16.9 and 5.16.18) with associated measure-

ment uncertainty (5.16.24).

15.15.2

unitary measurement
measurement (5.15.14.2) reguiring a multiplicable reference guan-

tity (5.12.14)

NOTE 1 - The reference quantity is a ‘"metreclogical unit?

{§.18.12).
{cont.)
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(cont.)
NOTE 2 - The ocutcome of a unitary measurement is a measured uni-
tary quantity value (cf. 5.16.10 and 16.18) with associated meas-

urement uncertainty {(S.16.24).

15.15.3 If the genus proximum "measurement" as defined in Section
15.14.1 is preferred, the definitions in Sections 15.15.1 and 15.15.2 should
have substituted 'measurement (5.15.14.2)' by ‘examination (5.8.4)’' and the
Notes should read ‘examined ... property value (S.9.20)°. {Analogous

changes could be made in the following two definitions.)

15.16 The latter concept {$.15.15.2) may be divided as follows.

15.316.1

differential unitary measurement

differential measurement
difference measurement
unitary measurement (5.15.15.2) estimating a subtractive magnitude

differential measurement
EXMMPLE - The example of Section 15.12 applies.
NOTE - The ocutcome of a differential unitary measurement ig a

measured dJdifferential wunitary gquantity wvalue (¢f. §.16.11 and
§.16.18) with associated measurement uncertainty {($.16.24).

15.16.2

rational unitary meagurement

rational measurement
ratio measurement

unitary measurement (S.15.15.2} estimating a divisible magnitude
EXAMPLE - The example of Section 15.13 applies.
NOTE - The outcome of a rational unitary measurement is a measured

rational unitary quantity value {cf. 5.16.12 and $.16.18) with as-
sociated measurement uncertainty (5.16.24).,

15.17 The proposed concepts discussed here are depicted in the two-dimen-
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sional !concept diagram of Figure 15.17, showing the two lowest right-hand
side concepts to have some wmore informative, but also wmore complex
gystematic terms.

property
(5.5.5)

I

examination
(§.8.4)

nominal nominal

examination examination

{s.15.10) (8.15.10) measurement
(5.15.14.1}
(or §.15.14.2
as top concept)

< =

ordinal ordinal

examination measurement

($.15.11) (§.15.15.1)
unitary

-t {4) measurement
(8.15.15.2)
0

differential differential

examination unitary

(8.15.12) measurement 9

(3.15.16.1)
DX

rational rational

examination unitary

(5.15.13) measuremenk

{8.15.16.2)

Figure 15.17 pPluridimensicnal 'generic 'concept diagram on <examinations
{5.8.4) according to two and four levels (¢f. Figs 12.21 and 14.7)

Terminological dimension ($.2.19)
{1) having an algebraic comparison between property values (8.9.15};

{2) having a magnitude of property wvalueg;

{3) having a metrological unit ($.18.12);

{4) having a rational magnitude of property wvalues;

0 = no; 1 = yes

'Concepts paired on the same horizontal line have identical 'extensions.
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15.18 For routine purposes, the concepts "examination®, "nominal examina-

tion", "measurement", and possibly "ordinal measurement® may suffice. The

meaning of ‘measurement’ in a given context should be specified.

15.19 The very succinct definitions chosen can be amplified by substitu-

tion or by explicitly using “value",

EXAMPLE
nominal examination (S.315.10): structured activity estimating a nominal

property value (§.16.2) and examination uncertainty {5.13.23)

15.20 Rational unitary measurement (5.15.16.2) is classically divided in

a separate terminclogical dimension according to whether or not additivity
of the guantity values is isomorphic with the physical measuring manipula-
tions on the systems possessing the quantities [115-p. 22]. The direct
meagurement shows additivity and is possible on guantities such as length,
mass, electric resistance, and number of entities. Most quantities, how-
ever, are dealt with by indirect measurement based on combining quantity
values from other guantities defining the target guantity, the measurand
(§.5.8) . The distinction is not inherent in the kinds-of-quantity, however,
as for example a mass or a length can be measured by combining the values

of measurements of other guantities.

15.21 A further term for activities leading to a property value is ‘ob-

servation’, which is being used with several meanings.
15.21.1 Bunge defined
cbservation: purposeful and enlightened perception [15-12.2]
and distinguished three stages: presentation of the obiject, preliminary in-

terpretation, and description by data. Thus, examination and property {(or

quantity) value or examination result are both included.

15.21.2 Some current sources more or less implicitly regard “observa-
tion" as activities leading to any type of property wvalue [2, 11, 65-1.4,
130], but the wvalue itself is not comprised.

15,21.3 Some documents restrict "observatien" to activities yieiding on-

1y nominal or oxdinal values {[22-Annex ¥, 86-5.1.6].

15.21.4 Finally, "cbservation' can be regarded as a value obtained by

measurement [8].

15.21.5 with such 'homonymy it seems unwise to use ’observation’ in the

pregent Lext.
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QUANTIFICATION

15.22 Alledgedly, Galileo Galilel (1564-1642) urged us to ‘measure the
measurable and try to render measurable what is not yet’ [15-p. 203]. The
obvious way ls to invent wmeasurement procedures which can give numerical re-
gsults for guantities not previously accessible to measurement. Mankind has
become very proficient in that respect, from assessing the diameter of a
given molecule to calculating the distance to a galaxy. In eithexr case a
defined instance of length is the wmeasurand ($.5.8), and the result is given

on a ratiomal property-value scale (5.17.9}).

15.23 (Quite another situation is present if one wishes to attach a number

to, e.g., "maleness of a given man”.

The direct approach is to create a psycho-social measuring system with each
member of a representative panel of five men and five women rendering a ver-
dict on a personal scale freom zero to five, and to register the mede on an

ordinal quantity-value scale (5.17.15).

Another procedure, described by Bunge [15), is the sc-called numerical guan-
tification whereby a certain concept is associated with a relevant numerical

variable. Thus, the ordinal kind-of-property (5.13.2.2) "malenegs" was sug-

gested to be equated with some hormone ratio, "fear” with adrenalinium level
in bloecd, "Eggggg“ with volume rate of gastrig_;;cretion. In each case,
there is no wmeasurement of the ordinal property that one wishes to have a
helistic result for, but of a - guite possibly sensibly chosen - associated
<raticonal unitary gquantity (S.12.20}. The term ‘guantification’, i.e.
expressing as a rational guantity, seems to promise more than the surrogacy
cffers. Krantz et al. called the method 'a form of misplaced operational-

ism’ [81-p.32].

15.24 It is, however, useful to remember that a given system may have
properties forming an ‘evolutional’ series of increasingly specific inform-
ation obtained by different types of examination as defined and chosen by

marn.

EXAMPLE
The state of a motorist having imbibed one or more types of ethancl-con-
taining substance can be examined in the following ways.

1 On the basis of the person’s general behavicur, a constable performs
nominal examination and formg the opinion state = intoxicated, i.e.

nominal property value.

2 Being a fair upholder of the law (and perhaps having heard of Gali-
lei), the policeman induces the person to breathe inte an ethanolo-
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3a

3b

3c

meter (Breathalyser®) providing means of an ordinal examination
with the outcome alcohol concentration = 7, i.e. an ordinal proper-
ty wvalue, where the red zone with possible legal consequences
starts, say, at = 6.

With no bribes offered, none taken, the person is conducted to the
police station, bocoked, and subjected to a venepuncture by a physi-
¢ian. The blood sample is sent to a forensic laboratory which per-
forms a unitary measurement and issues a report in three parts as
follows.

The amount-of-substance concentration excess of ethanol in the mo-
torist’s blocd measured by a differential unitary examination {ac-
cording‘to a statutory measurement procedure) was = 15 mmel/l (above

the legal amount-of-substance c¢oncentration limit of =_13 mmol/l),
i.e., a differential unitary quantity value.

The amount-of-substance concentration measured by a rational unitary
The concentraticn excess in 3a is five times the expanded measure-
ment uncertainty (corresponding to a level of confidence of 0,98} of

the legal limit in 3a.

The unwise motorist was later taken to court, convicted of drunken driv-

ing, and relieved of his driving-licence for two years.
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16  GENERIC CONCEPT SYSTEM oOn
<PROPERTY VALUE >,
< qquantity value>, and allied concepts

<PRCPERTY VALUE:>

16.1 As a !superordinate l!generic concept,

property value (8.9.15): inherent feature of a property {5.5.5) used in
comparing it with other properties of the same kind-of-property (5.6.19)

may be divided into four lspecific lcoordinate concepts in one level. Such
lconcepts are lassociatively related to the corresponding divisions of
<property> (8.5.5 and Fig. 12.21, left-hand side}, <kind-of-property-
(8.13.2), and <examination> (8.8.4 and Fig. 15.17, left-hand side), which
consequently could furnish the ldelimiting characteristics. Here, independ-

ent characterization is preferred.

16.2 The mathematically simplest concept is

nominal property wvalue

nameabkle value of a property

nominal value

property walue (8.9.18) that can be compared for equality of
identity, but not for magnitude, with other property values of the
same kind-of-property (8.6.19%)

EXAMPLES

nominal kind-of-propexrty (85.23.2.1) "colour" {of a urine sample)

= male, = intersexual, = female for "gender" (of a person)

NQTE 1 - A nominal property value has no magnitude.

NOTE 2 - A nominal property value can take the form of a |termino-
logical phrase, !word, cr !symbol, including a mamber, but without
relation to magnitude.

{cont.)
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{cont.)
NOTE 3 - A nominal property value ig a member of a nominal proper-
ty-value scale (8.17.5).

NOTE 4 - A nominal property value cannot enter into arithmetic
equations.
NOTE 5 - A lset of nominal property values of a given nominal

kind-of-property can be distributed by value and counted in each
class to form a number distribution {= frequency distribution},
which can be described by mode and allows contingency correlation

and chi-square test.

i6.3 The next coordinate concept is

ordinal property value

ordenable value of a property

ordinal wvalue

property value {§.5.15) that can be ranked as having a magnitude
that is lesser than, egual to, or greater than another property

value of the same kind-of-property (5.6.19)

EXAMPLE
=_absgent, = present or = 0, = 1 for the ordinal kind-of-property

NOTE 1 - An ordinal property walue is not subtractive.

NOTE 2 - An ordinal property value c¢an take the form of a !terminoc-
logical phrase or ordinal number denoting magnitude, but with no

metreological unit (8.18.12) involved.

NOTE 3 -~ An ordinal property value is a member of an ordinal prop-
erty-value scale (S.17.6).

NOTE 4 - An oxdinal property value may enter some empirical equa-
tions, but differences between values have no mathematical meaning

and cannot be ranked.

NOTE 5 - A !set of oxdinal property values of a given ordinal
kind-of-property can be distributed according to magnitude forming
a number distribution (= frequency distribution), which can be de-
scribed by fractiles and allows rank-order correlation, sign and

run tests.




Ontology on property 16 <Property values P. 160/279

16.4 The third coordinate concept is

differential property value

differenceable value of a property

difference value of a property

differential value

property wvalue (8.9.15) that c¢an be subtracted from but not
divided by another property wvalue of the same kind-of-property
(8.6.19)

EXAMPLES
= -3 mmel/l, = 0 mmol/l, = 7 mmol/l for the differential kind-of-

property (S5.13.2.3}) "amount-of-substance ¢oncentration differ-

ence (Patient - norm)® {of base in blood};

NOTE 1 - A differential property wvalue is not divisible.

NOTE 2 - A differential property value can take the form of an al-
phanumeric string dencoting numerical unitary gquantity wvalue
{8.16.16) and metrological unit (5.18.12), including "one".

NOTE 3 - A differential property value iz a member of a differen-
tial property-value scale (5.17.7)} with an arbitrary or convention-

al zero.

NOTE 4 - A differential property value can be subtracted from an-
other value of the same differential kind-of-property and the dif-
ference is a rational property wvalue (S.16.5).

NOTE & - A lset of comparable differential property valuss of a
given differential kind-of-property can be distributed according
toe magnitude forming a number distribution (= frequency distribu-
tion) which can be described by its average, standard deviation,
and average deviation, and which allows product-moment correla-

tion, correlation ratio, t-test, and F-test.
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16.5 The final coordinate concept is

rational property value

raticable value of a property

ratio value of a property

rational value

property wvalue (5.9.15} than can be divided by another property
value of the same kind-of-property {(5$.6.19)

EXAMPLES
= 72 kg for the rational kind-of-property (5.13.2.4) "masg" {of

a person)

= 0.42 for "volume fraction" (of erythrocytes in a blcod sample)

NOTE 1 - A rational property value can take the form of an alpha-
numeric string dencting numerical unitary guantity value (S.16.16)
and metrological unit {(5.18.12), including "one*.

NOTE 2 - A rational property value is a member of & rational prop-
erty-value scale (8.17.9) with a ‘natural’, 'absolute’ zero.

NOTE 3 - A rational property value can be divided by another prop-
erty value (except zero} of the same rational kind-of-property.

NOTE 4 - A l!set of comparable rational property values of a given
raticnal kind-of-property can be distributed according to magni-
tude forming a number distribution (= freguency distribution),
which can be described by its average, standard deviation, coeffi-
cient of wvariation, and other classical statistics.

16.6 The possibilities of types of mathematical comparison between two
linstances of "property value" under one of the four given specific concepts
in Sections 16.2 tc 16.5 increase cumulatively through the series. Thus,
instead of a set of coordinate specific concepts, it is tempting to !define
each of the three last concepts from the previous cne. Such an evolutionary

approach would give, for example, the following series.

nominal property value: property value ($.9.15) allowing comparison of
equality with other property values of the same kind-of-property ($.6.19)

ordinal property value: nominal property value (5.16.6.1) allowing rank-
ing by magnitude among cother property values of the same kind-of-property
{3.6.19)
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differential property value: ordinal property value (8§.16.6.2) allowing
subtraction from other property wvalues of the same kind-of-property
(8.6.19)

rational property value: differential property value (§.16.6.3) allcowing
division by other property values except zero of the same kind-of-proper-
ty (5.6.19%})

Although this generic series seems correct according to the definitiocons,
they ignore the 'negative’ characteristics of the concepts given in the
Notes 1 of the first three concepts cof the corresponding coordinate get.
Thusg, the genué proximum in each case excludes exactly those property values
having the differentia specifica. A homologous situation was found, of

course, for divisions of <propertys> in Section 12.9.

<QUANTITY VALUE:>

16.7 To define specific concepts under <property value> related to the
division of «<propertys> according to the right-hand side of Figure 12.21, the
first !subordinate level besides *nominal property value" (S.16.2) contains

guantity value

value of a guantity
property value (5.9.15}) having a magnitude represented by a number

and a reference

EXAMPLES - The examples of Sections 16.3, 16.4, and 16.5 all ap-
ply.

NOTE - To know which statistics can be calculated on a l!set of
guantity values, the kind-of-property and type of guantity values
{5.16.3, 16.4, 16.5) have to be specified. At least the statis-
tics mentioned for ordinal property value (S.16.3) are allowed.

The definition gives the same lextension as the VIM3 definition ($.16.8.1).

16.8 If nominal property values are not considered at all, a modified

definition is necessary, such ag
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quantity value
value of a quantity
magnitude of a quantity (S.12.14) represented by a number and a

reference

NOTE - The examples and Note of Section 16.7 apply.

16.8.1 This definition ig esentially reflected in the new VIM3 as

gquantity vaiue; value of a quantity; value: number and reference togesth-

er expressing magnitude of a guantity {132-1.19]

16.9 The first specific concept under "guanlbity value" is

ordinal gquantity value

ordenable value of a quantity

ordinal wvalue

quantity value (8.16.8) that can only be ranked as having a magni-
tude that is lesser than, equal to, or greater than another quan-

tity value of the same kind-of-gquantity (S.13.3.1)

NOTE - The Examples and Notes of Section 16.3 apply analogously.

16.10 The coordinate concept, then, is

16.11

unitary quantity value

unitary value
quantity value (5.16.8) represented by a refervence quantity multi-

plied by a number

EXAMPLES - The Examples of Sections 16.4 and 16.5 apply.

NOTE - The 'reference guantity’ is a metrological unit (8.18.12),

the ‘number’ is a numerical unltary guantity wvalue (S.16.15).

The previous concept may be generically divided, firstly into
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differential unitary quantity value

differential quantity value

differenceable unitary value of a quantity

difference unitary value of a quantity

differential value

unitary gquantity value (5.16.10) that can be subtracted from but
not divided by another gquantity value of the same kind-of-quantity

(5.13.3.1)

NOTE - The Examples and Notes of Section 16.4 apply.

16.12 The second coordinate concept is

rational unitary quantity value

rational gquantity value

raticable unitary value of a quantity

rational value

unitary guantity wvalue (5.16.10) that can be divided by another
quantity wvalue of the same kind-of-quantity {(8.13.3.1}

NOTE - The Examples and Notes of Section 16.% apply.

16.13 The sequence of words in the various terms is here chosen so that

the initial woxrd is always ‘nominal’, ‘ordinal’, ‘differential’, ‘rational’,
or ‘unitary’. Another possibility would have been to start with ’value’.
Thus, e.qg..,

‘value of a nominal property’
instead of

‘nominal property value!
or

‘value of a raticnal unitary quantity’
instead of

‘rational unitary quantity value’.

In each pair, the second alternative has advantages. Firstly, the term of
the genusg proximum in the definition corresponds to the sequence in the new
term following the wodifier introduced. Secondly, the mathematical charac-
teristic of the concept is retained in abbreviations - although not necessa-

rily as the first word in all languages {e.g. 'valeur ordinale’, fr}.

16.14 It is unlikely that the lcomplex systematic termg will be used in
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daily practice, however informative they wmay be, but they are useful for

classificatory purposes.

"NUMERICAL VALUE", "RESULTY, and "UNCERTAINTY®

16.15 As was mentioned in Section 9.5, Maxwell stated that the expressicn
of a gquantity, its value, consists of two factors or components. A standaxd
of reference, itself a guantity called ‘unit’, and a number called ‘numer-
ical value of the gquantity’ [98). Guggenheim used the term ’‘nmeasure’ for
the latter concept [56], but that is not in current use.

Although all types of property may have property values that are or include
numbers, only unitary guantities ($.12.17) have guantity values that are
products of a metrological unit (5.18.12) and a numerical value. The latter
concept has already been invoked in the Note 2 to "differential property
value" (8.16.4), Note 1 teo "rational property value" (5.16.5), and Note to
"unitary quantity wvalue" (8.16.10).

The VIM3 definition

numerical quantity value; numerical value of a quantity; numerical value:
number in the expression of a guantity value, other than any number serv-
ing as the reference [132-1.20]

implicitly includes "numerical ordinal quantity wvalue" for those ordinal
gquantities that are expressed by a number and a reference. Some ordinal
quantities, however, have an expression containing a phrase rather than a

number, e.g. see Section 16.3 Example and Note 2.

16.16 It is possible to distinguish the cases where a numerical value is

always involved by the following term and definition,

numerical unitary guantity wvalue

numerical value
ratio of a unitary quantity (5.12.17) and the metrological unit

{$.18.12) chosen for its representation

NOTE - The unitary gquantity and its metrolegical unit are cof the
same unitary kind-of-guantity ($.13.3.3).

EXAMPLES
diameter = 7.4 um has the numerical unitary gquantity value 7.4

number concentration = 277 x 10° 1'* has the numerical wvalue 277

if the metrological unit is chosen to be 107 17!
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The concept "ratio" in the definition is chosen rather than "guotient! be-
cause the two quantities are of the same unitary kind-of-quantity [86-
15.14.4.2] whereas "quotient" has ne such specification.

16.17 The concepts discussed so far in this Chapter are shown in the lcon-
cept diagram of Figure 16.17. Its structure ls homologous to that on <prop-
erty> (Fig. 12.21), <examination procedurer {Fig. 14.7), and <examinations
(Fig. 15.17).

16.18 For any of the types of "property value! discussed in this Chapter,
it ig possible to create two coordinate specific concepts by prefacing in
term and definition with the woxd ‘true’ (cf. §.9.17), or either 'examined’
(¢cf. 8.9.18) or 'measured’ as appropriate.

16.19 An initially examined property value is not sufficient information

about the outcome of an examination (S.8.4). According to the examination
procedure (S.7.3) there may be a need to apply !correcticns and/or |correc-
tion factors and/or calculate the best estimate from several examined prop-
erty values. Furthermore, there should be information about how reliable

this final estimate is thought to be (¢f. 5.9.22).
16.19.1 The VIM3 has the concept
- meagurement result; result of a meagurement: set of guantity values be-
ing attribukted to a measurand together with any other available relevant
information [132-2.9]
with a Note about the general need of a !measurement uncertainty.

16.19.2 The recent ISC 3534-2 has

measurement result: value of a quantity obtained by carrying out a
specified measurement procedure [75-3.4.2]

which ignores "measurement uncertainty" (8.16.24) and invcokes "measurement
procedure" rather than using "measurement" directly.

16.20 For the superordinate concept, the following is offered.

examination result

result of examination
concluding examined property value (5.9.20) with associated exami-
nation uncertainty (8.16.23)
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This definition includes the |essential characteristic having an associated

examination uncertainty rather than taking the VIM3 option cof a note on the
subject.

property
{(8.5.5)

!

property value
{(5.9.15)

nominal nominal
property value property value
(5.16.2) (8.16.2)

ordinal
property wvalue

gquantity wvalue
(5.16.7)

(or 5.16.8

as top concept)

ordinal 0
guantity wvalue

(8.16.3) (5.16.9) 1
-+ unitary
guantity value
(4) (S.16.10)
differential differential 0
property value untitary
(S8.16.4) quantity value
(5.16.11}
1

numerical unitary
guantity wvalue

rational rational (8.16.16)
property wvalue unitary
(5.16.5) quantity value

(5.16.12)

Figure 16.17 pPluridimensional 'generic 'concept diagram on <property

values> (8.9.15)
and 15.17}

Terminological dimension

according to two and four levels {cf. Figs 12.21, 14.7,

(5.2.19)

{1} having an algebraic comparisgon between property values;

{2) having a magnitude;

(3) having a reference guantity;

{(4) having a rational magnitude;

0 = no; 1 = yes

'Concepts paired on the same horizontal line have identical 'extensions.
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NOTE - In some documents preferring the term 'test’ for 'examination’ and

‘characteristic’ for ‘property’, the cbvious term is 'test result’, and
the definition is

test result: wvalue of a characteristic obtained by carrying ocut a
specified test method {2, 44-1.3.9%, 75-3.4.1}

analogous to that of "measurement result" (8.16.19.2).

16.21 Homologously, for the final outcome of a measurement,

meagurement result

result of measurement

concluding measured quantity wvalue (5.9.20.1) with associated
measurement uncertainty (5.16.24)

16.22 The definition of measurement uncertainty given by the VIM3I is

measurement uncertainty; uncertainty of measurement; uncertainty: non-
negative parameter characterizing the dispersion of the guantity values

being attributed to a measurand, based on the information available [132-
2.26]

16.23 As a result of a nominal examination (8.15.10}) also has an uncer-

tainty, the following definition may be used

examination uncertainty

uncertainty of examination

description of the dispersion of the !set of property values
(6.9.15) being attributed to a property (S.5.5)

16.24 ror the outcome of measurement, the homologous term and definition
are

measurement uncertainty

uncertainty of measurement

non-negative parameter that describes the dispersion of quantity
values (5.16.7, 16.8) being attributed to a quantity {5.12.14}

that are virtually identical to the VIM3 entry, except for omitting the last

phrase ‘..., based on the information available’ which seems redundant.
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17 GENERIC CONCEPT SYSTEM on
<PROPERTY VALUE SCALE > and
<QUANTITY VALUE SCALE >

<PROFPERTY VALUE SCALE>

17.1 Having !defined and l!generically divided “property” ($.5.5 and
Ch.12) and its dependent "property value" (S$.9.15 and ¢h.18), the background
is available for a generic division of the further dependent "property value
scale" (5.10.14}.

17.2 The number of possible ways to divide <property value scales ig
large as shown by Berka in his compreheneive although allegedly not ex-
haustive discussion [5]. Here, some of the !coordinate Isets need only to
be mentioned without definitions, including those touched upon in Chapter
10.

17.2.1

conceptual scale = mathematical scale
material scale = empirical scale

or lconcept versus linstance (§.10.3)
17.2.2

true value gcale (5.10.16.1}
examined value scale (8.10.16.2)

17.2.3 Generic division according to
kind-of -property

is inevitable in conjunction with examination procedures ($.7.3) giving,

e.qg. "scale of length", "scale of taxon".

