QKOHOMWKA NMPOMBIWITEHHOCTMU
ECONOMY IN INDUSTRY

https://doi.org/10.21122/2227-1031-2024-23-4-345-354
YJK 53.087.2

Model for Ensuring the Reliability of Expert Quality
Control of Products and Processes

P. S. Serenkov”, V. M. Romanchack”, E. A. Davidova, A. A. Hurynovichl)
YBelarusian National Technical University (Minsk, Republic of Belarus)

© benopycckuii HalIMOHAJBHBINA TEXHUYECKUI yHUBepcuTeT, 2024
Belarusian National Technical University, 2024

Abstract. The reliability of the results of sensory analysis depends on a number of factors that affect the objectivity of the
tests carried out. Today, the credibility of subjective measurements is primarily achieved through standardization. However,
the issue of the credibility of subjective measurements remains, furthermore, it moves to a new level. Special attention must
be paid to subjective measures related to the measurement of sensations to ensure credibility of results. The dynamics of in-
creasing credibility through factor standardization lags behind the dynamics of stakeholder demand for increasing the credi-
bility of subjective measurements. The purpose of the paper is to consider subjective measurements from the point of view
of the development of the theory of quantitative measurements and to substantiate a process model for measurement that en-
sures the meaningfulness of the results in relation to expert assessments that ensure the subjectivity of measurements when
conducting sensory tests, the results of which form decisions on compliance or non-compliance. The object of research
is expert assessment methods used in sensory measurements, specifically in the evaluation of participating experts. The re-
search methods used in this work include system analysis of measurement theories, method of alternatives, and standardized
methods of expert assessment. A model of quantitative measurements is proposed to ensure meaningful measurement results,
based on an analysis of the evolution of measurement theories. The problem of ensuring the meaningfulness of subjective
measurements is formulated, which manifests itself in the form of risks of making incorrect decisions about characteristics
of food products and processes based on expert assessments that lack reliability. An algorithm for quantitative measurements
has been defined and tested on a specific example of expert assessment, demonstrating the importance of the identified prob-
lem of ensuring the reliability of expert assessments.
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IKkonomuka RPOMDbBLULIEHHOCMU

oOpa3oM 3a cuer ux cranmapruzanun. OmgHaKo mpobdieMa JOCTOBEPHOCTH CyOBEKTHBHBIX M3MEPEHUH OCTAeTCs, MaJlo TOTO,
HEePEeXOUT Ha HOBBIN ypoBeHb. CyOBeKTUBHBIC H3MEPEHUs, CBSI3aHHBIC C M3MEPEHNEM OLIYIIeHNH, TpeOyIoT 0c000ro BHUMa-
HHS B KOHTEKCTE JIOCTOBEPHOCTH PEe3yJIbTaToB. J[MHAMMKa MOBBINIEHHS JOCTOBEPHOCTH 3a CUET CTAHIapTU3aluH (HaKTOpOB
OTCTaeT OT AMHAMHKHU CHPOCA 3aMHTEPECOBAHHBIX CTOPOH HA MOBBIIIEHHUE JOCTOBEPHOCTH CYOBEKTUBHBIX M3MepeHuil. Llens
paboThI — PaCCMOTPETh CYyOBEKTUBHBIE U3MEPEHUS C TOUKH 3PEHHS PA3BUTHUS TEOPUH KOJIHMYECTBEHHBIX U3MEPEHHH 1 000CHO-
BaThb MOZENb NPOIECcca M3MEPEHUH, 0OECIIeUNBaIONLyI0 OCMBICICHHOCTh PE3yJIbTaTOB B OTHOIICHHH JKCIIEPTHBIX OILECHOK,
o0ecreYnBaroNMX CyOBEeKTUBHOCTh H3MEPEHUH TIPH IIPOBEAECHUN OPraHOICNITHYECKUX HCIBITAaHHH, [0 pe3yIbTaTaM KOTOPBIX
(hOpPMHUPYIOTCS PEIICHHSI O COOTBETCTBUHM WM HECOOTBETCTBHH. OOBEKTOM HCCIICIOBAHMI SIBIISIOTCS METOABI SKCIIEPTHOTO
OLICHUBAHUS, UCIOIb3YyEMbIC B OPraHOJICNTUYECCKUX M3MEPEHUSX M, B YaCTHOCTHU, IIPU OLECHKE DKCIEPTOB, NPUHUMAIOLMIUX
B HUX ydactue. B paboTe MCIONB30BaHbI METOBI UCCIIEIOBAHUI: CHCTEMHBIH aHAN3 TEOPHH M3MEPEHUH, METO]| aJIbTepHa-
TUB, CTaHJAPTU30BaHHBIE METOJb! OLICHKU 3KcrepToB. Ilo pesysbTaraM aHanu3a 9BOJIOLMU Pa3sBUTUS TEOPUH H3MEpeHUil
HpeJIoKeHa MOJIeIIb KOJIMYECTBEHHBIX M3MEPEHHUH, 00eCIeYnBaIOIas OCMBICICHHOCTb Pe3yiIbTaToB n3mMepenui. Chopmyiu-
poBaHa npobieMa 00ecreueHNs] OCMBICIEHHOCTH CyOBEKTHBHBIX M3MEPEHHMH, MPOSBIISIONIAACS B BUIE PUCKOB NPHHATHS He-
KOPPEKTHBIX PEIICHUI B OTHOLICHUN XapaKTEPHUCTUK MHUIEBON MPOIYKIMU U MPOIECCOB MO PE3yNIbTaTaM IKCIEPTHOTO OIle-
HUBAHUA B CHIIy UX HEJOCTAaTOYHOH mocToBepHOCTH. OmNpesenieH anropuT™ KOJIHMYECTBEHHBIX N3MEPeHNH, arpoOupoBaHHbIH
Ha KOHKPETHOM IPHMepe 3KCHEPTHOTO OIEHHBAHMS, IEMOHCTPHPYIOIIMH 3HAYMMOCTh yCTAaHOBIEHHON IIPpoOJIeMEI obectiede-
HUS IOCTOBEPHOCTH 9KCIIEPTHBIX OLIEHOK.

