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COMPOSING OF DEVELOPMENT TESTING PROGRAMS
FOR ROCKETRY ITEMS TAKING INTO ACCOUNT THE GROUP DECISION MADE

BY AN EXPERT COMMITTEE

The analysis of existing methods of determining the expert competence coefficient is carried out. Based on the
results of the analysis, it is suggested that experts’ evaluation is made on the basis of objective characteristics
and also it is suggested to make a group decision with a margin according to the Harrington desirability
function. Approaches are proposed for the components of the expert's competence coefficient that allow taking
into account the objective characteristics of each expert — period of familiarity with the problem, the academic
degree and position, as well as the number of publications, reports, etc. on the problem. Thus, we get the value
of the expert's competence coefficient taking into account his objective characteristics, which will significantly
reduce the subjectivity of the experts' evaluation and improve the quality of the expert committee. The
proposed group decision made by an expert committee (regarding a problem considered based on the ratio of
difference between the sum of competence coefficients of supporter experts and that of dissident experts to the
sum of competence coefficients of the experts with a margin according to the Harrington desirability function,

which shall be more than 0.8) will allow taking into account the constructive opinions of the dissident experts.

This group decision and determination of the expert’s competence coefficient taking into account the objective
characteristics of each expert will reduce the influence of human factor, thus ensures more optimal composing
of programs for development testing of rocketry items. An example of practical application in comprehensive
development testing program (CDTP) of items of the rocket space complex of a proposed group decision made
by an expert committee will allow taking into account the constructive opinions of the dissident experts to

introduce subclasses in status of qualifications, which take into account the logic of development test the
component parts, that contributes to the optimization of CDTP.

Keywords: comprehensive development test programs, status of qualification, coefficient of expert competence,
group decision; expert opinion "weight" coefficient, problem familiarity coefficient, argumentation coefficient,

desirability function.

Preface

The article is more detailed consideration of expert
evaluation methods (EEM) use problem in ground
development testing for rocketry items given in article
[1]. When using the EEM for solution of different
problems (e.g., number of test objects, phases, required
levels of assemblies as well as assigning the
qualification status [1-3] to the item to be tested) the
professionals group (classified as experts committee) is
formed, which follows, as a rule, a couple of the closest
expert opinions. In this case the supporter and dissident
experts are considered using expert competence
coefficient, however, the typical methods for its
calculation such as self-rating, mutual rating and testing
are highly influenced by human factor [4]. The group
decision by expert committee regarding the problem
(composing of development testing program for
rocketry items) complies with the biggest sum of
competence coefficients of the supporter experts.
However, this approach does not take into account

possible constructive opinions of dissenter experts, this
causes problems of high-quality group decision by
expert committee and decrease of human factor
influence.

Solution method

The expert committee group decision on the given
problem depends upon composition of the expert
committee and method of making the group decision
that will exclude the human factor effect. In this case,
the following is proposed:

— selection of expert candidates based on
objective characteristics (academic degree, period of
familiarity with the problem, number of published
works, etc.) [4];

— the group decision shall be made with margin
per Harrington desirability function [5] to account for
possible constructive opinions of dissenter experts.

Nowadays, four typical approaches are used for
determining expert competence coefficient.
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The first approach is based on determining expert
competence coefficient K, by means of objective
characteristics of each expert [4, 6, 7].

In [4] expert competence coefficient K. is set

equal to the value of complex self-rating coefficient of
an expert

1
Ko =0.5(Kypg + Ky K ) (1

where K, is expert's opinion "weight" coefficient;
Kfam 18 problem familiarity coefficient;

K argumentation coefficient.

ar

Possible values of expert "weight" coefficient
interpreted for research-and-production company from
[6] are given in Table 1.

Problem familiarity coefficient can take the
following values: 1.0; 0.8; 0.6; 0.4; 0.2. The value 1.0
corresponds to an expert working in this area; the value
0.2 corresponds to an expert encountering this problem
for the first time [7, 8]. Since the interim values of
problem familiarity coefficient do not correspond to any
criteria, the coefficient is proposed to be determined
according to the following formula

Kfam =1- exp(_lOgZ \[nyears ) 5

is the number of years an expert is

)

where Ny

familiar with the problem.

One should note that in formula (2) the base of the
logarithm is taken as 2, since the expert can have two
opinions (right and wrong). The results of calculation of
problem familiarity coefficients comply with Harrington
desirability function [5]. Function values matching to
problem familiarity coefficient are given in Table 2.

