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Abstract. An extended TODIM is proposed in this paper to comprehensively reflect the psycholog-
ical characteristics of decision makers (DMs) according to cumulative prospect theory (CPT). We
replace the original weight with the weighting function of CPT and modify the perceived value of
the dominance based on CPT, because the general psychological phenomena of DMs explained in
CPT are verified by many experiments and recognized by researchers. Hence, the extended TODIM
not only integrates the advantages of CPT in considering the psychological factors of DMs but also
retains the superiority of the classical TODIM in relative dominance. Finally, the extended TODIM
is demonstrated to capture the psychological factors of DMs well from the case study.
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1. Introduction

Due to the complex decision-making circumstance and the variable decision-making prob-
lems, the decision makers (DMs) rely on several different attributes to make their deci-
sions. Therefore, individuals are faced with multi-attributes decision-making (MADM)
problems every day, and also the MADM has been a hot topic in individuals’ daily life
(Liu et al., 2018; Zhang et al., 2019). Thus, the constructing of a proper MADM method
for DMs to find an optimal alternative has recently attracted much attention from the
researchers. Until now, a number of MADM methods related to how to select an op-
timal alternative has been established, and different aspects have been analysed by re-
searchers to help DMs in pursuing a more reasonable and accurate way to solve MADM
problem in reality, including TOPSIS (Technique for Order Preference by Similarity to
an Ideal Solution) (Hwang and Yoon, 1981), VIKOR (Vlsekriterijumska optimizacija I
KOmpromisno Resenje) (Opricovic, 1998), ELECTRE (ELimination Et Choix Traduisant
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la REAalité) (Roy, 1968), PROMETHEE (Preference Ranking Organization METhod for
Enrichment Evaluations) (Brans, 1982; Brans and Vincke, 1985), TODIM (TOmada de
Decisao Iterativa Multicritério) (Gomes and Lima, 1991), LINMAP (LINear program-
ming technique for Multidimensional Analysis of Preferences) (Srinivasan and Shocker,
1973), QUALIFLEX (QUALItative FLEXible multiple criteria method) (Paelinck, 1978),
COPRAS (COmplex PRoportional ASsessment COoperation) (Zavadskas et al., 1994),
MULTIMOORA (MULTIple Multi-Objective Optimization by Ratio Analysis) (Brauers
and Zavadskas, 2010), EDAS (Evaluation based on Distance from Average Solution) (Ke-
shavarz Ghorabaee et al., 2015), BWM (Best-Worst Method) (Rezaei, 2015), ARAS (Ad-
ditive Ratio Assessment) (Zavadskas and Turskis, 2010), and their variants, etc.

Among them, only TODIM considers the psychological states of DMs in decision-
making process. It is based on the cumulative prospect theory (CPT) (Tversky and Kah-
neman, 1992) which is a great breakthrough in depicting the DMs’ irrational behavioural
decision-making under uncertainty. Actually, there are a lot of irrational behavioural fac-
tors during the decision-making process in reality. More specifically, the evaluating value
given by DMs may be subjective because of the heterogeneity of risk preference of them.
Even if all the DMs can reach agreement on risk attitude, the selecting results may still
be different, since their evaluating values may be driven by the DMs’ experience. Al-
though many different evaluation methods on the selecting of the optimal alternative have
been constructed, in the existing methods, seldom of them comprehensively concern the
irrational situations. However, the classical TODIM is the one expressed by the partial
irrational behaviour of DMs. Thus, in this study, according to the basic idea of TODIM,
we are dedicated to modify this classical TODIM method in order to make the decision-
making process more realistic.

