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1. Introduction

The solidarity of progressive humankind with the 
people of Ukraine, who are carrying out uncompromising 
resistance to Russian invaders, involves, among other 
things, the introduction of harsh international sanctions 
and the implementation of military supplies, which ensure 
the effectiveness of resistance to the aggressor. On the 
other hand, the preparation of certain measures to attract 
foreign direct investments (FDI) in the post-war devel-
opment of the country should be considered important. 
At the same time, one should focus on the identified more 
promising objects in the relevant sectors of the specified 
investments (Fig. 1) [1]:

– energy, especially “green”, taking into account the se-
curity risks associated with traditional energy sources and 
existing climate commitments;

– machinery and equipment, including military equip-
ment such as drones. Ukraine has its own production but 
given the constant security risks, it will welcome foreign 
investment in domestic production according to NATO 
standards;

– information computer technologies (ICT) and commu-
nication. The sector is intensively developing even despite 
the war and should become one of the key drivers of the 
country’s exports;

– agriculture and food industry. The sector is interna-
tionally competitive and has proven to be quite resilient to 
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Methods for detecting and eliminating false mea-
surements are well known in the theory of metrology. 
However, the relevant methodology is not adapted to 
the needs of the qualitative assessment of the impact 
of the human factor on expert decision-making.

The “systematic survivorship bias” refers to 
the following: when involving experts in conducting 
examinations, they usually focus on that part of them, 
where statistically probable agreed opinions are 
observed based on the results of these examinations. 
Other experts are considered “marginal”, their opin-
ions are discarded and not taken into account, which 
defines the “systematic survivorship bias”, also called 
the “paradox of information availability”. Although 
the specified “marginality” may be a consequence of 
the unique experience of conducting examinations or, 
for example, the use of modern technologies by a spe-
cific specialist, little known to the general public. It 
should be noted that manipulation of statistical data 
with an orientation only on “successful” cases could 
be really dangerous, for example, in studies of the 
human factor in complex ergastic active and organi-
zational management systems, in particular aviation.

The rationale and implementation of the algo-
rithm for detecting and eliminating the “systemat-
ic survivorship bias” have been given in this paper. 
m=90 specialists who are usually involved in various 
examinations by UkrINTEI took part in the research. 
The actual elimination of the “systematic survivor-
ship bias” occurs after the implementation of a cer-
tain number of iterations of the algorithm given in the 
current work.

As a result of iterations of the above-mentioned 
algorithm, it was established that four subgroups can 
be distinguished from the initial sample with the num-
ber of m=90, with the following numbers: mC=30 peo-
ple, mH=12 people, mM=11 people, mT=6 people. For 
the specified subgroups, the consistency of group 
opinions satisfies the entire spectrum of hypothesis 
testing criteria established in this paper
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security shocks. Despite the war, the export of the corre-
sponding products convincingly testifies to this;

– construction and building materials. The unprece-
dented need for reconstruction – given the extent of the 
destruction – will make this sector a Klondike for domestic 
and foreign investors. In addition, the development of mod-
ern infrastructure that meets EU standards will be a task for 
years, offering investment opportunities also in the form of 
public-private partnerships;

– metallurgy. The significant destruction of existing pro-
duction capacity, combined with the available resources and 
skilled labor force, makes recovery of the industry attractive;

– production of medical products and pharmaceutical stuff.
Since foreign partners are focused specifically on the vic-

tory of Ukraine, it should be expected that the overall pos-
itive course of the war with the Russians will activate FDI, 
making the above industries even more attractive for poten-
tial investors. And from this follows the urgent need for a 
full, comprehensive, and objective analysis of specific objects 
of these sectors, which is an urgent task, especially in the 
part of scientific and methodological support of examina-
tions with more advanced technologies.

2. Literature review and problem statement

In work [2] it was found that in the absence of answers 
to 38–45 % of requests, such requests were rejected and not 
taken into account. This, in turn, affects the significant dis-
tortion of observations. At the same time, this study does not 
provide suggestions for eliminating the survivorship bias, 
but only its effect on the results of observations.

Regarding suggestions for procedures to eliminate survi-
vorship bias, [3] provides guidance on how to deal with and 
reduce survivorship bias in empirical research. At the same 

time, this research concerns only financial funds. It is similar 
to study [4], in which a shift correction method for statistical 
samples is proposed, but again, the proposals relate to enterpris-
es and companies and their creditworthiness. That is, the given 
procedures for eliminating the survivorship bias do not take 
into account the quality of the influence of the human factor.

Another example of studying the survivorship bias 
is paper [5], in which the positive effect of a suppressed 
immune system on protection against the most severe 
consequences of infection was investigated. At the same 
time, it should be emphasized that the work does not pro-
vide a procedure for eliminating the error of the one who 
survived on one side. In addition, this study concerns only 
the 1918 influenza pandemic.

Thus, as of 2023, there are no studies of survivorship bias 
occurring among S&T practitioners.

It is clear that the determination of the degree of in-
vestment attractiveness (DIA) of any object of examination 
(OE) will be considered more perfect the more features of its 
investment attractiveness (FIA) will be considered during 
the relevant study. On the other hand, the introduction of 
a vague scale of the degree of expressiveness (DE) of a cer-

tain FIA in a specific OE under study will 
contribute to the implementation of the tech-
nology for obtaining an integral assessment 
of the OE SIP, which and only which has the 
inherent systemic property of emergency [6]. 
The specified technology is implemented by 
assigning the appropriate normalized coef-
ficients of FIA significance and estimates of 
their DE in a specific OE, on the one hand. 
On the other hand, using a multiplicative 
approach to the aggregation of relevant in-
dicators into an integral assessment, which 
contributes to obtaining a more careful, and 
therefore reliable, result compared to the ad-
ditive approach.