Argumentation coefficient is determined based on
the results of previous examinations as a ratio of the
number of correct hypotheses K., proposed by the

expert to the total number of examinations K,; the

expert has taken part in. The number of articles, reports
at international conferences, books, monographs, etc.
regarding the problem considered is not taken into
account [6]. Therefore, it is proposed to add 0.05 to the
value of argumentation coefficient for each article and
report and 0.01 — for one conventional printed sheet of a
book, monograph, etc. The resultant formula for
determining argumentation coefficient will be as
follows

K — Kch

arg

+0.05( Ky + Ky ) +
Kall 3)
cps cps
+0.01(K58, +KD5, ),

mon

where K,; and K, are numbers of articles and

reports at international conferences, respectively,
regarding the problem considered, e.g. for the last
5 years;

cps
Kbook

and K¢S

mon are numbers of conventional
printed sheets in a book or monograph, respectively,
regarding the problem considered, e.g. for the last
5 years.

In [7] expert competence coefficient corresponds
to weight coefficient accounting for five factors
presented in Table 3. Weight function is determined as a

ration of the sum of weight coefficients Kj, per each

factor for each expert to the sum of weight functions per
all factors and experts.

Table 1
Values of expert "weight" coefficient for research-and-production company
Expert "weight" coefficient
Position Without | Candidate of | Doctor of Academy member,
degree sciences sciences | corresponding member

Lead engineer or lead design engineer 1
Researcher 1 1.5
Head of group 1.5 2.25 3
Head of sector, head of laboratory 2 3 4
Head of department and deputy head of 2.5 3.75 5
department
Head of division or complex and deputy head 3 4.5 6
of division or complex
Director and deputy director, research 4 6 8 12
manager
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Table 2
Matching of total probability assessment to Harrington desirability function
Value of desirability function f, Result Problem familiarity coefficient
0.8<f, <1.0 Very good 0.8 <Kpm <1.0

0.63<f, <0.8 Good 0.63 <Kpy 0.8

0.37 <f, <0.63 Satisfactory 0.37 <Kpyy <0.63

0.2<f, <037 Bad 0.2 <Kg, <037

0<f, <02 Very bad 0<Kgy £02
Table 3
Factors and values of expert's weight function per factor criteria
Factors Factor criterion and value of weight function
Education level Secondary, Specialized secondary, Higher,
f, =02 f, =03 f, =04
. . From 1 to 5 years, From 5 to 10 years, Over 10 years,
Length of working experience £, =02 £, =03 £, =05
Length of working experience None, From 1 to 5 years, Over 5 years,
in the area considered f, =0 f, =03 fy, =0.6
. Without degree, Candidate of sciences, Doctor of sciences,

Academic degree £, =0 £, =04 £, =0.6
Research works for the last None, Up to 5 articles, Over 5 articles,
5 years fw =0 fy, =04 fy, =0.6

One should note that the method for determining
expert competence coefficient proposed in [7] is not
entirely correct, since the expert without degree may be
practitioner and excluding him from the experts is
unreasonable, at the same time taking into account only
the articles as research works is incorrect.

The second approach involves determining expert
competence coefficient based on 15 parameters given in
Table 4 [8]. However, due to the opinions of the
management and self-rating this approach is prone to
the influence of human factor.

The third approach stipulates that competence
coefficient of each expert corresponds to "weight"
coefficient of his/her opinion according to the following
formula [9]

Ky = O'S(Kfam + Karg) > “)

where  Kyo = 0.5(Keon +Keom ) i argumentation

coefficient;

Table 4
Expert competence parameters
First group Segond group Thlrd group Fourth group
(status) (experlel.lcg in expert (experlenye.lp research (academic productivity)
activities) activities)
Position Number of reviews for the Age Number of published
(1...5 scores) last 3 years papers for the last 5
years
Academic degree Number of participations in Total length of working | Number of references for
(0...2 scores) examinations for the experience the last 10 years
last 3 years
Opinion of judges Self-rating Length of working Number of awards
(0...10 scores) experience in given area
Opinion of management Length of working
(1 or —1 score) experience in the company
Number of public speeches
for the last three years
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Table 5
Values of coefficients K’ and K"
Expert level and his/her specialization Problem level
Complex Specialized
K' K"
Wide area expert 1 0.5
Expert specializing in the problem given 0.5 1
Table 6
Values of compliance coefficient
over 15 5..10 less than 5
Number of published works Keom =0.25 Keom =0.1875 Keom =0.125
Number of research or engineering activities Keom =0.25 Keom =0.1875 Keom =0.125
performed as a manager
Number of research or engineering activities Keom =0.25 Keom =0.1875 Keom =0.125
performed as a team member
Number of conclusions issued regarding the Keom =0.25 Keom =0.1875 Keom =0.125
problem considered
Keon =K'+ K" is confidence coefficient; for odd n
K' is coefficient characterizing the level of
expert's specialization regarding the problem considered K. =1- 24d (5)
(1 — specialization level complies with the problem, ¢ n’ —4n
0.5 — does not comply);
K" is coefficient characterizing the level of the for even n
problem and expert’s specialization area regarding the
problem considered (1 — level and area comply, 0.5 — do K =1- 24d ©6)
not comply; ¢ Bon’
Keom compliance coefficient (accounts for the