There are some reasons to choose the TODIM as the basic tool for DMs to select an
optimal alternative in this study. One reason is that the DMs’ decision-making is a complex
one which needs DMs to judge the alternatives from various aspects, and TODIM is one of
the most popular tools in MADM. Secondly, investigating the superiority of an alternative
not only takes into account the advantage of the alternative itself but also considers the
relative superiority that it has compared with the other ones. The relative measurement of
an alternative is precisely explored in TODIM and an overall dominance of an alternative
to all the others is calculated through TODIM. Most importantly, those investigations are
made by DMs whose decision-making may be more or less affected by their psychological
states. Moreover, the TODIM is built on CPT which is an optional method to reflect the
DMs’ psychological behaviour. Thus, the TODIM is adopted in this study as the basic
decision-making tool.

Although the classical TODIM is constructed on CPT, the core idea of CPT has not
been captured in it. The CPT simulates the behaviour of DMs via the product of trans-
formed weighting function and value function, which is demonstrated to be right from
numerous experiments. The weighting function illustrates that the DMs make their de-
cisions based on the nonlinear transformation of probabilities rather than the objective
probabilities. That is tested by experiments (Birnbaum, 2005; Wu and Gonzalez, 1999;
Gonzalez and Wu, 1999). The value function expresses that DMs perceive gains and
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losses differently. That is also demonstrated by experiments (Abdellaoui et al., 2007;
Abdellaoui, 2000). However, in the classical TODIM, the weight of each attribute is ex-
pressed as objective probability and the perceived value is inconsistent with the value
function of CPT. Therefore, in this paper, we intend to construct an extended TODIM
method that integrates the merit of both classical TODIM and CPT to portray the psy-
chological states of DMs for the sake of matching the fundamental nature of practical
decision-making environment.

The main contributions of this study can be summarized as follows: (1) The trans-
formed weighting function, which is a part of CPT and is demonstrated to be more in ac-
cordance with real decision-making of DMs, has been poured into the extended TODIM.
(2) The value function in CPT, which is used to explain the general different risk atti-
tudes for gains and losses, has been fully considered in the extended TODIM as well.
(3) The perceived value of dominance has been adopted as the gist of decision-making
in the extended TODIM, in other words, the two-part prospect function can explain the
psychological value of DMs in reality more properly. (4) This extended TODIM is applied
to the decision-making problem of venture capitalists (VCs). It has not only enriched the
decision-making method for VCs but also made a good demonstration role for the uncer-
tain decision-making in the other field.

The remainder of this study is organized as follows: Section 2 discusses the existing
researches about TODIM, including both its extensions and its applications. In Section 3,
a brief introduction of CPT and the classical TODIM has been presented, and then, the
extended TODIM has been constructed to simulate the behavioural decision-making of
DMs in reality. In Section 4, a decision-making problem in the Fortune Capital has been
presented to demonstrate the effectiveness of the proposed method. Also, a comparative
analysis between the proposed method and the classical TODIM has been shown in this
section. Finally, Section 5 ends the study with some conclusions.

2. Literature Review

The traditional TODIM is proposed by Gomes and Lima (1991) for the first time, which is
constructed on CPT to capture the psychological phenomena of DMs. It merely deals with
a decision-making problem by crisp numbers. However, the complex decision-making cir-
cumstance makes it difficult to acquire the accurate evaluation information from DMs.
Therefore, the classical TODIM has been extended to fuzzy circumstance as the devel-
opment of a fuzzy set. For example, from the perspective of approval and opposition,
TODIM has been established under intuitionistic fuzzy circumstance (Krohling et al.,
2013; Lourenzutti and Krohling, 2013), interval-valued intuitionistic fuzzy circumstance
(Krohling and Pacheco, 2014), triangular intuitionistic fuzzy circumstance (Qin et al.,
2017). Moreover, the DMs may be indecisive to express their evaluation information
because of the uncertain decision-making situation. Considering this, the TODIM has
been combined with hesitant fuzzy information (Zhang and Xu, 2014; Tan et al., 2015;
Ren et al., 2017; Zhang, 2017) and probabilistic hesitant fuzzy information (Zhang et al.,
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2018) as well. Additionally, linguistic expression is common in our daily life (Morente-
Molinera et al., 2019; Liao et al., 2018). In order to deal with the linguistic information,
TODIM has been extended under intuitionistic linguistic circumstance (Yu et al., 2018;
Wang and Liu, 2017; Liu and Teng, 2015), 2-dimension linguistic circumstance (Liu and
Teng, 2016), Pythagorean linguistic circumstance (Geng et al., 2017), hesitant fuzzy lin-
guistic circumstance (Wei et al., 2015; Yu et al., 2017; Wang et al., 2016). Although vari-
ous fuzzy TODIM have been constructed, they are just a simple extension of the classical
TODIM. Then, a generalized TODIM (Llamazares, 2018) is proposed to consider the risk
attitudes’ parameters according to PT.