It is convenient to establish the coeffi-
cients of significance, based on the analysis 
of work [7], using the mathematical method 
of prioritization. This method is also known 
as the “problem about the leader” [8] and is 
based on the systems of advantages (SA) of 
the spectrum of characteristic FIAs (CFIAs) 
and indicators of the DE of these features in a 
specific OE. At the same time, SA in the con-
text of research is understood as a well-found-
ed and orderly sequence of researched FIAs: 
from more attractive, weighty, significant, 
etc. to less weighty.

It is not difficult, based on the method-
ology of fuzzy mathematics, to introduce the 

scale of linguistic evaluations “DE FIA” [6]. The obvious 
priority of the indicators of the CB CFIA in OE contrib-
utes to the application of MRP to establish the appropriate 
weighting factors.

This allows us to assert that there is a need to establish 
a well-founded, reliable, even “reference” SA on the set of 
CFIA OE. And since expert technologies are used for this, 
the problem of identifying and sifting out marginal opinions 
and eliminating the “systematic survivorship bias” imme-
diately arises. Ukrainian scientists, representatives of the 
scientific school of one of the co-authors of paper [9] deal 

Fig.	1.	Predicted	structure	of	more	attractive	sectors	for	direct	foreign	
investment	in	the	post-war	economy	of	Ukraine
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with this problem in the post-Soviet space. At the same 
time, foreign scientists have been studying this phenome-
non for more than 70 years. Beginning with the Aircraft 
Vulnerability Study [10], which consists of publications 
from 1943 on methods for estimating the vulnerability of 
various parts of an aircraft based on the damage of surviv-
ing aircraft, however, is only the beginning of the study of 
“survivorship bias”. Subsequent studies and publications 
have addressed the “boom” in the popularity of science after 
World War II [11], but this study does not provide a meth-
od for identifying or eliminating “survivor error.” Some of 
them [12] are even forced to justify the absence of “survivor 
error” in the study of the relationship between liver diseases 
and mortality in older people but do not indicate ways to 
eliminate such an error. Other scientists insist [13] that 
without taking into account the results of research on the 
profitability of investment funds, it should be considered 
“incomplete”, and they propose to check this by calculating 
the profitability of the merger of such funds. Some consider 
the research of the 2000s to be largely “distorted” [14] and 
provide simulations that show that research methods tend 
to confirm errors, but do not provide methods to eliminate 
them. It is worth noting that there are really few studies of 
“survivorship bias”, which is evidenced by the fact that scien-
tists study previous publications of well-known authors. For 
example, in work [15], researchers study the impact of the 
low citation of the work of an influential economist in 1987 
on the development of the world economy. In addition, the 
study of “survivorship bias” is also applied in sociological re-
search [16], which shows the influence of different indicators 
of the standard of living on the results of sociological studies 
in the Arabian Peninsula. At the same time, the study found 
that when the “survivorship bias” is eliminated, the effect 
of “oil” is reduced to a minimum, which encourages a wider 
perception of the process of data generation and collection. 
At the same time, specific technologies for detecting and 
eliminating the “systematic survivorship bias” are not given 
in the above-mentioned publications, as a rule, due to the 
insufficient number of practical studies. Also, in the publi-
cations where the methods of eliminating the “systematic 
survivorship bias” are given such methods do not take into 
account the need for the quality measurement of the influ-
ence of the human factor, so they cannot be applied to the 
examination process.

It should be noted that in the theory of metrology there 
are well-known methods for detecting and eliminating false 
measurements [17]. However, the relevant methodology is 
not adapted for the needs of the qualitative assessment of the 
impact of the human factor (HF) on expert decision-making. 
Although it is easy to imagine expert activity as a continu-
ous chain of decisions that are produced and implemented 
in explicit/implicit forms and under the influence of various 
factors: internal/external, objective/subjective, especially 
risks of a stochastic and non-stochastic nature.

The “systematic survivorship bias” is thus imagined. 
Involving experts to carry out examinations, they usually 
focus on that part of them, where, based on the results of 
these examinations, statistically probable agreed opinions 
are observed. Other experts are considered “marginal”, their 
opinions are discarded and not taken into account, which 
defines the “systematic survivorship bias”, also called the 
“paradox of information availability”. Although the specified 
“marginality” may be a consequence of the unique experi-
ence of conducting examinations or, for example, the use of 

modern technologies by a specific specialist, little known to 
the general public, which led to expert conclusions that do 
not coincide with the opinion of the “majority”. It should be 
noted that the manipulation of statistical data with an orien-
tation only on “successful” cases can be really dangerous, for 
example, in studies of the human factor (HF) in complex en-
ergetic active and organizational management systems [18], 
in particular aviation [19].

Thus, on the basis of the analysis of scientific studies re-
lated to the study of survivorship bias, it is necessary to note 
that there are two main unsolved problems:

– most studies do not provide methods for eliminating 
“survivorship bias”, but only state the fact of detecting 
such errors;

– in the studies where are the procedures for eliminating 
the survivorship bias? the qualitative impact of the human 
factor is not taken into account, so the results cannot be 
applied to the examination process.

Therefore, the problem that remains unsolved is the lack 
of methods and technologies for identifying and eliminating 
the “systematic survivorship bias” during the scientific and 
technical examination of scientific works.