KuroueBrble ciioBa: opraﬂonenmqecxm‘& AHAJIN3, UCHBITATEIIb, DKCIIEPTHLIE OLEHKH, Cy6’beKTI/IBHLIe U3MEPECHUS, OCMBICIICH-
HOCTb pE3YyJILTaTOB I/I3MepeHI/II71, TCOpHA KOJINICCTBEHHBIX H3MepeHHﬁ, 1IKaJIbI I/I3MepeHHﬁ
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II. C. CepenkoB [u np.] / Hayka u mexunuxa. 2024. T. 23, Ne 4. C. 345-354. https://doi.org/10.21122/2227-1031-2024-
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Introduction

Currently, sensory analysis is widely used
in the food industry to provide information on the
chemical composition and a comprehensive as-
sessment of product quality. Obviously instrumen-
tal methods of analysis alone are insufficient for
a complete assessment of product quality. This is
evidenced by the fact that the chemical composi-
tion of the products may be similar, but the sensory
characteristics of these products will differ signifi-
cantly. Therefore, comprehensive product control
is usually based on a combination of instrumental
and sensory methods. If we take into account the
advantages of sensory methods for assessing pro-
duct quality (availability, speed, cost-effectiveness,
proximity to consumer assessment), then it is quite
clear that in certain conditions these methods be-
come of paramount importance.

The quality of food products can be assessed
using technical measuring instruments or on the
basis of the subjective opinion of a competent per-
son, known as an assessor [1].

Sensory assessment may be made by three
types of assessors: “sensory assessors”, “selected
assessors” or “‘expert sensory assessors”.

Assessor can be “naive assessor” who do not
have to meet any precise criterion of selection
or training, or a person who have already taken
part in some sensory tests (“initiated assessors™).

346

“Selected assessor” is an assessor who have
been selected and trained for the particular senso-
ry test.

According to GOST ISO 5492 [2] an expert
Sensory assessor is a sensory assessor with a
demonstrated sensory sensitivity and with consid-
erable training and experience in sensory testing,
who is able to make consistent and repeatable sen-
sory assessments of various products.

