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APPLICATION OF THE PROVISIONS OF THE GENERAL THEORY
OF MEASUREMENTS WHEN SOLVING SELECTION PROBLEMS

Abstract. The impetus for this publication was an article on the possibility and need to use the general theory of
measurement in judicial practice based on considerations of the state and prospects of judicial decisions by the judiciary, as
they solve the problem of choice (punishment or justification) as a result expert evaluation in conditions of uncertainty. The
article discusses the possibility of disseminating methods and tools for decision-making in the field of metrology as a result
of measurement and expert evaluation in conditions of uncertainty in such areas as pedagogical and general qualimetry. To
solve the problem, it is proposed to use in educational practice to assess the level of learning (level of acquisition of
knowledge, skills and abilities) of subjects of learning four-point scales of the order. Their compatibility with the stobal
rating scale and the corresponding ESTC scale is shown. The corresponding nomogram is given, the logarithmic four-point
scale of which is obtained on the basis of the probabilistic-information approach. The procedure of data processing of
expert assessment (measurement) in pedagogical qualimetry is considered, which can be partially used for processing the
characteristics of objects of comparison (OC) in qualimetry. The possibility of applying traditional and improved four-point
scales and elements of fuzzy mathematics in qualimetry in the construction of OC models. As directions of implementation
of the principles of the general theory of measurements and procedures of expert estimation (measurement) at the decision
of problems of a choice it is offered to improve legal, normative, directive and other documents on metrological activity
concerning concrete subject area and objects of comparison, and distribution of their scope.

Keywords: metrology; qualimetry; uncertainty; order scales.

Introduction

Searching for information on the subject of the
article in the Google Scholar search engine did not
return any results.

In the article [1] the directions of improvement of
scientific, methodical and organizational bases of the
general theory of measurements (GTM) for the purpose
of their application at an expert estimation in various
branches are considered. The impetus for its publication
was the article [2], which deals with the possibility and

need for the use of GTM in judicial practice, as the
judiciary makes a court decision as a result of the results
of expert evaluation in conditions of uncertainty. The
considerations of the publication [2] concern the
comparison of different levels and means of decision-
making in metrology and jurisprudence and are
extended [1] to such areas as pedagogical and general
qualimetry (table 1).

Objects of comparison (OC) and basic objects
(BO) of comparison mean products (products, services,
etc.) or subjects of study (SS).

Table 1 — Levels and means of decision-making in metrology and other fields

Metrology | Judicial practice Pedagogical qualimetry General qualimetry
State standards Laws Education standards (from a certain field of Legislative (regulatory) documents
(Gosstandart) | (Supreme Court) knowledge) 9 9 Y
Workin Courts of second | Fundamental printed works (monographs, . .
standard% instance textbooksF,) etc.) and theiE sectic%]nsp List of properties of BO
Measuring Courts of first Expert teacher (group of experts) and Expert (group of experts) and means of
instruments instance assessment tools SS-OC evaluating / measuring the properties of OC

Presentation of the main material

In [3] the use of a four-point scale and an
improved four-point scale (IFS) of the order in the
system of assessment of the level of learning (level of
acquisition of knowledge, skills and abilities) of SS,
which makes the use of ten- and twelve-point scales is
impractical. The indicator of learning (preferably
integrated) shows the intermediate or final learning
outcome. The Bologna Declaration recommends for use
in educational practice the rating scale (RS), the
corresponding ESTC-scale and the control procedure,
"tied" to the division of the entire scope of a particular
discipline into blocks of content modules (BCM) and
content modules (CM), and the accumulation of points

obtained during the control. Probabilistic-information
approach to the evaluation procedure [4] allowed to
obtain an expression for determining the evaluation on
any logarithmic L-score scale:

Qu = Ni +logz[- 2- /(2" — 1)g - 2))], @

where N; is the initial mark of the scale; L = |Ne - Ni| —
scale length; N, is the end mark of the scale.

In Fig. 1 shows a graph of the dependence of the
estimates Q of two-, three-, four-, ten- and twelve-point
scales, the beginning of which is combined with zero,
on the share g of the returned SS information during
control.

Here g — the share of information returned by the
subject of training during testing, written or oral survey
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— the numerical result of the assessment of learning for
CM, BCM or in general for the discipline:

g =nn,, 2
where nc — the number of correct answers, decisions; n— the
total number of questions, tasks, tasks that determine the
content of knowledge of the subject area.

The value of g=1 is an exemplary result. We
emphasize that the presence of a sample (standard, in terms
of metrology) involves measuring on a scale of relations.
This procedure in pedagogical qualimetry can be
implemented based on the concept of information entropy,
but this issue needs a separate discussion.