3. The aim and objectives of the study

The purpose of this study is to devise a technology for 
detecting and eliminating the “systematic survivorship bias” 
in the attitude of specialists to the significance of FIA OE, 
which will allow weeding out the so-called “marginal” 
opinions and form a new sample that will be considered and 
researched as the original.

To achieve this goal, the following tasks were set:
– to identify subgroups with statistically probable agree-

ment of opinions;
– to establish the coincidence of group systems of prefer-

ences of isolated subgroups.

4. The study materials and methods

The object of our study is the process of evaluation of 
objects of expertise (OE) and investment projects. The sub-
ject of the study is the research technology of the degree of 
investment attractiveness (DIA) of OE, including the iden-
tification and screening of marginal opinions.

The main hypothesis of the research assumes that the 
opinions of experts regarding DIA OE or the significance of 
the features of investment attractiveness (FIA) of the spec-
ified objects, conditionally recognized as marginal, should 
not be rejected, but should be further investigated. Since 
the specified “marginality” may be, among other things, a 
consequence of the unique experience of carrying out exam-
inations by an individual specialist(s) or their use of some 
original methods/approaches not yet known to the general 
public. That, in essence, reveals the concept of “systematic 
survivorship bias.”

The peculiarity of our scientific work is that the pro-
posed solutions are unique from the point of view of the 
study of the influence of HF on decision-making. Given that 
the more well-known technologies, methods, procedures for 
eliminating the “systematic survivorship bias”, which were 
considered in the second part of this publication, are not 
adapted specifically to take into account the effect of HF.
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And since the satisfaction of the introduced criteria 
of system-information coherence of opinions may not be 
achieved already on the 1st iteration of the application of the 
proposed technology of detection and screening of marginal 
opinions, then we are talking about a multi-step technology.

In order to provide a comprehensive analysis of OE, a 
list of n=18 CFIAs was formed (Table 1) [20]. As listed in 
Table 1, CFIA OE are ambiguous in significance, then the 
question arises of forming a representative expert group to 
determine the appropriate SA, or, according to the provisions 
of the theory of informatics, a tuple [10, 19, 21–24].

Table	1

Characteristic	features	of	investment	attractiveness	of	the	
objects	of	examination

FIAі Feature sense

FIA1 Business co-owners

FIA2 Perspective of the object of examination

FIA3 Risks

FIA4 Investor return plan

FIA5 Socio-economic effect

FIA6 Investment plan

FIA7 The price of the offer

FIA8 Consumer market

FIA9 Stage of implementation

FIA10 Payback period

FIA11 Legal protection

FIA12 Competitive environment

FIA13 Management, staff

FIA14 Marketing

FIA15 Guarantees of return of funds to the investor

FIA16 Life cycle

FIA17 Contractual relations

FIA18 Net profit

Individual SAs (ISAs) are usually built by the method of 
pairwise comparison and normative determination of part of 
the total significance of alternatives. And group SAs (GSP) – 
with the help of such a very popular group decision strategy as 
summation and averaging of ranks [10–12, 19, 22, 25].

m=90 specialists who are usually involved in various 
examinations by UkrINTEI took part in the research. The 
results of their survey are given in Table 2. It is clear that 
the large number of applied CFIAs, commensurate with 
the futility coefficient [26], and the large volume of the 
expert sample led to significant variability of opinions. 
This, in turn, inevitably affected the absolute value of 
the Kendall concordance coefficient W (W=[0, 1]), which 
integrally determines the overall group agreement of opin-
ions: W=0.4772. Although the application of the chi-square 
test revealed its statistical probability at an unusually high 
level of significance α=1 %:

2 2 2
1, , %

2 2
89, 1%730.059 127.11,

emp table k m

emp k

= − α

= α=

χ >> χ = χ ⇔

χ = >> χ =

  (1)

where 2
empχ  is the empirical value of the chi-square hypoth-

esis testing statistical criterion. The corresponding formula 
for its calculation is known [8–10, 19, 27], so it is not given 
in this paper;

2
tableχ  – the theoretical value of the chi-square criterion, 

which is determined from special tables [28] taking into ac-
count the number of degrees of freedom k=m–1=89 and the 
level of significance α=1 %.

Thus, the upper part of expression (1) should be consid-
ered the first criterion for establishing the consistency of 
group opinions (CGO). The next CGO criterion should be 
the limit on the absolute minimum acceptable value of Ken-
dall’s concordance coefficient, proposed in work [20]:

W≥0.7…0.8. (2)

It can be considered that during the analysis of GSP, 
one should not focus only on criteria (1), (2) but should also 
use the indicators of the coincidence of ISA with each other 
and the ISA with the GSA, which is determined using the 
Spearman rank correlation coefficient, which is well known 
in expert research [8–10, 19, 27]. Therefore, based on known 
formulas for calculating the specified coefficient and estab-
lishing its statistical probability using the Student’s t-test, it 
was determined that the minimum acceptable statistically 
probable empirical value of the specified coefficient should 
be equal to:

18, 1%

. 2, %2
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2
1

,
k
S

emp S table k n
S

S

n
t R t t

R

R
= α=
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 −
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where ttable=tk=n–2, a% is the theoretical value of the Student 
variable, determined for the number of degrees of freedom 
k=n–2=16 and the significance level α=1 % [28].

Criterion (3) is applied in research as follows. Let the cri-
teria (1), (2) be fulfilled, but a situation may arise when the 
ISA of an individual expert does not coincide with the GSP. 
This is quite possible since the construction of the GSP uses, 
as indicated above, an additive approach to the aggregation 
of ISAs, namely the strategy of summation and averaging 
of ranks. That led to the need to formulate the appropriate 
CGO criterion:

( )∀ = > min, 1, : ISA ,GSA ,
j kj k S E m SE j m R R   (4)

where RSmin is the minimum statistically probable and ac-
ceptable value of the Spearman rank correlation coefficient 
determined by criterion (3).