17.2.4 There are numercus !characteristics for the distrxibution of the

scale values, such as

unidimensional, bidimensional, pluridimensional;
complete, partial;

regular, irregular;

uniform, legarithmic;
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discrete (= denumerable), continucus (= non-denumerable) ;
2-valued, 3-valued, ..., multivalued.
17.2.5 Division according to whether a kind-of-quantity is extensive

($.13.5.1, 13.5.2, 12.5.3) or intensive {$.13.5.4) leads to

extensive guantity scale

intensive gquantity scale
17.2.6 Incidental to the present purposes is division into

subjective scale
physical scale

and divisgion according to the
inventor

of the scale, such as the Beaufort scale of windforce and the Réaumur tempe-

rature scale,
17.3 The essential and controversial problem in dividing

property value scale {3.10.14): ordered set of possible, matually com-
parable property values ($.9.15)

is to define lspecific concepts that are conveniently related to the generic
divisions of <property wvalue> and <property>, and that have evocative

lterms.

17.4 However much Stevens has been criticized [5, 53] for extending the
concept "measurement™ to include "nominal examination" (8.15.10} and "ordi-
nal examination®" (§.15.11), there can be no doubt that his description of
the specific concepts under an all encompassing concept <scale of measure-
ments, based on the mathematical characteristice of each scale, is a major
contribution [114, 115]. Further strictly mathematical representations may
be found in the monograph by Krantz & al. [$1-p. 10-11 and elsewhere]. The
salient traits are summarized in Table 17.4. It should be noted that the
lines of characteristic 'Basic physical determination’, ’Algebraic compari-
son’, and ’'Permissible statigtics’ are cumulative to the right, whereas the
other lines are cumulative in the opposite direction. There are, however,

some constraints as discussed by Stevens [115].

17.4.1 The sets of ’'permissible statistics’ may have to be modified de-

pending on the definition of the measurands and the questions asked of the
data [135].
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17.4.2 If the specific concepts under <property value scales> are con-

sidered to be !coordinate, the following terms and definitions can be made.

17.5 The mathematically most primitive, but also most holistic scale is

nominal propertv-value scale

neminal scale of values of properties

nominal scale

property value scale (S$.10.14) on which only comparison of equali-
ty equality of identities applies

BEAMPLES

(= milky, = red, = yellow) for "coiour"

{z.A, =B, = 2B, =0) for "hlood group"
(z_female, = intersexual, = male) for "gender"

NOTE 1 - The !cheracteristics of nominal property value are given

in Section 16.2.

NOTE 2 - The mathematical characteristics of a nominal property
value-scale are listed in Table 17.4.

NOTE 3 - The order of nominal property values on a ncominal proper-
ty-value scale is arbitrarily or conventionally chosen according
to practical congiderations or nature of the related systems or

phenomena.

NOTE 4 - The position on the scale of any two nominal property

values may be interchanged at will.

NOTE 5 - !Synonyms are ‘categorical scale’, ‘nomination scale’,

and ‘naming scale’ .

17.5.1 This definition focusses on mathematical characteristics. In the

new IS0 3534-2 is given

nominal scale: scale with unordered labelled categories or ordered by

convention [75-1.1.6}

17.5.2 Berka [5) rejected the idea of including "nominal scale® under
<gcale of measurement>, arguing that ‘Scale values cannot be linguistic ex-

pressions - numerals - but always are extralinguistic entities, that is num-
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bers’. This postulate is somewhat weak inasmuch as the number "7" can be
expressed linguistically. In the present text, however, the widespread
feeling among metrologists that "nominal scale" is not a specific concept
under "scale of measurement® is dealt with by defining the |superordinate

generic <property value scales.

17.6 As soon as magnitude of a property is involved, the next concept may

become relevant.

ordinal propertv-value gcale

ordinal scale of values of properties

ordinal scale

property value scale {(S.10.14) on which only comparison of equal-
ity of magnitudes applies

EXAMELES

(=_absent, = _slight, = moderate, =_severe) or

(.0, =1, =_2, =_3) for "subjective pain"

(= 0, =1, =2, = 3, = 4) for “arbitrary concentration" of urinary

albumin according to specified examination procedure

NOTE 1 - The !characteristice of ordinal property value are given

in Section 16.3.

NOTE 2 - The mathematical characteristics of an ordinal property-

value scale are listed in Table 17.4.

NOTE 3 - The ordinal property-value scale is conventionally ar-
ranged in ascending {(or descending) order of magnitude.

NOTE 4- An ordinal property-value scale can still serve its pur-
pose after all property values have heen multiplied by a constant,

sguared, or cubed.

NOTE 5 - !Synonyms are ‘scale of scaling’, ’'scale of ranking’,

"ordination scale’ .

17.6.1 The IS0 3534-2 has

ordinal scale: scale with ordered labelled categories {75-1.1.7]

with no definition of "labelled" and "category", and a Note mentioning that
a nominal scale may be ordered by convention. Thus, there is no clear dis-
tinction from "nominal scale" and "magnitude" is not mentioned.
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17.7
unit (8

The third type of property value scale is relevant when metrological

.18.12) and difference of magnitude apply.

differential property-value scale

differential scale of values of properties

difference wvalue scale

differential scale

property value gcale (8.10.14) on which comparison by subtraction

but not division applies

EXAMPLES
(s _-15, = -14, ..., =0, ..., = 14, ..., = 15) mmol/l for

NOTE 1 - The lcharacteristics of differential property value are

given in Section 16.4.

NOTE 2 - The mathematical characteristics of a differential prop-
erty-value scale are listed in Table 17.4 under "linear interval

scale",

NOTE 3 - A differential property-value scale has an arbitrarily,
possibly conventionally chosen zero value.

NOTE 4 - Sectiomn 17.6, Note 3 applies.

NOTE & ~ A differential property-value scale may still sexve its
purpose after all numerical unitary property values (5.16.16) have
been multiplied by a constant and/or have had a constant addeqd,
i.e. a change of zero point.

NOTE & - The lsynonym ’interval scale’ {31, 114)] is not used here
because "interval® is taken to be a !set of unitary guantity wval-
ues (5.16.10) between and possibly including twe limits.  Thus,
the closed interval [i; 5] is different from [6; 10] even if both
have a width of 4. Other synonyms are 'difference scale’ and ‘in-

cremental scale’ .

17.7.1

The IS0 3534-2 defines

interval scale: continucus scale or discrete scale with equal sized

gcale values and arbitracy zero [(75-1.1.8}
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The zero value of the definition is given in the proposed Note 3. How scale

values can be ‘equal sized’' is not clear.

17.8 Stevens' lsubordinate concepts of <scale> initially numbered four,
but in a subseguent paper [115] the "interval scale" was divided into "line-
ar interval scale" and "logarithmic interval scale" (see Table 17.4}. Here,
it is preferred to make the logarithmic transfeormation at the kind-of-prop-
erty stage. Thus, an originally exponential property value becomes a dif-
ferential property value which is found on a (linear) differential scale.

EXAMPLE - The differential kind-of-quantity "pH" is defined as the nega-
tive decadic logarithm of the relative molal activity of hydrogen ion

[{B6-8.13.5}.

17.5 The final coordinate concept further requires that ratio of magni-

tude appiies.

rational property-value scale

rational scale of values of properties

ratio valiue scale

rational scale

property value scale ($.10.14) on which comparison by division ap-

plies

EXAMPLES

(= 0, . =_30, . =_70, ) kg for body "masg"

(=0, ..., =230, ..., =400) K for "thexmodynamic temperature" of
a system

NOTE 1 - The !characteristics of rational property value are given

in Section 16.5.

NOTE 2 - The mathematical characteristics of a rational property-
value scale are listed in Table 17.4.

NOTE 3 - A raticnal property-value scale is often said to have a

'natural’ or "absclute’ zero value [75-1.1.8].

NOTE 4 - Section 17.6, Note 3 applies.
{cont .)
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{cont.)
NOTE 5 - A rational property-value scale may still serve its pur-
pose after all numerical unitary property wvalues (S.16.16} have

been multiplied by a constant.

NOTE 6 - A lsynonym is ‘ratic gcale’.

17.9.1 The IS0 3534-2 offers

ratio scale; proportional scale: continuous scale with equal sized scale

values and an absolute or natural zero point [75-1.1.9]

which does not capture the lessential characteristic of divisibility. Fur-

thermore, the phrases 'absolute zero’ and ’'natural zerc’' seem to ba lsyno-

the latter is ambigucus because the numerical value zero for "amount-of-

natural although an element of a differential property-value scale. The

problematic ‘egual sized scale values’ remains from Section 17.7.1.

17.10 The four subordinate concepts in Sections 17.5-6-7-9 have character-
istics that are cumulative in that sequence for ‘Basic physical determina-
ticn’, 'Algebraic comparison’, and ‘Permissible statistics’ whereas they are
cunulative in the opposite direction for ‘Mathematical structure’, 'Function
for replacing x by x', and ‘Invariance under transformation’ {c¢f. Tab.
17.4) . Therefore, a stepwise generic subordination from <scales> is not pos-
sible. This is homologous to the finding for <property: (cf. £.12.9) and
<property values> (cf. §.16.6).

17.11 Several other divisions of <scale> have been proposed with or with-
out reference to Stevens' system and having none, one, or two of his spe-
cific concepts excluded. Table 17.11 is & summary presentation of such
proposals. It is seen that neither 'topological scale’ nor '‘measurement

grale’ or ‘metrical scale’ are unambigucus terms.
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Table 17.11 Various proposals for lspecific concepts under <property

value scale> (5.9.14).

Inbbreviations: meas. = measurement; n.c. = no |concept 'defined;
8. = gcale {of values of properties/quantities)
Source Tearm
Stevens [114] nominal s. ordinal s. interval s. ratic s.
Bunge [15] n.c. ordinal s. metrical s. metrical s.
topological s. meas. s. meas. s.
Berka [5] 'n.c. crdinal s. n.c. metrical s.
s. of scaling 8. of meas.
DIN 55350-12° topological s. topological s. cardinal s. cardinal s.
[31] metrical s. metrical s.
nominal s. ordinal s. interval s. ratio s.
I80 3534-2 nominal s. ordinal s. interval s. ratio s.
[75] Propor-
tional s.
Present text nominal g. ordinal s. differential &. raticnal s.
Allowed = = % = =
relational < = < > < >
operators + - + -
X

Transglated from German

<QUANTITY VALUE SCALE>»

17.12 The lconcept system alternative to the coordinate set of Sections
17.5-6~7-2 will be homologous to those of the wright-hand side of Figure
12.21 for <property> and Figure 16.15 for <property values, Thus, the first
division concerns the relevance or not of magnitude, giving "nominal proper-
ty-value scale", as defined in Section 17.5, and a complementary specific
concept related to "quantity" ($.12.13 or 12.14). A linguistically obvious
term for this latter concept is ‘quantitative scale’, but it is not pre-
ferred here because "ordinal scale" is sometimes called ‘gualitative scale’
or 'semiquantitative scale’. In fact, the following three overlapping con-
cepts are found in the literature with various combinations of the listed

characteristics.

qualitative scale
- nominal scale
ordinal scale
- any two- or few-value scale
semiquantitative scale

- ordinal scale
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- few-value ordinal, differential, ox rational scale

- ordinal, differential, or rational scale with a large relative un-
certainty

quantitative scale

- ordinal scale

~ differential scale

- raticnal scale

- multivalued ordinal, differential, or rational scale with a low re-
lative uncertainty

The other candidate is 'measurement scale’' relating to ‘"measurement!
(8.15.14.1, 15.14.2), but as noted the term has been used in a more re-
stricted sense and the scales in guestion are not necessarily used in
measurement. This latter noun, however, way function as a modifier when it

is thought useful to emphasize that a scale is employed during a measuring
activity.

17.13 Consequently, the concept involving magnitude is termed and de-

fined.

quantity value scale

scale of values of guantities

property wvalue scale (5.9.14} on which conmparison of magnitudes
applieg

EXAMPLES - The Examples of Sections 17.6, 17.7, and 17.9 all ap-
ply.

NOTE - The statistics allowed depend on the !characteristics of
the kind-of-guantity (5$.13.3.1) involwved.

17.14 If nominal properties are not a part of the field of interest, a

modified definition is

gquantity value scale

scale of values of quantities

ordered set of possible, wutually comparable quantity values
(5.16.8)

NOTE - The Examples and Note of Section 17.12 apply.

17.14.1 The VIM3 has introduced
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gquantity-value scale; measurement scale: ordered set of guantity values
of guantities of a given kind of guantity used in ranking, according to
magnitude, quantities of that kind [132-1.27)

which is more explicit but not in conflict with the proposed short defini-

tions.

17.15 The first specific concept under "quantity value scale" corresponds

to "ordinal property-value scale" (8.17.6), i.e.

ordinal guantityv-value scale

ordinal scale of values of guantities

ordinal scale

gquantity wvalue scale (S$.17.13 or 17.14} on which comparison of
equality of magnitudes applies.

NOTE - The Exawples and Notes of Section 17.6 apply.

17.15.1 The VIM3 now has

ordinal quantity-value scale; ordinal value scale: quantity-value scale
for ordinal guantities [132-1,28}

which definition is not very informative compared to the term.

17.16 The coordinate concept is

unitary gquantity-value scale

unitary scale of values of guantities

unitary scale
quantity value scale (5.17.13 ox 17.14) on which a multiplicable
reference quantity is used

EXAMPLES - The Examples of Sections 17.7 and 17.9 apply.

NOTE - The reference quantity is a metrological unit {8.18.12).

17.17 Depending on whether division between values is allowed or not, the

first specific concept is
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differential unitary guantity-value scale

differential guantity-value scale

differential unitary scale of values of guantities

differential scale

unitary guantity-value scale (5.17.16) on which comparison by sub-

traction applies

NOTE - The Examples and Notes of Section 17.7 apply.

17.18 The coordinate concept is

rational unitary gquantity-value gcale

rational quantity-value scale

rational unitary scale of values of quantities

rational scale

unitary gquantity-value scale (5.17.16) on which comparison by di-

vision applies

NOTE - The Examples and Notes of Section 17.9 apply.

17.19 In practice, it is likely that the labbreviated terms will be pre-
‘ferred to the 'systematic terms despite the more informative nature of the
latter.

17.20 The concepts defined in this Chapter are shown as a !concept dia-
gram in Figure 17.20 which is homologous to those for «<propertys (Fig.
12.21), <examination procedures> (Fig. 14.7), <examination> (Fig. 15.17},
and <property wvalues (Fig. 16.15},
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property value
scale
{(8.9.14)

nominal
property-value
scale .
($.17.5)

ordinal

property-value
scale
(8.17.6)

differential
property-value
scale

{8.17.7)

rational
property-value
scale

(8.17.9)

Figure 17.20 Ppluridimensional

value scale>
14.7, 15.17,

(§.10.14)
and 16.15).

Terminological dimension

according to two and four levels

nominal

property-value
scale

uvantity-value
(5.17.5) 4 Y

scale
{8.17.13)
{8.17.14)

ordinal
guantity-value
scale

(3.17.15} .
unitary

(4) quantity-value
scale

.17,
differential (s 16)

unitary
quantity-value
scale

(8.17.17) 1

rational
unitary
quantity-value
scale
{(8.17.18)

lgeneric ‘'concept diagram on <property

(cf. Figs 12.21,

(8.2.19)
(1} having an algebraic comparison between property values

($.9.15} (cf.

Tabs 17.4, 17.11};

{2} having a magnitude of property value

(8.9.15);

(3} having a “metrological unit”

(5.18.12);

(4} having a rational magnitude of property values;

0 = no; 1 = yes

'Concepts paired on the same horizental line have identical 'extensions.
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17.21  The vIM3 defines the concept

conventional reference scale: guantity-value scale defined by formal
agreement [132-1.29]

which can be a further characterization of any of the concepts mentioned
from Sections 17.6 to 17.9.1 and 17.13 to 17.18.

17.22 The concepts termed and defined in this Chapter have no require-
ments as to source of values and their arrangement on the scale. In rela-
tion to "examination procedure" (8.7.3) and "examination® (8.8.4), including
"measurement procedure" ($.14.4.3 or 14.4.4) and "measurement" {(85.15.14.1
or 15.14.2) respectively, as well as their generic divisions, it may be
useful to specify the scale accordingly.

By prefacing with the modifier ’true’ or ‘examined’ in terms of the
coordinate specific concepts in Sections 17.5-6-7-2, a pair of specific
concepts based on "true property-value scale" (8.10.16.1}) and "examined
property-value scale" is formed from each of the four., The same applies to
"quantity value scale” defined in Section 17.13 and 17.14, the latter with
its generically subordinate four concepts (8.17.15-16-17-18). The term
‘examined property-value scale’ is generally shortened to ‘measurement
scale’ or 'scale of measurement’, but one should beware of ‘homonymy (cf.
§.17.11).
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18  MIXED CONCEPT SYSTEM ohn <METROLOGICAL UNIT >
and <system of metrological units>;
the metrological unit "ohe" and SI units revisited

‘Fir die Entacheidung tber die jeweils fitr Grdsse oder Einheit zu wdhlende Definition
ist nicht die Fragestellung "richtig oder falsch®, sondern die Alternative "zweck-
méssig oder unzweckmissig® bestimmend: Grésseneinfihrung und Einheitenfestlegung un-
terliegen weitgehend der Keonvention.’

Ulrich Stille, 1961 (116)

<METROLOGICAL UNIT>

18.1 Ag was mentioned in the Historical introduction (Ch.l}, the uneguiv-
ocal recording, communication, and comparison of examination results
{5.16.20} need at least one conventionally accepted reference for each kind-
of -propexty (8.6.19). The reference can be, e.g., a series of pictures for
taxonomic classification of blood c¢ellsg, i.e. a nominal examination
(§.15.20) with a nominal property-value scale (8.17.5); or a standardized
examination procedure ($.7.3) giving colour change of a dip-stix for magni-
tude of urinary albumin concentration, i.e. an ordinal examinaticn {(8.15.11}
with an ordinal propexrty-value scale (§.17.6 or 17.15} in the form of num-

bers corresponding to increasing amount-of-substance concentrations.

18.2 The importahf jump in the understanding and use of magnitude oc-
curred, however, when so-called lunits of measurement were intrcduced in
communities to aid commerce, agriculture, and building, such as in Meso-
potamia millenia ago. Then, measurement results (8.16.21) could be ex-
pressed on a differential property-value scale (§.17.7 or 17.17) or a ra-
tional property-value scale (8.17.9 oxr 17.18), each with a series of pos-
sible unitary quantity values (8.16.10) in the form of multipla of cne given
metrological unit (§.18.12).

18.3 The further evolution consisted in !defining a ‘system comprising
a convenient l!set of base unitary kinds-of -quantity (S.13.9) with corre-
sponding base metrolegical units (5.18.15) and algebraically derived kinds-
of-gquantity (5.13.3.1) with corresponding coherent derived metrological
units (£.18.19} [6-pp.103-110, 29-pp.19]. The immense number of possible
structures [e.g. see 34] is illustrated here by four important sets of base

metrological units, all related to “length" - "mass" - "tiwme"”, namely
"foot? - "pound" - *gecond" {FPS system)
“centimetre" - "gram" - *gecond" {CGS system)
"metre" - "tonne” - "seconde" {MTS system)
"metre" - "kilogram" - "second® {MKS system)

which have all been used in mechanics and where the latter set ig subgumed
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under the current winner, the International System of Units, 81 {for Systéme
international d’unités (fr)) [&, 2%-pp.21-41].

18.4 The embryonic version of the SI was defined 1875 and consisted of

the following two 8I base units for the corresponding base kinds-of-

quantity.
I|l§;}g§hl‘ Hmetrell
"massg!" "kilogram”

Subsequent additions have led to the present get of seven pairs [§].

"length "metre"
‘mass™ "kilogram®
"time" "second"
"elegtric current” "ampere”
"thezmodynamic temperature” “kelvin”
"amount_of substance" rmoler
"ITuminous_intensity" "candela®

18.5 A formal definition of "unit' was hardly ccnsidered by the early au-
thors; the lconcept and !term were just used naturally. However, James
Clerk Maxwell in A treatise on electricity and magnetism from 1873 [$9] said
that one of the two factors or components comprised in every expression of
a guantity is ’the name of a certain known guantity of the same kind as the
gquantity to be expressed, which is taken as a standard of reference. The
other component is the number of times the standard is to be taken in order
to make up the required quantity. The standard is technically called the
Unit, and the number is called the Numerical Value of the quantity.’ From
these gquotes one may fashion the following term and definition of a 'general

concept.

unit: quantity that is taken as a standard of reference for other guan-
tities of the same kind-of-guantity fparaphrase on 929}

18.6 Many authors writing about units appear to assume that "unit" is a
primitive [e.g. 5, 34, 45° %, 56,
57, 124) or they just state that a unit is a (reference) guantity (5.12.13,
12.14) [40, 92].

18.6.1 sStille gave the textual description of "Einheit® as ‘...gleichar-

tiglen] und zahlenwertmissig bekannten oder definierten Ausserungen des phy-

> In a footnote of this paper from 1$51, Fleischmann incorrectly guotes
a correct, rathexr free German translation of Maxwell’'s treatise (gee Section
18.5) by saying that a unit is a 'Qualitét’ (quality) ~ rather than calling
it a ‘Quantitat’.
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gikalischen Gegchehens ...’ [116-1.2], that is a

unit: manifestation of the physical phenomenon that is numerically known
or defined and of the same kind-of-quantity [as that of the perceived
manifestation to be compared] {[translated from 116-1.2].

18.6.2 Fleischmann said that a unit is ‘ein aussgewadhlter Gréssenwert,
der fir alle Grdssen gleicher Dimension verbindlich ist (also auch flir alle

Sachgrdssen!)’ [47-3] that is

unit: selected value of a quantity that is bound to all kindsgs-of-guan-
tity of the same dimension (and conseguently also te all instantiated

gquantitieg!) [transiated from 47-3}

18.6.3 This view of "unit" is gtill reflected in the DIN 1313:1598 by

the ultrashort definition of

unit of measurement: positive quantity value selected by convention [33-
4.1]

This definition and that of Fleischmann seem to claim that a unit is a value
of a quantity (§.16.7, 16.8}) rather than a special guantity, and that is not
generally accepted. (In the present text, "value® and "quantity® are in

lagsociative relation (Fig. 92.25)).

18.6.4 Bunge did not define "unit® formally, but distinguished between
the concept of unit for the so-called conceptual scale and a material unit
for the material scale [15-p.224], i.e. general concept and !instance. In
a later paper on A mathematical theory of the dimensiong and units of physi-
cal quantities [16-2.1], he averred (in his usual sweeping style) that 'The
concept of & unit is one of those scientific notions that has remained ob-
scure for want of a theory and excess of a coarsze philosophy’ - a reason bhe-
ing confusion between '"unit", *metrological dimension", and "measurement
standard". Bunge required that the concept be 'theoretical’ - presumably
meaning ‘mathematical’ - and should be ’‘'embedded in definite algebraic
structures sanctioning the usual operations among units and among units and
numbers’. He rightly pointed out that units are conventional, freely cho-
sen, but need to be in accordance with gome basic theory and theoretical
formulas between kinds-of-guantity ag well as to be practical in a certain
field. The concept "unit" was explained in terms of mathematical axioms and
definitions, not explicitly, but it was said that 'every physical system,
whether simple or complex, is characterized by properties representable as
real functions, and the values of those functionsg depend not only on the
system itself but also on the units that have been adopted conventionally’
[16~2.2].

18.6.5 In the excellent review by de Boer, On the history of guantity
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calculus and the International System, he stated that ’'in quantity calculus
the concept "unit", through its definition [by Maxwell] as a special refer-
ence quantity, has all the properties [read !’characteristics’] of the con-
cept "quantity® dtself’ [30-2.1.2}. Like Bunge, he distinguished between
the symbolic expression for the unit called "unit’, (@], used by theoretici-
ans in quantity calculus based on mathematical wmodels, and a ‘unit stand-
ard’, (°, used by the pragmatists for a unit realized by a physical system
for which the numerical value {Q} = 1. The thecretical expression is

o= {g} - (9

whereas the outcome of a measurement of a concrete quantity, O, is general-

i1zed as

Q' (=) {Q} (x) @

where the round brackets, (), indicate doubt about the use of the operators
in the ldesignation of real situations. Although the meaning of "unit’ was
amply discussed with guotations from Maxwell, de Boer gave no explicit defi-

nition.

18.7 An explicit definition, however, is given by the VIM3 as Follows.
meagurement unit; unit of measurement; unit: real scalar guantity, def-
ined and adopted by convention, with which any other quantity of the same
kind can be compared to express the ratio of the two guantities as a num-

ber [132-1.%]

The concept is meant to be a general one, having many realizations in its

lextension.
18.7.1 The US National Committee for Clinical Laboratory Standards
(NCCLS) (now Clinical and Laboratory Standards Institute, CLSI)), besides

quoting the VIM2 definition, also offers

unit: chosen reference quantity, which may be used for comparison of

guantities of the same dimension [105)

This wording is different from that of VIM3Z {($.18.7) where it is not enough
that the two quantities be of the same metrological dimension; identical
kinds-of -quantity are alsc necessary. {(See, however, Section 18.8.8.)

18.8 From the above definitions and descriptions, the following charac-

teristice of "unit" may be derived.