It is common knowledge that the reliability of
the results of organoleptic analysis depends on the
psychophysical state of the expert, his experience,
proficiency in methods of sensory analysis, level of
training, sensory abilities, test conditions, etc. [3].

Currently, it is generally accepted that mea-
surement is always the process of experimentally
obtaining one or more values of a quantity that can
be reasonably assigned to the value. Objective
measurement is associated with measurement by
technical means, and objective methods are those
in which the effects of personal opinion are mini-
mized. Subjective or psychophysical measure-
ments are associated with the measurement of sen-
sations, where a person plays the role of a measu-
ring instrument, and the subjective method is a
method based on personal opinions [2].

Therefore, when measuring sensations, it is im-
portant to pay special attention to subjective
measures in order to ensure the reliability of the
results. If the reliability of objective measurements
is supported by technical means such as standards,
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traceability, comparisons, repeatability, and repro-
ducibility, then the reliability of results for subjective
measurements of sensations becomes critical.
The determination of criticality depends on the rela-
tionship between the reliability of subjective meas-
urements and the risk of making incorrect decisions
based on the results of monitoring and testing.

Obviously, the need for reliable subjective
measurements is becoming increasingly important
as the number of interested parties grows, due to
the ever-increasing appearance of new materials,
environment systems and substances that require
sensory assessment and hedonic tests.

In the last few years there has been an increas-
ing interest in the use of expert methods for the
assessment of product quality [4-6], but the issue
of the reliability of the measurement results is of-
ten overlooked.

It is important to note that strategies to improve
the reliability of objective and subjective measures
have different emphases. This difference is not
only determined by the measurement infrastruc-
ture, as mentioned above, but also by the degree
of meaningfulness of the results.

A review into current research in the field of sen-
sory analysis has revealed that the main method
of improving the reliability of subjective measure-
ments is through standardizing the factors that affect
the objectivity of the tests. These include: methods
for selecting and training experts, conditions for
conducting sensory analysis, implementation of con-
trol measures relating to the measurement process,
methods for processing and evaluating expert infor-
mation, validating results, etc. [3, 4].

However, the issue of the credibility of subjec-
tive measurements remains, furthermore, it moves
to a new level. The dynamic of increasing credibi-
lity through factor standardization lags behind the
dynamic of stakeholder demand for increasing the
credibility of subjective measurements.

The purpose of this paper was to consider
subjective measurements from the point of view
of the development of the theory of quantitative
measurements and to substantiate a process model
for measurement that ensures the meaningfulness
of the results in relation to expert assessments that
ensure the subjectivity of measurements when
conducting sensory tests, the results of which form
decisions on compliance or non-compliance.

Hayka
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Materials and methods

This study focuses on expert assessment meth-
ods used in sensory measurements, in particular, in
the evaluation of experts involved in such measu-
rements. The following research methods were
used in the work: system analysis of measurement
theories, method of alternatives, standardized
methods of expert evaluation [4].

In the field of psychophysical measurements,
the intuitive and acceptable characteristics of the
meaningfulness of measurement results is consi-
dered as the adequacy of the numerical form of
their representation to the real characteristics of the
measurement objects [5].

It is generally accepted that objective meas-
urements work with scales that are “strong”
in terms of information (interval, proportional,
absolute) [6—8]. They are also known as metric.
The adequacy of the numerical form of their repre-
sentation to the real properties of the measured
objects is generally beyond doubt for the meas-
urement results presented in these scales.

Subjective measures mainly use scales consi-
dered 'weak' in terms of the information they pro-
vide, such as nominal and ordinal scales. There are
doubts about the adequacy of the numerical repre-
sentation of measurement results in these scales
to the real properties of the objects being measu-
red [6-9]. Of interest from this perspective is the
requirement to present information in a form that
allows for a high level of comprehension during
perception and use, as well as its dimensional and
functional information properties [10].