number of published works and conclusions, the role of
expert in the activities performed).

The values of coefficients K' and K" are given in
Table 5.

The K

according to Table 6 by the sum of all K,

com Vvalue for each expert is determined

values

complying with the filled cells of the given Table 6.
The value of K, is determined according to [8, 9]

as for the first approach.

One should note that compared to the first
approach this one allows to obtain the values of
competence coefficient faster but with shorter collection
of objective characteristics.

The forth approach is based on determining
competence coefficient for each expert using paired
comparison method. As a result of comparison, such
kind of contradiction in evaluation of objects may
appear — the first one is more preferable than the second
one, the second one is more preferable than the third
one and the third one — more preferable than the first
one. Therefore, the following formulas are used for
assessing expert competence [1]

where d is the length of contradiction chain for each
expert (for the given example d =3).

In case of no contradiction K, =1, and in case of
corresponding d—K, =0.

The positive distinction of the forth approach is its
applicability not only for assessing competence
coefficient for each expert but also for determining the
group decision of expert committee. However, this
approach does not account for possible constructive
opinions of dissenter experts in the group decision of
expert committee.

In order to account for possible constructive
opinions of dissenter experts for determining the
resultant assessment of expert committee, it is proposed
to use integrated decision criterion based on Table 2
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where m is the total number of experts;

m, is the number of supporters of committee’s

S
common opinion;
m’ is the number of dissenter experts;

m
Z K' the sum of competence coefficients of the
l:l Sr

whole expert committee;

ms m
ZK' R ZKJ — the sum of competence
i:l Sr le ST
coefficients of and dissenter
respectively.

Thus, the following is recommended:

supporter experts,

— using formula (1) for determining expert
competence coefficient K ;

— using Table 1 for determining expert "weight"
coefficient, using formulas (2) and (3) for determining
problem familiarity and argumentation coefficients,
respectively;

— following Table 2 for determining the group
decision of expert committee accounting for possible
constructive opinions of dissenter experts. In this case,
the decision of the expert committee will not be final
unless the condition (9) is satisfied.

When forming the expert committee composition
after determination of the competence coefficient for
each expert, it is recommended to consider the
following rule: the competence coefficient value of the
most competent expert shall not be more than a sum of
competence coefficients of the least competent experts.

Use of group decision made by the expert
committee taking into account
possible constructive opinions

of the dissident experts

As a practical use of the proposed criteria of the
generalized solution (9), let us consider the solution of
the problem on development testing of B, C and D
items’ qualification statuses [1].

When using the method for composing of the
CDTP, considered in [1-3] (taking into account the
hierarchy of Space Launch System items given in
Fig. 1) the company expert committee is formed. The
expert committee consists of the experts in three areas:
project designing, design-engineering and experimental.

For each area the expert groups (consisting, as a
rule, of three specialists of three levels — the lowest
level (engineer), mean level (group leader) and the
highest level (sector leader, laboratory leader, head of
department and etc.)) are formed.

The main task of the project designing area experts
is evaluation of the item structure; the main task of the

design-engineering area experts is design evaluation of
the item parameters and the main task of the
experimental area experts is evaluation of possibility for
specification and confirmation of the preliminary
evaluation.

Systems of n-th category
(Rocket space complex)
L)
Systems (n-1)-th category
(Integrated launch vehicle)

Systems (n-2)-th category
(Launch vehicle)

*
Systems (n-3)-th category
(Stages)

?

Systems of 1-th category
*

Systems of zero category

f
System/aggregate

Module

Functional
assembly
X
Element,
part-assembly
unit

Fig. 1. Levels of units to be test

In this case, the experts are selected by the competence
coefficient according to priority of the given coefficient
components:

— specialization;

— work experience in the given area (familiarity
coefficient with the problem by formula (2));

— expert "weight" coefficient according to
Table 1;

— reasonableness coefficient by formula (3).