Thus, criterion (4) requires that all ISAs coincide with 
the GSA selected for analysis with statistical probability.

As a result of the implementation of the additive ap-
proach to the aggregation of ISA in the GSA, a situation may 
arise when criterion (4) is fulfilled. That is, the opinions of a 
certain expert regarding the importance of CFIA, although 
they coincide with the general group opinion but do not 
agree with the opinion of the majority of the group members, 
which is unacceptable. To eliminate such an undesirable sit-
uation, a corresponding criterion is introduced:

( ) ( )( )
( ) ( )( )
( )= + ≠

= ≠ >

>

1 min

1 , ,1

min

1, , ISA ,ISA

ISA ,ISA ,
j k

S E E Sj k

j m m i k

S E E S

j m i kmm R R

m R R  (5)

where RSmin is the minimum statistically probable and ac-
ceptable value of the Spearman rank correlation coefficient 
determined by criterion (3).
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So, there is a question of identifying and eliminating 
“marginal” ISAs at the initial stage of analyzing the results 
of the expert survey. That is implemented by applying the 
methods of pattern recognition theory [12, 14, 19, 29–31], 
using the appropriate algorithm (Fig. 2).

Elimination of the “systematic survivorship bias” occurs 
after the implementation of a certain number of iterations 
of the algorithm from Fig. 2. After that, a subgroup with, 
say, mk people is selected from the base group, with the 
number of m=90 people, in which the CGO indicators fully 

Table	2

Generalization	of	individual	systems	of	experts’	preferences	into	a	matrix	of	decisions	(fragment)

Еj
Ranks of characteristic features of investment attractiveness of objects of expertise in individual systems of preferences, rij

FIA1 FIA2 FIA3 FIA4 FIA5 FIA6 FIA7 FIA7 FIA9 FIA10 FIA11 FIA12 FIA13 FIA14 FIA15 FIA16 FIA17 FIA18

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Е1 1 6 4 5 7 11 16.5 13 15 14 12 16.5 10 9 2.5 18 2.5 8