The lack of a systematic approach to the prob-
lem of results credibility is indicated by the differ-
ent priorities for improving the processes of objec-
tive and subjective measurement. This is also evi-
denced by the wide variety of concepts, theories,
methods, and scientific schools [6-8, 11-12].
The basics of measurement have been establi-
shed in the early measurement theories of Helm-
holtz, O. Holder, N. Campbell et al. [13—15]. In the
development of theoretical foundations (alt: ba-
sics), especially from the perspective of subjective
measurement, it is worth mentioning classical the-
ory (G. Fechner et al. [6, 15, 16]), P. Bridgman's
theory of operationism [17], representational theo-
ry (S. Stevens et al. [6-8, 18—19]).
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Within a generalized model of a measurement
system, it was S. Stevens who formulated the
measurement meaningfulness concept. He believed
that a measurement system is defined when its
three elements are defined (Fig. 1):

— an empirical system that includes physical
objects, sensations, judgments, and the relation-
ships between them, specified axiomatically;

— a numerical system in which logical-mathema-
tical relationships are specified axiomatically;

— function £, which is a homomorphic mapping
of an empirical system into a numerical system.
This function enables to assess the relationships
between tangible objects by analyzing the relation-
ships between their numerical representations.

Essentially, function /— a set of rules that gua-
rantees the accuracy of relationships within both
empirical and numerical systems.

According to S. Stevens, it is important to have
strict and agreed-upon rules for assigning numbers

to objects for each type of measurement to ensure
confidence in the measurements [16, 19]. J. Pfan-
zagl developed and generalized the representative
theory of measurements [6, 20].

The theory of measuring physical quantities
is currently undergoing a shift in emphasis towards
the processing and transformation of measurement
results. This can be seen in the work of A. Kolmo-
gorov and other scientists who have made signi-
ficant progress in the field of the conversion of
measurement information [21, 22].

Consequently, we can distinguish two main di-
rections in the development of measurement theo-
ry, each claiming independence. The measurement
process has a generalized model that consists of
two conditionally independent models (Fig. 2):

— model of empirical measurements of quan-
tities,

— model for converting measurement infor-
mation.

Numerical system

Empirical system

Displey function f

Objects Ay, A, 43,
Relationship: (4; 4))

u; = f(4)
dependence on the
chosen axiomatic
measurement scale

Measurement results
(quantity values)
Uy, U, Us, ... Uy

Fig. 1. Model of quantitative measurements as a generalized process of measuring a quantity

Empirical Displey Numerical Conversion
ST c of measurement
Y function f system results
Objects Dependence on the Measurement Measurement
Ay, A, A3, M=) chosen axiomatic [mm results — information
Relationship: measurement (quantity values) Fp=F (u; us._
(4, A4y scale Uy, Uy, Us, ... Uy
u;=f(4)
Model of empirical measurements of quantity Model for
q converting
(direct measurement) RS ST
information
(indirect
measurement)

Fig. 2. Generalized model of the measurement process, including two conditionally independent models
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The model of empirical measurement of a
quantity is related to the model of direct measure-
ment, in which the desired value of a quantity
is obtained directly from the measuring instrument
(in the case of subjective measurements — an ex-
pert). The measurement information transfor-
mation model is related to the indirect measu-
rement model: the desired value of a quantity is
determined from the results of direct measurements
of other quantities functionally related to the de-
sired quantity.

The development of the empirical measurement
model faded into the background with the deve-
lopment of measurement information transfor-
mation models, which led to a number of issues
concerning the credibility and meaningfulness of
the results [9-10, 14, 22, 23].

Results and discussion

An analysis of existing measurement theories
reveals that they are founded on a genera-
lized model of the process of measuring a quantity
(Fig. 1). Furthermore, the theories consider either
the process model as a whole or its individual ele-
ments.

A structured analysis of the most common
measurement theories, in accordance with the logic
of Fig. 1, enables the identification of their shared
weaknesses.

1. Measurement theories do not define the
actual measurement procedure in an empirical
system.

2. Measurement theories do not define a strict
(natural) link between the empirical and numerical
systems, which would enable us to claim that
the measurement results are entirely meaningful.
The measurement scale serves as the carrier of this
connection.

3. Measurement theories do not fully solve the
problem of ensuring the meaningfulness of meas-
urements: they lack criteria for determining the
adequacy of measured results in an empirical sys-
tem compared to measured results in a numerical
system (measurement scale).