Due to the superiority that TODIM can not only handle the MADM problem but also
portray the psychological characteristic of DMs, it has been widely used in various fields
of decision-making problems in reality, such as the evaluation and selection of rental resi-
dential properties (Gomes and Rangel, 2009), the problem of personnel selection (Ji et al.,
2018) and the material selection (Zindani et al., 2017), hotel selection (Yu et al., 2018),
the efficiency evaluation of sustainable water management (Zhang and Xu, 2016), the se-
lection of ERP software (Kazancoglu and Burmaoglu, 2013) and green supplier (Sang
and Liu, 2016), medical treatment selection (Hu et al., 2017), etc.

Although the classical TODIM has been extended in various fuzzy circumstances and
accepted by DMs to settle a number of MADM problems, none of them notice that this
classical TODIM, which is based on CPT, could not properly simulate the behavioural
decision-making of DMs explained in CPT. For instance, according to CPT, the DMs
rely on the transformed probability weighting function (the perceived probability: over-
weight or underweight probability) rather than the unidimensional probability weight-
ing value (the objective probability) to make their decisions (Abdellaoui et al., 2007,
Birnbaum, 2005; Gonzalez and Wu, 1999; Wu and Gonzalez, 1999). However, none of the
existing TODIM adopts the weighting function to obtain the relative weight in the domi-
nance function. So, it is necessary to include such a situation into the classical TODIM.
In addition, although the gains or losses instead of final states of wealth are incorporated
in the classical TODIM, they are inconsistent with the perceived gains or losses in value
function of the prominent CPT. Although Tan ez al. (2015) and Llamazares (2018) used
the parameters of risk attitudes of value function in CPT to take the place of the square
root of the dominance function in TODIM, both of them thought that parameters of risk
attitudes work on the product of relative weight and the gains or losses as a whole part.
However, in the classical CPT, the parameters of risk attitudes only affect the gains or
losses of the value function, but not the whole part of weighting function and evaluation
function. To summarize, in this study, an extended TODIM based on CPT is constructed.
It considers the transformed probability weighting function to obtain the relative weight.
Also, in this extended TODIM, the parameters of risk attitudes only affect the value func-
tion. Then, dominance function is the product of the relative weight and the value function.
This extended TODIM completely accords with the CPT. It can help DMs to make a more
reasonable decision-making as well.
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3. An Extended TODIM for Decision-Making

In this section, we first present CPT and the classical TODIM method as the antecedent
methods of our extended selection method for DMs. Then, the extended TODIM method is
proposed to illustrate how we integrate CPT and the classical TODIM method to optimize
the selection process for DMs.

3.1. Cumulative Prospect Theory

It is a well-known theory proposed by Tversky and Kahneman (1992) and applied in
decision-making with uncertain environment. The crucial part of this theory can be con-
structed as a prospect function V' (x;), which can be described as the product of two func-
tions: the value function v(x;) and the transformed probability weighting function 7z (p).

m

V@)=Y vx)m(p)). (1)

j=1

where m is the number of attributes for alternatives; j expresses the jth attribute; v(x;)
reflects the perceived gains or losses, which are defined as follows:

(xj —x0)%, ifx; —x0 20,
—)»(xo—xj)ﬁ, ifx; —x0 <0,

v(xj) = { )
where x; shows the value of the jth attribute, while x( expresses the reference point
perceived by DMs; thereby, x; — xo > O represents the gain; on the contrary, x; — xg <0
shows the loss; In addition, x ; — xo = 0 explains that there is no gain or loss relative to the
reference point; o and B are the parameters of DMs’ risk attitudes and they are viewed as
preference degrees in the domain of gain and loss, respectively; A is the parameter of loss
aversion that is more sensitive to loss than gain. The value function reflects the different
risk attitudes for gains and losses.
When x; — xo > 0, the weighting function is determined by:

1
w (pp)=p}[(p] +A=p)Y)". 3)
Otherwise,
—n Y — 18 [ 8\ 3
= (p)) =i/ P+ (1=p)°)?, 4)

where p; is probability of x ;; both y and § are the parameters describing the curvature of
the weighting function and they express the differences of diminishing sensitivity in the
domain of gains and losses.

The value function illustrates that the DMs are risk averse when gains occur; however,
they are risk seeking when losses occur. Besides, since the weighting function can rep-
resent the extent of risk attitude of DMs, it is obvious that the effect of risk aversion is
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greater than that of risk seeking in most environments, which is consistent with previous
studies.

3.2. Classical TODIM Method

The classical TODIM is applied to MADM through the measurement of relative domi-
nance degree for each alternative over the others. The ranking result is presented from the
comparison of the relative dominance degree of each alternative over the others and based
on which the DMs will find the optimal one.

A MADM problem can be abstracted as a decision matrix X obtained from DMs,
which includes all the available alternatives A = {A{, A>, ..., A} and all the attributes
C={Cy,Cy,...,Cy}. Itis described as follows:

X110 Xim m
X= : ", : Z(Xij)nxma a)z(wlaw27"'awm)a Za)[zlv
J=1

Xnl Xnm

where x;; is the value of the jth attribute for the alternative i from DMs; w is the original
weight of the jth attribute.

For convenience, let N ={1,2,...,n}and M ={1,2, ..., m}. The classical TODIM
method involves the following steps:

Step 1. Standardize the decision matrix X = (x;j)uxm into G = (gij)nxm, i €N, j € M.

Xij, J is benefit atrribute,
gij=1 .. ) (5)
—Xjj, Jis costatrribute.
Step 2. Calculate the relative weight w;, from (6):
wjr=wj/w,, T,jEM, (6)

where w; and w, are the original weights of the attributes C; and C, correspondingly and
wr =max(w;|j € N); C, is called a reference attribute.

Step 3. Determine the dominance of the alternative A; over each alternative Ay (i, k € N)
depending on (7):

m
V(AL A =Y 9j(Ai, AW, VG, k), (7
j=I
where
\/wjk(gij — g/ 2o wjks if gij > 8kj»
@j(Ai, Ar) =10, if gij = gj, (8)

_71\/(23'-; wjr)(grj — &ij)/wjk, if gij < &k;j-
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The ¢ (A;, Ay) explains the contribution of the attribute C; to the function v (A;, Ag)
when comparing the dominance of the alternative A; to the alternative Ax. The parameter
0 shows the attenuation factor of the losses, which can be turned on account of the problem
faced with. Three cases will be presented in (8): @ if g;; > gi;, then it states a gain; @ if
8ij < 8kj, then it describes a loss; @ if g;; = gx;, then it represents a nil, that is, neither
gain nor loss.

Step 4. Obtain the overall value of the alternative A; on the basis of (9):

Yoo V(A Ap) —min (Y ) ¥ (A;, Ap)}

W(A) = . - - ,
A = V(A A —mim (3, ¥ (A7, AD)

i eN. )

Step 5. Rank the overall value W(A4;), i € N, based on which the promising alternative is
then found. The bigger of the overall value W (A;) is, the better the alternative A; will be.