Е2 2 17 4 2 2 14 9 11 14 14 12 18 10 8 5.5 16 5.5 7

Е3 4 10 15 18 14 3 13 5.5 1.5 1.5 10 16 10 5.5 7 12 8 17

Е4 6 10 4.5 2 1 7 8 11 18 16 12 15 13 14 3 17 4.5 9

Е5 7 15 5 2 4 12 13 9 14 10.5 8 16.5 10.5 16.5 1 18 3 6

Е6 7 9 5 5 5 10 11 8 16.5 13 14 16.5 18 15 2 12 1 3

Е7 7.5 10 2.5 2.5 2.5 10 7.5 10 18 17 16 13 15 14 2.5 12 5 6

Е8 8 11.5 5 2.5 2.5 16 11.5 9.5 17 13 9.5 18 15 14 6.5 6.5 2.5 2.5

Е9 9 9 2 2 2 18 9 13 16 11.5 11.5 14 7 17 5 15 4 6

Е10 9 10 5 6 4 18 17 13 13 11 8 15 16 13 1 7 3 2

Е11 10 7 12.5 8.5 6 18 15 11 8.5 16.5 14 16.5 2 5 1 12.5 3 4

Е12 10 8 3 4 2 18 16.5 16.5 13 13 6 13 15 11 1 9 7 5

Е13 10 8 4 3 2 18 16.5 16.5 13 13 6 13 15 11 1 9 7 5

Е14 10 8 5 5 5 11.5 11.5 9 17 16 15 18 7 13 1 14 3 2

Е15 10 8 7 4 5 14 17 12 11 9 6 15 18 13 3 16 2 1

Е16 10 9 1 6.5 12.5 12.5 6.5 6.5 12.5 15 3 16 6.5 18 4 2 12.5 17

Е17 10.5 4 5 3 2 15 7 13 9 16 12 10.5 6 17 18 14 8 1

Е18 10.5 7.5 3.5 2 1 10.5 12 7.5 14.5 17 17 14.5 6 5 17 3.5 9 13

Е19 10.5 7.5 3.5 2 1 10.5 12 7.5 15 17 17 13 14 6 5 17 3.5 9

Е20 11 7.5 4 4 4 12 15.5 13 10 17 14 18 15.5 6 1 9 2 7.5

Е21 11 7 6 5 8 9 10 4 18 16 17 12 15 14 1 13 2 3

Е22 11.5 7.5 6 5 1.5 17 16 14 18 13 7.5 9.5 9.5 11.5 3 15 1.5 4

Е23 12 11 6.5 2 3 17 9.5 6.5 18 15 14 13 4 6.5 1 16 6.5 9.5

Е24 12 13 2 2 2 17 16 18 14 9 8 15 11 7 5 10 4 6

Е25 12 4 6 6 6 13 10 2 16 10 10 16 18 16 1 14 3 8

Е26 12 7 4 4 4 18 9 11 17 9 9 16 13.5 13.5 1 15 2 6

Е27 12 11 6.5 2 3 17 9.5 6.5 18 15 14 13 4 6.5 1 16 6.5 9.5

Е28 12 13 2 2 2 17 16 18 14 9 8 15 11 7 5 10 4 6

Е29 12 7 4 4 4 18 9 11 17 9 9 16 13.5 13.5 1 15 2 6

Е30 12 10 6 4 5 13 11 9 17 8 7 16 18 15 1 14 2 3

Е31 12.5 6 9.5 3 2 15 7 5 17 12.5 9.5 16 11 14 1 18 4 8

Е32 13 9 2.5 2.5 2.5 18 16 17 15 11 10 7 8 12 2.5 14 5 6

Е33 13 12 7 5.5 8.5 16.5 15 16.5 8.5 10 11 18 14 2.5 2.5 5.5 1 4

Е34 13 7 6 1 3 11 14 8 17 16 10 18 12 9 2 15 5 4

Е35 13 8 5 1 2 18 15 11 13 6 4 17 10 9 13 16 3 7

Е36 13 10 5 6 4 12 15 11 16 9 8 17 7 14 1 18 3 2

Е37 13.5 5 10 7 6 11 2.5 2.5 13.5 16 16 8 9 12 18 16 1 4

Е38 14 4 18 8 5 12 10 11 14 6.5 6.5 16.5 16.5 9 1 14 3 2

Е39 14 4 13 8 12 16 1 2 18 6.5 5 17 6.5 15 9.5 3 9.5 11

Е40 14 11 5 4 1.5 12 7 6 15 13 10 16 9 17.5 1.5 17.5 3 8

Е41 14 12 2 3.5 3.5 6 8 9 18 11 10 13 16 15 1 17 7 5

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮
Е88 18 12 5 1 2 14 11 9 17 13 15.5 15.5 10 7 8 6 4 3

Е89 18 16.5 16.5 15 14 13 12 11 10 9 8 7 6 4.5 4.5 3 2 1

Е90 18 9.5 4 5.5 2 17 11.5 14 7 15 13 16 8 11.5 1 9.5 5.5 3
∑ 1,243 890.5 564.5 380 377 1,183.5 1,014.5 905.5 1242 1,053.5 928.5 1,238 1,073 947.5 333 1,073 383 560

ir 13.81 9.89 6.27 4.22 4.19 13.15 11.27 10.06 13.8 11.71 10.32 13.76 11.92 10.53 3.7 11.92 4.26 6.22

ri 18 7 6 3 2 15 11 8 17 12 9 16 13.5 10 1 13.5 4 5
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satisfy all the defined criteria (1) to (5). Then the original 
sample is reduced to the appropriate number of persons and 
a new subgroup with the number of ml=(m–mk) persons is 
obtained, which is taken as the base and among whose mem-
bers “marginals” are identified and screened out. Iterations 
of the algorithm from Fig. 2 are carried out until all possible 
options for reducing the initial number of experts and iden-
tifying subgroups with intra-group consistency of opinions 
satisfying criteria (1) to (5) have been analyzed.

The implementation of the considered algorithm will also 
lead to the discovery of some subgroup in which CGO does 
not satisfy criteria (1) to (5), its members will then really be 
considered “marginals” that should not be involved in the 
relevant examinations.

So, this is exactly how the “systematic survivorship bias” 
should be eliminated in the process of determining the atti-
tude of specialists to the significance of OE’s FIA.

Each subsequent iteration of the algorithm from Fig. 2 
leads to a consistent reduction of the original sample of ex-
perts involved in the tests.

Therefore, the question arises as to the establishment 
of the minimum quantitative composition of the subgroup 
that can be separated from the original sample of re-
spondents, whose opinions regarding the significance of 
OE CFIA satisfy criteria (1) to (5). As of the beginning 
of 2023, no consensus has actually been reached regarding 
the lower quantitative limit of the expert group [29, 32], 
and the relevant issues are usually associated with the con-
tribution to the average group error [10–12, 19, 30, 33]. 
Therefore, it can be considered that the control crite-
rion is also the excess of the number of experts over 
the number of investigated factors. However, crossing 
the lower limit of Miller’s so-called “magic number” is  
impractical.

Fig.	2.	A	multi-step	algorithm	for	identifying	“marginal”	opinions	of	experts	and	eliminating		
the	“statistical	survivorship	bias”

START
Forming a sample 

of expert 
respondents

Application of the thesis of identifying individual 
preferences of experts on the set of FIAs of the 

objects of expertise

Formation of matrices of individual preferences

Determination of the group system of experts' 
preferences on the spectrum of investment 

attractiveness features

Calculation of the Kendall concordance coefficient W

Implementation of the hypothesis testing procedure 
χ2

Reduction of the original 
sample of respondents

Is W statistically 
significant?

W ≥ 0,7?

Is the criterion (3) 
fulfilled?

Is the criterion (4) 
fulfilled?

Application of 
technology to identify 
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5. Results of elimination of “systematic survivorship bias”

5. 1. Results of identifying subgroups with statistical-
ly probable agreement of opinions

As a result of iterations of the algorithm from Fig. 2 it 
is established (Table 3) that from the initial sample with 
the number of m=90, four subgroups can be distinguished, 
with the following numbers: mC=30 people, mH=12 people, 
mM=11 people, mT=6 people. For the specified subgroups, 
CGO meets the entire range of criteria (1) to (5).

It is necessary to pay attention to the need for an addi-
tional iteration of the algorithm from Fig. 2 to the ISA of 
members of subgroup mВ, numbering mВ=47 people. The 
fact is that despite the fulfillment of criteria (1) to (4), a 
person (expert Е55) was identified in subgroup mВ, whose 
opinions regarding the significance of OE CFIA do not co-
incide with the majority (68.09 %) of group members, i.e., 
criterion (7) is not fulfilled. At the same time, for eleven 
experts (Е4, Е23, Е24, Е27, Е28, Е35, Е42, Е53, Е85, Е86, Е88), 
the rate of disagreement with other members of the mВ sub-
group is very noticeable (at least a third) and climbs to an 
average of 38.68 %.