Barzilai's theory of quantitative measurements
is based on the relationships between objects, ra-
ther than their characteristics [15, 16]. And meas-
urement is the process of assigning numerical val-
ues to relationships between objects, rather than to
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the objects themselves. Only in this case, accor-
ding to J. Michel, real numbers are not assigned
but naturally generated in the measurement pro-
cess [24].

These principles are used to determine the cor-
rect measurement procedure. To achieve this, we
will define an “exclusive group of objects” axio-
matically, as proposed by A. Friedman [25], which
will enable us to make a specific evaluation. Ob-
jects A,,4,, ..., A, are arranged in ascending

order based on their measured values, which
change uniformly in magnitude. This means that
the empirical comparison of successive pairs of
objects produces identical results. Then (we?)
assign the value of the quantity u; to each object 4;.
It is assumed that for such objects the success-
sive differences in value are equal to each other:
Uy — Uy =U; — Uy = su, —u,,.

In this case, the equality is true

Z/li—uj=}\.1(l.—j), (1)

where L, > 0, A;—unknown constant.

Thus, during the process of measurement, real
numbers, which represent the values of the quanti-
ty, are naturally obtained.

This kind of special assessment, following A.
Friedman, we will call it measurement [25]. Thus,
a mapping is defined that corresponds naturally
to the empirical result of comparing a pair of ob-
jects using a numerical value — the difference
in values. The measured quantity values are de-
fined with the accuracy of a linear transformation,
i.e. in the interval scale.

Let’s assign a value v; to each object 4;, and as-
sume that successive relations of values are equal
v,/lvi=v, /v, = .=y v .

The result is:
In (v, /v;)=In(v)=In(v,)=1A, (i - j), (2)

where )\ , > 0, A>—unknown constant.

Thus, the second method of measurement is de-
fined as mapping the results of an empirical com-
parison onto a set of results of an algebraic ope-
ration.

This mapping naturally matches the empirical
result of comparing a pair of objects with a num-
ber — the ratio of values or the difference in loga-
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rithms of values. The measured quantity values are
defined on a scale of logarithmic intervals [16, 25].
From equations (1) and (2), it follows that the
values obtained on the interval scale and the loga-
rithmic interval scale are related by the formula

(u,—u,) =AIn(v,/v,), (3)

where i, j = 1, 2, ..., n; u; and v; — quantity values,
A=A, /A,

To avoid considering two measurement me-
thods, it is convenient to introduce the concept of
rating based on equality (3). Let’s denote the left
and right sides of equality (3) by the symbol R;
and define two mappings or two measurement
models:

Rij = (y _“_;), 4)
R, =h,In(v, /v,), Q)
where R;; — rating values, i, j = 1, 2, ..., n; u;, vi —

quantity values obtained through various empirical
measurement methods.

For objects with uniformly changing magnitude
values, the rating is determined accurate to a scale
constant A using the formula:

Rg/ =L - )), (6)

The classical definition of the rating follows
from the adjusted model of S. Stevens [19, 20].
The rating is the result of measurements of the
relations of the objects of the empirical system.
The scale of these measurements can be deter-
mined using the rating.

J. Barzilai noted that the lack of agreement on
the preference for particular measurement theories
is mainly due to scaling errors. Scaling errors turn
measurement into an operation that produces
meaningless numbers [13, 14].

Identifying measuring scales was already done
by S. Stevens in 1946 [19, 20]. However, his con-
cept of scaling contains internal contradictions.
This is due to the fact that the correspondence be-
tween the empirical and numerical systems (Fig. 1, 2)
was determined intuitively without proper justifi-
cation.

In our opinion, there are two points that prove
the correctness of the scaling:
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1) the measurement scale should be a natural
consequence of the measurement procedure;

2) the empirical and numerical systems of the
measurement model must be connected by isomor-
phism (Fig. 1).

Isomorphism is a mapping of systems that is
mutually unambiguous. This means that the empi-
rical system is equivalent to the numerical system.
Therefore, the numerical system can be defined
as a natural consequence of the empirical system,
rather than axiomatically.

Every empirical measurement involves a com-
parison operation, which produces the result of an
algebraic operation, such as the difference or ratio
of values. The values themselves are naturally de-
termined on an interval scale if they solve the sys-
tem of equations (4), and on a logarithmic interval
scale if they solve a system of equations (5). Addi-
tionaly, a ratio scale can be defined as an inter-
val scale that includes a zero element, known as
the origin.