18.8.1 The concept is a general one with numerous lspecific concepts

distributed over all higtorical periods and kinds-of-quantity as isoclated
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concepts or members of a system of metrological units ($.18.27).

18.8.2 "Unit" is a specific concept under "property" (5.5.5), wmore par-
ticularly under "quantity" (5.12.13 oxr 12.14), and finally under “"unitary
gquantity” (8.12.17}.

18.8.3 “Unit® is net related te "ordinal quantity" ($.12.16) {('ordinal
property’) - except in the view presented in Section 12.8.1 - only to "uni-
tary quantity" (§.22.17) and thus also by inheritance to "differential uni -
tary guantity" {8.12.19) and "rational unitary quantity" (5.12.20) (with
synonyms 'differential property’ and ‘rational property’ respectively).

18.8.4 A unit has a standard magnitude, generally with an associated un-

certainty of definition, which is often neglected.

18.8.5 The magnitude of a given unit is chosen by convention, usually so

that its (representative) Inumerical unitary quantity value (S.16.16) is

ment (8.1%5.14.1) .

18.8.6 A given unit is a specific concept under its appropriate unitaxy

kind-of -quantity {$.13.3.23).

18.8.7 A unit, being a uwnitary guantity, may have a lmetrological dimen-

glon ($.19.22), but only if the unit is a member of a system of units,

18.8.8 R unit and its parent unitary kind-of-quantity naturally have the
same metrological dimension, if they are members of corresponding systems
of unitary kinds-of-quantiy and of units. A given metrological dimension,
however, may characterize more than one unitary kind-of-guantity [95] and
it may be claimed that their corresponding units (of the same magnitude) are
different, but happen to have the same designation. This viewpoint seems
to be in accordance with Note 2 to the VIM2 entry of "measurement unit® ag
follows. ‘Measurement units of guantities of the same quantity dimension
may be designated by the same name and symbol even when the guantities are
not of the same kind [132-1.9].' This is a lpclysemous practice, which can
be ambiguous if the unitary kind-of-quantity is not mentioned in the lappel-
lation of a measurand {S£.5.8). It should be added that the BIPM is not in
agreement, saying that ’'in some cases the same SI unit can be used to ex-
press the values of several different quantities’ [6-p.106 with reference
to p.11%9] . Bunge also stated that 'Magnitudes with the same dimension shall
be reckoned and measured with the same basic unit’ [15-p.22471.
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FXAMPLES 1
1 'amount-of-substance content® = "amount of

per kilogram", but are different rational unitary kinds-of-quantity
($.13.3.5) which cannot be added.

2 A large number of wvariocus unitary kinds-of-quantity of metrological

dimension 1 all use the unit “one",

3 TFurther examples are found in the IUPAC/IFCC's The Silver Book [86],
distributed by metrological dimension.

Such 'different’ units of the same metrclogical dimension should not be dis-
tinguished by specifications to term and symbol. Sometimes, however, speci-
al terms are created to separate the equidimensional units or the variocus

uges of the same unit.

EXAMPLES 2

1 Metrolegical dimension ©

*thermodynamic_temperature", "kelwvin" (but = "degree Celsius")

"Celgius_ temperature”, "degree Celgiug" (but = "kelvin")

"mele per second"

3 Metrological dimension LMT?

n EQEEEZ" . n j oulen

"work", "watt second"

Both units are equal to "kilogram square metre per second sguared".

4 Metrological dimension 1

"plane_angle", "radian"
"magg fraction", "kilogram per kilogram"
"legarithmic_ratio_guantity™, "neper"

These three units are equal to "one'.

All the terms for metrological units mentioned in these examples are ac-

cepted by the General Conference on Welghts and Measures {(CGPM),

This widespread practice of associating a special term for a unit with a
certain unitary kind-of ~guantity should not be coupled with omission of the
term for the latter in the appellation of a measurand. Sadly to say, the
sage admonition by the BIPM that ‘It is therefore important not to use the
unit alone to specify the guantity.’ [6-p.119] is often not followed.
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18.9 The reason for defining a metrological unit obviously is to be able
to express and conseguently compare the magnitudes of instances of unitary
gquantities of the same kind-of -quantity and to pexrform arithmetical calcula-

tions between their nunerical unitary guantity values (5.16.16).

18.10 There can ke no doubt from the above set of characteristies that
"unit" has all the characteristics of "unitary quantity® which should be the
genus proximum. The magnitude chosen by convention is an lessential charac-
teristic (8.18.8.4, 18.8.5). Not all units have metrological dimensions
{5.18.8.7), sc that is a non-essential characteristic. The use of units

(S.18.9) ig an essential characteristic.

18.11 The lword 'unit’ has several dictionary meanings [e.g. 1, 126] al-
though they generally concern an entity regarded as an individual thing.
Even if the !single term ‘unit’ has been used extensively and for a long
time in documents of a metrological nature, for example by Maxwell [98],
Guggenheim [56], Stille [116], Bunge [16], and the BIPM [6], as well as in
common language, there is sometimes felt a need to specify the restricted
metrological meaning. To this end the VIM3 uses ’‘measurement unit’, but

here the derivation from ‘metrology’ is preferred.

18.12 As an outcome of this discugsion it is possible to devise the fol-

lowing term and definition.

metrological unit

measurement unit

unit

unitary quantity (S5.12.17) of a conventional magnitude that is
used as a multiplicable reference in expressing the magnitudes of
other unitary guantities of the same unitary kind-of-gquantity
{2.13.3.3}

NOTE 1 - A metrological unit and its unitary kind-of-guantity have
the same !metrological dimension if they are members of a corre-
sponding system of metrological units {$.18.27) and system of uni-
tary kinds-of-quantity {$.13.7) respectively.

NCOTE 2 - The ltexm of a given metrological unit does not uneguivo-

cally indicate a corresponding unitary kind-of-guantity.

NOTE 3 - The wmodifier ‘metrological’ in the term is generally
omitted when thig is permitted by the context.

NOTE 4 - Metrological units are usually given conventionally as-
signed symbols, such as ‘mol’ for "mole’ and ‘Pa’ for "pascal"
{(= 1 m! - kg - g7%).
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18.13 As mentioned in Sections 13.6 and 18.2, the description of proper-
ties of The Universe is greatly aided by forming corresponding systems of
unitary kinds-of-quantity (5.13.7) and of metrological units allowing kind-
cf -guantity calculus [30] and homologous numerical unitary quantity value
equations. In such a corresponding pair of systems, a few unitary kinds-of-
quantity are conventionally considered to be metrological-dimensionally in-
dependent of each other whereas the rest are derived from them. The first
group are here called 'base unitary kinds-of-guantity’ (8.13.8), the second
‘derived unitary kinds-of-quantity’ (8.13.11).

18.14 The fermer VIM2 had an ambiguous definition of "base unit {of
measurement} ", unintentionally allowing several base units for a given base
unitary kind-of-quantity. The VIM3 has the entry

base unit: measurement unit that is adopted by convention for a bage
guantity [132-1.10]

which formally speaking still dees not exclude conventionally choosing more
than one base unit in a given system, although this is explicitly excluded
in a Note 1, but only for a coherent system of units (8.18.29}.

18.15 1In the present context, therefore, the following term and more spe-

cific definition are proposed.

bagse metrological unit

base unit
unigque and conventionally chosen metrological unit ($.18.12) for a

bage unitary kind-of-gquantity (5.13.9)

EXAMPLES 1 - The base metrclogical unit of "length" is "metze® in
the !International System of Units (SI) (S.18.33.2} and ®centi-
metre® in the CGS system of units (in spite of the factor "centi®

in the lterm of the latter).

NOTE 1 - Some derived unitary kinds-of-quantity ($.13.11), how-
ever, have a coherent derived metxrological unit {($.18.19) with the
same 'term and metrological dimension (5.19.22) as those of the

base metrclogical unit,

EXAMPLES 2 - In the S8I, the coherent derived metrological unit of

"areic volume" is ‘'cubic metre" divided by "sguare metre", equal

(cont.}
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(cont.)

NOTE 2 - The term of the 8I base metrological unit for "mass",
"kilogram", contains the prefix ‘kilo’ = 10* for histerical rea-
sons. Terms for multiples or submultiples of kilogram are con-

structed, however, by adding 8I prefixes (S.18.31) to the term
"gram’ . Thus, = one millionth kilogram should be expressed as

18.15.1 Both this definition and that of VIM3 (S.18.14) inveke a system
of gquantities by inheritance; in the proposed definition substitution of the
phrase ‘base unitary kind-of -quantity’ by its definition (£.13.9) gives

base metrological unit: unigue and conventionally chosen metrological
unit for a unitary kind-of-quantity, in a system of unitary kinds-of-quan-
tity, that is conventionally chosen to be algebraically independent of
all others

18.15.2 1In a given system of unitary kinds-of-quantity, the base unitary
kinds-of-quantity by convention are metrological-dimensionally independent
of each other. The same applies to their corvesponding base metrological
units. By contrast, the definition of a given base metrological unit may

regquire cother such units.

EXAMPLE - In the 8I, 'The ampere is that constant current which, if main-
tained in two straight parallel econductors of infinite length, of negli-
gible circular cross-section, and placed 1 metre apart in vacuum, would
produce between these conductors a force egqual to 2 x 107 newton per me-
tre of length.’ [CIPM 1946, Resolution 2, ratified by the 9th CGPM 1948,
ref.6-p.96] .

18.16 A lcoordinate specific concept to "base metrological unit", compris-

ing non-base units, is given by the VIM3 as
derived unit: measurement unit for a derived quantity [132-1.11)

18.16.1 This definition includes non-coherent units for derived quanti-

ties. 8o, the VIM3 defines "coherent derived unit" separately (S.18.18).

18.17 Here, the term and definition are proposed as follows.
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derived metrological unit

derived unit

metrological unit (S5.18.12) for a derived unitary kind-of-quanti-
ty (8.13.11) that is expressed as a product of powers of base me-
trological units (5.18.15) and a proportionality factox

EXAMPLES 1 - "kilometer®; “wole per second”; "millimole per cubic
metre"; "one per thousand”

NOTE 1 - This !definition includes such a derived metrological
unit as "millimetre® for "rainfall”, reduced from, e.g., "one

thousandth cubic metre per square metre, 107 mw*/wm*, for "volume

NOTE 2 - Some derived metrological units have special lterms con-
ventionally related exclusively to respective unitary kinds-of-
quantity ($.13.3.3).

EXAMPLES 2
"kilogram square metre per second sguared": ‘joule’, J, for

"energy" in the SI

treciprecal second®: ‘bequerel’, Bg, for "radicactivity cf_a_nu-
glide"

'mole per second": ‘katal’, kat, for "catalytic_activity"

none®: ‘radian’, rad, for "plane_angle"

18.18 A subsget of derived metrological units comprises those that are

products of powers of base metrological units only, defined by the VIM3 as

coherent derived unit: derived unit that, for a given system of guanti-
ties and for a chosen set of base units, is a product of powers of base
units with no other proportionality factor than one [132-1.12]

The BIPM text states that the modifier ‘coherent’, describing a set of
units, ‘is used here in the following sense: when c¢chevent units are used,
equaticns between the numerical values of quantities take exactly the same

form as the equations between the guantities themselves’ [6-1.4].
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18.15 In the present context the term and definition become

coherent dexived metrological unit

coherent dexrived unit
derived metrological unit (S.18.17) that has a proportionality fac-

tor of one

EXAMPLES 1 - '"one"; '"kilogram per mole" (even if the lterm "kilo-
gram’ contains an SI prefix {($.18.31})}; both in the !International
System of Units (5.18.33.2)

NOTE 1 - Coherency is ldefined on the base metrological units
{§.18.15) of a given system of metrological units (5.18.27).

EXAMPLES 2 - "kilogram per cubic metre" is a coherent derived me-
trolegical unit in the SI, but not in the CGS system, whereas the
coherent derived metrologial unit "centimetre per second” in the
CGS iz not ccherent in the SI.

NOTE 2 -~ Equations between numerical unitary quantity wvalues
{8.16.16), expressed in coherent derived metrological units, and
equations between the corresponding unitary kinds-of-quantity

(5.13.3.3) have the same form, including numerical factors.

NOTE 3 - This definition includes such a coherent derived metro-

logical unit as "metre® for "rainfall", see also Section 18.17,
Note 1.
NOTE 4 - Within the U"International System of Units, &8I

{5.18.33.2) the term ‘coherent derived unit’ is used with the same
meaning as here, but the "set of coherent §I units" is said to
comprise both ‘base and coherent derived units of the SI' (6-1.4).

The VIM3's mention of ‘product of powers of base units’ {(8.18.18) is here
inherited from the definition of *derived metrological unit* {(g8.18.17).
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18.20 The 'cocrdinate concept to "coherent derived metrological unit® is

non-~coherent derived metrological unit

non-coherent derived unit
derived metxological unit (S5.18.17) that has a proportionality
factor different from one

EXAMPLES - "kilometre"; "willimole"; "thousand®; but not "kilo-
gram"; all in the !International System of Units (S.18.33.2)

18.21 A given metrological unit may be too small for convenient ex-

pression of the numerical unitary quantity values of measurement results
{8.16.21). The VIM3, therefore, defines

multiple of a unit: ‘measurement unit obtained by multiplying a given

measurement unit by an integer greater than one [132-1.17]

ig.22 The following is in accordance with VIM3.

multiple of a metrological unit

multiple of a unit
metrological unit (5.18.12) obtained by multiplying a given metro-
logical unit by an integex greater than one

HNOTE 1 - All the SI prefixes (8.18.31) are decimal multiples {or
submultiples} .

EXAMPLES 1 - "kilometre'; "megagram"; "kilobequerel per kilogram"
{even if the !term ’‘kilogram’ contains an SI prefix).

NOTE 2 - In the !International System of Units (8.18.33.2), the
‘given metrological unit’ is a basge metrological unit (S.18.15) or
a coherent derived metrological unit (S.18.19).

NOTE 3 - The multiple of a given metrological unit usually is, but
does not have to be, an in-system metrological wunit (S.18.34.2).
In the case of an off-system metrological unit (5.18.234.1), the

use cof SI prefixes is not recommended.

EXAMPLE 2 - "sixty seconds" termed ’‘minute’
{cont.)
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{cont .}
NOTE 4 - The multiples and submultiples of 85I base metrclogical

units and of SI ccherent derived metroclogical units (S.18.19) can
now be designated ’'SI units’ [6-p.L106]*%,

18.23 The coordinate concept for a smaller unit than a given metrological

unit is given by the VIM3 as

submultiple of a unit: measurement unit obtained by dividing a given

measurement unit by an integer greater than one {{132-1.18)

18.24  The proposed version is analogous.

submultiple of a metrological wunit
gubmultiple of a unit

metrological unit (5.18.12) obtained by dividing a given metrolog-
ical unit by an integer greater than one

EXAMPLES - "micrometre"; "millimcle per cubic metre”

Sections 18.22, Notes 1, 2, 3, and 4 apply analogously.

NOTE - The definitions in Sections 8.21 to 8.24 allow the outcome metro-

logical unit to be a base metrological unit {(S.18.15}, e.g. mm x 102
= M.

<SYSTEM OF METROLOGICAL UNITS:>

18.25 Homelogously to unitary kinds-of-guantity, metrological units are

linked together in systems, and the VIM3I has the definition

system of units: set of base units and derived units, together with
their multiples and submultiples, defined in accordance with given rules,

for a given system of quantities [132-1.13]

18.26 The characteristics of "system of metrological units" are the fol-
lowing.

* Bee Section 18.32.
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18.26.1 The metrological units are elements in a conventionally con-
ceived system (8.3.3), which means that they are not just a set, but are

related to each other.

18.26.2 The elements and relationships of a system of metrological units
must correspond to those of a given system of unitary kinds-of-gquantity

(8.13.7).

18.26.3 The definition of a base metrological unit (8.18.15) is either
related to an artefact or to a measurement method (5.7.2.2}) involving a fun-
damental constant or both, allowing practical embodiments, i.e. instances.
In any case, a definition strives to allow the smallest possible measurement

uncertainty ($.16.24}).

EXAMPLE 1 - The SI base metreological unit of "mass®, 'i. The kilogram
ig the unit of mass; it is equal to the mass of the interxnational proto-
type of the kilogram;’ [The 3rd CGPM, 1901 declaration, ref. 6-p.143]

EXAMPLE 2 - The SI base metrological unit of "amount of substance", '1.

The wmole is the amount of substance of a system which containg as wmany
elementary entities as there are atoms in 0.012 kileogram of carbon 12:
its symbol is "mol®. 2. When the mole is used, the elementary entities
must be specified and may be atoms, molecules, ions, electrons, other
particleg, or specified groups of such particles.’ {The l4th CGPM, 1971,
Resolution 3, xef. 6-p.156]

18.26.4 The coherent derived metrological units are defined by algsbraic
equations involving multiplication and/or division of base metrological

units.

EXAMPLE - For the derived unitary kind-of-quantity T"amount-of-sub-

stance concentration", defined as 'amount of substance" of component

divided by “volume" of system, the ccherent derived metrological unit

is defined as "mole per cubic metre’.

18.26.5 2 system of metrological units may include multiples and submul-

tiples of base and coherent derived metrological units.
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18.27 The following term and definition are proposed.

gsvatem of metrclogical units

system of units

set of metrological units (S.18.12) with interrelations according
to the defining algebraic equations of a given gystem of unitary
kindg-of-guantity (S$.13.7) and a selt of proportionality factors

NOTE - A system of wmetrological units - such as the !International
System of Units, S8I (8.18.33.2), the CGS systems of units, and the
FPS system of units - comprises base metrological units (8.18.15)
and coherent derived metrological units {5.18.13), and may include

multiples of metroclogical units (5$.18.22) and submultiples of me-

Erological units (S5.18.24).

18.28 The specific form of "system of metrological units® comprising only
base and coherent derived metroleogical units is given the following VIM3

definiticn.
coherent system of units: system of units, based on a given system of
guantities, in which the measurement unit for each derived quantity is

a coherent derived unit [132-1.14]

The BIPM uses the term ’'coherent SI units’ for the set of base and cocherent
derived units [6-1.4].

18.29 In the present context, the following is proposed.

goherent gyvatem of metrological units

coherent gystem of units

gystem of metrological unite (5.18.27) comprising base metrologic-
al umnits (5.18.15} and coherent derived metrological units
(5.18.19)

EXAMPLE - The base metrological units, coherent derived metrolog-
ical units, and their relations of the !International System of

Units, SI (8.18.33.2)

NOTE - The 'kilogram", which is an SI base metrological unit, has

the factor "kilo" in its lterm for historical reasons.
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18.30 The concept “SI unit" is not defined explicitly by the BIPM [6],
the VIM3 [132], or the IS0 [64]. However, as the term is much used (and
abused), the following may be found useful.

S8I unit

unit of the SI

metrological unit (5.18.12) adopted by the General Conference on
wWeights and Measures (CGPM)

NOTE 1 -~ Formerly,the decimal multiples of metrological units
(8.18.22) and submultiples of metrological units {S$.18.24) of the
81 were not considered to be 8T units by the CGPM, but the 150 31
suggested that they should be ‘added to the coherent system
within the framework of the SI’ [64-31-0-2.3.2.3] and the BIPM
now includes them in the |Internaticnal System of Units (6-1.4).
(Cf. also §.18.32.)

NOTE 2 - The World Health Organization recommends by Resolution
WHA30.39, 1977-05 the preferred uge of SI units in medicine and
especially those involving the mole rather than mass units. The
theory and practice of the SI is excellently presented in a book-
let [128].

NOTE - Inasmuch as the symbol 78I’ means 'International System of Units’
{8.18.33.2}, the term ’‘SI unit’ by substitution renders an awkward
phrase. The correct term would be 'unit of the SI’, but the inverse se-
quence has become idiomatic in metrology. The problem does not arise in
French where the term is ‘unité SI‘.

18.31 There are two ways to avoid many insignificant zeroes in the numer-
ical unitary gquantity values (5.16.16). The first is to give each size of
metrological unit a completely separate texm.

EXAMPLES

“gigg“ (duration} is expressed in "second"; &0 seconds = 1 "minute";
60 minutes = 1 "hour"; 24 hours = 1 "day" - all factors being multi-
pla of 12.

"volume" may be expressed in "litre" = one thousandth of a "cubic metre".

The second option iz to combine numerical factors with the term or symbol
for a metrolegical unit, thereby creating a new unit. With the 38I, decimal
factors are used to form non-coherent derived metrological units (5.18.20).
The designations of such factors, both terms and symbols, are adopted by the
CGPM [6-p.121-Tab.5]. '
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The concept "SI prefix" is much used but not defined by the BIPM. Conse-
quently, the following is suggested.

81 prefix

prefix placed at the beginning of the ‘term for a base metrolog-
ical unit ($.18.15) or a coherent derived metroclogical unit
(5.18.19) of the system of metrological units (5.18.27), adopted
by the General Conference on Weights and Measures (CGPM}, to
designate a defined decimal factor

EXAMPLES - The current list of terms and lsymbols for §7 prefixes
stretches from yotta, Y = 10*, to yooto, y = 107, sc that one
prefix is usually sufficient and then mandatory.

NOTE - The SI prefixes are not to ke used with submultiples and
multiples of the SI coherent derived metrological unit (S.18.19)
"one", but can be used with special terms for "one", e.g. radian

and neper.

18.32 The statement in the 7th edition of the SI brochure that ST units
comprise only the "coherent set of units", i.e. "SI base units” and "SI co-
herent derived units" was not generally understandable to practitioners of
laboratory work, who felt that, e.g., the combination of the SI base metro-
logical unit "mole” and the SI prefix "pico" to form the submultiple metro-

logical unit "picomele” should naturally be an SI unit.

The problem was presented to the Congultative Committee for Units (CCU) of
the International Committee for Weights and Measures (CIPM) by Mills in
stating ‘... that the rigid restriction cf the name "SI unit" to apply only
to the coherent SI units is contrary to common usage, and moreover I believe
that it is not a particularly useful meaning to impose on the words.’ [103].
The CCU supported this view at its 1l4th Meeting 2001.

The CCU formally approached the CIPM which followed the advice in 2001 so
that "SI units" and "units of the SI" should be regarded as names that in-
ciude both the base units and the coherent derived units, and also all units
cbtained by combining these with the recommended multiple and submultiple
prefixes’ {[6-Appendix 1, p.166].

The proposed definition of "SI unit" (5.18.30} acccords with the new
CIPM/BIPM position.

18.33 Regarding a definition of the !"International System of Units",

there are twe authoritative sources.
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18.33.1 A formulation can be derived from a Rescluticn 3 by the Interna-

tional Committee for Weights and Measures 1956 as follows.

Systéme International d'Unités: system founded on the base units adopted
by the 10th CGPM [followed by a list of the six base units comprised at
that time, a list of two supplementary units, and a list of 27 coherent
derived units with the statement that others might be added later].
[Paraphrase on 6-Appendix 1-p.148]

This is an lextensional definition which is somewhat unwieldy and needs per-
iodical updating. For example the "mole! became a base unit in 1971 and the
supplementary units became derived unite in 1595. Furthermore, the coverage

ig now extended {5.18.32),
18.33.2 The VIM3 has the !intensional definition

International System of Units; SI: coherent system of units, based on
the International System of Quantities, their names and symbols, includ-
ing a series of prefixes and their names and symbols, together with rules
for their use, adopted by the General Conference on Weights and Measures
{cePM} {132--1.16]

with a Note presenting a table of seven quantities (i.e. base unitaxry kinds-
of -quantity} and the corresponding seven SI base units on which the SI is
currently built (see Section 18.4). This must be considered the closest to
a current official definition of the SI.

18.34 The VIM3 cffers the concept

off-system measurement unit; off-system unit: measurement unit that does
not belong to a given system of units [132-1.15]

where the texrm is self-explanatory. No cooxdinate specific concept of "in-

system unit' is given.

For the sake cof discussing and constructing concept systems, however, it may
be convenient to define two specific coordinate concepts under metrological

unit as follows.
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18.34.1

off-gyvstem metroleogical unit

off-gystem unit
metrological unit ($.18.12) that is independent of a given system

of metrological units (5.18.27)

EXAMPLES - "minute®; "hour®; "day* - all in relation to the SI
($.18.33.2) - and in spite of all being whole number, but ncn-dec-

imal multipla of "second”

18.34.2

in-system metrological unit

in-system unit
metrological unit ($.18.12) that is a member of a given system of

metrological unitg (5.18.27)

EXAMPLE - "second" 1is an in-system metrological unit of both the
8I (5.18.33.2) and the CGS system.

