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METHODOLOGY OF SELECTING AN INVESTMENT PROJECT IN THE
EVENT OF EXPERTS’ DECISIONS INCONSISTENCY

METOAOJIOT'TSA OBPAHHSA IHBECTULIMHOI' O TIPOEKTY B YMOBAX
HEY3IO’>KEHOCTI PIIEHb EKCIIEPTIB

The article studies the decision-making process on the choice of an investment project. The
relevance of this study is of particular importance with limited funding, which is currently the
case in Ukraine. The traditional criteria for choosing investment projects are: the criterion of
net present value, the criterion of the internal rate of return, the criterion for the return period,
the criterion for the return rate and the criterion for additional return. At the same time, one
cannot rely solely on economic indicators, since it is an individual who makes a decision.
Therefore, it is more reasonable to rely on the knowledge, experience and intuition of a group of
independent experts in the relevant subject area. A review of existing methods for making
collective decisions, including their application to the selection of investment projects, is
conducted. Their advantages and disadvantages are noted. The expediency of applying Bayesian
strategies for choosing an investment project is emphasized, since this approach allows one to
integrate individual expert decisions based on a formal criterion. A developed optimal decision-
making methodology provides the choice or rejection of an investment project using the
Bayesian collective decision strategy. It is noted that any investment project, including the one
under consideration, can be successful, i.e. make a profit or to be unsuccessful. Based on
historical statistics of previously accepted investment projects, the probabilities of successful
and unsuccessful projects are estimated. The developed methodology was applied to make a
collective decision on the possibility of financing the current investment project by an expert
group of five people. According to the applied methodology, all experts make decisions
independently of each other. For each expert, a distribution of conditional probabilities of
erroneous decisions is induced. The situation of collective decision making is determined. The
groups of experts who made agreed decisions, were identified. A formal algorithm is applied to
make an optimal collective decision. An investment project has been qualified for financing.

Keywords: investment project; making collective decisions; expert evaluation; Bayesian
strategy; optimal solution

Y cmammi nposedeno Oocniddicenns npoyecy yX6aneHHs pilleHHs Npo  8uUbip
iHgecmuyitino2co npoekmy. AKmyanvHicms 0aH020 00CHIONCeHH HADYBAE 0COOAUBO20 3HAUEHHS
npu obmedceHoMy QiHaHcysanHi, wo mae micye 8 Oanuu uac 8 Ykpaiwi. Tpaouyiinumu
Kpumepisimu 00 8ubOpy IH8eCMUYIHUX NPOEKMI8 €: Kpumepil yucmoi npueedeHoi sapmocmi,
Kpumepiti  6HYMPIWHLOI HOpMU NPUOYMKY, Kpumepii CmMpOKYy HNOBEPHEHHs, Kpumepii
Koeghiyienma npubymrxogocmi i Kpumepii 000amK08020 NOBEPHEHH. Y moii dice uac He MOd*CHA
cnupamucs auue Ha eKOHOMIYHI NOKA3HUKU, MAK AK 8 pe3yNbmami pilueHHs NPUUMAe 1r00UHd.
Tomy Oinvw po3yMHO NOKAAOAMUCS HA 3HAHHSA, 00C8I0 | IHMYIYil0 epYNuU He3ANeHCHUX eKCnepmie
V 6I0nosioHill npeomemuiu obaacmi. IlpogedeHo 02140 ICHYOUUX Memo0die NPULHAMMS