The concept of a correct model of quantitative
measurements is formed by the strict definition
within the empirical system of the measurement
procedure as a comparison operation and the natu-
ral consequent definition of the scale as the basis
of the numerical system. This concept can be con-
sidered from unified positions for both subjective
and objective measurements (Fig. 3). Here

A4,4,, ..., A4, ..
ment, u;, v; — respective numerical values of the
objects. (4;, 4;) — the outcome of empirical mea-

surement of the relationships between these ob-
jects. The outcome of an empirical measurement is

— the objects of measure-

either the difference in values (, —u;), or the ratio
of values v, /v, which are transformed into a rat-

ing Ry, the value of which does not depend on the
measurement method. Based on the rating, the
final measurement result Uj; is generated in interval
scale or logarithmic interval scale, respectively.

The validity of the model is determined, among
other things, by the fact that from expressions (4)
and (5) the experimental laws of psychophysics
by G. Fechner and S. Stevens can theoretically
be obtained in the form of paired comparisons, and
their equivalence can also be proven [25].
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Empirical system Displey function f Numerical system
Objects 4y, Ay, ...,A, : 1. Rating Measurement scale:
1. Relationship  bet- determination: 1. Result in interval
ween pairs of objects: R = Ay (u;— uj) scale

(A, 4) = (ui—uy) or Uy =0 (ui— u))

or

(A4, 4)) = (vil v))
2. Composition of
measurement results of
relationships between

R[j: 7\‘2 ln (V,‘/ Vj)

2. Checking compati-
bility of results:
Rij = Rik + Rkj

2. Result in logarit-
hmic interval scale
(]l/ = 7\42 In (Vl'/ Vj)

pairs of objects:
(4 Ai) + (Ai 4))

Fig. 3. Concept of a correct model of quantitative measurements

Fig. 3 shows expression (4,4,)+(4,,4,), which

represents the composition of the results of empi-
rical measurements of relations between pairs of
objects. The results indicate the presence of the
property of compatibility of results in the mea-
surement model, as shown by the ratings Ry
and Ry. The paper [25] demonstrates that rating
values meet compatibility conditions in the form of:

R, =R, +R,, @)

The compatibility condition (7) in the numeri-
cal system can be considered as a criterion of ade-
quacy of the measurement model, i.e. of the meas-
urement results in the empirical system to the
measurement results.

In practice, verifying all the compatibility
equations (7) for systems of equations (4) or (5)
can be a time-consuming task. The method of
alternatives [16, 27] can be used to perform a par-
tial verification of the compatibility equations.

For partial models (4) and (5), we have formu-
lated the measurement algorithm as follows:

1. Select the measurement model (4) or (5);

2. Register the results of measurement (1, —u,)
or (v,/v;),

3. Calculate the ratings Rij;

4. Check the compatibility condition (7);

5. Depending on the measurement equation (4)
or (5), the values of the measured quantity U; can
be found (Fig. 3).

Let's use an example to demonstrate the pro-
posed quantitative measurement model.

Hayka
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In order to implement the procedure of odour
determination in a closed room, the suitability of
potential experts and their olfactory ability should
be checked in accordance to GOST ISO 16000-30
[27]. The standard regulates olfactory methods and
criteria for assessing the ability to identify and dis-
tinguish odours from each other, as well as the
threshold of odour perception. Appendix B of the
standard provides a training methodology for con-
firming the olfactory ability of a certified expert.

Various methods are used to test a poten-
tial expert's olfactory skills. The program for
analyzing odour intensity is based on a scale
of intensity categories, which is implement-
ted using an olfactometer according to GOST
ISO 16000-30 [27].

To calibrate” the trained sensory assessor,
they must be presented with the smell of each
intensity at least once. During subsequent analysis,
each intensity is presented to tested experts at least
twice in random order. The expert should assign
each concentration of n-butanol to its correspond-
ding intensity value.