18.35 The BIPM speaks of "units outside the SI" or "non-SI units" [6-4)
listing them ag shown in Table 18.35.

Table 18.35 Examples of metrclogical units (8.18.12) cutside the Inrer-
natiotional System of Units, SI {5.18.33.2), according to the BIPM [6-
pp.123-129]

Group Value in SI uvnit (8.18.30)

Units used with the SI

non-SI units accepted minute = 60 seconds
for use with the 8T litre = 1 cubic decimetre
non-8I units accepted Dalton, unified atomic mass unit

1.660 538 86(28) x 107 kilogram

for use with the S8I, whose
values in SI units must be
obtained experimentally

10° pascal
1 nautical mile per hour
(1852/3600) meter per second

other non-SI units bar
currently accepted for use knot
with the S8I

1077 Joule
0.1 pascal second

Non-81 units associated with ery
the CGS system of unitsg poise

|
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THE METROLOGICAL UNIT “QONE"

18.36 In a system of wmetrological units, each unit of necessity has at
least one term and usually alsc a symbol. In the SI, the terms are special
for Imetrology with the exception of (the number) “one”, symbol ‘1’. The
51 considers this a coherent derived metrological unit (5.18.19) for all
unitary kinds-of -gquantity having the metrological dimension one, also called

dimensionless unitary kinds-of-quantity {6-2.2.3]. Examples are ‘'number
of entities", "entitic nuwber", "mass_fraction”, "relative time®, ‘“refrac-
tive index", and "amount-of-substance ratio"; many more examples may be

found in, e.g., The Silver Book [86-Ch.8]. A few of these unitary kinds-
of ~quantity have special terms for the unit "one", such as "radian", rad,

Except for the unitary kinds-of-gquantity with such special terms for "one",
numerical unitary quantity values of linstantiated unitary gquantities of me-
trological dimension one are customarily given as numbers without specifying

the coherent metrological unit.

Furthermore, when the number of zerces before or after the decimal sign be-
comes impractical, the IS0 decrees that 'Decimal multiples and sub-multiples
of the unit "one"” are expressed by powers of ten. They shall not he ex-
pressed by combining the symbol 1 with a prefix.’ [64-31-0-2.3.3]. It
should be added that neither is the combination of the full prefix term and
the term ‘one’permitted.

EXAMPLES
700 000 may be written 0.7 x 10% or 700 x 10%, but not 0.7 megaone,
0.7 ML, or 700 kiloone, 700 k1.

0.000 1 may be written 0.1 % 10 or 100 x 10, but not 0.1 millione,
0.1 ml, ox 100 microcne, 100 ui.

18.37 To avoid the problems with having to communicate powers of ten, es-
pecially orally, some unitary kinds-of-quantity allow the use of a redundant
unit in the form of a guotient of two metrological units of the same metro-
logical dimension different from one - giving a unit that in the 8I is a

power of ten, and of metrolcogical dimension one.

kg/kg = 1 and "milligram per kilogram", mg/kg = 10°°

18.38 Another much used solution, mostly for values below one, is a

series of terms and symbols for submultiples of "one" as follows [104].



Ontology on property 18 <Metrological units P. 203/279

"per cent?, % = 107°

also "parts per hundred", pph

"per millY, % = 10°?
also "parts per thousand?, ppt

"parts per million", ppm = 10°%; the symbol can be mistaken for "parts per

milliard®

“parts per hundred million”, pphm = 10°°

“parts per billion", ppb = 10°° (US); can be mistaken for 10 (Europe)
"parts per trillion®, ppt = 10 (U8); can be mistaken for 10°** (Europe)

"parts per quadrillion®, ppg = 10 (US); can be mistaken for 10°%
(Europe)

The I80C allows the first, "per cent", but deprecates the rest [64-31-0-
2.3.3]. The BIPEM allows ‘%’ and even ‘ppm’ for “parts per million" [6-
5.3.71 in spite of the fact that ‘w’ could be understood tce mean "milliard®

in Europe.

18.39 1t would be both practical and consistent with the 8I if the number
"one", used as a metrological unit, were to be givenr a term by the CGPM so
that SI prefixes could be attached as for other units. This is not least
so for laboratory medicine where reports routinely contain results needing
factors stretching from 10712 to 10,

EXAMPLE - A usual number concentration of erythrocytes in human blood is
4.8 x 10°% per litre. Although a correct expression is 4.8 pl™*, the un-
derstanding of "reciprocal picolitre’ as a unit for a "number concentra-

tion" is hardly to be expected from most health care workers.

.The problem has been discussed before and recent contributions are helpful.

18.40 Millg, in a paper entitled Unity as a unit, stated that ‘the
numeral 1 should be regarded as an SI unit’, and continued that ‘There is
some guestion as to whether it should be thought of as a derived SI unit,
or a base SI unit.’ Perhaps the former where division between unitary
guantities is involved and the latter for number of entities by c¢ounting
[104] . Possible terms mentioned were "heis’, symbol I {classical Greek ¢lg,

masculine for ‘one’) in the former case and ’'item’, symbol I, in the latter,

18.41 Blackburn stressed that "one" ig a unit of measurement and ‘a de-

rived unit of the SI' [10] which should be associated with SI prefixes. For
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counted guantities, he suggested as a possible term ‘entity’, symbol ent,

or ‘item’, symbol itm or it.

18.42 The International System of Units, in fact, simply lists ’ (the num-
ber) one’ as the name of an SI [coherent] derived unit with symbol ‘17, and
having the "yefractive index" as an example of use [6-p.117, Table 2].

The BIPM, hcowever, mentions also that for guantities representing a count

"the unit one may instead be regarded as a further base unit’ [6-2.2,3],

18.43 The Consultative Committee for Units (CCU of the International Com-

mittee for Weights and Measures, CIPM) in 1998 recommended ’the adoption of
the special name U or uno, symbol U, for the dimensionless derived unit one,
for use with the SI prefixes to express the values of dimensionless quanti-
ties which are wuch greater or less Lthan one.’ [25-p.56&1 .

Unfortunately, the CIPM subsequently only took note of this recommendation,

urging ‘wide examination of the proposal.’

Consgequently, a background paper and proposal for the term ‘uno’, symbol
‘u’, was presented [134] - so far, unfortunately, with no response.

18.44 The concepts proposed in this Chapter around <metrological units

are shown as a concept diagram in Figures 18.44a and 18.44b.

The latter Figure is drawn separately to avoid crossing lines in the former.
The lgeneric and !partitive concept system in Figure 18.44b is not the basis
of the definitions proposed for the four specific concepts as "non-cocherent

metrolegical unit" and "coherent metrological unit® are not defined.

Figure 18,44a Mixed lconcept diagram {supplemented by Figure 18.44b)

on the lconcepts arcund <metrological units discussed in this Chapter 18,

Terminological dimension {5.2.19)

(1} having a metrological unit (8.18.12);

{(2) having a membership in a svstem of metrological units {5.18.27):

(3) having a conventional dependency of other units in a svstem of me-

trologigal units;

(4) having all proportionality factors equal to one;

() having a proportionality factor equal to one;

0 = no; 1 = yes

(6) having a proportionality factor different from one;

< = helow; > = above
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guantity
(8.12.14)

N

ordinal
guantity
{(6.12.186)

unitary
gquantity
(3.12.17)
metrological [non-unit
unit unitary submultiple of
(8.18.12) guantityl] a metrological

unit

///////////:;;;7fsystem of

off-system

metrological
unit
(5.18.34.1)

(6)

in-system
metrological
unit

(5. 18 34 .2}

\/\

(5.18.24)}

mulitiple of

a metrological
unit

(5.18.22)

81 unit [non-8I metrological
(8.18.30) unit] units
( Fig. {(5.18.27)
46b (4) base derived
metrological metrological
unit unit
{(5.18.15) (5.18.17)
[non-~coherent coherent
system of system of
metrological metrological
units] units —— coherent non-coherent
{5.18.29) —— derived derived
metrological metrological
unit unit
. (5.18.19) (8.18.20}
SI unit
(5.18.30) .
aT a sSI prefix .
init? se (8.18'31);:>7pref1x
International
System — eee
of Units; 8I
(8.18.33) | {87 coherent fmultiplying [submultiplying
T derived unit] prefix] prefix]

81 prefix
(5.18.31)

I

rule of uge
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18.45 As the concept diagram of Figure 18.44a shows a fairly complicated
stracture of relations, some definitions should be checked for external cir-
cularity. This is done in the form of Table 18.45a for "metrological unit®
and in Table 18.45b for seven more concepts. It appears in each casge that
the defined concept in consecutive definitions, starting with those of the

initial 'definiendum, do not lead back to that concept.
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ST UNITS REVISITED

18.46 The recent authoritative BIFM text on the SI {6] does not give
formal definitions of all concepts related to units, but from the context
it is possible to construct a concept system as shown in Figures 18.46a on
<81 unit> and 18.46b on <non-SI units.

NOTE - The BIPM terms for meltrological units subordinate tc "SI unit" are
formed in various ways such ag 'base SI unit’, ‘SI base unit’, and ‘base
units of/in the $I’ [6]. Here, the modifiers will precede the fundamen-
tal term ‘ST unit’, e.g. 'coherent derived SI unit’ rather than 'cocherent
81 derived unit'.

Comparing Figures 18.44a and b with Figures 18.46a and b, their structures
are found different because the former is more general than the latter,
which is focused on the SI.
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19  MIXED CONCEPT SYSTEM on
<METROLOGICAL DIMENSION >

‘The striking feature of the subject is that it has remained controversial for so
leng. I am convinced that the main reason for this is loose terminology, ...
£.4. Guggenheim, 1942 {56]

19.1  ©Hitherto, in this text, the lterm ‘dimension’ (or ‘metrological di-
mension’) in lrelation to !metrology has been used without ‘defining the
lconcept, although the metrological literature is not unisonant on the mean-
ing. Thig Ipolysemy will be discussed in Section 19.21. The special sense

of texrminological dimension was defined in Section 2.19.

19.2 In 1873, Maxwell in a footnote [99-p.2] credited Jean Baptiste Jo-
seph Fourier (1766-1830) with having first advanced the theory of dimensions
in his pioneering moncgraph Théorie analytique de la chaleur 1822 [48%273
}. Indeed Fourier wrote that ’ ... chague grandeur indéterminée ou constante
a une dimension qui lui est propre, et que les termes d'une méme éguation
ne pourraient pas &tre compards, £'il n'avaient point le mé&me exposant de
dimension.’ (p. 154-para 160). 1In the translation by Freeman this became
' every undetermined magnitude or constant has one dimension to itself,
and that the terms of one and the same equation could not be compared, if
they had not the same exponent of dimension.' [49%].

The terms 'undetermined magnitude’ or 'undetermined quantity’ seem to cover
what is here called base unitary kind-of-guantity (8.13.9). Thus, the di-
mension of the 'undetermined gquantity length’, x, was listed as the exponent

tive units of "duration" and "temperature" {49-article 161]. The concept

of "dimension” was defined by dimensional exponents, but "metrological unit®

is also {unnecessarily) involved.

Maxwell adopted this approach, explaining that any lunit has dimensions ’in
terms of the three fundamental units’, which, for example, in the universe

of ‘dynamical sciences’ were units of "length®, "time*, and mass. ‘When a

given unit varies as the nth power of one of these units, it is said to be

of n dimensions as regards that unit.’ [59].

15.3 Lodge emphasized that 'merely the dimensions of a quantity do not
always fix the kind of guantity’ and gave as an example "moment of force®

and work" [95]. (With the seven unitary kinds-of-guantity (8.13.3.3), cox-
responding to the SI (see Section 1%.22), both have the dimension L°MT?.

Another example was given in Section 4.5.)

® Maxwell abbreviated the title to ‘Théorie de Chaleur’ and Bridgman
reiterated (8.19.4).



Ontology on property 15 <Metrologlical dimensions> P, 213/279

19.4 A century after Fourier, i.e. in 1922, his ideas were acknowledged
by Bridgman in his monograph Dimensional analysis stating that 'Fourier was
the first astute observer’ [13-p.51]. Otherwise, Bridgman listed the ‘pri-
mary guantities’ [here termed base unitary kinds-of-quantity (5.13.9))
*time", t, "length"., 1, and “mags", m, [italics for lsymbols were neot used)

as having the dimensional formulae T, L, and M respectively; accordingly,
the ‘secondary quantity’ [read: derived unitary kind-of-gquantity (5.13.11)]
vacceleration of gravity" was given the dimensional formula LT?. However,

this concept was defined as

dimensional formula of a secondary quantity: aggregate of the exponents
of the various primary quantities which are involved in the rules of ope-

ration by which the secondary quantity is measured [13-p.23]

and ‘'In crder to avoid confusion, the exponents are assccilated with the sym-
bols of the primary quantities to which they belong, that symbol being it-
self written as raised to the power in gquestion.’ Unitary quantities having
values that are numbers were characterized as being dimensionlegs. It is
nct quite clear whether ‘dimension’ refers to a set of exponents or a pro-
duct of factors bearing exponents; this ambiguity is also reflected in sev-
eral quotes given [13-Ch.2-Appendix]. Bridgman echoed Fourier in stating
that all terms in an equation between [unitary kind-of-lquantities must have

the same dimensions.

In a c¢ritical review on the theory of dimensions from the same yeaxr, Wallot
gave no definition, but also used the term for each of the exponents in an

equation between units, iscmorphic to an equation between quantities [125].

19.5 Guggenheim - in a chapter on ‘Units and dimensicns’ {56] - did not
either define the concept "dimension", but freely used the plural ‘dimen-

sions’ in phrases such as

- ‘A pure number will be said to have no dimensions or to be dimension-
iessg.’

- ‘If the ratio of two physical guantities is a pure number, the two quan-
tities will be said to have the same dimensions.’

~ ‘Again, in any eguations between physical guantities the two gides of the
egquation must have the same dimensions.’ This statement supports Fourier

and Bridgman as a requirement of dimensional analysis.

Furthermore, in a discussion of the number of necessary or useful independ-
ent dimensions or corresponding fundamental guantities [here called base
unitary kinds-of-guantity {(S.13.9)], Guggenheim - as already quoted in Sec-
tion 13.9 - opined that 'if in the same problem or set of prchklems two au-
thers make a different choice, the one chooging the greater number is likely

to be the more competent physicist.’
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19.6 Landolt mentioned - in agreement with Bridgman - that only quanti-

ties of the same dimensicn can be added and that they have the same unit
[92], but no definition was offered.

19.7 A formal definition was given by Haberii as follows. ‘Die "Physika-
lische Dimension® ist das formelle Symbol f£ir die "Physikalische Qualitat"’,
where Hiberli used 'Qualitat’ in the sense of unitary kind-of-quantity. So,

physical dimension: formal symbol for a unitary kind-cf-quantity
(§.13.3.3) (57-p.6é]

and an example given was renergy” having the physical dimension (usually
shortened to ‘dimension’) symbolized

12

dim W = M 3

where the italic symbols on the right-hand side stood for the physical

‘Grunddimengionen’ "mags", "length", and "time" respectively. Hédberli sug-

. . : . 2002
gested that this symbolism was more evocative than the one-line L'MT® and
constituted a repregentation (‘ein Bild', de} cf the unitary kind-of-
gquantity. The definition, however, 1is not wvery descriptive and the

representation is not uniquely giving the kind-of-quantity.

19.8 Fleigclimann described the mathematical lcharacteristics of that
which here is called ‘system of unitary kinds-of-guantity’ (S.13.7) and
stated that any unitary kind-of-quantity, X, in such a system could be ex-
pressed as an algebraic integral product of powers of the selected base

unitary kinds-of-quantity (‘/CGrundgrdssenart’, de). This product,

Bi{l L B:n
wag called 'dimensional product’ (’'Dimensionsprodukt’, de) and the exponent,
¢y, ‘dimension relative to B;Y [45].

15.9 The classical tome from 1955 by Stille, firstly presented the view

of various authors [116), some relating dimension to products of base uni-
tary kinds-of-guantity, some to products of base metrological units
(5.18.18), e.g., von Helmholtz [123-p.389%9], and some to the exponents cf
such products. Secondly, he found the dimensional product of a unitary
quangity, A, as follows. (The choice of letter symbols used here are dif-
ferent from Stille’s for the sake of consistency with Fleischmann's.)

- A set of "Grundgrdssenarten", B;, (here called base unitary kinds-of-

quantity) are chosen, e.g. "length", 1, "“mass", m, and “Eémg", t;
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- the unitary guantity {8.12.17} is represented by the unitary gquantity

equation

n o;
A:ZRBi

=1

where Z is a number and «; is an integer;

each base unitary kind-of-quantity has a corresponding base dimension,
symbolized by a sanserif capital letter, e.g. for “lepngth", 1, the sym-
bol L;

- the set of base dimensions, B, constitutes a system of dimensions, {B,,
B, ... B,};

- from the expression of A above, any numeral factor, £, special mathe-
matical operators, such as derivative, d, and vector and tensor symbols
are lgnored;

- the dimensional preduct of A4 is then

Dim [4) = {]B/

i=1

for example "force" has the dimensional product Dim [F] = LMTQ;

- if all o; = 0, the unitary guantity (or derived unitary kind-of-quantity
(8.13.11)), Y, is dimensionless,

0 o
Dim [¥] = [|B, = 1
EEN)

- whereas each system of base unitary kinds-of-quantity corresponds to only
one system of dimensions, the latter may correspond to many coherent sys-
tems of metrological units (35.18.29) depending on the choices of magni-

tudes for the base metrological units.
Stille finally offered a description of

Dimension einer Grdsse: die aus den Grdssengleichungen als Definitions-
gleichungen fir die Gréssen folgende und als Potenzprodukt der CGrund-
grdssenarten ausgedriickte allgemeine Beziehung der Grdsse zu den Grund-

grdssenarten [116-p.34]
which rather convulated phrase may be translated as
dimension of a unitary guantity: general relation of the unitary guanti-

ty {(8.12.17} to the base unitary kinds-of-quantity (8.13.9), resulting
from the unitary quantity equations in the form of defining eguations and
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expressed as a product of powers of the base unitary kinds-of-quantity

itransl. from 116-p.34]

This thorough discussion by Stille has two puszzling details. Why is the
symbol for dimensional product dim [A], where [A] is the symbol of the me-
trological unit ($.18.12) for a unitary quantity A? Why does the definition
of "dimension of a unitary quantity" speak of expressing it as ’'a product
of powers of base unitary kinds-of-quantity’ when the factors are not sym-

bolized by B; but by a new symbol B;?

19.10 2 second paper by Fleischmann is less cleaxr in lterminology as ad-
mitted by the author who stated that it is his ‘augenblickliche Meinung’ and
that he used ‘verschiedentlich zwel cder drei Worte flir den gleichen Mittedi-
lungsinhalt nebeneinanders [47-3]. Thus, 'Dimensicn’, ‘Crdssenklasse’, and
‘Gréssenart’ are synonyms for a concept that was said to describe the guali-
tative aspects of properties [read: gualiltative aspects of unitary gquanti-
ties, i.e. unitary kinds-of-guantity] and was not attached to an object; but

it was alsc claimed to be a class of infinite many values of quantities

which are statements ahout the same measurable property (Merkmal, de). Bx-
amples given were ‘"electrical current®, ‘“time", and “length". It was
gtresgsed that "dimension" i1g different from "unit®. Finally, the symbol

dim A was used in equations between unitary kinds-of-guantity.

15,11 Bunge explained that a ‘variety of magnitudes {read: unitary
kinds-of-guantity} ... are basically of the same kind. Distance, height,
depth and wavelength are just different applications of the length concept:
they belong, as we shall say, to the same magnitude Ffamily. What
characterizes this family is the common dimension L’. Furthermore, ’'Magni-

tudes with the same dimension shall be reckoned and measured with the same
basic unit.’ [15-p.224]. Bunge alsc mentioned the importance of di-
mensional analysis which was said to be ‘an analysis of formulas that either

belong to or presuppose some theory.’

19.12 This was later pursued in a paper on the mathematical theory of di-
mensions giving axioms, theorems, and definiticns within a Set-Thecoretical
approach [16]. Thus, within a given physical theory, T, there was said to
be a set of all physical quantities, @, [read: unitary quantities or some-
times unitary kinds-of-guantityl. 2Among these, a subset of undefined basic
physical quantities, Qﬁ'is chosen and any number of defined derived physic-
al gquantities can ke built out of this subset. The physical theory, T, alsc
contains a set, Df, of basic dimension values, assigned by postulate, such
as L, M, T, which can generate the totality of dimension values D, where
multiplication between the basic dimension values is sanctioned. The set
0O, can be partitioned into homogeneous subsets (species) having the same
dimensicn function, [1, such that the dimension value of, e.g., any wave-
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length, A, is the dimension species L, i.e. [A] = L. {(Here the square

brackets do not indicate "unit".]

Other partitions of @, are into dimensional and dimensionless guantities;
dimensional constants, such as the gravitational constant, having no physi-
cal instance; and magnitudes [read: unitary kinds-of-quantity}. Bunge con-
sidered that there are two concepts of dimension, namely dimension function,
1. and dimension value, d. ‘They are the wmathematical objects satisfying
the theory expounded ...’ [16-1.9%].

19.13 The review cn quantity calculus by de Boer freely used dimension-
ality in describing systems of rational unitary guantities (5.12.20) and of
metrological units, such as the three-dimensional CGS system [30-p,409].
Furthexr, he quoted Fleischmann’s dimensional product, given as A% - B°

E¢, and dimensionsg, a, b, ..., e, relative to the rational unitary kinds-of-
guantity (5.13.3.5) A, B, ..., E. TFinally, in a sketch of the formal alge-
braic structure of quantity calculus [30-Appendix], continuing the ideas of
Wallot, de Boer defined a set of physical [read: raticnal unitary] quanti-
ties cf a given [raticnal unitary! kind-of-quantity, A - grouped tegether
by an equivalence relation (reflexive, symmetric, and transitive) - as an
eguivalence class, C(A), and where the whole set of all equivalence classes
is the whole set of rational unitary quantities, Q. Quantities of the same
kind were said to have the same dimension, e.g. dim A. The group of equiva-
lence classes, the group of rational unitary kinds-of-quantity, the metro-
iogical units group, U, of a coherent system, and the dimension group were
claimed to be isomorphic. Finally, each of these groups were described as
an infinite commutative group. The dimension group was 'generated by a set

of independent "base dimensions" A, ..., D, such that the dimension of ev-
ery guantity V can uniquely be expressed in the form dim v =A7 ... Dé(a,
., 6€ 2y,

There is one problem with this presentation as exemplified by the statement
that 'All the so-called “dimensionless quantities" belong to one c¢lass of

quantities of the same kind; they belong to the egquivalence class of "dimen-
sicnless" quantities C€(I), which contains alil quantities which are of the

same kind as the unit element I’. It is coxrect that, e.9g., "nunber of en-

tities" and "mags fraction" have the dimension 1, but they are not of the

game rational unitary kind-of-guantity. Likewise, "mass concentration" and

"volumic mags" are of dimension LM although they are different rational

unitary kinds-of-quantity - even if the latter becomes equal to the formex
when the component (8.3.4) equals the system {(5.3.3). The information given
by a dimension is less than the definition of the corresponding unitary

kind(s) -of -gquantity.
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19.14 Turning to the international documents, the VIM3 defines

quantity dimension; dimension of a quantity; dimension: expression of
the dependence of a gquantity on the base guantities of a system of quan-
tities as a product of powers of factors corresponding to the base quan-
tities, omitting any numerical factor [132-1.7]

This definition stresses that dimensionality rests on the choice of a system
of unitary kinds-of-quantity, effectively excluding ordinal guantities from

having a meaningful dimension.

19.15 The Iéo 31-0-2.2.6 states that a [unitary] quantity, Q, can be ex-
pressed as a product (or a sum of products) of powers of base guantities,
A, B, ..., from a chosen set, sometimes multiplied by a numerical factoer,
&, d.e. Ea°B%CY . ... ‘The dimension of the quantity Q is then expressed by

the dimensional product
dim ¢ = A'B'C" .. ..

where A, B, €, ... denote the dimensions of the base guantities A4, B, ¢,

., and where o, 8, v, ... are called the dimensional exponents.’' Any
numerical factor § different from cne is omitted. The dimensional product
is also termed 'dimension’ {64, 120]. For the seven base unitary kinds-of-

gquantity of the SI, ’the base dimensions may be denoted by L, M, T, |, &,

N and J respectively.’

The IS0 also explains that for a given system of [unitary kind-of-]guanti-
ties, ‘a coherent system of units is obtained by first defining units for
the base [unitary kind-of-Jguantities, the base units. Then for each de-
rived [unitary kind-of-]Jquantity, the definition of the corresponding de-
rived unit in terms of the base units is given by an algebraic expression
obtained from the dimensional product by replacing the symbels for the base

dimensions by those of the base units.’

15.16 In a discussion paper to the Consultative Committee Ffor Units
{ccu), Blackburn simply noted that ‘Dimension is a descriptor which speci-
fies the nature of a quantity ...’ [10]. What the nature consists in is not
revealed, but the sense seems to be that of the pseudo-definition cffered
by Hdberli (8.19.7).