Iterations of the algorithm from Fig. 2 was terminated af-
ter processing the ISA by expert members of the mХ subgroup.

First, because criterion (2) is not fulfilled: 

WmX=0.6021<Wmin=0.7.

Secondly, criterion (4) is not fulfilled for four (44.44 % 
of the quantitative composition of the mХ subgroup) subjects 
(experts Е2, Е48, Е62, Е79):

( )
( )
( )
( )

 = <

 = <


= <

 = <

2

48

62

79

min

min

min

min

ISA ,GSA 0.5332 ,

ISA ,GSA 0.4762 ,

ISA ,GSA 0.4997 ,

ISA ,GSA 0.5883 .

X

X

X

X

S E m S

S E m S

S E m S

S E m S

R R

R R

R R

R R

Finally, thirdly, ⅔ of the members of subgroup mХ have a 
statistically probable disagreement about the significance of 
the CFIA OE with the majority of this subgroup (the aver-
age rate of disagreement is 72.23 %).

Taking into account the above justification of the mini-
mum quantitative composition of the group, further applica-
tion of the algorithm from Fig. 2 and reducing the quantita-
tive composition of subgroup mХ is impractical.

5. 2. Results of identification of coincidences of group 
systems of preferences of isolated subgroups

Based on the results of identifying subgroups with statis-
tically probable agreement of opinions, it should be noted that 
the entire composition of subgroup mU, numbering mU=31 peo-
ple, should be classified as marginal from the initial sample of 

m=90 experts. This number 
is a third (34.44 %) of the to-
tal quantitative composition 
of the subjects. We consider 
the mentioned statistics of 
“marginals” whose opinions 
regarding the significance of 
OE CFIA to be culled, as 
a whole understandable, be-
cause:

– firstly, in the created 
list of FIA OE (Table 1) it 
is not possible to establish 
clear “markers” that indi-
cate the obvious advantage 
of one FIA and which spe-
cialists should be guided by 
in the examination process;

– secondly, one should 
take into account the large 
number of alternatives ar-
ranged by experts, com-
mensurate with the coef-
ficient of futility, which 
causes a significant varia-
tion of opinions;

– thirdly, there are no 
regulatory recommenda-
tions regarding the impor-
tance of FIA OE;

– fourthly, since this 
kind of research was con-
ducted for the first time, 
we, during the formation of 
the sample, focused on the 
largest possible number of 

Table	3

Results	of	identifying	and	sifting	out	the	marginal	opinions	of	experts	to	eliminate	the	
“systematic	survivorship	bias”	in	the	attitude	of	experts	to	the	significance	of	the	features	of	

the	investment	attractiveness	of	the	objects	of	expertise

No. of entry mk W
2

.empχ {>, <, =} 2
1%, 1k mα= = −χ ( )GSA ,ISAm jk

SR
 

( )ISA ,ISAj l

SR

1 2 3 4 5 6 7 8

1 m=90 0.4772 730.059 >> 127.11 0.6640 0.4685

2 mA=69 0.6423 753.406 >> 101.78 0.7714 0.6355

3 mB=47 0.7015 560.462 >> 74.44 0.8064 0.6932

4 mC=30 0.7683 390.944 >> 52.34 0.8432 0.7593

5 mD=60 0.3744 381.886 >> 90.72 0.5743 0.3623

6 mE=46 0.5749 449.557 >> 73.17 0.6909 0.5371

7 mF=34 0.6090 352.003 >> 57.65 0.7134 0.5953

8 mG=21 0.6909 248.480 >> 40 0.7042 0.6784

9 mH=12 0.8289 169.089 >> 26.76 0.7405 0.8112

10 mI=48 0.3197 250.846 >> 75.7 0.5328 0.3037

11 mJ=35 0.5108 303.929 >> 58.96 0.6686 0.4948

12 mK=24 0.5751 218.504 >> 44.18 0.6869 0.5540

13 mL=17 0.6507 188.060 >> 34.27 0.7174 0.6249

14 mM=11 0.7361 139.059 >> 25.19 0.7389 0.7026

15 mN=37 0.2537 159.552 >> 61.58 0.4715 0.2320

16 mO=24 0.4597 187.550 >> 44.18 0.6363 0.4360

17 mP=18 0.4938 151.103 >> 35.72 0.6640 0.4636

18 mQ=14 0.5500 130.899 >> 29.82 0.6854 0.5154

19 mR=9 0.6270 95.938 >> 21.95 0.7050 0.5804

20 mS=7 0.6964 82.875 >> 18.55 0.7260 0.6453

21 mT=6 0.7077 72.189 >> 16.75 0.7341 0.6490

22 mU=31 0.2259 119.059 >> 53.67 0.4207 0.1991

23 mV=20 0.4218 143.411 >> 38.58 0.5734 0.3912

24 mW=13 0.5057 111.757 >> 28.29 0.6196 0.4667

25 mX=9 0.6021 92.120 >> 21.95 0.6203 0.5470
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them, in order to outline as wide a spectrum of opinions as 
possible regarding the significance of FIA OE;

– fifthly, it turned out that representatives of the mХ 
subgroup are less experienced among all specialists involved 
in the tests.

That led to the “vagueness” of the opinions of the 
“marginals” and the need to get rid of their ISA in further 
research.