KOJIeKMUBHUX DIUleHb, 8 MOMY YUCIL [ iX 3acmocy8anus 00 8UOOPY THEECMUYIIHUX NPOEKMIS.
Biosnaueno ix nepesacu i nedonixu. Iliokpecieno OoyinvHicmb 3acmocy8anHs OAUECIBCLKUX
cmpameziti 011 8UOOPY THBECMUYILIHO20 NPOEKMY, MAK K yell nioxio 003605€ iHmMespysamu
IHOUBIOYANbHI  pilleHHs eKcnepmié HA OCHOBI  opmanvHoco Kpumepio. Po3pobaeno
MemoOon02ii0 NPUUHAMMS ONMUMATLHO20 DIWeHHs, Wo 3abe3neuye ubdip abo GiOXunieHHs
IHBeCMUYIIHO20 NPOEeKmY, BUKOPUCMOBYIOUU OAUECIBCHLKY CMpamezito KOJNeKMUBHUX pPilleHb.
Biosuaueno, wo 6yov-axuil ingeCmuyiliHutl NPoeKm, 6 Momy YUcii mou, wo po32is0acmvpCs,
Modice BUABUMUCS YCRIWHUM, MOOmMO npunecmu npubymox abo weycniwnum. Ha niocmasi
CMAamMuUCmMuyHux OAauux ICmopii paniuie NPULHAMUX [HBECMUYIUHUX NPOEeKmie OyiHeHi
UMOBIpHOCIMI YCHIWHUX [ HeycniwHux npoekmis. Pozpobniena memoodonozcis sacmocosana 0
NPULIHAMMA ~ KOJEKMUBHO20 — DIWEHHA  NPO  MOJMCIUBICMb  (DIHAHCYBAHHA — NOMOYHO20
IHBeCMUYIIHO20 NPOEKMy eKCNepmHOI0 ZpYnor 3 n’amu ocib. 32i0H0 3 Memo0don02ieln, wo
3acmoco8yembcsl, 6Ci eKcnepmu NpuuUMAaromyv PIUEHHS He3dNeNCHO 00uH 6i0 00Ho20. [l
KOJICHO20 ~eKCnepma HageoeHO pO3NOo0il YMOBHUX UMOBIPHOCMEU NOMUIKOBUX DIleHb.
Busnaueno cumyayia npuiinamms KO1eKmMuHo2o piuients. Busnaueno MHOMCUNU eKcnepmig, AKI
BUHeECU  Y320001ceHi  piuleHHsa. 3acmocosano opmanvHuil  aneopumm Ol APUUHAMMSA
ONMUMATILHO20 KONEKMUBHO20 piuieHHs. Busnaueno ineecmuyiiinuil npoexm 0ist Q)iHaHCYBaAHHS.

KuiouoBi cioBa: 1HBECTHIIIHHUI MPOEKT; MPUUHATTS KOJEKTHUBHUX pIllIeHb; €KCIepTHA
OLIiHKa; OaifeCiBChKA CTPATETisl; ONTHUMAaIbHE PIlICHHS.

Introduction. To date, one of the key issues of sustainable regional
development in Ukraine is the implementation of effective investment policy. One
of the main objectives of the region's investment program is the reasonable
selection of those investment projects that would be most beneficial for the further
development of the region [1].

Traditionally, five main criteria for investment project selection are used: the
net present value (NPV), the internal rate of return (IRR), the return term (RT), the
profitability ratio (PR), and the supplementary return criterion (SR) [2]. However,
as practice shows [3], one cannot rely solely on these criteria. At the end of the
decision-making process, there is always a person who is responsible for the
decision. Therefore, it is advisable to rely on the knowledge, experience and
intuition of a team of independent experts in the relevant subject area.

There are various approaches to making collective decisions for the selection
of investment projects [4, 5]. For example, according to the ELECTRE method,
based on the so-called indices of agreement and disagreement. However [6], the
threshold levels of these indices, and therefore the result obtained, are more
subjective.

There is also a well-known collective decision-making approach based on
Bayesian strategies [7, 8]. This approach allows to integrate individual expert
decisions on the basis of a formal criterion, without using any heuristic procedures,
and therefore allows to obtain a mathematically sound collective decision through
specific data.

The purpose of the article is to use the Bayesian approach to solve the
problem of choosing an investment project.

Setting objectives. To develop a methodology for making the optimal
decision, providing the choice or rejection of the investment project, using the
Bayesian strategy of collective decisions.



Methodology. The methodology is based on the following idea [8]: suppose
that some object can randomly receive one of several plural states V ={V,,V,} with

known a priori probabilities P(V,)andP(V,)=1-P(V,). Without further
information, to ensure a minimum likelihood of misclassification, the current state
of the object must be attributed to the most probable state, in which case the value
P, =1-max{P(V,),P(V,)} determines the minimum likelihood of
misclassification.

Experts A,..., Ay, based on additional information, independently make
personal decisions about the current state of the object as an indicator function
5§ =m,m=12,i=LN.