3.3. An Extended TODIM Method

Although the classical TODIM considers relative importance of attributes, this method
neither provides an appropriate way to determine the weights of attributes nor comprehen-
sively expresses the real perceptions for gains or losses of DMs. Generally, there are two
significant hurdles when the classical TODIM is applied in decision-making environment.
First, the weight determination of an attribute is presented as an objective probability in
the classical TODIM, which is accused of a deviation from decision-making practice by
Mattos and Garcia (2011). According to their opinions, the weight of an attribute should
be a transformed probability weighting function, driving from CPT to improve the effi-
ciency of decision-making for DMs. Second, although the gains or losses instead of final
states of wealth are incorporated in the classical TODIM, they are inconsistent with the
perceived gains or losses in value function of the prominent CPT. The real perceptions of
gains or losses are well captured by the value function of CPT. Applying the transformed
weighting function and value function of the prominent CPT into the extended TODIM
can not only make the method more suitable for decision-making environment but also
increase the accuracy of decisions for DMs.

In this study, a deep modification of the classical TODIM is proposed, which incorpo-
rates prospect function (the product of the transformed weighting function and the value
function described in Section 3.1 to respectively identify the weights of attributes and
describe the different risk attitudes for gains and losses of DMs) as the relative domi-
nance. Compared with the classical TODIM, this extended TODIM is more appropriate
for DMs’ decision-making in both accurate and efficient perspectives. The construction
of the extended TODIM is described step by step as follows: We suppose that there are
n alternatives i.e. A ={A, Aj, ..., A,}. For each alternative, there are m attributes, i.e.
C={Cy,Cy,...,Cy}.
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Step 1. Identify the decision matrix and attribute values from DMs described as follows:

X111 o Xlm m
X=1 - ' | =Eijaxm, w=(wi,w2,..., Wn), Zw,:l.
j=1

Xnl  * Xnm

Step 2. Work out the transformed probability of the alternative A; to Ax, k € M and k # i
according to (10) or (11).
When x;; — x¢j = 0, the transformed probability weight is acquired by (10):

w0 =] [ (] + (1= w))7)7 (10

Otherwise, the transformed probability weight is calculated from (11):

iy ) = w/ (w + (1 = w))?) (1
where y and § are the parameters defined in Section 3.1.

Step 3. Determine the relative weight 7+ for the alternative A; to the alternative Ay
from (12):

Tikj* = Tikj (W) /Tigr (Wp), 1, j €M, V(i k), (12)

where 7;ij(w;) and g, (w,) are all acquired from (10) or (11) for the alternative A;
to Ay depending on the value of x;; — xi;; while m;;j(w;) represents the transformed
weight of the jth attribute for the alternative A;; mix, (w, ) refers to the transformed weight
of reference attribute for the alternative A; to Ay satisfying mix, (w;) = max(mix;(w;)|
jeM).

Step 4. Calculate the relative prospect dominance of the alternative A; over Ay under the
attribute j with (13):

Tk (Xij = Xi))* ) D2y Tikjes if x5 > xyj,
@j(Ai, Ar) = { 0, if x;j = xxj, (13)
=AY ey Tikj*) (xkj — xi))P ik, if xij < X,

where «, 8, and A are the parameters defined in Section 3.1.

Step 5. Aggregate the relative prospect dominance of the alternative A; over Ay under all
the attributes depending on (14):

V(A Ap) = Z @i (Ai, Ak), Y, k). (14)
=1
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Step 6. Obtain the overall prospect dominance of the alternative A; based on (9).

Step 7. Rank the overall prospect dominance W(A;), i € N, based on which the optimal
alternative is then found. The bigger the overall prospect value W(A;) is, the better the
project A; will be.

According to the steps above, this extended TODIM includes the transformed proba-
bility weighting function and the proper value function in CPT, which is more consistent
with reality theoretically. Then, an example is shown in the next section to demonstrate
the practical effectiveness of the proposed method.