The Q_ value is used as a criterion to assess the
compliance of the certified expert with the re-
quirements. It is calculated using the following
formula:

J 2
kK Zi=1(xik_lk)
O value= ZH f,
where x — individual result of a member of the
commission; j — number of circles (one circle
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includes the assessment of all concentrations
according to table 1); £ — number of different con-
centrations according to table 3; / — intensity level
according to GOST ISO 16000-30 [27]. The ma-
ximum @ _ value for a successful assessment
should not exceed 6.

According to the given methodology, an expert
certification was carried out, the results of which

are shown in the table 1.
Table 1
Expert scores based on the GOST ISO 16000-30 model

The intensity of the odour Expert scores in points

of n-butanol, measured with
an olfactometer according | Round 1 | Round 2 |Round 3
to GOST ISO 16000-30 scores | scores | scores
0 — no odour detected 0 1 1
1 — very weak 3 2 2
2 —weak 3 3 4
3 — distinct 4 3 4
4 — strong 5 3 5
5 — very strong 5 5 5

The calculated value of the compliance criteri-
on, Q value = 6, 33, indicates that the expert did
not pass the test.

How reliable is an expert's olfactory ability in
producing legally significant results? Upon analy-
sis of the empirical system of the measurement
model proposed by GOST ISO 16000-30 [27], as
shown in Fig. 3, it can be concluded that it is not
clearly expressed. The system's objects, which
consist of concentrations of odours from six cate-
gories, are clearly defined. Additionally, the rela-
tionships between these objects have also been
defined. However, during empirical measurements
of the expert's olfactory abilities, only identifica-
tion (recognition) of the objects of the system “lev-
el of n-butanol odour intensity — score” is per-
formed. It is known that the scores obtained can
also be represented on a nominal scale.

The empirical system does not measure rela-
tionships between objects. Even if we assume that
the expert has created a sequence of odor intensity
levels during “calibration”, we can only consider
the same assessments on a rank scale. However,
it is important to note that nominal and rank scales
are not metric scales, and therefore estimates can-
not be subjected to mathematical operations.
Therefore, it could be argued that the Q value
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criterion, which measures information according
to Fig. 2, is not meaningful. This means that the
assessment of conformity by the certified expert
may not be reliable.

To ensure reliable conformity assessment, it is
necessary to modify the empirical system of the
measurement model. This can be achieved by ad-
ding a procedure for measuring the relations be-
tween objects, such as “by how much is one object
superior to another?” or “by how many times is
one object superior to another?”.

To achieve these goals, in addition to the
standard methodology (3 rounds of assessment),
it is suggested to conduct three more rounds of
empirical measurements following the algorithm
outlined in the aforementioned article.

1. Select the measurement model (5). In each
round of testing, the expert is presented with
two odour samples of different intensity within one
measurement. The expert should answer the question
“by how many times is one odour sample more in-
tense than the other?”, i.e. it is proposed to apply the
measurement model of S. Stevens [19, 20].

Note. In this case, the S. Stevens model was
chosen because, in accordance with GOST ISO
16000-30 (Annex B), a number of intensity levels
are built by geometric progression, i.e. so that any
two adjacent levels differ by a factor of two.

Within each round of tests, comparative meas-
urements of the odour intensity levels of n-butanol
were arranged according to the plan “each of six
concentration levels with one base level (any)”.

Note. Each of the three cycles of comparative
measurements can be carried out according to the
same plan or according to different plans, e. g.
“each of the six concentration levels with the pre-
vious intensity level (second with the first, third
with the second, etc.)”.

2. Record the results of ratio measurements
(v;/v;). We choose the base level j = 3 and take

the value of the n-butanol concentration at base
level v; =1 (table 2).

Note. Row evaluations with a zero level are not
filled (relational operations with zero are meaning-
less). A score of 4, for example, in table 2 means
that the expert decided that the fifth level is 4 times
larger than the third level. A score of 1/3 in table 2
means that the expert decided that the second le-
vel is 3 times smaller than the first.
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Table 2
Expert scores of the S. Stevens model

The intensity of the odour | Results of expert's measure-
of n-butanol, measured with an|  ments of (v,/v)) relation

olfactometer according Round 1 | Round 2 | Round 3
to GOST ISO 16000-30 model | geores | scores | scores

0 — no odour detected — _ _

1 — very weak 1/4 1/9 Va
2 — weak 12 173 Va
3 — distinct 1 1

4 — strong

5 — very strong 7 5 6

3. We calculate the ratings R;; according to (5)
using the adjusted formula:

Ry=In(v;i/vi)/InQ2)+1, ®)

where v; — unknown values of the sample concen-
tration level, i = 1-5.