It is clear that, in the general case, the set

O={5, n, (G =m)A..ABy=my) m,.m=1M}

of possible situations (combinations Sm1~~ . of personal experts’ decisions)

"N
includes M" combinations of experts’ decisions, and only in M cases personal
decisions will be consistent (when all experts make decisions in favor of one
class), and in other cases, the decisions are contradictory.

The “qualification” characteristic of experts is the probability P (E|V,),

k=12, i=1N of misclassification, which is estimated in advance on the basis of
previous experience. It is natural to assume that these probabilities satisfy the
conditions P <P,, i=1N.

A collective decision will provide a minimum of average error probability on
a set @, if in each particular observed situation S € @ collective decision is made
according to the scheme
opt _ (i) ()
D =argmax PV [11-P” E VI [P(E W) (1)
where
J, — the set of experts’ numbers, that in situation S € @ made a personal decision

3, =k, k=12,
J,nd, =0 vuv=LM, Ju..ul, ={L...M},

and PO(E|V,) — is a distribution of conditional probabilities of erroneous

decisions of each expert.

Results of the research. In accordance with the aforementioned
methodology, we assume that any project, including the one under consideration,
can be successful, i.e. make a profit (class I/;) or unsuccessful (class V,). Based on
statistical processing of the history of previously accepted investment projects in a
particular area, one can find the frequency of successful and unsuccessful projects
and thereby estimate the probabilities P(V;) i P(V5).

Based on the previous decisions of individual representatives of the expert
group, it is possible to assess the probability of errors made by a particular expert



when considering a specific project. Moreover, under the expert’s mistake, we
consider the expert to make a decision about the success of the project, which
turned out to be unsuccessful, and vice versa, when the expert rejected the project,
which, despite his opinion, was accepted and was successful.

Following [9], we will evaluate the likelihood of successful or unsuccessful
completion of the project, using previously gained experience. According to the
statistics of the investment fund for the previous ten-year period, 75.6% of the
funded projects were successful, i.e. P(V;) = 0,756, and, accordingly, P(V,) =
0,244.

To make a decision on the possibility of financing the current project, an
expert group of 5 people was involved. Error probabilities estimates of these
experts for previous decisions are summarized in table 1.

Table 1 — Distribution of conditional probabilities of erroneous decisions

Erroneous decision probability
=Pet T POE|Y,) PO(E|V,)
1 0,067 0,073
2 0,011 0,06
3 0,068 0,089
4 0,011 0,021
5 0,064 0,052

As a result of the examination, the first, third and fifth experts considered the
project successful (class V;), and the second and fourth considered it to be
unsuccessful (class 1/,), i.e. a contradictory situation of individual expert opinions
IS observed:

Sp1a 1B =D A8, =2)A(B; =) A (8, =2) A (S5 =1).

We shall identify the set of experts, who have given a consistent decision:
J, ={1,3,5}, J, ={2,4} in the given situation S,,,,,

According to scheme (1) for making the optimal collective decision we shall
calculate the following values:

ro | [[1-POEm] | [POE) =
i€)q L ¢J1
P(V)[1 - POEV)|PD(EIVY[1 - PEOEIV)|PW(E|IV)[1 - PO(EIV)] =
=0,756-(1-0,067)-0,011-(1—-0,068)-0,011-(1—0,064) =7,45- 1075,

P(V>) | |[1 — PO(E|V,)] | | PO(E|V,) = 7,58 - 1075,
LE€EJ1 i¢Jq
Therefore,

D =argmax PV, ) [1-PY(E VI [PV (E|V,) =2,

<k<
Isk=2 iedy igdy

that is, we make the final decision in favor of the class V.



Thus, by the minimum criterion of the average error probability, it is
advisable to refuse to finance the investment project, despite the fact that
successful projects are more common and three experts have attributed this project
to successful (class V;).

Conclusions. A general, Bayesian strategy based decision-making
methodology for investing in a project has been developed. The methodology is
based on a priori knowledge about the probabilities of successful and unsuccessful
projects and the qualifications of experts who characterize the probabilities of
erroneous decisions. Such estimates can be obtained on the basis of statistical
processing of the results of previous examinations. The constructivity of the
proposed methodology is demonstrated by the example of choosing an investment
project. Further development of the proposed methodology will be aimed at
generalizing the collective decision-making process by the criterion of minimum
average risk.
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