4. Case Study

In this section, an example in the Fortune Capital® has been provided to discuss the advan-
tages of the extended TODIM. The Fortune Capital has been rated as one of the China’s
top 50 best venture capital (VC) institutions since 2001 to 2017. It also obtained the hon-
our as the optimal VC firm and VC exit winner of China at the annual meeting of the
investment community in the year 2015 and 2012, respectively. It was established in April
2000 as the first domestic batch that operated according to the market-oriented institution.
At present, the Fortune Capital is already operating 19 funds, and the total capital of the
funds has reached over 25 billion CNY. Over 450 enterprises have acquired capital from
the Fortune Capital. Furthermore, 115 have already exited successfully through IPO (73)
or M&A (merger and acquisition) (42). As the famous VC institution, the Fortune Capital
receives thousands of projects every day. How to select a promising one from numerous
projects has been a constant question for VCs in the Fortune Capital.

The proposed TODIM modifies the unidimensional weight as a form of weighting
function and takes the real perceptions for gains or losses into consideration. Although
it is reasonable theoretically, the practical importance will also be demonstrated in this
section with a real example of selecting the promising project in the Fortune Capital.

4.1. The Screening Process with the Extended TODIM Method

As the overexploitation of natural resources by humans and the enhanced awareness of
sustainable development grows, new energy has attracted a lot of attention of both gov-
ernments and customers. For instance, the governments subsidize the manufacturers of
new automobile energy with reduction of rates and encourage customers to buy them
with price support. Thus, the industry of new energy has great prospect and has already
attracted many investors, including the Fortune Capital. After preliminary investigation,
four VC projects (thermal power A1, wind power generation A, hydroelectric power Az,
solar photovoltaics A4) remain to be further investigated. First, we draw on previous re-
search (Nunes et al., 2014; Dhochak and Sharma, 2015; Widyanto and Dalimunthe, 2015)
to find out an appropriate evaluation attributes’ system used by VCs in the selection pro-
cess as Table 1 shows.

2http://www.fortunevc.com/en/.
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Table 1
The attributes used by VCs in decision-making.

Aspects Attributes

Management team  The familiar degree of target market (Cy)
The effort level (Cp)
The ability of evaluating and reacting to the risk (C3)
The ability of leadership (C4)
The related experience and acquired relevant performance (Cs)
The explicit plan (Cg)

Service or product ~ Realized the initial functioning prototype (C7)
Accepted by market (Cg)
The degree of being protected (Co)

Finance At least 10 times revenue acquired with 10 years (Cyq)
Easily cashability (Cy1)

Market Significant growth (C12)

Table 2
The evaluation matrix.

i G C3 €4 C5 Cq C7 Cg Cg Ci9p Cpp Cpp
Aq 88 92 80 71 88 72 83 68 96 70 77 79
Ay 79 80 89 90 69 83 79 73 86 77 84 90
A3 81 69 91 76 82 74 85 78 88 81 88 91
Ay 93 78 90 75 80 65 82 80 89 83 80 94

According to Widyanto and Dalimunthe (2015), the weights of attributes are calculated
as: wc = (wc,,wc,, ..., wc,) = (0.098,0.098,0.092, 0.087, 0.085, 0.0760.080.077,
0.0740.0750.0740.086).> Then, the promising project is obtained by using the extended
TODIM step by step.

Step 1. We have invited some senior investors to investigate the prospect of the remain-
ing four projects under each attribute. After deliberate thinking and discussion, they have
given the consistent evaluating information. It can be seen in Table 2.4

At this point, Step 1 has already been finished. Next, we take the alternative A; for an
example to calculate its overall prospect dominance.

Step 2. The transformed probability weight 71;; is calculated according to (10) or (11),
which depends on the relative value of the alternative A to the others under all attributes
and it can be seen in Table 3.

3This reference introduced investigated data about attributes used by VCs in numerous countries and we
comprehensively aggregated those data as the weights of attributes in this paper. We believe that those compre-
hensive weights are reasonable.