19.17 The German standard DIN 1313 describes concepts such as “scalar
gquantity® (= "rational unitary kind-of-quantity") (Grdsse, de), "“unit of
measurement” (= "metrological unit") (Einheit von Grésse, de), and "kind-of-

quantity" (Grdssenart, de), but alsc has a clause on Quantity systems and
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dimensions [33-6]. The latter is defined as

dimension of a guantity system: set of guantity values whioh can be giv-
en as the set of multiples of a guantity value different from 0 with ar-
bitrary real ccefficients [33-6.4}

Except for one of Fleischmann's suggestions [47], this definition is radi-
cally different from previous attempts in relating to quantity values rather
than to the mathematical eguations between unitary kinds-of-guantity. The
term for a dimension is said to be that of a basic kind-of-quantity such as
"length" or "mags"., thus leading to fhomenymy. Both (unitary) quantities,

@, and their guantity values, x, have dimensions, dim G and dim x respect-
ively. Finally, the specific concepts '"base dimension® and "derived dimen-

sion" of a system of rational quantities are mentioned.

19.18 So far, the discussion has identified concepts with terms such as

‘dimensional formula’, ' (physical) dimension’, 'dimensional product’, dimen-
sional exponent’, ‘base dimension’, ‘derived dimension’, ‘dimension func-
tion’, 'dimensional value’, ‘dimension species’, ‘dimensional constant’, and
‘dimension group’ - although with !synonymy, polysemy, and homonymy in-
volved.

The top cencept in this lset is <dimensions which - in spite of several di-
versiong - has evolved to have the following lessential characteristics.

- The system of dimensions is dependent upon and isomorphic with a system
of unitary kinds-of-guantity with chosen base unitary kinds-of-quantity
[30, 45, 56, 116, 132].

- The system is related to a system of metrological units with chosen bage
metrological units [30, 64, 99, 1167.

- Twe or more different unitary kinds-of-quantity can have the same dimen-
sion and metrological unit [15, 33, 95].

- The structure of the dimension of a given unitary kind-of-quantity as a
product of exponential factors of base dimensions, ig homomorphic with
that of the defining unitary base kinds-of-quantity [30, 64, 116].

- A dimensional product is devoid of any numerical factors (except "one™)
and wathematical operators (except "multiplication®) that may occur in
a corresponding defining equation between unitary kinds-cf-quantity.

- A gingular unitary quantity {$.6.14.2), its metrological units, and
their parent unitary kind-of-guantity have the same dimension in a
given system of unitary kinds-of-cquantity.

- Each base metrological dimension is currently conventionally symbolized

as a unique sanserif capital [30, 64, 118] which is also used as a term.

The first, fourth, and fifth of these characteristics may be considered to

be ldelimiting characteristics,
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19.19 The next to last characteristic above gives the possibility of de-
fining "dimension" primarily in relation to either "unitary kind-of-quanti-
ty" or "unitary guantity". Although an explicit distinction between these
two concepts i1s not always made in the reference texts, unitary kind-of-
quantity seems Lo be chosen by Hidberli [57], Fleischmann [45), Stille [116],
and probably Bunge [15], whereas IS0 [64] and VIM3 (8.19.14) relate to uni-
tary quantity.

Inasmuch as a singular unitary quantity inherits the characteristics of its
lsupercrdinate 'generic unitary kind-of-quantity, it seems reasonable to opt
for the latter higher level. It may be added that the examples in the vari-
ous texts almost invariably mention only kinds-of -quantity.

19.20 starting with Hiberli [57), and still used by the IS0 [64] and VIM3
{132}, the metrological dimension of a unitary (kind-of-)quantity, 0,
is symbolized by dim Q. :

19.21 The ‘simple term ‘dimension’ is not without problems even if
Fourier’s [49], Maxwell's [99], Wallot’s {[125], and Fleischmann's [45) clas-
sical meaning of an ‘exponent in the dimensional product’ nowadays is ig-
nored. Their opinion is reflected in common language, where a dimension ba-
sically is the extenl in one direction of a tridimensional space. The same
sense is generalized in algebra. This usage might also be thought to apply
in the recent theoretical text by de Boer with terms such as the ’'three-di-
mengional OGS system’ {30]; this expression, however, is probably just a
short version of the ‘CGS system having three bhase dimensions’ -~ each of
which having only one 'direction’. A better designation for the character-
istic of any singular unitary quantity in a system could be ‘dimensional pro-
duct’ as suggested by Fleischmann [45] and mentioned by Stille [116]. Yet,
the latter defined {here given in translation) "dimension" as the ‘relaticn
of a [unitary! quantity to the base [unitary] kindg-of-quantity’ and ex-
pressed this relation as a ’'Potenzprodukt’ (§.19.9). (0D essentially con-
curs for a derived quantity in physics by stating that its dimension is ‘the
product of mass, length, time, etc. raised to the appropriate power’ [1-
p.327].

Although any unitary guantity belonging to a defined system can be said to
be a peint in a pluridimensional space, it has become customary in the )spe-
clal language of lmetrology to speak of the dimension of such a quantity and

its unitary kind-of-guantity even when several base dimensions are involved.

19.22 The !preferred systematic term should make clear the distinction
from ‘terminological dimension’ ($.2.19). Conseguently, the following term

and definition are proposed.
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metrological dimension

dimension

dim

reduced product of exponential factorxs, isomorphic with the pro-
duct of base unitary kinds-of-quantity ($.13.9), !defining a given
unitary kind-of-guantity (5.13.3.3) in a system of unitary kinds-
of ~quantity (8.13.7), except for omitting any numerical factors
different from one and mathematical operators apart f£rom the

multiplication sign

HOTE 1 - A'metrological dimension is conventionally !symbolized by
a product of powers of factors, each factor symbelized by a sanse-
rif capital letter ldesignating the metrological dimension of a

base unitary kind-of-quantity.

EXAMPLE 1 - The set of seven base unitary kinds-of-quantilby (o
which the !International System of Units, 8$I ($.18.33.2) corre-
sponds has the following set of symbols for their respective metro-
logical dimensions.

length L
mass M
time T
electrical current I
thermodynamic temperature G}
amount -of -gubstance N
luminous intensity J

Any unitary quantity {8.12.17}, its corresponding metrological
unit (8.18.12) and unitary kind-of-quantity in that system, has a
generalized metrological dimension symbolized L'MTTO'NY' where
the exponents, o, ..., %, are integers (except for some electro-
magnetic unitary kinds-of-gquantity in some systems) .

{cont.)




Ontology on property i9 <Metrological dimensions P. 222/279

[cont.}
EXAMPLE 2 - The derived rational unitary kinds-of-gquantity
(8.13.3.5) "“{amount-of-)energy", E, defined as “"mass_of a body"

EXAMPLE 3 - The kelvic enthalpy of system, ¢, defined as the
increase in the "amount-of_heat of system", @, divided by the
increase in  “thermodynamic temperature of system", T, (provided

that there i1g no ilrreversible change in the system), ¢ = 4Q/dT,
has the metrological dimension L*MTI°©'N°S® - L'mMT?0".

NOTE 2 - Compositional and material unitary kinds-of -quantity can

have the same metrological dimension.

EXAMPLE 4 - The raticnal kinds-cf-quantity "wags concentration®,

¢, and "volumic mass", g, both have the metrolegical dimension

L®M, but oniy the first one specifies a compoment (S.3.4).

NOTE 3 - A compositional and a solvent-based unitary kind-of-quan-
tity can have the same metrological diwension.

EXAMPLE 5 - The unitary kinds-of-quantity amount-of-substance
content_lof component B_in_systeml", »y, and "modaiity (of solute
component B in soluticn)", b,, where the mass of system and of

solvent are taken, respectively, both have the metrological dimen-

sion M'N.

NOTE 4 - The definition of a given unitary kind-of-guantity may
contain derived unitaxy kinds-ocf-quantity (S.13.11), but these may
be decomposed into their constituent base unitary kinds-of-quanti-

ty to calculate the reduced metrclogical dimension.

EXAMPLE 6 - The devived rational kind-of-quantity "areic volume"

has the (extended) metrological dimension Lﬁ?, reducing to L.

NOTE 5 - In this text, vectors and tensors are excluded.

The proposed definition is not in conflict with those of Stille (8.19.9}),
but diverges from that of the DIN 1312 {8.19.17) and the VIM3 (5.19.14}.
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19.23 From the superordinate generic concept <metrclogical dimensions

(§.19.22), the following !ccordinate specific concepts are fashioned.

19.23.1

base metrological dimension

base dimension
metrological dimension (5.19.22) having a single factor with expo-

nent one, the rest with exponent zero

EXAMPLE 1 - Each of the seven base unitary kinds-of-quantity
{(5.13.9) corresponding to the base metrological units (5.18.15) of
the lInternational System of Units, SI (8.18.33.2) have a unique
kase metrological dimension, see Section 19.22, Example 1.

BEXAMPLE 2 -~ The ratiomal unitary kinds-of-quantity (8.13.3.5)

sion L. - respectively reduced from

LELPMCTYACeN° ana LALU'MOTOPeONS0,

The definition agrees with the text of the DIN 1313: ‘For the base dimen-
sions exactly one of the dimensional exponents is 1 and the others are 0
i33-6.11].

19.23.2

derived metrological dimension

derived dimension

metrological dimension (5.192.22) having either at least one factor
with the exponent different from one and zero or at least twe fac-
tors with exponents different from zero or all exponents zero

EXAMPLES - "number rate" T'; "area” L%; "amount-of-substance rate

4 . 3 ,
NT'; ‘t“number concentration® L7; "number fraction" 1:; "number of

19,24 Several times in this Chapter a special type of unitary kind-of-
guantity has been mentioned, namely either that which is defined by division

between two identical kinds-of-guantity or "anumber of entities". In both

cases the dimensional product consists in factors that all have a reduced

exponent of zerc, for example in the CES system dim Q = LOMOT% = 1. Stemming
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from the time when the exponents were called dimensions, such a unitary
kind-of-gquantity was termed a 'dimensionless kind-of-quantity’ by Bridgman
[(13], Stille [116], Bunge [1&], de Boer {30], and Blackburn [10], by de Boer

also ‘number’.

As the entire dimensicnal product is now termed ‘metrological dimension’ and
is regarded as an algebraic entity which in this case equals one, it is both
appropriate and evocative to speak of ‘ (unitary kind-of -)quantity of dimen-
gion cne’ - as in the vVIM3 [132-1.8) and the IS0 [64-2.2.6}, although they

still have the synonym ‘dimensionless gquantity’ .

The DIN 1313 points cut that ‘Die Dimension Eing gehdrt nicht zu den Basis-
dimensionen [33-6.10-Anmerkung 1], and this is in accordance with the

definition of "derived metrological dimension" ($.19.23.2).

19.25 As mentioned, there are two ways in which the dimensional product

becomes egual to one,

- The direct way is always taken when the rational unitary kind-of-guantity

is "number of entitieg™.

- The indirect way will involve reduction when
elther two identical rational unitary kinds-of -quantity are divided; such

or when wmore complicated combinations of rational unitary kinds-of-quan-

tity have metrological dimensions which reduce to one; such as exponen-

Blackburn suggested that the two types should not have the dimension 1 or
be termed ‘dimensionless’ . No special term was proposed for the metrologic-
al dimensiocn of the first type, but the metrological unit "item" (symbol:
it or itm) or "entity" (symbol: ent) would indicate that counting was in-
volved [10]. For unitary quantities of the second type he argued that they
should be said to bhe ‘of dimension number’, and have the ccherent derived

metrological unit (5.18.19) "one" (symbol: 1}.

Regarding the term, it has been suggested above (8.19.24) that for algebraic
reasons ‘metreological dimengion one’ is a proper term for unitary kinds-of-
quantity defined by division of two unitary kinds-of-quantity of the same
kind. As to a special term when the measurement principle is counting, this

of entitieg", e.g. when measuring an amount-of-substance. Conversely, a

number of entities may be measured by other means than direct counting, e.g.

by gravimetry or volumetry.
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19.2¢6 The VIM3 does not define "dimensicn cone", but

guantity of dimension one; dimensionless guantity: guantity for which
all the exponents of the factors corresponding to the base quantities in

its guantity dimension are zero [132-1.8]

19.27 Staying with metrological dimensions, the following term and defi-

nition are proposed.

derived metrological dimension one
dimension one
derived metrological dimension (S$.19.23.2) having all the expo-

nents cf the factors reduce to zero

EXAMPLES - "number of entities"; "mass_fraction"; "amount of-sub:
stance ratio"; ‘"gelid angle"; "relative molax mass" (molecular
‘weight’); "pB"; “chewmical activity" (= explu,/RT]); Brandtl num-
bex

NOTE - The lterm ’'dimensionless’ is not proper in relation Lo a

duces Lo one.

According to Sections 19.23.2 and 19.27, the unitary kind-of-quantity "num-
ber of entities" has a derived metrological dimension one. It could

be argued, however, that - inasmuch as the metrological unit "one" may be

regarded as a base metrological unit for "number of entities® (8.18.40,

18.42) - it would be reasonable to let that unitary kind-of-gquantity have
a base metroclcogical dimension (£.19.23.1) in contradistinction to other
kinds-of-quantity of undoubtedly derived metrological dimension one. Ned-
ther the BIPM [6] nor the VIM3 {132] have presented the concepts "base me-
trological dimension® (8.19.23.1) or “"derived metrclogical dimension®
(8.19.23.2).

19.28 It should be noted that in current metrological thinking the metro-
logical dimension of a unitary kind-of-guantity, its singular unitary quan-
tities, and metrological units is not a product of powers of defining uni-
tary kindg-cof-guantity and is not designated by a factorized symbol of ital-
icized letters for such kinds-of-quantity. The metrological dimension is
a separate |lconcept with a separate term and symbol of sanserif capital let-
ters. A metrological dimension is less informative than the correspeonding
definition of the kind-of-quantity, as shown by the last phrase in the defi-
nition of metrological dimension (‘except for ...’} and its Examples 2, 3,
and 5 (5.19.22), and it also lacks the magnitude given in an appropriate me-

trological unit.
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198.29 The concepts related to <metrological dimensions discussed here are

ghown in the wmixed lconcept diagram of Figure 195,29.

unitary
kind-of-quantity
{(8.13.3.3)

[dimensional product

metrological «— 3
of a metrological

dimension
(5.19.21) dimension]
derived base [dimensional
metrological metrological exponent]
dimension . : dimension
(8.19.23.2) (5.19.23.1)

/Rii::::: “:::::;;;%§7 [dimensional

L2 Ntt derived element]
metrological
dimension one
{5.19.27)

Figure 19.29 Mixed 'concept diagram on 'concepts related to the top con-
cept <metrological dimensions
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20  "DEDICATED KIND-OF-PROPERTY" and
SYSTEMATIC TERMS

"DEDICATED KIND-OF-PROPERTY"

20.1% The classical texts on guantities, here called unitary kinds-of-
guantity (8.13.3.3}, were penned by physicists who were wmostly concerned

with those material unitary kinds-of-guantity which can describe an entire

system (S5.3.3) without the need to involve any component (§.3.4). Typical
examples are "length", "mass", "volume", "volumic mass”, "length rate"®,
electrical current", "energy", "temperature difference", and "molar mass®.

Such lconcepts were often discussed in isolation - more or less as in Chap-
ter 13 - with only fleeting mention that they relate to a physical system,

phenomenon, state, or process [116].

In the description of the chemical aspects of systems, on the contrary, a
component is offen a necessary ingredient of the 'definition of the kind-of-
property {5.6.19)., This is reflected in more complicated 'appellations of
singular properties (S.6.14.1).

20.2 The need to systematize the structure of 'designations for proper-
ties {(5.5.5) examined in Laboratory Medicine became clear half a century ago
- as mentiocned in Chapter 1 - when an increasing number of physico-chemical -
ly based measuremeni procedures {5.14.4.3) were introduced to obtain ever
more sophisticated information about the physiclogical and biochemical state
of humans and animals in health and disease.

A set of semantic rules and a syntax was proposed and issued as a Recom-
mendation 1966 by the International Union of Pure and Applied Chemistry
(TUPAC) and the International Federation of Clinical Chemistry (IFCC)
[R-66 = 39]. The central idea was that three elements are requived to de-
signate an !instantiated property, namely the !terms indicating respective

Ispecific concepts under

- sort of system (8.3.3),
- sort of component (5.3.4},
- with kind-of -quantity (§.13.3.1),

and that instantiation is achieved by attaching spatio-temporal coordinates

to the sort of system.

NOTE - The modifier ‘sort of’ used in this Chapter hag a function analogous

to that of "kind of’ in 'kind-of-quantity’, i.e. indicating that the lspeci-
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fic concept ig at a ‘generically hierarchical level just above that of lin-

dividual concepts.

20.3 In forms for requests and reports of laboratory data it is useful

to designate noninstantiated combinations of generally identified system and
component together with a kind-of-property (3.6.19). Examples ave

- '"mags concentration of protein in urine (of person)",

- '"pH of plaswma in blood (of person)".

The concepts are not "kinds-of-property" because they have the further
lcharacteristic of being azsociated with a given sort of system (and compo-

nent) so that the lextension is narrower.

20.4 The concept under considerxation has been variously termed

- ‘quantity’ by the R-66 {39, 128], but that seems to be !'polysemous;
‘generic quantity’ [37-2.7, 40, 86-5.2.3}, but that is 'terminological
language and too general;

- ‘type-of-guantity’ [41-G.90] that also ig too general and may be confused
with 1'type of characteristic’ and ‘kind-of-quantity’;

- ‘property’ [87, 106] that is pclysemous analogously £o '‘quantity’.

- Olesen, speaking for the IUPAC's and the IFCC's work on faystematic
terms, defined '"property" as if it were .the concept discussed here
(8.5.1.4) [106-4.1].

20.5 A suitable texm is not immediately evident. ‘System- and component -

selected kind-of-property’ is not a particularly handy phrase, and it does

not help to replace ’'-selected’ by ’-assigned’, '-committed’, or ‘-connect-
ed’. Thus, the whole meaning of the concept cannot be expressed in the
term. It is suggested that the modifier ‘dedicated’ is evocative enough

when coupled with 'kind-of-property’ to distinguish the concept from “singu-
lar property".

20.6 Consequently, it ig proposed to define
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dedicated kind-of-property

kind-of-property (S.6.19) with given sort of system {S.3.3) and

any pertinent sorts of component (S.3.4)

EXAMPLES

"colour of urine®
"mass of person"
"volume fraction of blood in person®

tamount -of -substance concentration of sodium ion in plasma (of

biood (of person)i?

NOTE 1 -~ Various !specifications may be attached to the given
kind-of-property, sort of system, and sort of component.

NOTE 2 - !Instantiation is achieved by spatio-temporal ¢oordinates

attached to the given sort of system.

20.6.1 The new CEN European Standard EN 1614 [1%9a] has adopted this con-
cept and term from the first edition of this text [131], but with a modified

definition.

dedicated kind-of -property: kind-of-property with a given kind of system
and a given kind of component subject for determination [19a-3.6]

The added 'subject for determination’ is unfortunate in that such a process

ig impossible before ingtantiation by spatio-temporal coordinates.

20.7 In case nominal kinds-of-property (8$.13.2.1) are excluded from con-

sideration, the following concept applies.

dedicated kind-of-guantity

kind-of-gquantity (5.13.4.1) with given soxrt of system (S.3.3) and

any pertinent sorts of component (5.3.4)

EXAMPLES - The last three Examples of $.20.6 apply.

NOTES - Section 20.6 Note 1 analogously and Note 2 identically ap-
ply.
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20.8 It is also perfectly possible to define "dedicated nominal kind-of -
property", "dedicated unitary kind-of-guantity”, "dedicated differential
unitary kind-of-gquantity", and "dedicated rational unitary kind-of ~quantity"

if the need should arise.

SYSTEMATIC TERMS FOR DEDICATED KINDS-OF-PROPERTY

20.9 The elements necessary to form an unambiguous appellation of a sin-

gular guantity was formulated in the R-66 (8.20.2) and they can be general-
ized to apply for a singular property as shown in Takble 20.89.

Table 20.9 Elements of a systematic lappellation of a singular property
{(§.6.14.1) based on R-66 [39]

Individualizing part

- administrative data;

- information about person (appellation, demographic data, other pertinent
gingular properties);

- information about preparation of person for examination ($.8.4) or sam-
pling;

- information about sampling and sample;

- calendar time or time intexrwval.

Generic part

- lepecification to sort of system ($.3.3} about any supersystem {(option-
all);

- term for sort of system;

- specification to sort of system about any subsystem (optional);

-~ term for sorit of component (S5.3.4);

- specification to sort of component {(e.g. formula unit, production pro-
cess} (as relevant);

- term for kind-of-property (5.6.19};

- specification to property (e.g. examination procedure ($.7.3), property
value scale {8.10.14)) {as relevant}.

Supplementary information
- biological reference interval;

-  commentg, e.g., about sampling.
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20.10 Upon examination {8.8.4), the outcome is added ag an examination

result {§.16.20) comprising

- relational operator, such as = or =z;

- concluding examined property value (S.9.20) in the form of words and/or
numbers ;

- multiplied by a metrological unit (5.18.12) if a unitary kind-of -quantity
is involved;

-  examinaticn uncertainty ($.16.23).
{(For extensive discussions, see [22, 40]1.)

20,11 The syntax of the term for a dedicated kind-of-property, organizing
its various elements (cf. Table 20.9 - Generic part), was originally recom-
mended to be (in short form cmitting ‘term for sort of’})

{Supersystem} System (Subsystem) - - [or em dash]
Component (gspecification),
kind-of-property (specification)

with no space on either side of ’'System’, after ‘'Component’ and 'kind-cf-
property’ (eriginally given as ‘kind of quantity’) [39]. This format was
illustrated by a hundred examples of terms with symbolized systems and ab-
breviated kinds-of-property, such as (in updated detail)

dU--Coproporphyring (I+IXL), ams. = 60 nmol

where ‘dU’ is 24-h urine and 'ams.’ is "amount of substance":

B--Coagulation, time diff.{Biggs & al. 1957) = 1,3 ks

where 'B’ is blood and ‘time diff.’ is "time difference";

{B)Erxys~-~Haemoglobin(Fe), subst.c.{average) = 21 mmol/l

where 'Erys’ 1s the erythrocyte compartment, ‘Fe’ ig the elementary entity
defiring a monomeric part of the tetrameric haemoglobin wolecule, and

"subst.c.’ 1s "amount-of-substance concentration',

20.12 Further symbolization and another, inverted syntax was presented

by Siggaard-andersen [111]. Its sequence corresponds to that of common Eng-
lish language (5$.20.3) and has the structure

guantitycomponent {system{supersystenm})
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where ‘quantity’ is here called unitary kind-of-guantity. For example,
VExy (B{PL))

where V' is "volume", ‘Ery’ {(not Erys) is the erythrocyte compartment,

and ‘Pt’ is patient. This is a succinct designation for column headings,

but tcoo compressed for general use in most routine laboratory reports.
An alternative labbreviation based on the R-66 syntax is
(Pt)B--Erys, wvol.

20.13 The semantics and syntax proposed in the monograph R-66 were gener-
ally recommended by several international organizations (Table 20.13). The
details were taken over either exactly as in the R-66, including the origi-
nal ‘kind of quantity’ [40, 61, 83, 84), cor with the short form ’quantity’
[128].

Takle 20.13 International organizations recommending the semantics and

syntax of lsystematic terms for dedicated kinds-of-property (5.20.6) as
given in R-66 [39], cf. Table 20.9 and Section 20.11.

Eurcpean Committee for Standardization (CEN) [19]
Buropean Council of Clinical and Laboratory Standardization (ECCLS) [41}
International Committee (now Council) for Standardization in Hematol-
ogy {ICSH) [61]
International Federation of Clinical Chemistry (now also: and Labora-
tory Medicine) (IFCC) [11, 41, 61, 83, B4, 85, 86, 87, 106, 107])
International Society of Andrology (ISA) [167]
International Society on Thrombosis and Haemostasis {(ISTH) [11]

International Union of Pure and aApplied Chemistry {IUPAC)
{11, 83, 84, 85, 86, B7, 106, 107}
World Association of (Anatomic and Clinical) Pathology Sccieties

(WAPS) [611
World Health Assembly (WHA) which recommended the use by the health

profession in Resolution WHA3(.39 of 1977 {128]
World Health Organization (WHO) [41]

20.14 The ordexr of ' (Supersystem)System(Subsystem)’' was changed by the
IUPAC/IFCC around 1995 for the sake of uniformity or simplicity in alphabet -

ical searching on ‘system’ into

System(specification, including any super- and subsystem)--
Component (specification) ;

kind-of-property{specification)
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alsoc using the l!special character semicolon as a punctuation mark instead
of comma, and hyphenated 'kind-of-property’ instead of ‘kind of guantitcy’
[20, 22, 86, 108]. The first-line change is less systematic and possibly

ambiguous, but usually unproblematic for the medical labkoratorian.

This format now prevails in a list of dedicated kinds-of -property with thou-
sands of entries used in various specialties within laboratory medicine.
The database is being produced by the IUPAC Commission on Quantities and
Unitg in Clinical Chemistry (now Subcommittee on Nemenclature, Properties
and Uniteg) and the IFCC Committee on Quantities and Units {now Committee on
Nomenclature, Properties and Units). The publication has occurred since
1987 in 18 parté, currently under the genexal title of Properties and units

in the clinical laboratory sciences [87 and, e.g., 11, 106, 107, 108]°.