According to the logic of the proposed mea-
surement model (Fig. 3), on the basis of the rating
values we form the final measurement results U; on
the scale of logarithmic intervals, the scale of
which corresponds to the scale of point categories
and form table 3.

Table 3

Results of measurements of the odour intensity level
of n-butanol on the scale of logarithmic intervals

Odour intensity level of
n-butanol odour measured

Final measurement results U;

by olfactometer according | Round 1 | Round 2 | Round 3
to GOST ISO 16000-30 model| results | results | results
0 — no odour detected 0,0 1,0 1,0
1 — very weak 1,0 1,0 1,0
2 —weak 2,0 2,6 1,0
3 — distinct 3,0 42 3,0
4 — strong 5,0 5,8 4,0
5 — very strong 5,8 6,5 5,6

Note. Estimates for the zero level row are taken
from table 1.

4. We perform a partial test of the jointness
equations using the method of alternatives [14,
26]. The criterion for accepting the hypothesis
about the consistency of the expert's estimates for
each round of tests obtained by different methods
was the condition of statistical significance of the
correlation coefficients between the estimates ac-
cording to GOST ISO 16000-30 measurement
model [27] and the results of measurements ac-
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cording to the S. Stevens model. The correlation
coefficients for all three rounds of testing are sig-
nificant by Student's criterion at the 0.05 signifi-
cance level, so the hypothesis of consistency of the
experts' estimates is accepted.

This fact allows us to calculate the value of the
expert compliance criterion Q value = 4,0 based on
alternative measurement results. The criterion indi-
cates that the expert has been tested, i.e. meets the
requirements.

The conflict arising from subjective measure-
ments cannot be experimentally verified. The only
way to verify is through theoretical justification
of one or another measurement model. In this
example, the authors appear to favour the alterna-
tive measurement model as it aligns with the gen-
eral provisions of classical and modern measure-
ment theories in terms of ensuring result aware-
ness (Fig. 3).

CONCLUSIONS

This text discusses the issue of meaningfulness
in measurements, specifically the subjectivity of
measurements. It proposes a model of quantitative
measurements based on an analysis of the evolu-
tion of measurement theories, which ensures the
meaningfulness of measurement results. The model
is based on two measurement methods. A special
parameter, the rating R;;, is associated with the dif-
ference or ratio of the sought values of the quanti-
ties of at least a pair of objects u; and u;, and is em-
pirically measured within these methods. The as-
sumption that both measurement models can be
used together to measure the same quantity is justi-
fied. And the measurement results will be equiva-
lent in a certain sense. An algorithm for quantita-
tive measurements is formulated, as well as a re-
flection principle that ensures compliance between
the empirical and numerical systems of the model.

The problem of ensuring the meaningfulness of
subjective measurements is formulated, which
manifests itself in the form of risks of making
incorrect decisions regarding the characteristics
of food products and processes based on the results
of expert assessment due to their lack of reliability.

The analysis of the evolution of measurement
theories has revealed a hidden component of
the loss of reliability in subjective measurements.
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This is due to the fact that existing measurement
methods, including standardized ones, do not define
the measurement procedure as a comparison opera-
tion. An evidence-based quantitative measurement
model is proposed. The model ensures the mean-
ingfulness of the results by measuring a special
parameter — rating R;, which associated with the
difference or ratio of the desired values of at least a
pair of objects u; and u;. And the measurement re-
sults will be equivalent in a certain sense.

The concept of a correct quantitative measure-
ment model is formed by the strict definition
within the framework of the quantitative measure-
ment model of the measurement procedure as a
comparison operation and the natural definition
of the scale that follows from it as the basis of
a numerical system.

A quantitative measurement algorithm has been
developed and tested using expert assessment as
an example, demonstrating the importance of en-
suring the reliability of expert judgement.
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