Except the experts of the abovementioned areas,
the wide area experts of two groups are involved: the
first group coordinates the different types and categories
of the tests using CDTP and the second group monitors
the cost and duration of the entire development testing
(managers). As a rule, two or more wide area experts
are involved.

Thus, the minimum number
committee is 11.

The formed committee made a decision on
specification of criteria on qualification statuses of the

of experts in
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items to be tested (given in Table 7). This Table
includes the qualification statuses of the items B, C and
D divided into subclasses taking into account the
dissident experts’ opinions that is explained by the
development testing logic. In this case, the
determination of qualification statuses of the items B, C
and D, considered in [1], are supplemented by the
subclasses’ criteria that will allow optimal composing of
the cost and duration development testing/test programs
for the rocketry items.

Conclusion

Selection of group decision made by an expert
committee based on the ratio of difference between the
sum of competence coefficients of supporter experts and
that of dissenter experts to the total of competence
coefficients of the experts, which shall be more than 0.8,
allows accounting for possible constructive opinions of
dissenter experts. Determination of expert competence

testing programs for rocketry items in terms of cost and
duration.
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COCTABJIEHUE ITPOT'PAMM KOMILJIEKCHOM SKCITEPUMEHTAJIbHOI OTPABOTKH
W3JIEJIA PAKETHOM TEXHUKH C YYETOM I'PYIIIIOBOT'O PEIIEHMS
KOMUCCHH SKCIIEPTOB

. B. /Iynaes, JI. B. Kpusoooxos

[IpoBenéH aHaIM3 CyIIECTBYIOIIUX CIOCOOOB OmpenenieHnst KO3 GHUIUeHTa KOMIETEHTHOCTH dKcrepToB. 1o
pe3ynbTaTaM aHajgu3a MPeAyIoKEHO OCYIIECTBIISAThH OL[EHKY IKCIIEPTOB HAa OCHOBAHHU OOBEKTHBHBIX XapaKTEPUCTHK
W TPUHUMATH TPYNIIOBOE pEIICHHE C 3amacoM IO (YHKIMH JKENaeMOCTH XappUHITOHA. [IpemioxeHsl s
COCTaBISIFOIMX KOA((HUINEHTa KOMIIETEHTHOCTH DKCIIEpTa MOAXOMAbI, KOTOpPHIE ITO3BOJISIOT Y4ecTh OOBEKTUBHBIE
XapaKTEPUCTUKHU Ka)KAOTO dKCIEpTa — JUTUTENFHOCTh 3HAKOMCTBA C IPO0JIeMoH, yuéHas CTEeNeHb W JIOJDKHOCTH, a
TaKkKe KOJIMYECTBO NYOJMKAILMi, MOKIAJAO0B W T. A. No mnpobimeme. Takum o00pa3oM, MNOIY4HMM 3HAUYEHHE
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K03(dHUIMEHTa KOMIIETEHTHOCTH DKCIIEPTa € YU4ETOM ero 0ObEKTHBHBIX XapaKTEPUCTHK, YTO CYIECTBEHHO CHU3UT
CyOBEKTHBHOCTh OLIEHKH OKCIIEPTOB M TIOBBICUT KadeCTBO KOMHCCHHM 3KcnepToB. [Ipeanaraemoe mpuHsTHE
TPYNIIOBOTO petieH s (10 OTHOIICHHIO pa3HHIBI CyMM KO3((HIMEHTOB KOMIIETEHTHOCTH AKCIIEPTOB-CTOPOHHHUKOB
U DKCIIEPTOB-IUCCUACHTOB K CyMMe KO3()(HUIMEHTOB KOMIIETEHTHOCTH OJKCIIEPTOB C 3amacoM Mo (QyHKIUHU
KEJTaeMOCTH XappUHITOHA) TMO3BOJSIET Y4YeCTh KOHCTPYKTHUBHBIE MHEHHUSI OKCIEPTOB-IUCCUIEHTOB. JlaHHOE
TPYNIIOBOE pEUIeHHE W ompeieieHrue Kod(PQUIMEHTa KOMIIETEHTHOCTH OJKCIIepTa C Y4ETOM OOBEKTHBHBIX
XapaKTEePUCTUK KaKIOTO DKCIIEPTa YMEHbIIAET BIUSIHUE YEJIOBEUYECKOro (akTopa U CIOCOOCTBYET ONTUMAILHOMY
COCTaBJICHUIO KOMILIEKCHBIX IPOrPaMM AKCIIEPUMEHTAIBHON OTPaOOTKU U3/IENTUHA PAaKETHOW TEXHUKHU.