20.15 The list of uniquely alphanumerically (NPUxxxxx) !coded entries
[108] is freely available on the Internet [87] and is meant to be a stan-
dardized bridge in transmission of laboratory requests and reports between
any two users - whether clinicians or laboratory workers - each using his
or her usual language and format. The exact phrases of the database, how-
ever, can well be applied alisoc in practice; not least because a partially
abbreviated form is always included in each case. It should be added that
each coded entry based on a unitary kind-of-guantity prescribes the use of
one specified metrological unit; whenever possible an SI unit (5.18.20).

Alse, an entry involving "amount-of-substance” and ‘“mocle® is mandatory

being inserted for convenience. A reference to the examination procedure
(£.7.3) and a property value scale (3.10.14) may be put in the !gpeci-
fication to kind-of-property. The instantiating data may be inserted in the

specification to system.

20.16 The !relations between "dedicated kind-of-property" and "term for
a dedicated kind-of -property® with its !partitive concepts are shown in Fig-
ure 20.16. Texrms are further discussed in Chapter 21.

® Due to its size, the database is affectionately nicknamed 'The Ele-
phant’ among aficionados.
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property

(5.5.5) ‘K\\B‘

kind-of-property

(S.6.19)
system ¢
(85.2.3) dedicated
kind-of-property
(5.20.8)
A
I
I
[matrix] component
{5.3.4)
¥
[term for dedicated
kind-of-property]
!
!
[term for fterm for [term for
gort of sort of kind-of-
system] component} property]
[specification  [specification |[gpecification
of texrm for of term for of term for
sort of soxt of kind-of-
system] component] property]

Figure 20.16 Mixed 'concept system arcund “dedicated kind-of-property*
(5.20.6) and its 'term
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21  GENERATION of SYSTEMATIC TERMS
for DEDICATED KINDS-OF-PROPERTY
ACCORDING to the ENV 12264

21.1 The lcerms for dedicated kinds-of-property (£.20.6) in laboratory
medicine as given in many lists produced during the last four decades have
been formed according to the principles recomnended in the R-66 [38]. At
that time, prevalent laboratory colloquialisms were modified and supplemen-
ted to obtain uhambiguous, informative terms, and this was achieved without

much use of a lterminological !special language.

21,2 In 1995, the CEN Technical Committee 251 Medical informatics issued
a European Prestandard ENV 1614 on a Healthcare informatics - Structure for
nomenclature, classification, and coding of properties in ¢linical labora-
tory sciences [19], published at the game tiwme as the IUPAC/IFCC Silver Book

which includes some terminology [B86].

This ENV built upon the tripartite structure of the R-66, speaking about

three axes, each of which may have a specification appended. Thus,

System(specification)-- [or em dash] (5.3.3)
Component (specification); (5.3.4)
kind-of -property {specification) (5.6.19)
is in conformity with the IUPAC/IFCC structure (S$.20.14). Yet, for the

third axis, the Prestandard used the term ’'property (in a general sense)’
trying to adhere to the VIM2 [7-1.1).

lConcept diagrams were Fashioned using the Object-Oriented Anaiytical model-
ling technique and notation ¢f Martin and Odell [98].

In the way of earlier texts, examples of terms for dedicated kinds-of-prop-

erty were given without terminological ado.

The final European Standard Health informatics - Representation of dedicated
kinds of property in laboratory medicine EN 1614:2006 [19a] is much reduced,
but still promotes the tripartite structure [131].

21.3 The Technical Committee 251 also issued another Furopean Prestandaxd
ENV 12264 Medical informatics - Categorial structures of systems of concepts
- Model for representation of semantics for the systematic production of
terms and !definitions of !concepts to be used in medical informatics [21].
As touched upon in Section 2.27, this ambitious !metalanguage was considered

for general application to the present work, but abandoned in favour of the
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IS0 approach. Nevertheless, the function of the CEN model is worth con-
sidering when forming terms for dedicated kinds-of-property.

NOTE - The final version EN 12264:2005 Health informatics - Categorial
structures for systems of concepts does not coffer a detailed model [21a]
and is essentially a vocabulary based on IS0 1087-1 [72].

21.4 Formally, a 'systematic term was said to be produced by a lgenera-
tive pattern, here chosen to consist of three 'base semantic categories,
<term-for- (sort-of-) systems, <texrm-for- (sort-of-)component>, and «term-for-

kind-of-propertys.

NOTE 1 - The CEN Burcpean Prestandards referred to here did ncot distin-
guish between a concept and the representation of that concept although
they are different even if lassociated concepts. In the present context
an attempt at distinguishing is made and this is also the casgse of the fi-
nal EN 1614 [1%a].

NOTE 2 - In the following, for simplicity, the phrase 'sort-of-' is omit-
ted.

The way in which these three elements are considered to be connected may

vary with the viewpoint.

21.4.1 If the ltarget semantic category is <term-for-dedicated-kind-of-
property> then <term-for-system:> and <term-for-component> may be regarded
as being 'associated to <term-for-kind-of-propertys. This situation is dis-
sected in Table 21.4.1.

The resulting generative pattern in the CEN ENV 12264 notation [21] is

[<term-for-kind-of -propertys{specificaton-to-kind-of -property};
<term-for-component>{specification-to-component} --

<term-for-gystems{specification-to-system}]

The sequence corresponds to that of common language, for example "amount-of -
substance concentration of haemoglobin in blood! with specifications added.
It should be noted that the lrelations between the three base semantic cate-
gories for term-forming purposes seem different from those between the cor-
responding concepts where "system” and "component' are obviously in iparti-
tive relation {(Fig. 3.5). The CEN relations appear also to be different
from the |concept system in Figure 20.16. However, the relations were not
explicitly given by the CEN in the ENV 12264 and the partitive relations
shown in Figure 20.16 are believed to be appropriate for the terms. The
same relations were found in the ENV 1614 although in the Martin and Odell
notation [19-Fig. 4].
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21.4.2 Enother viewpoint is to consider <term-for-system> as having

<term-for-component> and being described by <term-for-kind-of-property:.
This may lead to the elements of a genevative pattern shown in Table 21.4.2.

The formal outcome is the generative pattern
[<term-for-systems{specification-to-system)--

<term-for-components {specification-to-component};
<term-for-kind-of -propertys{specification-to-kind-of-property}]
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This seguence may seem more natural towards the formats otherwise used in
this text: term-for-System(specification)--term-for Component (specifica-
tion); term-for-kind-of-property{specification). It should be stressed,
however, that the actual presentation of a systematic term does not depend

on which of the two generative patterns is chosen.

21.5 Bach of the base semantic categories, whether associate or not, is

a set of terms for |base concepts which are considered homogeneous. Thus,

<term-for-systems = {Patient, Blood, Liver, Haemoglcbin, ...]
<term- for-component s> = {Liver, Leukocyte, Coagulation, ...}
<term-for-kind-of-property>= {mass, number concentration, time, -

where the first two sets are overlapping.

21.6 The combination of a !semantic link and a(n) (associated) base se
mantic category forms a 'differentiating criterion covering a set of homoge-
neous terms for a segment of the terms for dedicated kinds-of -property. For

example,
has-term-for-system: <term-for-system:>

as one of its possibilities can deliver the term ‘Patient’ (Tab. 21.4.2).

The terms for a component and a kind-of-property are selected homologously.

21.7 The combination of a semantic link and arn lassociated domain also
formg a differentiating criterion, but here covering a non-homogeneous set
of mandatory and/or optional terms that are chosen to specify aln) {associ-
ated) base semantic category. This sort of differentiating criterion is

called 'gpecification’ for short. TFor the present purpcese, there are three

types.

has-specification: {specification-to-system)
has-specification: {specification-to-component}

has-specification: {specification-to-kind-of-property)

Thus, the second cne can deliver, e.g., two pieces of specifying data to the
term for a component ’'Oxygen’, namely the formula entity, ‘0,' and a process
descriptor, ‘absorbed’ (Tab. 21.4.2). In the IUPAC/IFCC format for terms,

the specifications are given in round rather than curly brackets.

21.8 In the entries of the IUPAC/IFCC database of terms for dedicated
kinds-of-property in laboratory medicine {87], texrms for systems and compo-
nents are generally taken from internationally recommended lists, such as
Nomina anatomica of the International Anatomical Nomenclature Committee, En-
zyme nomenclature of the International Union of Biochemistry and Molecular
Biology, and chemical terms of the IUPAC and the Chemical Abstracts Service
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(cag) . Terms for kinds-of-gquantity are generally in accordance with the I50
Standards Handbook Quantities and units [64] when this provides a term.

21.9 A common specifying datum is a reference to an examination procedure
(8.7.3}. The form may be an lappellation or a number used in the local la-
boratory. Sometimes elements of the examination procedure are listed expli-

citly, such as calibrator, loading dose, or time intexval.

It may be claimed that such information dces not apply exclusively to the
term for kind-of -property, but rather tc the entire term for the dedicated

kind-of-property. The placement is a matter of convenience.

21.10 For some dedicated kinds-of-quantity no identified separable compo-
nent is relevant, for example in "mass of a person". The formal term, then,
has identical terms for system and component, i.e. ‘Patient--Patient; mass’.

In ordinary text, the term for component may be omitted.

21.11 The systematic appellation of a singular property ($.6.14.1), fur-
ther reguires twoe wandatory data that are part of the specification to term
of system, namely a unique address, such as appellation of person and date

of birth, and calendar time of sampling or examination of individual.

21.12 The categorial structure and formalism of the ENV 12264 is rather
complicated, but may be useful for désigners of terminological systems and
software designers as well as for structuring of codes. In addition, the
method can be applied in devising definiticens in ‘hierarchical !concept sys-

tems .

21.13 Howsoever the representation of an linstantiated property {(S.5.5)
and its examination result (8.16.20) are created, the elements are the same

and can be termed as proposed in this text and exemplified in Figure 21.13,
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system (S.3.3)
superayzatem (S.20.14}
spatial location (Tab.20.9)}

identity number (Tab.20.9)
calendar time {(Tab.z20.9)
Punctuation mark ($.20.14) +

! ) |

Plasma (Blood; Smith J8; 201272-0755; 2002-01-03T08:45}——
I ]
' specification to system (3.20.11) i

++

spatio-temporal coordinates ($.20.2)

component (S.3.4) +

chemical elementary entity {S5.20.11) +

punctuatlon mark +

Haemoglobln(Fe),

specxfication to component (3.20.11)

rational unitary kind-of-quantity (8.13.3.5} +

rational uvnitary quantity-value scale {S.17.18) +

rational unitary measurement procedure (5.14.6.2) +

amount-of-subst. conec. ((<0,3, 0,3, 0,4,...) Mmol/1l; MP21)
1 }
i o \ .
specification tc kind-of-property %8.20.11)

relational operator
numerical unitary quantity wvalue {§.16.16)
SI prefix (5.18.31)
non-coherent derived metrological unit (S.18.20)

| | combined standard meas. uncert. (S.16.24)

= 0,5 pmol/l (uc 0,1 pmol/1)
|

imeasurement result (s.16.21)

guantity wvalue (8.16.7)

Figure 21.13 Representation of a singular rational property {5.6.14.1)
with 'generic concepts related to dissected parts of the representation.

The elements marked with a cross point to a 'term for a dedicated rational
kind-of-property (8.20.6).
(amount -of -gsubst. conc. = amount-of-substance ¢oncentration; meas. uncert.
= measurement uncertainty)
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22  MATHEMATICAL and LOGICAL
REPRESENTATION of
<DEDICATED KIND-OF-PROPERTY >

22.1 Mathematization

The mathematization of physics (5.4.3) meant that unitary quantity ($.12.17)
and unitary kinds-of-quantity (5.13.3.3) by many Imetrologists were regarded
as lcongcepts’ which can enter into algebraic equations among variables such

as, respectively,

"guantity", Q.

equals

"numerical value®, {0}
multiplied by

"unit of measurement”, [Q]

as given in Sectiocn 4.2, and

"amount_of substance concentration (of component in a system)", ¢
equals

"amount_of subgtance (of cowponent)", n

divided by

"volume {of system}?, V

in the follewing, rather than beginning the discussion with "guantity" and
"kind-of-quantity", the !superordinate concepts <propertys> (8.5.5), <kind-
of -property> {85.6.19}, and <dedicated kind-of-property> (£5.20.8) will be
modelled according to mathematical and logical theoxry.

22,2 Mathematical relation according to Set Theory

22.2.1 Zender suggested that ’‘an obgservaticn or measurement may be de-
fined as: A {mathematical] relation by which a property maps a system, a
domain, onto a value, the range’. Thus the concept "property" was con-
sidered to be an open sentence, also called propositional function or rela-
tional operator [130]. Here, it will be explored whether a lset of singular
properties (8.6.14.1) of a given dedicated kind-of-property may reasonably
be represented by, not ldefined by, a Set-Theoretical lrelation.



Ontology on property 22 Mathematics and logic P. 246/279

22.2.2 TFor the present purpose, a Set-Theoretical relation, R, [58, 94]

may be said to comprise at least

two sets, A and B, and an

open sentence, P(x, ¥), in two variables.

The open sentence defines the relation, R, from A to B so that P(a, b} is
either true or false for any ordered pair (a, b} belonging to the Cartesian
product A x B. If P(a, b} is true, ’'a is related to b’'. The subset of A&
containing the first elements in all such pairs is the domain, D {or domR),
of the relatiop, and the subset of B containing the second elements in the
same palirs is the range E {or ranR). BAll the pairs {a, b} for which FPla,
b} is true constitute the elements of the solution set, R*, of the relation,

R, and are a subset of A x B.
NOTE - P{x, y¥) is also called a propositional function defined on A x B.

As a relation may have an open sentence in more than two variables, a gen-

eral symbolic expression is
R= (A, B, C, ..., Blx, v, 2z, ...}}

22.2.3 The following cowmprehensive set of symbols, also called a dic-
tionary, will be used for selection as appropriate in exploring whether the
structure of a Set-Theoretical relation, R, may represent a set of gingular

properties of gystems. More extensive dicticnaries are seldom necessary.

set of gpace-time coordinated systems of a given sort

identity variable on 8

set of {distributions of) property values for the defining input

properties of a given kind-of-property on the systems S

input property value variable on 8, ,

S, set of (distributions of) property values for the defining input
properties of a given kind-of-property, different from that of 5, ,,
on the systems §

5,,, input property value variable on 5, ,

¢l set of components of a given sort, each within its respective system

Cl, set of (distributions of) property values for the defining input
properties of a given kind-of-property on the components Cl

¢l, input property value variable on Ci,

C2 set of components of a given sort (different from Cl) each within

its respective system

C2, set of {distributions of) property values for defining input proper-
ties of a given kind-of-property on the components C2
c2, lnput property value variable on (2,
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v set of (distributions of) output property values for the examinands
of a given dedicated kind-of-property on the set of systems § in-
cluding any relevant components Ci, (2,

v output preperty value variable on V

P8, 5,.. 8., CLl,, ¢2,, ..., v} = "open sentence"

NOTE 1 - The identity variable s applies to § and indirectly to C1, (2,
and V, ensuring a correct coupling between !instances of system (5.3.3)
and any of its component(s) (8.3.4} and output property values. In the
simplest case where a (distributicn of) property values on a system is
sufficient, i.e. there ig no calculaticn involving input property values
either on sfstem or component {s}, the chosen input property values of 5, ,
are identical with the output property values of V. {An example is given
in 8.22.2.4.1.) When only one lgset of property values on system or com-

ponent is involved, the indices 1 and 2 may be omitted.

NOTE 2 - An instance of ‘“property" is assumed to involve inherently a
distribution of (unknowable) true property values {8.9.17, 9.18). hAs an
examinand (S.5.7}, the property involves a distribution of possible exam-
ined property wvalues, which upon examination (5.8.4) transmutes into a

set of examined property values (8.9.20}.

To simplify descriptions in the following, the phrase 'space-time coordina-
ted’ will ke understood for the elements of set S, and the parenthetic
phrase ’distribution of’ will be understocd Zor the sets 8,,, S,,, Cl,, €2,
and V. Furthermore, when a dictionary mentions, e.g., ‘gystem’, ’compo-
nent’, ox ‘value’, it will be understood to mean ‘representation of system’,
etc. Also, labbreviated !terms such as ‘value’ will be used, and specific
kinds-of -property will generally not be indicated by quotation marks and
broken double underline.

22.2.4 The simplest situation is a property related to a system without
need to regard any of its elements, for example under the lgeneral concept
"mass of person", i.e. a dedicated kind-of-quantity ($.20.7).

22.2.4.1 A straightforward structure could be

R = (8, V, P{s, v]) where

g set of persons; variable g

v set of values for masses of perscons; variable v
P(g, v) = "g has mass egual to v"

Here, ach value {in a distributicn) is a positive number, called the nume-
rical unitary cquantity wvalue (8.16.15), multiplied by a metrological unit
(8.18.12), for example "kilogram". This format corresponds to the tradi-

ticnal eguation of ‘quantity = numerical wvalue - unit’ (S5.4.2).
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22.2.4.2 BAnother expression within the same format of two variables is

obtained by changing the !definitions of V and P{s, v) to

v get of numerical values for masses of persons; variable v

P{g, v} = "s has mass divided by kilogram equal to "
22.2,4.3 A variable metrological unit may be introduced as fellows.

= {8, N, U V, Pls, n, u, v)) where

gset of persons; variable s

sett of metrological units for mass; variable u

R
s
N set of numerical values for masses of persons; variable n
U
v set of values for masses of persons; variable v

P

(s, n, u, vi = *3 has mass of numerical valus n times unit u

equal to v

22.2.4.4 In the following examples, the product of numerical property

value and metrological unit forming one element - as in Section 22.2.4.1 -
will be preferred because the explicit presentation of property values or

choice of the metrological unit is not an igsue here.

22.2.5 Nominal properties ($.12.4), having non-numerical values, such as

"colour (of urine)® may be represented as follows.

s set of urines voided by respective persons; variable g
v set of values for colour of urines voided; variable v
P(s, v} = "s has colour equal to v

where values such as (pale yvellow, vellow, orange, red, ...) are involved

(equal-to sign and broken underline omitted for simplicity).

22.2.6 When a component is explicitly involved in the definition of a

dedicated kind-of-property - ag is mostly the case in laboratory medicine -
the following relationsg may apply foxr, e.g., "mass goncentration of lipid

in bleood cof a persont.
22.2.6.1 The detailed expression is

= (8, 8, C, ¢, V, Pls, s

set of blood compartments in respective perscns; variable s

vr Ty v)) where

W W =

<

gset of values for volumes of blocd compartments; wvariable s,
get of lipid components in respective blood compartments
get of values for wmasses of lipid components; variakle ¢,

< N0

set of values for mass concentrations of lipid in bleoed compart-

ments; variable v
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F{s, 8,, ¢,, V) = "8 has mass ¢, divided by volume g, egqual to mass

concentration v"

where each value in V is zero or a positive real number multiplied by "gram

per litre".

22.2.6.2 Alternatively, an open sentence in two variables may be defined

by

R = (8, VvV, Pls, v)}

P(s, v) = "s has mass concentration of lipid egual to v

defined as ‘mass of component divided by volume of system’.

22.2.7.1 In the case of two components in a system being inveolved, e.g.
for the "mass ratio of cne component {(albumin) over another component (glcb-
ulin) in the system {(plasma of the blood compartment of a given person)",
the structure of Section 22.2.6.1 is simply extended so that sets 2 and C2,
and variable c2, apply to the component "globulin', whereas ¢, ¢1,, and <l,
relate to "albumin". The open sentence then reads

Pls, s8,, cl, ¢, ¢c2, ¢2,, v} = "s has mass cl, divided by mass ¢2, equal

to mass ratio v
22.2.7.2 Alternatively, the structure of Section 22.2.6.2 yields
P(g, v} = "g has mass ratio of albumin over globulin equal to v

In any case, each value in V is zero or a positive real number (except in

the unlikely case when the mass of globulin is zero).

22.2.8 In the relations defined in Sections 22.2.4 to 22.2.7, !specifi-

cations may be introduced to descriptions of set of systems, setis) of com-

ponente and/or open sentence, e.g. as follows.

22.2.8.1 In "mass of person" ($.22.2.4.1), the laconic designation ’set
of persons’ would include individuals irrespective of the mass of their
clothing. Specifying, e.g., 'set of persons in underwesar without shoes’

would decrease wost values of instances.

22.2.8.2 In "mass concentration of lipid in blood" (S.22.2.6.1), ‘set
of lipid components ...’ could be specified to read either ‘sget of lipid
components extractable by ether ...’ or 'set of lipid components isolated
by ultracentrifugation ...’. The original and the two modified sets of

definitions would correspond to three different sets of values for "mass
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concentration'", respectively related to different sets of examinands

22.2.8.3 In "colour of urine" (5.22.2.5), the open sentence hag the des-
ignation ‘cclour’ which tells nothing abouf the characteristics of the de-
tector in the examining system. The possible values corresponding to
"colour” do not exigt meaningfully without the requirements given in the

examination procedure (5.7.3}, i1.e. the value is procedure dependent.
Therefore, the value will vary with the designations ‘colour by naked eye’,
‘colour by naked eye in person not being colour blind’, or ‘colour by re-

flectoscope’ .

22.2.8.4 Thus, instances of a given relation have values that are de-

pendent on the details of all parts of the relation.

22.2.9 The systems hitherto described are residing in or related to per-
sons and have singular properties with unknowable true values. When samples
of the system are obtained, such samples are meant to be representative of
their respective parent systems and to have closely similar true values of
their own. Yet, sampling is an important source of examination uncertainty
($.16.23) because it is the property values in the original system that are

of interest.

22.2.10 The common sets of singﬁlar properties under a dedicated kind-
of -property discussed in this Chapter support the first possgibility of re-
presentation by a Set-Theoretical relation with at least two variables,
namely a system identity variable and a value variable. Often, one or more
further variables on system and/or components are involved, either directly
in the open sentence (8.22.2.6.1, 22.2.7.1) or in an assocliated definition
{(8.22.2.6.2).

22.2.11 Many sets of singular guantities (8.6.14.2) have a defining open
gentence in which the lterminological phrase connecting the two variables
can be substituted by an algebraic expression cf one or more defining vari-

ables of properties operating on system and/or its components.

The representation of a singular property reguires specifications, including
at least the space-time coordinates of a given system. In laboratory medi-
cine, the immediate system, e.g. "Blood", is often a part of a person as a

gupersystem which then carries such identification and coordinates.

22.2.12 As mentioned before (8.22.2.1), the idea of regarding "property"
in the light of Set Theory was advanced by Zender [130] who suggested that
‘In terms of logics, the property maps the system onto the value’. BExamples

given of properties included |mass is|, |concentration was|, |color is|.
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22.2.13 There are clear gsimilarities between this description by Zender
and the formalism detailed in Sections 22.2.1 to 22.2.10, but there are alsc

differences.

22,2.13.1 From a formal point of view, Zender used the terms ‘'relation’
and ‘open sentence’, but the consistent use of ‘domain’, ‘range’, ‘mapping’,
and ‘onto the set’ as well as the diagram of domain and range linked by an
arrow labelled "property® is at least consistent with the structure of a
Set-Theoretical function [94]. Accordingly, Zender stated that ‘Often, in
metrelogy, this relation is alsc a function'. Such a structure will be dis-

cussed in Section 22.4,

22.2.13.2 More fundamental is the choice by Zender that the relation re-
presents 'an observation or measurement’ (here collectively called 'examina-
tion’) - that is a physical or physiclogical activity - whereas the present
model allows a preexaminational existence of an instance of ‘“property of

a system", independent of any actual examination.

22.2.13.3 Conseguently, the ‘range’ in Zender's description has elements

of observed or measured values, one value for each instance of a relation.
The present model suggests a distribution of "true values" or of "possible
examined values" for each instance whereas the relation to examined valuesg

is a separate matter.

22.2.13.4 Both models allow specifications to system, cowponent (s), and
open sentence in accordance with the R-66 [35]. All general specifications
may be put in the open sentence. The instantiating space-time coordinates

are a specification to the system asg mentioned in Secticn 22.2.11, para 2.

22.3 Relation according to Object-Oriented Analysis

22.3.1 Object-Oriented Analysis, 00A, defines "relation” in several

waye, but a formulation based on Martin & Odell {98] c¢ould be ‘concept that

applies to a set of tuples’', where each tuple may be a couple, triple, or

higher n-tuple.

NOTE - This definiticn is a composite of several definitions where "con-
cept" is alsc called ‘object type’, ‘set’, and '‘extension’. (Such lsyno-

nyms are not consistent with IS0 1087-1 [72].}

An alternative definition is ’concept with places' where each place is it-

self a concept.
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22.3.2 Based on this understanding of "relation” a second entry for a
representation of a set of singular properties under a dedicated kind-of-
property in its simplest form, only invelving couples, could be an Object-
Oriented-Analytical relation with a couple representing system and

distribution of property values (5.9.15).