Analysis of functional dependences (Fig. 1) shows
that the scatter of the values of estimates increases with
increasing length of the scale L, especially sharply for
values of g > 0.8.
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1/57, 1/29 and 1/14 of the score, respectively.
Nomogram (Fig. 3), which combines IFS, RS, ALFS
and ESTC-scale, allows you to use these scales to assess
the level of study of SS in any combination without
additional calculations, and the end result is presented in
a predetermined scale or as a coefficient of compliance
in the range of normalized values from zero to one, or as
a percentage (actually — on a rating scale).
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Fig. 3. Nomogram of assessments
of scales of pedagogical qualimetry

As the example shows (see fig. 3), a fixed score of
3,50 on the advanced four-point scale corresponds to a
score of 50 on the stem scale (or a coefficient of
conformity of 0,50), FX on the ESTC scale, and 2,83 on
the approximated logarithmic four-point scale.

Note that the introduction of RS was accompanied
by "voluntarism" by higher education institutions
(HEISs), as shown in Table 2 for generalized data [5] and
universities of authors and others.

Table 2 — Scores on different scales of order

0 01 02 03 04 05 06 07 08 09 14
Fig. 1. Graphs of dependences Q =f (q)

Thus, it is logical to assume that the use of logarithmic
scales longer than three does not make sense, and the use of
traditional and advanced four-point scales as the basis for
expert evaluation (in particular, the level of study) will be
justified. Scores on a logarithmic four-point scale (LFS):

Qurs = 2 + logz[- 8/(7q - 8)]. (3)

Approximation Q.ps = f (q) three lines (Fig. 2) in
the range of estimates 2.00-3.00; 3.00-4.00; 4.00-5.00,
which correspond to the values of g in the ranges 0-
0.57; 0.57-0.86; 0.86-1, does not change the
“logarithmic essence” of the approximated logarithmic
four-point scale (ALFS), but allows to simplify the
calculations of estimates.
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Fig. 2. Graphs of dependences Qrs = f (q)

In Fig. 2 shows graphs of four-point advanced
(traditional), logarithmic and approximate scales. We
emphasize that the values of ALFS estimates differ from
the corresponding LFS values, but their relative position
does not change, which is decisive. The maximum given
errors of estimates in the approximation intervals are

Score on Rating Grades on the stem scale
a four-point ECTS :
scale declared | calculated | applied
Vidminno A 94-100 94-100 81-100
Dobre B 86-94 86-94 74-89
C 74-86 74-86 61-75
Zadovilno D 67-74 66-74 50-74
E 57-67 57-66 35-60
Nezadovilno FX 34-57 34-57 22-59
F 0-34 0-34 0-34

The practical convergence of the declared and
calculated by formula (3) estimates for RS in the ranges
of the FS and ECTS scale suggests that the Bologna
Declaration proposed the use of the system of stem
rating assessment is based on the concept of
probabilistic-information approach. This approach is
acceptable for test control (in particular, using a
computer with special software as a means of assessing
SS), focused on "covering” the total number of
questions (tasks, tasks) of a certain amount of
educational material taken as a sample.

Thus, the procedure for processing expert
evaluation data in pedagogical qualimetry consists of a
sequence of the following actions:

- formation of sets of results of assessment of
knowledge, skills and abilities of subjects of training in
one of two ways: in an absolute scale as a share of the
returned SS information at control; in a traditional four-
point scale or an advanced four-point scale;

- calculation of average grades in an improved
four-point scale;

- the expression of average grades in a form
acceptable for the construction of the rating list in the
two-point, logarithmic four-point, rating scale and the
corresponding ECTS scale or otherwise.
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The quality of products (services, etc.) is usually
assessed by comparing products with each other or with
the base object.

Any basic object (BO) is characterized by a set of
its quantitative and qualitative properties, which
consists of experts who attribute the scores of the FS
according to the rules associated with the statements
"Yes" — 5, "Rather yes, than no" — 4, "Rather no, than
yes" — 3, "No" — 2 in response to questions such as "Is
the property inherent in the base object or not?" The
result of this procedure is an information model of the
basic object (actually — a sample — an analogue of the
standard or working standard) in the thesaurus
(dictionary) and the alphabetical index of the properties
of the BO.

Quantitative characteristics of the properties of the
object of comparison are obtained by measurements by
appropriate methods (techniques). Uncertainty-based
measurement results can be provided as membership
functions.

Qualitative characteristics of the OC are evaluated
by the same method of assigning points, as described
above, for judgments such as "Does this property match

the object of comparison and BO?" The obtained data of
non-numerical nature are used to construct the resulting
characteristic  membership ~ function  (RCMF).
Fasification of RCMF using the method of center of
gravity [6] gives the desired result - an integral indicator
of the quality of OP as an arithmetic mean, which does
not contradict the theory [7] and confirmed by
calculations [8].