KnroueBbie cjioBa: KOMIUIEKCHAs ITPOrpaMMa dKCIEPUMEHTAIBHON OTpaOOTKH, KBadH(UKAIIMOHHBIH cTaTtyc,
KO3((GHUIMEHT KOMIIETEHTHOCTH OJKCIIepTa, TPYNIIOBOE pelieHue, Kod(pQuIMeHT «Beca» MHEHHs JKCIepTa,
K03(HUIMEHT 3HAKOMCTBA C POOJIEMOH, KOAP(UIIMEHT apryMEeHTHPOBAaHHOCTH, (DYHKIIHSI )KEITaeMOCTH.

CKUIIAJAHHA ITPOT'PAM KOMIIVIEKCHOT'O EKCIIEPUMEHTAJIBHOTI'O BIAITPAIITIOBAHHSA
BUPOBIB PAKETHOI TEXHIKH 3 YPAXYBAHHSIM I'PYIIOBOI'O PIIIEHHSA
KOMICIi EKCIIEPTIB

. B. /Iynacs, JI. B. Kpuso6okos

[MpoBeneno aHami3 IiCHYIOUMX CIOCOOIB BHM3HAYeHHs Koedili€HTa KOMIIETEHTHOCTI eKcHepTiB. 3a
pe3y/bTaTaMy aHaji3y 3alporoHOBAHO 3[IMCHIOBATH OILIHKY €KCIEPTiB Ha MiJICTaBi 00'€KTHBHUX XapaKTEPHUCTHK i
MpuiiMaTH TPYIIOBE PIIIEHHS 3 3amacoM 1o (YHKII Oa)kaHOCTI XappiHITOHA. 3ampOMOHOBAHO I CKJIAJOBUX
Koe(illieHTa KOMIIETEHTHOCTI €KCIIepTa IMiIX0IH, SKi T03BOJISIOTh BpaxyBaTH 00'€KTUBHI XapaKTEPUCTHKU KOXXHOTO
eKCIlepTa — TPHUBANICTh 3HAHOMCTBA 3 TPOOJEMOIO, BUEHHH CTYIiHb 1 TMOCady, a TaKOK KUIBKICTh ITyOmiKamiH,
JonoBifed 3 mnpobiremMu. TakuM 4YHHOM, OTPUMAaeMO 3HauYeHHS Koe(illieHTa KOMIETEHTHOCTI eKciepra 3
ypaxyBaHHSM HOro OO0'€KTHBHUX XapaKTEPHCTUK, IO ICTOTHO 3HU3UTH CYO'€KTUBHICTH OI[IHKH €KCIEpTiB i
IIBUIINTD SIKICTh KOMICIT eKCriepTiB. 3arpoliOHOBAaHO NPUIHATTS IPYNOBOro pilieHHs (10 BiJHOLICHHIO Pi3HHUIN
CyM KOe(]illi€HTIB KOMIIETEHTHOCTI EKCIEpPTIB-IPUXMWIBHUKIB 1 €KCHEePTiB-AUCHICHTIB 10 CYyMH KOe(Iilli€HTiB
KOMIIETEHTHOCTI €KCIIepTIB 3 3amacoM 1o ¢yHKIii OaxaHocTi XappiHITOHA), IO JMO3BOJSE BpaxyBaTH
KOHCTPYKTUBHI TyMKH €KCIIEPTiB-TUCHICHTIB. JlaHe rpymoBe pilllcHHS 1 BU3HAYCHHS KOeillieHTa KOMIICTCHTHOCTI
eKCIIepTa 3 YpaxyBaHHsIM O0'€KTUBHHX XapaKTEPHCTHUK KOXXHOTO €KCIepTa 3MEHIIYe BIUIMB JIIOJCHKOro (hakTopa i
CHpHs€ ONTUMAIBHIA PO3pOOIl KOMIUIEKCHUX HPOrpaM EKCIIEPUMEHTAIBLHOTO BiNPALIOBAHHS BUPOOIB PaKEeTHOL
TEXHIKH.

Karwu4oBi ciioBa: KoMIUIeKCHa Mporpama eKCIepUMEHTAJIBHOTO BiANpAIFOBaHHs, KBaJiQikamiiHUN cTaTyc,
Koe(illieHT KOMIIETEHTHOCTI eKCIepTa, TPYyNoBE pillleHHs, KOe(illieHT «Barm» IyMKH eKclepTa, Koe(illieHT
3HAWOMCTRBA 3 TPOOJIEMOI0, KOe(illiEHT apryMEHTOBAHOCTI, (PYHKIS OaXkKaHOCTI.
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