This definition resembles the description in S8ection 22.2.2, but there is
an important difference in that the Set-Theoretical relation has ordered
pairs giving a ‘direction’ from S to V whereas the Q0A relation has couples
that are not necessarily composed of ordered elements. Presently, the for-
mex conceptions of "relation" is preferred due to its evident possibilities

of a detailed structure.

22.4 Function according to Theory of Sets

22,4.1 It is worthwhile exploring whethex, in Set Theoxy, the special
type of relation called a function is an adeguate fit for a representation
of a set of singular properties under a dedicated kind-of-property.

Bunge stated that 'Functions are the structure of quantitative concepts oxr
magnitudes, also called guantities. For example, temperature is a function
T that maps the set of bodies (generic representative: ¢) into the set of
real numbers (generic representativé: t) .’ [l4a-p.61) and that 'A metrical
predicate {numerical functor, guantity, oxr magnitude) designates a quantita-
tive property. A magnitude, such as length or stimulus strength, is a com-
plex concept that can be analyzed into object variable(s), numerical vari-
able(s), and a function from the former to the latter.’ [15-p.198].

Zender later mentioned the possibility of a function in passing [130], but
Bunge in his recent description of "quantity" [17] simply stated that ’‘an
intrinsic {non-relational) gquantitative property ... can be conceptualized
as a functicn fxom a collection A of (actual or possible) things into a set
¥ of numbers, such as the natural numbers or the real line. That is, P:A

- X. Examples: population, age, and wage.’

NOTE 1 ~ Strictly speaking, the examples 'age’ and ‘wage’, do not fit
the formula as given because their wvalues have metrological units of

time and currency respectively.

If metrological units are involved, ’the preceding formula must often be re-
placed with P:A x U, » X, where U, stands for the colliection of all possible

units of p’.

22.4.2 The Set-Theoretical function, £, in its simple form as a 2-set

function {binary function) may be described as follows [94].
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two gsets, 4 (domain of £, domf) and B (co-domain of f) and a function f

where the function assigns to each element, a, (alsc called the argument)
in the set A a unique element, f£(a), (the image) (also called the value) in
the set B, The function £ is said to map A into B, symbolized

rf:A- B

Mapping ‘into’ means that each element in B needs not appear as the image
of an element in A. Theose elementg of B that do appear as an image of at
least one element in A constitute the range, f(A) or ranf, of the function
£:4 - B,

22.4.3 Homologously, with the symbolism chosen for relations (§.22.2.3),

the following is adopted for a function.

S set of systems (= domain)
v gset of (distributions of) values (= co-domain)

£ assign to each element in § its element in V

and the typical situations given in some of the previcus sections of thisg

Chapter way be reformulated as follows.
22.4.3.1 . '"Mass of person" (cf. £.22.2.4.1)

s set of persons
\%4 set of values for masses of persons
£

assign te each person his or her value for mass
NOTE - The Noteg 1 and 2 of Section 22.2.3 apply as appropriate.
22.4.3.2 *Colour of urine (cf. $.22.2.5}

s set of urines voided by respective persons
v set of wvalues for colour of urines voided
b assign to each urine its value for coclour

22.4.3.,3 "Mags concentration of lipid in blood" {cf. §.22.2.6.2)

g set of bleood compartments in respective persons
v set of mass concentration of lipid in blood compartments
F assign to each blood compartment its value for mass concentration of

lipid

NOTE -~ The simple 2-set function applied here deoes not accommodate expli-
citly the separate set for lipid component as in Section 22.2.6.1.
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22.4.3.4 "Mass ratio of albumin over gleobulin in plasma" (cf. 5.22.2.7}

g set of plasma compartments in respective persons

v set of values for mass ratio of albumin over globulin in plasma com-
partments

£ assign to each plasma compartment its value for mass ratio of albu-

min over globulin

NOTE - This 2-set function does not allow separate sets for albumin com-

ponents and globulin components as in the relation of 5.22.2.7.1.

22.4.4 The structure of a Set-Theoretical 2-set function is seemingly
simpler than that of a 2Z-variable relation and seems to represent a set of
singular properties under a dedicated kind-of-property just as well. Again,
any relationship between input properties defining an output property has
to be described separately or is given as a part of the definition of £; a
reference to examination procedure may also be incorporated in the function.

22.4.5 The representation of a set of singular properties under a dedi-

cated kind-of-guantity involving a reilationship between input properties may
be structured as a product function [94]. Thus,

£:A » B and g:B -» {, giving the function
(g o £}:A » C where '
(g o £1{a) = gl{fia)).

Ag an example, the "mass concentration of iipid in blecod" (8.22.2.6.1) could

be expressed as

(g e £3:8 » Vwith £:8 - L, and g:L » V where (g « f}(a) = g(f(a))

g set of blood compartments in respective persons

£ te each blood compartment, assign its value for mass of lipid

L set of blood compartments with values for mass of lipid = fla)

g to each value for mass of lipid assign the reciprocal of the value
for the velume of blood compartment

v set of values for mass concentrations of lipid in blood compartments
= gl{fla}))

22.4.6 Tor a given instance of "system", there is only one {(distribution
of}) wvalue(s} - whether true or possible examined or examined under stated
precision conditions - but not all values in V need to be used, and a given
value may be the image of several systems. Therefore, for a given set of
gsingular properties under a dedicated kind-cf-property, £:5 -» V may be
called an ‘into function’ for which the range is a subset of the co-domain.

22.4.7 Thus, a third entry for representation of a get of singular prop-
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erties under a dedicated kind-of-property could be a Set-Theoretical func-
tion mapping a set of representation of system into a set of representation
of distribution of property values (5.9.15}.

22.5 Function according to Object-Oriented Analysis

The definition of function in Object-Oriented Analysis according to Martin
& 0dell [98] may be phrased 'mapping process that, given an 'cbject of cne
get or an object from each of several sets, returns a set of objects in the
same or a different set or in each of several sets’. A function requiring
multiple objecﬁs for mapping is called a multi-argument function, and a

function returning an unspecified number of objects is multivalued.

On this basis, a fourth description of a representation of a set of singular
properties under a dedicated kind-of-property could be phrased as an Object-
Oriented Bnalytical function that takes one or more representations of dis-
tribution of property values pertaining to a system and/or its component (s)
as argument (g} and returns the representation of a distribution of propexrty

values {8.5.15).

The dedicated kind-of-property "mass concentration of lipid in blood" (cf.
5.22.2.6) could be represented by the conventional function "mass concen-
tration", defined as ‘mass of component divided by volume of system’, which
given two arguments " {distribution of).value(s) for mass of lipid in blood

compartment? and " (distribution of) value (s} for volume of system" would re-

turn the " (distribution of) wvalue(s) for mass concentration of lipid in
blood".
22.6 Operational definition in a measurement sense

The Object-Oriented Analytical function ($.22.5) defines "repregentation of
dedicated kind-of-property" in a mathematically operational manner. There
is also an early proposal by McGlashan [101) that is truly operational in

a measurement sense (8.12.18).

physical guantity: complete specification of the operations used to
measure the ratio {a pure number) of two instances of the physical guan-

tity

This definition can only apply to instances of properties having values that
are a product of numerical value and unit, but a larger lextension encom-
passing instances of nominal properties {(§.12.4) and ordinal guantities
{§.12.16) might be achieved by some modification. More fundamentally, how-
ever, such a definition seems to render the general concept "physical quan-

tity" identical with "measurement procedure" {8.14.4.4). That is an in-
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triguing idea, but it seems that there is a vast difference between the in-
stances of "quantity" describing defined systems and instances of "measure-

ment procedure" that are texts.

22.7 Review of various representations of <dedicated kind-of-

property>

22.7.1 Comparing the lterminologically derived definition of "property®
given in Section 5.5 with those that are mathematized representations of de-

dicated kinds-of-property and respectively based on

- relation of Set Theory (§.22.2.10),

- 1relation of Object-Oriented Analysis (5.22.3),
-  function of Set Theory (5.22.4.7}, oxr

- function of Object-Oriented Analysis {5.22.5),

these four all - with varicus wordings - ‘relate’ or ‘map’ "@ystem” to "dis-
tribution of wvalues". Any relevant components are mentioned in the defini-

tion or in noctes.

22.7.2 The open sentence from a ‘relaticn’ of Set Theory is formalized
and can be structured to accommedate the elements in any singular property

as explicitly as is needed.

22.7.3 The 004 relation does not add useful expressions to the Set-Theo-
retical golution unless detailed formalized graphical representations are

needed.

22.7.4 The function of Set Theory, is a tempting choice, but the syntax

is not as immediately adaptable and explicit as that of the relation.

22.7.5 The 00A function does not seem to have structural possibilities

above that of the relation of Set Theory.

22.8 Cheoice of formalism

The Set-Theoretical relation appears to be the best choice among the possi-
bilities discussed, allowing a flexible, exhaustive, and systematically for-
mal description of the elements in a representation of the extension of "de-
dicated kind-of-property" as a feature of "system® (with relevant "compo-

nent (8) ") related te a "distribution of property wvalues".

A Set-Theoretical relation represents "dedicated kind-of-preperty” according

te the definition given in Section 20.6.
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Accordingly, the following definition may be offered.

Set-Theoretical repregentation of dedicated kind-cf-propexty

relaticn consisting of at least a lset of representations of sys-
tems (5.3.3), & set of representations for each of any relevant
components, a set of representations of distributions of property
values (S$.9.18), and an open sentence in the corregponding

variables that inveolves at least one kind-of-property (5.6.18)

NOTE - The general !symbolic expression is R= (8, C, ..., V, Pis,
¢, ..., v}} where the last element is the open sentence, also
ltermed propositional function, defined on the Cartesian product

S x ¢ x ... x V. All true n-tuples constitute the solution set
R,

EXAMPLE 1 - The simplest relation is

R = (3, V, Flg, v))

where, e.g., S is a set of representations of perscns, V is a set
of representations of values of masses, and P{s, v) is the open

sentence in two variables, ‘s has mass equal fo v'.
E¥AMPLE 2 - When a component in bleood is involved the relation
R= (5 8, C. ¢, V, Plg, s, ¢, V)

where, e.g., S5 is a set of representations of blood compartments
in respective persons, S, is a set of values for volumes of blood
compartments, C is a set of lipid components in respective blood
compartments, , is a set of values for mass of lipid components,
V is a set of values for mass concentrations of lipid in blood com-
partments, and P(s, s,. ¢,, v} is the open sentence in four vari-
ables "s has mass ¢, divided by volume s, egual to mass concen-

tration v".
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23 CONCLUSIONS

The need to present data about the outcome of variocus types of examination
of = muititude of properties of different xinds describing many types of ob-
ject is typical for laboratory disciplines such ag laboratory medicine. The
relevant special language is mostly found in texts on metrology, notably the
Tnternational vecabulary of metrology (VIM3:2007) [132]. These souxrces,
however, are partially conflicting, have not all been established in a co-
herent fashion using adequate rerminological procedures, and by definition

relate only to quantities, ignoring all properties without magnitude.

Drawing on a variety of texts, it proves possible to form a comprehensive
domain ontology around "property" with systematic definitions and terms con-
structed by using the tools provided in recent IS0 International Standards
on terminology work (63, 71, 721, supplemented by a few extra concepts to

clarify the discussion.

The backbone of the concept system is furnished by "system" including "com-
ponent® and associated with "property", further connected by censecutive
associative relations to "examination procedure”, "examination", rproperty
value", and “property value scale". The description is gupplemented by
"eind-of -property" to indicate a generic concept for singular, mutually com-

parable properties.

From sach of these vertebral superordinate concepts, specific concepts are
intensively defined and given systematic terms using the modifiers ‘nomi-
nal’, ‘oxdinal’, 1 aifferential’, and ‘rational’. Fach of the ensuing coor-
dinate concepts corresponds to a typical allowed mathematical and statistic-
al treatment of the property values, i.e. fundamentally the respective ap-
plicability of the operators (=, #), (>, =, <}, {+, -}, and {x, :) in four
inereasing sets obtained by cumulation to the right.

For the narrower field of metroleogy, ignoring nominal properties, an altexr-
native concept system is presented based on "guantity®, which covers all
properties having magnitude. The following subordinate level separates "or-
dinal guantity" and "unitaxy quantity”, the latter covering in its turn the

specific concepts sdifferential quantity" and “"rational gquantity".

Supplementary concepts comprise "examinand" and "measurand”, "examination
method® and "measurement method', "examination principle" and “measurement
principle”, "true property value" and "examined property value", as well as
"measurement’, "guantity value®, and npumerical unitary quantity value®.

Also "examination result" and "measurement result" with respective “examina-
rion uncertainty' and "measurement uncertainty", as well as sguantity value

scale" are defined.
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For differential and raticnal properties, the concept "metrological unit"
is essential to their measurement and expression of unitary guantity values,
although the term for a unit does not indicate the kind-of-quantity. Fur-
thermore, great advantage accrues from creating a Ysystem of metrological
units", preferably a universal "coherent system of metrological units". Cur-
rently, this is the "International System of UnitsgY, 8I, formed from speci-
fic concepts of "base metrological unit" (seven in all) and of "coherent de-
rived metrological unit" {(a large number), with multiples and submultiples
obtained by SI prefixes; these concepts are defined as well as "off-system
metrological unit" and "in-system metrological unit". The lack of a gpecial
term for "metrological unit one" is discussed with support for the propesal
‘uno’ by the CIPM Consultative Committee for Units. The BIPM brochure on
the SI has no formal definitions, but a concept system can be inferred from
the text.

The further abstraction of "unitary kind-of-guantity” via "metrolegical
unit" leads to "metrological dimension", which is a powerful teol in "dimen-
sional analysis"” based upon the defining algebraic relationship between uni-
tary kinds-of-quantity. As is the case for metrological unit, a metrologic-
al dimension does not identify a unique cerresponding unitary kind-of-guan-
tity. Also "base metrological dimension" and “derived wetrological dimen-
sion" can be defined, as well as the much discussed "derived metxyoclogical

dimension one",

The designations for singular properties have been given a syntactic struc-
ture and semantic rules during forty vears of work within the IUPAC, the
IFPCC, and lately the CBEN. It is proposed that the tripartite general con-
cept comprising “system", "component', and "kind-of-preperty! enters into
the definition of "dedicated kind-of-property". It is shown that the CEN
Technical Committee 251 originally sugdgested semantic medel for definitions
and termg for specific concepts utilizing generative patterns can be applied

in forming representations of such dedicated kinds-of -property.

Finally, it proves possible to regard representations of individual concepts
under “"property" and "property value" in a mathematical and logical formal-
ism operating according to the definition of a given dedicated kind-of-prop-
erty. Examples are given for relation or function within Set Theory or Cb-
ject-Oriented Analysis. The Set-Thecretical relation appears most flexible
and leads to a definition of "Set-Theoretical representation of dedicated
kind-of -property".

The outcome of the investigation is a concept system with definitions and
systematic terms permitting unambigucus description of dedicated kinds-of-
property {except these involving vectors and tensors), designations for
singular properties, and examination results encountered in laboratory work.
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IUPAC International Union of Pure and Applied Chemistry
TUPAP International Union of Pure and Applied Physics
JCGM Jeint Committee for Guides in Metrology

OIML Organisation Internationale de Métrologie Légale
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ANNEX A

Albhabetical vocabulary
of terminology and metrology

The entries concern concepts having terms that are used in the main text without
definitions (except for discussion in a few cases).

The abbreviated source of the term and definition of a concepl is stated
with the following meaning.

[CBN-subclause no.} for
CEN. Medical informatics - Categorial structures of systems of con-
cepts - Model for representation of semantics. European prestandarxrd
BNV 12264, Brussels: CEN, 1997:55 pp. [21)

[I80-subclause no.] for
I80. Terminology work. Vocabulary. Part 1: Theory and application.

ISC 1087-1. 1lst ed. Geneva: IS0, 2000:viii + 42 pp. [72]

{180 3534-1-subclause no.] for
I80. Statistics - vVocabulary and symbols - Part i: General statis-
tical terms and terms used in probability. IS0 3534-1. 2nd ed. Ge-
neva: IS0, 2006:viii + 105 pp. [65)

[E8C 5127-gsubclause no.] for
I80. Information and documentation. Vocabulary. IS0 5127. Geneva:
IS0, 2001:iv + 152 pp. [62]

[VIM-subclause no.} for
JCGM. International vocabulary of wetrology - Basic and general con-
cepts and associated terms. English and French. In the name of BIPM,
IEC, IFCC, ILAC, ISO, IUPAC, IUPAP, QIML. JCGM 200, 2008. QGeneva:
ISO/IEC Guide 99: 2007:xiv + 92 pp. 1132]

The preferred term is given in underlined bold tvpe.

An admitted term is given in lightface type.

Any term in a definition of a concept defined elsewhere in this
vocabulary is given in bold type.

wWhen the reference is preceded by =, the definition has been modi-
fied to cbtain homogeneity. = means ‘different from’ .

A given entry may not contain the notes and examples of the corre-
sponding source entry.

abbreviation: designation formed by omitting words or letters from a longer
form and designating the same concept [150-3.4.9]

acronym: abbreviation made up of the initial letters of the components of
the full form of the designation or from syllables of the full form and
pronounced syllabically [IS0-3.4.10}

admitted texm: term rated according to the scale of the term acceptability
rating as a synonym for a preferred term [IS0-3.4.16]

appellation; name: wverbal designatiocn of an individual concept [I180-3.4.2]

associated congept: concept connected to a bhase concept by a semantic link
[CEN-3.23]
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associated domain: set of associated concepts not considered as establishing a
semantic category [CEN-3.25]}

aggsociated semantic category: semantic category standing for a set of associated
concepts {CEN-3.24]

associative relation; pragmatic relation: relation between two concepts having a
non-hierarchical thematic connection by virtue of experience [IS0-3.2.23}

attribute: gquality ascribed to a person or thing [1]

base concept: concept used systematlcally as superordinate concept in inten-
sional definitionsg [CEN-3.20]

bage guantity: gquantity in an conventionally chosen subset of a given system of
guantities, where no subset quantity can be expressed in terms of the others
[VIM-1.4]

base semantic category: semantic category standing for a set of base concepts
ICEN-3.21]

borrowed term: texm taken from another language or from ancther subject field
[180-3.4.6)

broader concepk - see superordinate concept

calibration: operation that, under sapecified conditions, in a first step, estab-
lishes a relation between the gquantity values with measurement uncertainties
provided by measurement standards and corresponding indications with associated
measurement uncertainties and, in a second step, uses this information to estab-
lish a relation for obtaining a measurement result from an indication [VIM-2.39]

categorial structure: reduced concept system to describe the organization of the

semantic categories in a particular concept system [« CEN, 3.28]
causal relation: associative relation involving cause and its effect [I80-
3.2.261

characteristic: abstraction of a property of an object or of a set of objects
[I$0-2.2.4] = [70-3.5.1] :

code (2): set of data transformed or represented in different forms according to
a pre-established set of rules [~ IS0 5127-1.1.4-07)

coherent derived unit: derived unit that, for a given system of quantities and for
& chosen set of base units, is a product of powers of base units with no other
proportionality factor than one [VIM-1.12]
EXAMPLE - In the International System of Units, mol m®, not mol 1°*
= 10% mol m’?

complex term: term containing two or more roolts [IS0-3.4.5]

comprehengive concept: concept in a partitive relation viewed as the whole
[T8G~3.2.17])

concept: unit of knowledge created by a unigque combination of characteristicas
[I80-3.2.11]

concept diagram: graphic representation of a concept system [IS0-3.2.12]

concept field: unstructured set of thematically related concepts [(I30-3.2.10]

concept system; system cf concepts: set of concepts structured according to the
relations among them {IS0-3.2.11]

context: text which i1llustrates a concept or the use of a designation [I8C-
3.6.10]

conventional reference scale: quantity-value scale defined by formal agreement
[VIM-1.289)

coordinate concept: subordinate concept having the same nearest superordinate

concept and same criterion of subdivision as some cther concept in a given con-
cept system [I80-3.2.19])

corpus: collection of language data brought together for analysis {[I80-3.6.9]

correction: compensation for an estimated systematic effect [VIM-2.53]
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correction factor: numerical factor by which the uncorrected measurement result is
multiplied to compensate for systematic error (= 7-3.16)

definiendum: concept to be described
definiens: description of the meaning of a concept

definition: representation of a concept by a descriptive statement which serves
to differentiate it from related concepts [I80-3.3.1]

delimiting charagteristic: essential characteristic used for distinguishing a con-
cept from related concepts [I80-3.2.7]

derived guantity: gquantity, in a system of guantities, defined in terms of the base
quantities of that system [VIM-1.5]

designation; designator: representatbion of a concept by a sign which denctes it
{180-3.4.1]

designator - see designation

differentiating criterion: group of characteristics used as basis for the estab-
lishment of systematic divisions in a concept system [= CEN-3.26]

dimension - see gquantity dimension

dimensionless quantity - see quéntity of dimension one

domain - see subject field

entity; item: tﬁat which can be individually described and considered [68-1.1}

equivalence: relation between designatioms in different languages representing
the same concept {[ISC-3.4.21]

eryor - see measuremant error

essential characteristic: characterigtic which is indispensable to understanding
a concept [IS0-3.2.6]

estimate: observed value of an estimator [I80 3534-1-1.31]
EXAMPLE - 4,7 mmcl 1 for experimental standard deviation

etalon - see measurement standard
extengion: totality of objects to which a concept corresponds [ISC-3.2.8]

extensional definition: description o©f a concept by enumerating all of its
gubordinate concepts under one criterion of subdivision [180-2.3.3)

general concept: concept which corresponds to Lwo or wmore objects which form a
group by reason of common properties  {I80-3.2.3]

generative pattern: expression to generate systematic terms Ffor a subset of con-
cepts of a given target semantic category [~ CEN-3.27]

generic concept: concept in a generic relation having the narrower intension [IS0
3.2.15}
generic relation; genus-species relation: relation between two concepts where

the intension of one of the concepts includes that of the other concept and at
least one additonal delimiting characteristic [I80-3.2.21}

genus-species relation - see generic relation

glossary: terminclogical dictionary which contains a list of designations from a
subject field together with equivalents in one or more languages [IS0O-3.7.3]

hierarchical relation: relation between two concepts which may be either a ge-
neric relation or a partitive relation [IS0-3.2.20]

homonymy : relation between designations and concepts in a given language in
which one designation represents two or more unrelated concepts [180-3.4.25]

identifier - see systematic term

individual concept: concept which corresponds te only one cbject [1S0-3.2.2]

ingtance: single object among an extengion
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intension: set of characteristics which wakes up the concept [I30-3.2.9]

intensional definition: definition which describes the intension of a concept by
stating the superordinate concept and the delimiting characteristics [I50-3.3.2]