Conclusion

The extension of the principles of GTM to the
areas of activity where decisions are made on the basis
of expert assessment / measurement requires:

- improvement of legal, scientific, methodological,
organizational principles and evaluation (measuring)
procedures;

- finalization of normative (directive, guiding,
administrative and other) documents on metrological
activities related to a specific subject area and specific
objects of comparison, and expansion of their scope.

Establish the possibility of using different types of
scales to solve the problem of comparing objects of
comparison.
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3acTtocyBaHHs 110J10K€eHb 3arajibHOI Teopii BUMipIOBaHb NPH Po3B'A3aHHI 3a1a4 Bigdopy
B. €. Kozinos, 10. B. Koznos, A. B. ITaciuaux

AnoTanis. ITomroBxom a0 myOmikamii cranma CTaTTs MPO MOXKIMBICTH 1 HEOOXIIHICTH BUKOPHUCTAHHS 3arajibHOl Teopil
BUMIPIOBaHHs B CyIOBiil NPAKTHI, BUXOAIYM 3 MIpKyBaHb CTaHy Ta IEPCIEKTHUBH CYIOBHX pillIeHb CYJIOBUMH OpraHaMH,
OCKIJIbKM BOHH BHPIIIyIOTh IpoOieMy BHOOPY (IOKapaHHS YM BUIPABIaHHA) SK Pe3yJbTar SKCIIEPTHOI OIHKM B YMOBaxX
HEBU3HAYCHOCTI. Y CTATTi PO3IJISIAIOTHCS MOKIMBOCTI MOMIMPEHHS METO/IB Ta 3aC00iB MPUUHATTS PIilliCHb Yy cdhepi METPOIOTii
3a pe3ysbTaraMd BHMIPIOBaHb Ta €KCIICPTHOrO OILIHIOBAHHS B YMOBaX HEBH3HAYCHOCTI B TakuX cdepax, sK IeAaroriyda ta
3arajgbHa KBajgiMeTpis. J{jis BupileHHs TpoOaeMu MPOIMOHY€ETHCS BUKOPUCTOBYBATH B OCBITHIM MPAKTHII IS OI[IHIOBAHHS PiBHS
HaBYCHOCTi (PiBHS 3aCBOEHHs 3HaHb, yMiHb 1| HABUYOK) Cy0 €KTIB HAaBYaHHS YOTHPHOANbHI IKamu mopsaky. [lokazano ix
CYMICHICTb 31 CTOOATBHOO IIKAJIOK0 OIHOK 1 BignoigHoto mmkanoo ESTC. HaBeneno BiAnoBimHy HOMOrpamy, Jorapudmivny
YOTHPHOATBHY MIKATY SIKOI OTPUMAaHO Ha OCHOBI iMOBIpHICHO-iH(OpMAIHOrO miaXomy. Po3riasHyTo mpoueaypy 0oOpoOKu
JAHUX eKCTIePTHOI OLiHKY (BHMIpPIOBAHHS) y IMEAAroriuyHiii KBagiMeTpii, sika Moxke OyTH YacTKOBO BHKOpPHCTaHA I 0OpOOKH
XapakTepUCTHK 00 €KTIB TMOPIBHSIHHA Yy KBamiMmeTpil. MOXIHBICTH 3aCTOCYBaHHS TpAIULIHHAX Ta BIOCKOHAICHHUX
YOTHPHUOATHHHX IIKAJ Ta €JIEMEHTIB HEYiTKOI MaTeMaTHKH B KBAJIMETpil npu moOyI0Bi Moienei 06’ €KTiB MopiBHAHHA. B skocTi
HampsIMiB peastizallii MPUHIHUIIB 3aranbHol Teopil BUMIPIOBaHb i MPOIEIyp EKCIEPTHOrO OLIHIOBAaHHs (BHMIpPIOBAaHHS) MpPH
BHUpIIIeHHI TPOOJIeM BUOOPY MPOMOHYETHCS YAOCKOHAIUTH 3aKOHOJABYi, HOPMATHBHI, MUPEKTHUBHI Ta IHII JOKYMEHTH 3
METPOJIOTTYHOT JisUTHHOCTI I1[0/I0 KOHKPETHOI MPEIMETHOI Tairy3i Ta 00'€KTH MOPIBHSHHS Ta PO3MOALT X chepu.

KuawuoBi cioBa: MeTponoris; KBaJiMeTpis; HEBU3HAUCHICTh; 3aMOBIICHHS Baru.

93