Group SAs, built from ISAs of experts-members of sub-
groups mС, mH, mM, mT with revealed statistically probable 
intra-group consistency of opinions satisfying criteria (1) 
to (5), are given in Table 4.

Let us emphasize the reliability of our results, and there-
fore the corresponding conclusions, because we are talking 
about an unusually high level of statistical hypothesis test-
ing α=1 % accepted for HF research.

As can be seen from Table 4, the GSA of the sub-
jects-members of the mС, mH, mM, mT subgroups do not have 
related ranks, which indicates a high level of confidence of 
the members of the subgroups in their attitude to the signif-
icance of FIA OE. This, in turn, led to a strict arrangement 
of the researched FIA OE.

Comparison of GSA summarizing the opinions of mem-
bers of subgroups mС, mH, mM, mT (Table 4) using Spear-
man’s rank correlation coefficient led to the results given 
in Table 5.

The highest average agreement of opinions with others 
is demonstrated by the GSA constructed for members of 
subgroup mC: 

= > min0.8019Cm
S SR R  

and the lowest – GSA of members of subgroup mH:

= > min0.6904 .Hm
S SR R

Table	5

Assessment	of	the	concurrence	of	opinions	of	experts	
of	different	subgroups	regarding	the	significance	of	the	

characteristic	features	of	the	investment	attractiveness	of	
the	objects	of	expertise

mk mC=30 mH=12 mM=11 mT=6  
km

SR

1 2 3 4 5 6

mC=30 – 0.7152 0.8762 0.8142 0.8019

mH=12 – – 0.6078 0.7482 0.6904

mM=11 – – – 0.6491 0.7110

mT=6 – – – – 0.7372

Based on the averaged indicators km
SR  (column 6, Ta-

ble 5), it is possible to order the GSA of subgroups mC, mH, 
mM, mT  according to efficiency as 
follows:

.C T M Hm m m m
S S S SR R R R> > >  (6)

It should also be noted that the 
obtained ranking of type (6) is led by 
the indicators of subgroup mC, which 
is more numerous among others, which 
was determined from the original 
sample of tested experts, numbering 
m=90 people. Also taking into account 
the absolute value of the indicator Cm

SR  
and research experience [12, 19, 20], 
we believe that it is the GSA of this 
subgroup that should be optimized in 
the future in order to obtain the “refer-
ence” ranking of CFIA OE.

6. Discussion of results of 
implementing the algorithm 

for eliminating the “systematic 
survivorship bias”

Our findings are the result of 
the implementation of the multi-step 
technology and algorithm developed 

in this study for the detection and screening of marginal 
opinions, as well as the elimination of “systematic survi-
vorship bias” (Fig. 2). Namely, from the original sample 
with the number of m=90 experts, four subgroups were 
distinguished (Table 3), with the number of mС=30, mН=12, 
mМ=11 and mТ=6 people, in which CGO meets the proposed 
spectrum of system and information consistency criteria, de-
fined by expressions (1) to (5). With the help of the t-criteri-
on for testing statistical hypotheses and the χ2 criterion, the 
probability of the corresponding GSA ( ), , , ,C T M Hm m m m

S S S SR R R R   
was proven, and at an unusually high level of significance 
α=1 % for HF studies (columns 4, 9, 14, 21, Table 3).

It is considered that  is the baseline for further optimi-
zation using the classical Savage decision criterion and the 
Kemeny median because:

– firstly, the specified  has the highest coincidence with 
the GSA of experts members of other subgroups (Table 5): 
the average indicator of such coincidence is greater than the 
others by 12.56 %;

Table	4

Group	preference	systems	of	experts	with	intra-group	consistency	of	opinions	regarding	
the	significance	of	features	of	investment	attractiveness	of	expertise	objects

Subgroup 
mk

A group system of experts’ preferences on a set of features of the investment 
attractiveness of objects of expertise

1 2

mC=30

        

       

15 5 4 17 3 18 8 2 11

7 10 13 14 6 16 1 12 9

FIA FIA FIA FIA FIA FIA FIA FIA FIA

FIA FIA FIA FIA FIA FIA FIA FIA FIA
C C C C C C C C C

C C C C C C C C

m m m m m m m m m

m m m m m m m m  

mH=12

        

       

15 5 4 18 3 17 11 16 14

2 13 9 10 1 12 8 7 6

FIA FIA FIA FIA FIA FIA FIA FIA FIA

FIA FIA FIA FIA FIA FIA FIA FIA FIA
H H H H H H H H H

H H H H H H H H

m m m m m m m m m

m m m m m m m m

mM=11

        

       

15 4 5 17 3 18 8 2 7

14 6 13 1 16 12 11 10 9

FIA FIA FIA FIA FIA FIA FIA FIA FIA

FIA FIA FIA FIA FIA FIA FIA FIA FIA
M M M M M M M M M

M M M M M M M M

m m m m m m m m m

m m m m m m m m

mT=6

        

       

4 5 3 2 15 17 18 11 10

9 8 14 7 16 6 12 1 13

FIA FIA FIA FIA FIA FIA FIA FIA FIA

FIA FIA FIA FIA FIA FIA FIA FIA FIA
T T T T T T T T T

T T T T T T T T

m m m m m m m m m

m m m m m m m m

Note: ,
km
  

km
≈  – denote, respectively, the superiority and adequacy of features of the investment 

attractiveness of the examination objects in the corresponding group system of advantages
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– secondly, it is a more numerous subgroup among others 
separated from the original sample of subjects, and therefore 
more reliable;

– thirdly, its numerical composition corresponds to the lim-
it at which the average group measurement error stabilizes [34].