International System of Units, 8I: system of units, based on the International
System of Quantities, their names and symbols, including a series of prefixes and
their names and symbols, together with rules for their use, adopted by the
General Conference on Weights and Measures (COPM) [VIM-1.16]

item - see entity and object

language for special purposes - see gpecial language

LSP - see special language

measurand: guantity intended to be measured [VIM-2.3)

measurement: process of experimentally obtaining one or more quantity values that
can reasonably be attributed to a guantity [VIM-2.1]
(see also $.15.14.1, 15.14.2)

meagurement error; error of measurement; error: measured guantity value minus a
reference guantity value [VIM-2.16]

meagsurement method; method of measurement: generic description of a legical organi-
zation of operations used in a measurement [VIM-2.5]

measurement principle; principle of measurement: phemomenon serving as a basig of
a measurement [VIiM-2.4]
EXAMPLE -~ atomic absorption sgpectrometry applied to the measurement of the
amount-of-substance concentration of calcium(II} in human blocd plasma

meagurement result; resulb of measurement: set of gquantity values being attributed
Lo a measurand together with any other available relevant information {VIM-2.9]

measurement standard; etalon: realization of the definition of a given guantity,
with stated quantity value and associated meagurement uncertainty, used as a ref-
erence [VIM-5.1]
EXAMPLES - 1 kg mass standard, standard hydrogen electrode, cortisol in human
serum for calibration

measurement uncertainty; uncertainty of measurement; uncertainty: non-negative
parameter characterizing the dispersion of the gquantity values being attributed
t0o a measurand, based on the information used [(VIM-2.26]
EXAMPLE - half width of an interval around a measured quantity value having a
stated coverage probability (see alsoc $.16.24)

meagurement unit; unit of measurement; unit: particular quantity, defined and
adopted by convention, with which any other quantity of the same kind can be com-
pared to express the ratio of the two guantities as a number [VIM-1.9]

measuring system: set of one or more measuring instruments and often other davices,
including any reagent and supply, assembled and adapted to give information used
Lo generate measured quantity values within specified intervals for gquantities
of specified kindg {VIM-3.2]

metalanguage: language or symbolic system used to discuss, describe, or analyze
another language or symbolic system [118]

method of measurement - see wmeasurement method

metrology: science of measurement and its application
NOTE - Metrology includes all theoretical and practical aspects of measurement,
whatever the measurement uncertainty and field of application [VIM-2.2]

microgstructure: arrangement of data in esach entry of a collection [IS0-3.7.8]

monogemy : ralation between designations and concepts in a given language in
which one designation only relates to one concept {[IS0-3.4.23]

name - see appellation
narrower concept - see subordinate concept
neologism - see neoterm

neoterm; neclogism: new term coined for a given concept [IS0-3.4.7)
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nomenclature: terminology structured systematically according to pre-established
naming rules {I50-3.5.3]

numerical guantity value; numerical wvalue of a guantity; numerical value: number
in the expression of a quantity value, other than any number serving as he refer-
ence {VIM-1.20]

numerical value - see numerical guantity value

object: anything perceivable or conceivable {IS0-3.1.1 = 92-3.1.2.11 for item;
objecl; entity]

cff-system measurement unit; off-systemunit: measurement unit that does not belong
to a given system of units [VIM-1.15]
EXBMPLES - minute, degree Fahrenheit, WHO international units, with respect to
the International System of Units

off-system unit - see off-system weasurement unit
onomasiology: linguistic discipline giving texms to concepts

parameter: index of a famlly of distributions [= IS0 3534-1-2.9]

partitive concepkt: concept in a partitive relation viewed as one of the parts
making up the whole [I80-3.2.18)

partitive relation; part-whole relation: relation between two éoncepts where one
of the concepts constitutes the whole and the other concept a part of that whole
[rgo-3.2.22]

part-whole relation - see partitive relation

poelysemy: relation between designations and concepts in a given language in
which cone designation represents two or more concepts sharing certain charac-
teriatics [IS0-3.4.24]

pragmatic relation - see associlative relation

preferred texrm: term rated according to the scale of the term acceptability
rating as the primary term for a given concept [I50-3.4.18]

principle of measurement - see wmeasurement principle

guantity: property of a phenomenon, body, or substance, where the property has a
magnitude that can be expressed as a nunber and a reference [VIM-1.1] {see alsc
$.12.12, 12.14)

guantity dimengion; dimension of a quantity; dimension: expression of the depend-
ence of a quantity on the base guantities of a system of quantities ag a product
of powers of factors corresponding to the base gquantities, omitting any numerical
factor [VIM-1.7]
EXAMPLE - ML? for mass concentration and mass density

guantity of dimengion one; dimensionless quantity: quantity for which all the
exponents of the factors corresponding to the bagse guantities in its quantity
dimension are zero [VIM-1.8}
EXAMPLES ~ number of entities, mass fraction, relative time, pH

gquantity value; value of a guantity; value: number and reference together express-
ing magnitude of a quantity [VIM-1.19]

randem variable: function defined on a sample space where the values of the func-
tion are ordered k-tuplets of real nunmbers [ISC 3534-2.10) [= 65)

reference material, RM: material, sufficiently homogeneous and stable with refer-
ence to specified properties, which has been established to be fit for its
intended use in measurement or in examination of nominal properties [VIM-5.13]

relation: abstract connection between two entities
result of a measurement - see measurement result
RM -~ see reference material

gemantic category: concept chosen to stand for a specified set of subordinate
concepts, considered homogeneous [CEN-3.16]
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gsemantic link: unidirectional part of an associative relation from a base con-
cept [modified from CEN-3.22]
NOTE - A direct semantic tink may take the form ‘has-noun:’; the inverse semantic
link is then 'is-noun-of:’.

semasiology: linguistic discipline studying the meaning of words

gsequential relation: associative relation based on spatial or temporal proximity
[I8C-3.2.24)

set: finite or infinite collection of objects or concepts
81 - see International System of Units
simple term: term containing only one root [IS50-3.4.4]

special character: graphical character that is not an alphanumerical character
[I8C 1087-2:2000-5.8) [73])

gpecial language; language for special purposes; LSP: language used in a subject
field and characterized by the use of specific linguistic means of expression
[IS0-3.1.3]

specific concept: <concept in a generic relation having the hroader intension
{ISC-3.2.18]

specification: differentiating eriterion grouping miscellaneous characteristics
that are necessary for exact identification of a concept [paraphrase on CEN-4.4
arl

statistic: completely specified function of random variables [IS0C 3534-1-1.8]
[= 65}

subject field; domain: field of special knowledge [IS0-3.1.2]

subordinate concept; narrower concepb: concept which is either a specific con-
cept or & partitive concept {I180-3.2.14]

superordinate concept; broader concept: concept which is either a generic con-
cept or a comprehensive concept {I50-3.2.13]

; ol: graphic representation of a concept that has wmeaning in a specific con-

text [ISO/IEC 2382-1-01.02.07] [76]
synonymy: relation between or among terms in a given language representing the

same concept [IS0-3.4.19)

gystematic term; identifier: terminological phrase created according to pre-es-
tablished rules and used as a term for a target concept [~ CEN-3.19]

target concept: concept whose designation is intended to be used in applications
[CEN-3.17}

target gemantic category: semantic category standing for a set of target con-
cepts [CEN-3.18]

temporal relation: sequential relatiom involving events in time [IS0-3.2.25]

term: verbal designation of a general concept in a specific subject field [ISO-
3.4.3]

terminography: part of terminology work concerned with the recording and presenta-
tion of terminological data [=1S0-3.6.2]

terminological entry: part of a terminological data collection which contains
the terminclogical data related to one concept [IS80-3.8.Z2]

terminological phrage: phrase containing at least cone term and a number of othex
lexical entities the choice of which being restricted by the term in guestion
[~ CEN-3.15]

terminologization: process by which a general language word or expression is trans-
formed into a term [IS0-3.4.8]

terminology 1: set of designations belonging to one gpecial language [ISO-3.5.1]
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terminology 2; terminology science: sclence studying the structure, formation,
development, usage and management of terminologies in various subject fields
[IS0-3.5.2]

terminology science - see Lerminclogy 2

tarminology work: work concerned with the sgystematic collection, description,
processing angd presentation of concepts and their designations [180-3.6.1}

test: determination of one or more characteristics according to a procedure [ISO
9000-3.8.3] [= 70]

true guantity wvalue; true value of a guantity; trus value: guantity value con-
gistent with the definition of a guantity ([VIM 2.11}
There usually is a distribution of quantity values consistent with the definition
of a particular guantity.

true valuve - see true quantity value

type of characteristics: category of characteristics which serves as the criterion
of a subdivision when establishing concept systems [(5.2.14.2]

uncertainty of wmeasurement - see measurement uncertainty
unit of measurement - see measurement unit
value - see guantity value

variant: any form of a designation

variate - see random variable
vocabulary: terminological dictionary which contains designations and defini-
tiens from one or more specific subject fields [I80-3.7.2]

word (1}, orthographic word: smallest linguistic unit conveying a specific meaning
and capable of existing as a separate unit in a gentence [ISC 5127-1.1.2-07)
= 62)
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ANNEX B

Alphabetical glossary of metrological and terminological
concepts with quoted, working,
or proposed definition in the main text

Lype.
given in italics,

by ‘(g)’.

transl. = Cranslated; de = German

A term referring to a proposed definition is given in underlined hold
A term leading to a working definition or a formulation for discugsion is
A term in lightface type corresponding to a gquoted definition is followed

Admitted terms are given in lightface type, followed by ‘{a}’.

Fach entry ends with the number of the chapter (Ch.}, section (8.}, or
table (T.) where at least a definition is found.

analyte {a) 8.3.4

base dimension (a} 5.18.23.1

bage metrological dimension §£.15.23.1

base metrological unit 5.18.1%
base metroleogical unit $.18.15.1
base guantity (qg) 5.13.8
base unit {(a) 8.18.15
base unit {(q) 5.18.14
base unitary kind-of-quantity 8.132.9
category of quantities (q) T.6.5-9
characteristic (q) 8.2.11,

2.11-Notes 1 and 2 thrice, 5.1, 5.1.2
characteristic (transl. ) $.5.1.1
characteristic value (q) 5.9.7-Note

coherent derived metrological

tnit 5.18.19
coherent derived unit {(a) $.18.19
coherent derived unit (g} 8.18.18
coherent svystem of

metrolegical units 5.18.29
coherent system of units (a) 3.18.29
coherent system of units (qg) 5.18.28
conponent $.3.4
component  {q) 5.3.4.1
concept {q) 5.2.10
conceptual [measurement]

scale (q) 5.10.3

conditionally extensive

unitary kind-of-guantity 5.13.5.3
constituent (q) §.3.4.1
conventicnal reference

scale {q) g.17.21
coordinate characteristic s.2.186
dedicated kind-of-property 5.20.6
dedicated kind-of-

property (q) 5.20.6.1
dedicated kind-of-~guantity 5.20.7
derived dimension {a) $5.19.23.2
derived matrological

dimengion §.19.23.2
derived metrological

dimension one 5.19.27
derived metrological unit 5.18.17
derived guantity (g} . 5.13.1¢
derived unit {a) 5.18.17
derived unit (qg) $.18.16
derived unitary kind-of.

ggantitg 5.13.11
difference measurement (a) 5.15.16.1%
difference measurement

procedure (a) $.14.6.1
difference procedure (a) 8.14.3.3
difference quantity (a) 5.12.19
difference unitary value of

a quantity {a) 8.16.11
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difference value of =a

property {a) 85.16.4
difference value scale (a) 8.17.7
differenceable property (a) 5.12.6

differenceable unitary

gquanticy (a) $.12.19
differenceable unitary value

of a guantity {a) §.16.11
differenceable value of a

property {a) 5.16.4
differential examination 8.15.12
differential examination

procedure 5.14.3.3

differential kind-of-property $.13.2.3

differential kind-of-
guantity (a) $.13.3.4
differential measurement (a) §$.15.16.1

differential measurewment

procedure {a) $5.14.6.1
differential property 5.12.46
differential property 8.12.9, 12.22.3
differential property value g8.16.4
differential property value 5.16.6
differential property-value

scaie 8.17.7
differential quantity 5.12.22.3
differential guantity {(a) 5.12.19°
differential quantity

value (a) 8.16.11
differential quantity-value

scale (a) $.17.7

differential scale {a} S.17.7, 17.17

differential scale of wvalues

of properties (a} S.17.7
differential unitary kind-

of-quantity 5.13.3.4
differential unitary

measurement 8.15.16.1
differential unitary

measurement preocedure 5.14.6.1

differential unitary quantity 8.12.19

differential unitary
gquantity $.12.22.7
differential unitary quantity

value S.16.11

differential unitary quantity-

value scale $.17.17
differential unitary scale of
values of guantities {(a) 5.17.17

differential value (a) 8.16.4, 16.11

digital entity (g) 5.12.8.4
dim 5.19.22

dimension (a) 5.19.22

dimension (qg) 5.19.14, 19.16, 19.21

dimension {transl. q) $,19.21

Dimension einer Grosse (de) (g} §.19.9

dimension of a quantity (q) §.19.14
dimension of a quantilty

system {(qg) §.19.17
dimension of a unitary

quantity {transl. g} 8.19.9
dimension one (a) 3.18.27
dimensicnal formula of a

secondary quantity {q) $5.19.4
dimensionless quantity (g} §.19.26
dynamic examination 5.8.8.2
dynamic measurenment (g} 8.8.7.1
Einheit (de) (q) 5.18.6.1,

18.6.2, 18.6.3

entity (q) 8.2.23.1 twice, 12.8.1
examinand $.5.7
examination S.8.4

examination 3.11.6, 15.1

examination (g) 5.8.4-Note 2

examination method 5.7.4
examination method 5.14.11
examination principle 8.7.5%
examination principle 5.14.12
examination procedure 5.7.3
examination procedure $.11.5,

12.18, 1a.1

examination result 5.16.20
examination scale {(a) $.10.16.2
examination uncertainty 5.16.23
examined property value $.98.20
examined propertv-value

Scale $.10.15.2
examined value (a) 5.9.20
extension (g} 5.2.24
fractional change rational

unitary kind-of-quantity 5.13.12.4
function in Goa (q) 5.22.5

Grossenart (de) (g) T.6.5-1, -15
Groéssensystem {de} (g) 5.13.6.2

in-system metrological unit S$.18.34.2

in-system unit {a) 8.18.34.2
in-system unitary kind-of-

guantity 5.13.14
individual characteristic 5.2.18
instrumental entity (g} . 8.12.8.%
intension (q) 5.2.12
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intensive kind-of-guantity §.13.5.4
International System of

Units; 8I (q) 5.18.33.2
interval scale (q) £.17.7.1

item {(g) §.2.23.1 four times
kind (q) 5.6.19-Note
kind-of-property 5.6.19

kind-of-property $.6.19.2, 13.1

kind-of -property (qg) T.6.5-19

kind-of-quantity S$.12.3.1, 13.4.1

kind{-}of(-)qguantity 5.13.4.3

kind(-}of (-)guantity (¢} T.6.5-3, -6,
~-11, -i4, -15, -17, -18, -20,
5.6.19-Note, 13.4.1-Note

laboratory medicine {g) Ch.l1-Note 3

language for special

purposes, LSP {g} . Ch.l-Note 4
LsP {qg) Ch.l-Note 4
magnitude (q) T.6.5-4, -12

material [measurement]

scale (g} 5$.10.3
measurable quantity (qg) $.4.10
measurand 5.5.8

measurand {(q) $.5.8 twice

measure (q) T.6.5-12
measure (verb) (q) 8.15.5
measured quantity value 5.9.20.1
measured value {(a) 5.9.20.1
measurement $.15.14.1, 15.14.2
measurement (g) $.8.1, 8.2, 8.3, 10.8,
15.1.1, 1%.1.2, 15.1.3, 15.2, 15.7,
5.8, 22.2.1
measurement (paraphrased g) 5.15.6.2
measurement method S§.14.11.2, 14.11.5
measurement method (q) §.7.2.2
measurement
principle $.14.12.2, 14.12.4

measurement principle (g) g.7.2.1

measurement procedure 5.14.4.3, 14.4.4

measurement

procedure {q) 5.7.2.3, 14.4.2
measurement process {q) 5.8.3-Note
meagurement result 8.16.21
measurement

result (qg) 5.16.19.1, 16.19.2
measurement

scale (g} §.10.3, i0.6, 17.14.1
meagurement uncertainty 8.16.24
measurement uncertainty (g} 8.16.22

measurement unit {a) 5.18.12

measurement unit {(g) $.9.13.4, 18.7
Merkmal (de) (q) 8.5.1.1, 5.1.2
Merkmalswert (de) (q) 8.9.7-Note
Mesgsung (de) (q) $.15.5-Note
method of examination (a) 5.7.4
mathod of measurement (g) $.7.2.2

metrical predicate {(or numerical
functor, guantity,

magnitude) {q) T.6.5-4
moetrologilcal dimension 8.19.22
matrological unit 5.18.12

milliHelen {(g) Ch.l-Note 2

mole {q) $.3.2-Para 3
multiple of a metrological

unit g.18.22
multiple of a unit (a) 5.18.22
multiple of a unit (g} $.18.21
nameable property {a) 5.12.4
nameable value of

a property {a} S.16.2
nominal characteristic (q) $.12.4
nominal examination 8.15.10

nominal examination $.15.18-Example

nominal examination method 8.14.11.1
nominal examination
principle §.14.12.1

nominal examination procedure 5.14.3.1

neminal kind-of-property $.13.2.1
nominal property S.12.4
nominal property 8.12.4.1, 12.9,
i2.22.1
nominal property (g} $.12.4.2
nominal property value 5.16.2
nominal property value §.16.6
nominal property-value scale 5.17.5
neminal scale {a) 5.17.5
nominal scale {g} §.17.5.1
nominal scale of values of
properties (a) 5.17.5
nominal value {a} 5.16.2
nomination (a) 5.15.10
nomination procedure (a) $.14.3.1
non-coherent derived
metrological unit 3.18.20

non-coherent derived unit {(a) §.18.20

numerical functor {q) T.6.5-4
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numerical quantity value (g} 8.16.15
numerical unitary gquantity

value 8.16.16
numerical value (a) $.16.16
numerical value {g) 5.16.15
numerical value of a

quantity {(qg) 8.16.15
ochiject (g} 5.,2.23
object of

measurement {g) 5.2.23.2

observation {g) $.1%.21.1, 22.2.1

ohserved value (g} 8.9.20.2 twice

off-system measurement

unit (q) 8.18.34
off-system metrolegical
unit 5.28.34.1

off-system unit (a) $.18.34, 18.34.1
off-system unit (q) 5.18.34

cff-gystem unitary kind-of-
quantity

ontotogy (q)

5.13.15
Ch.l-Note 5

ordenable property (a) 5.12.5
ordenable guantity {a) 5.12.16
ordenable value of a

property {(a) 5.16.3
ordenable value of a

guantity (a) - 5.16.9
ordinal examination $.15.11
ordinal examination

procedure 5.14.3.2
ordinal examination

procedure 5.14.,9-Example
ordinal kind-of-property 5.13.2.2
ordinal kind-of -gquankity 5.13.3.2
ordinal measurement $.15.15.1
ordinal measurement method 5.14.11.3
ordinal measurement

principle 85.14.12.3
ordinal measurement procedure S.14.5.1
ordinal propexrty 5.12.5
ordinal property 8.12.9, 12.22.2
ordinal propexrty value 5.16.3
ordinal property value 3.16.6
ordinal property-value scale 8.17.6
ordinal cuantity 8.12.16
ordinal quantity 5.12.22.2
ordinal guantity {g} §.12.16.1
ordinal gquantity value 5.16.9
ocrdinal gquantity-value scale §.17.15

ordinal quantity-value
scale (g)

n

L17.15.2

ordinal scale {(a) 5.17.6, 17.15

ordinal scale (g) S.17.6.1
ordinal scale of values of
properties (a) 5.17.86
ordinal scale of values of
quantities {(a} 8.17.15

ordinal value (a) $.16.3, 16.9

ordinal value scale {q) §8.17.15.1
ordination (a) S.15.11, 15.15.1
ordination
procedure (a) $5.14.3.2, 14.5.1
physical dimension
{transl. g} 5.19.7
physical quantity (g) $.4.7, 7.6.5-5,
$.6.9, 12.18, 22.6
physikalische
Dimension (de) (q) 8.19.7
physikalische Grésse (de) (q) 5.4.7
physikalische
Gréssenart {de) {(g) T.6.5-2
principle of examination (a) 5.7.5
principle of measurement {g) 5.7.2.1
procedure (g) $.7.3.2, 7.3.4
procedure; protocol (g) 5.7.3.2
preoduct rational unitary
kind-of-quantity 5.13,12.2
properties of the game kind 5.6.19.4

property 3.5.5
property 5.5.5.%, 11.4, T.11.8

property (g} 8.5.1.4, 5.5-Note, 22.4.1

property, including

kind of quantity {g) T.6.5-8
property value 5.9.15
property value 8.11.7, 16.1

property value {transl. g} §.9.7-Note

property value scala 3.10.14

property value scale 5.11.8, 17.3

proportional scale (q) 5.17.9.1
proportionate rational

unitary kingd-of-gquantity §.12.12.1
protocol (q) 5.7.3.2
gquantitative property (g} T.6.5-12

quantity 5.12.13, 12.14
quantity 5.12.22.5

quantity (q) §.4.8, 4.10 twice,
T.6.5-4, 8.6.9, 12.10, 22.4.1

gquantity dimension (g) 8.19.14
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guantity in a general

sense (qg) T.6.5-7, -10
quantity of dimengion
one (qg) $.19.28
quantity system (q) $.13.6.2
vantity value 8,16.7, 16.8
quantity value (q) 5.8.3, 9.7, 15.7,
15.8, 16.8.1
guantity value scale $.17.13, 17.14
gquantity value scale {q) 5.17.14.1
gquaziextensive unitary kind-
ofvquantity §.13.5.2
gquotient rational unitary
kind-of-gquantity 8.123.12.3
ratic measuremenk {(a) $.15.16.2
ratio measurement
procedure (a) S.14.6.2
ratio procedure (a) 5.14.3.4
ratio quantity (a} §.12.20
ratio scale (g} 5.17.9.1
ratic value of a property (a) 5.16.5
ratio value scale (a) 5.17.9
raticable property {a) 5.12.7
raticable unitary quantity (a} 5.12.20
raticable unitary value of
a quantity (a} 8.16.12
ratioable value of
a property (a) 5.16.5
rational entity (g} $.12.8.2
rational examination 8.15.13
rational examination
procedure 5.14.3.4
rational kind-of-property $.13.2.4
rational kind-of-~quantity f(a} 5.13.3.5
rational measurement (a) £.15.16.2
rational measurement
procedure (a) $.14.6.2
rational property . 5.12.7
rational property $.12.9, 12.22.4
raticnal property value 8.16.5
raticnal property value 5.16.6
rational property-value scale $.17.9
raticnal guantity §.12.22.4
ragional guantity {a) 8.12.20
rational quantity value (&) 5.16.12
rational gquantity-value
scale ({(a) §.17.18
raticnal scale {a) 5.17.9, 17.18
rational scale of values
properties (&) 8.17.9

rational unitary kind-of-
quantity

5.13.3.5

rational unitary measurement S.15.16.2

raticnal unitary measurement

procedure $.14.6.2
rational unitary quantity $.12.20
rational unitary quantity §.12.22.8
rational unitary gquantity
value 5.16.12
rational unjitary gquantity-
value scale 5.17.18
rational unitary scale of values of
gquantities (a) 5.,17.18
rational value (a) $.16.5, 16.12
reference material (g) 5.5.1

relation in OOA () 5.22.3.1 twice,
22.3.2
relative rational unitary
kind-of-quantity $.13.12.5
result of a measurement (g} §.16.19.1
result of examination (a) 5.16.20
result of measurement {(a) $.16.21
scale {a) $.10.14
scale (q) 5.10.18
scale (transl. q) 5.10.5
gscale of examined values of
properties (a} $.10.16.2
scale of measurement (q) $.10.4
scale of measurement
(paraphrased g} 5.10.2
gcale of true values of
properties (a} 8.10.16.1
scaie of values of
properties (a) §.30.14
scale of values of
guantities (a) 5.17.13, 17.14
gscaling (paraphrased q) $.15.6.1
selective entity {g) 5.12.8.6
Set~-Theoretical function,
£ o{q) §.22.4.2
get-Theoretical relation,
R (q) §.22.2.2
Set-Theoretical repregentation
of dedicated kind-of-property 5.22.8
81 (q) $5.18.33.2
81 prefix 5.18.31
ST unit 5.18.30
singular property 5.6.14.1
singular gquantity $.6.14.2
skaila (de) (g) 5.10.5
special language (g) Ch.l-Note ¢
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static examination $.8.8.1
static measurement {(g) 5.8.7.2
submultiple of a metrelogical

unit $.18.24
submultiple of a unit (&) 5.18.24
submultiple of a unit {(q} 5.18.23
system 5.3.3
system (gl §.3.3.1 thrice
system of metrological units S.18.27
system of quantities (q) $.13.6.1
syste@;gﬁ unitary kinds-of-

quantity ' 5.13.7%
system of units {a} 5.18.27
system of units {(q) $.18.25
gystéme International

d’Unités {paraphrased gl $.18.33.1
terminological dimension 8.2.1¢9

test (q) $.8.5.1 twice, 8.5.2, 8.5.3
test method (g) $.7.3.3

test result {(q) $5.16,20-Note

true property value 5.8.17%
true property-value gcale 5.10.16.1
true quantity value (q) S.9.17
true value (a) $.9.17
true value (q) $.9.17
true value of a guantity (g} 5.9.17
type of characteristic 8.2.14.2
type of characteristics () 8.2.14.1
uncertainty {q) 8$.16.22

uncertainty of examination {(a) $.16.23
uncertainty of measurement () S$.16.24
uncertainty of measurement {g) 8.16.22

unconditionally extensive

unitary kind-of-quantity 5.13.8.1
unit {a} 3.18.12
unit (q) $.9.13.4, 18.7, 1B.7.1

unit (paraphrased qj g8.18.5

unit (transl. g) $.,18.6.1, 18.6.2

unit of measurement (g} $.9.13.4,
12.6.1, 18.6.3, 18.7

unit of the SI (a) 5.18.30
unitary kind-of-quantity 5.13.3.3
unitary measurement 5.15.15.2
unitary measurement

procedure $.14.5.2
unitary gquantity 5.12.17
unitary quantity §.12.22.6
unitary gquantity value S$.16.10

unitary quantity-value scale 5.17.16

unitary scale (a} 3.17.16
unitary scale of values of

guantities (a) $.17.16
unitary value (&) 5.16.10
value - (a) §.9.15
value (qg) g.8,3, 9.7, 15.8, 16.8.1

value of a property (a) 5.9.1%
value of a guantity (a) S. 16.7, 16.8

value of a quantity (g 5.8.3,
9.7, 15.8, 15.8.1
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