The reliability and validity of – results are determined by:
– a clearly formulated goal and tasks of research;
– their adequacy to the selected research methods;
– a positive result of the application of statistical hy-

pothesis testing methods, and at an unusually high level of 
significance α=1 % for HF studies;

– the possibility of reproducing the experiment and con-
firming the relevant trends.

At the same time, more well-known technologies, meth-
ods, and procedures for eliminating the “systematic survi-
vorship bias” are not focused on the study of the influence 
of HF on decision-making, in particular, the SA of experts. 
Therefore, at the current stage of research, it is not possible to 
make a comparative analysis of the relevant results.

The limitations of the proposed multi-step technology 
and algorithm for identifying and filtering out marginal 
opinions, as well as the elimination of the “systematic sur-
vivorship bias” stem from the limitations of measurements 
in the ranking scale, where ISA and GSA are built, and to 
which a small and strictly defined number of mathematical 
transformations can be applied. That is why the further ap-
plication of the basic Cm

SR  for solving multi-criteria tasks of 
obtaining an integrative assessment of the investigated OEs 
or establishing “compromises” in the requirements for the 
DE of the CFIA should be accompanied by defuzzification of 
the ranks by giving them appropriate normalized weighting 
coefficients.

Distinctive features of the  results are the following:
– the technology and algorithm for identifying and fil-

tering marginal opinions and eliminating the “systematic 
survivorship bias” were developed and implemented;

– from the initial group of tested experts, four subgroups 
were singled out with high indicators of both CGO and 
matching of the corresponding GSA among themselves;

– it is substantiated that Cm
SR  is the basis for further op-

timization.
The resulting solutions actually close the problematic 

part related to eliminating the influence of “systematic 
survivorship bias” on the results of scientific examination. 
However, further work with experts, who “according to 
statistics” were classified as “marginal” in order to finally 
solve the true reasons for the significant deviation of their 
opinions from the general group, seems appropriate.

The proposed multi-step technology for identifying and 
filtering marginal opinions, as well as eliminating the “sys-
tematic survivorship bias”, is simple enough and should not 
cause difficulties for implementation in other areas of expert 
research. This is the main advantage of the proposed tech-
nology compared to other studies. Under other conditions, 
other non-dispersive methods for finding the concordance 
coefficient (agreement) should be used. In particular, entro-
pic, or fuzzy ones. That, in turn, requires clarification of the 
proposed system and information criteria of CGO.

The proposed technology will be used in the develop-
ment of modern methods for organizing and carrying out 
scientific and scientific-technical examination of scientific 
works and will also be able to be applied in practice in order 
to improve the examination process.

It would also be interesting to take into account in the 
proposed technology and algorithm the indicators of expert 
competence determined by entropy, fuzzy, RS and α-methods.

As a shortcoming of the study, one should point out the 
assumption regarding the possibility of normalizing the total 
deviation of ISA ranks from the current GSA in order to es-
tablish a criterion for determining marginal opinions. After 
all, the measurement of ISA and GSA is carried out in the 
ordering scale, where such mathematical transformations 
are generally unacceptable. However, focusing on the abso-
lute values of the sum of deviations, the same results were 
obtained. And normalization was carried out in order to 
facilitate the construction of histograms, which give a visual 
representation of the trend of marginal opinions.

Therefore, in further research, it is necessary to focus on the 
Spearman rank correlation coefficient, which is based on the 
squared deviations of the ranks. This opens prospects for the 
application of a wider range of mathematical transformations.

Further research into the improvement of expert tech-
nologies for establishing DIA OE should be carried out in 
the following directions (not ranked):

– optimization of GSA of subgroup mC and establishment 
of the “reference” GSA;

– establishment of the coefficients of significance of 
CFIA OE;

– application of the method of successive advantages 
to establish – criterion requirements for the DE CFIA in a 
specific OE;

– application of the method of successive concessions 
to establish “compromises” in the requirements for the DE 
FIA OE, etc.

7. Conclusions

1. As a result of the identification of subgroups with 
statistically probable agreement of opinions, the following 
results were obtained:

– a set of five criteria for establishing the consistency of 
GSA was built;

– a multi-step algorithm for identifying the marginal 
opinions of experts and eliminating the “systematic survi-
vorship bias” in the attitude of experts to the significance 
of CFIA OE was substantiated and implemented. The es-
sence of this “elimination” is that the “marginal” opinions of 
experts are not rejected, but are iteratively organized into 
a special group, where they are analyzed according to the 
proposed algorithm;

– from the initial sample of experts, numbering m=90 peo-
ple, four subgroups mС, mH, mM, mT of different numbers with 
statistically probable intragroup agreement of opinions satisfy-
ing all accepted criteria were distinguished;

– the reasons for the marginality of the opinions of the 
members of the mХ subgroup, which make up 34.44 % of the 
total quantitative composition of the subjects, were clarified.

2. As a result of the analysis and identification of overlaps 
of the group systems of the advantages of the isolated sub-
groups, the following was established:

– the need to use GSA of the mC subgroup for further op-
timization and establishment of the final “reference” ranking 
of the CFIA OE is substantiated;

– all the obtained results, and therefore the corre-
sponding conclusions, are reliable since they were ob-
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tained at an unusually high level of significance α=1 % for 
HF studies;

– based on the above, it is possible to draw a generalized 
conclusion regarding the development of the appropriate 
technology and the effective elimination of the “systematic 
survivorship bias” in studies of the attitude of specialists to 
the significance of CFIA OE.
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