4The VCs give each attribute of each alternative a value. Furthermore, the value ranges from 0 to 100. For
the benefit attribute, the higher the value is, the better the alternative will be. It is contrary for the cost attribute.
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Table 3
The transformed probability weight for each attribute.

C &) Cs3 Cy Cs Ce C7 Cs Co Co Cn Cn2

71 018 018 014 017 017 015 017 014 016 0.14 0.15 0.15
713 018 018 0.14 017 017 015 0.17 0.14 016 0.14 0.15 0.15
74 017 018 014 017 017 017 017 014 016 0.14 015 0.15

Note: Here, y = 0.61, § = 0.69 in (10) and (11) correspondingly. The values of them come from the experiment
conducted by Tversky and Kahneman (1992) and they are accepted by most researchers.

Table 4
The relative weight for each attribute.

w10 097 079 091 094 084 094 078 087 0.77 0.79 0.81
73 1.0 097 079 091 094 084 094 078 087 0.77 0.79 0.81
T4 094  1.00 081 094 097 09 097 080 090 0.79 0.81 0.83

Table 5
The relative prospect dominance for each attribute.
Cx Cox C3x Cyx Csx Cex Cyx Cgx Cox  Cpx Cyp* Clox
@ jx (A1, A)  0.66 071 —165.09 -310.52 121 —230.78 031 —14525 0.64 —251.48 —164.55 —239.00
@ jx (A1,A3) 053 147 —=24573 —67.48 044 —51.49 024 -227.68 091 —=210.77 —24493 —-239.00
@ (A1, Ay) —67.62 095 —226.11 —47.26 0.57  0.50 0.09 —26749 1.01 —271.68 —100.63 —314.21

Note: The « =0.88, f =0.88, A =2.25 in Eq. (13). The values of them come from the experiment conducted
by Tversky and Kahneman (1992) and they are accepted by most researchers.

Table 6
The relative prospect dominance.

V(AL Ay)  Y(A,A3)  Y(ArL Ag)
—1503.13 —1283.48 —1291.88

Step 3. From the transformed probability weight obtained in Step 2, the relative weight
mkj+ of the alternative Ay to the others under each attribute is worked out according
to (12). It is shown in Table 4.

Step 4. The relative prospect dominance of the alternative A; over the others for each
attribute will be determined according to (13) and the result is presented in Table 5.

Step 5. The relative prospect dominance of the alternative A; over the others based on
(14) is acquired and shown in Table 6.

Step 6. The overall prospect dominance of each alternative will be calculated by repeating
Steps 2 to 5 and (9). The results are shown in Table 7.

Step 7. It is known that W (A4) > W(Az) > W(A3) > W (A1), so As > Ay > Az > Aj.
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Table 7
The overall prospect dominance.

W(A]) V(A Y(A3) W(Ayg)

0 0.94 0.89 1
Table 8
The relative weight.
Ci Cy C3 Cy Cs Ce C7 Cy Coy Cio Cn  Cn
wj 0998 0939 0782 1 0.889 0.867 0.875 0.772 0.755 0.752 0.786 0.818
Table 9
The dominance of each alternative over the others.

V(A Ay) A Ay A3 Ay

Ay 0 —2941 —=2596 —25.99

Ay 1747 0 —14.50 —19.85

Aj —18.06 —17.71 0 —16.33

Ay —-16.66 —17.47 —1257 0

The alternative A4 is recognized as the best option among the four alternatives, whereas
A is regarded as the worst one.

The results above rely on the degrees of risk attitudes of VCs, that is to say, the results
depend on the values of the parameters «, 8, A, y and &, but the great difference between
the proposed method and the classical TODIM lies in the prospect function which is the
product of disparate weighting function and the value function.

4.2. The Screening Process with the Classical TODIM Method

In this section, the classical TODIM (Gomes and Lima, 1991) is processed for the sake of
comparing it with the extended one. In order to compare those two methods more conve-
niently, the decision-making information in Table 1 and Table 2 is adopted here as well.
Then, the overall dominance of each alternative is calculated depending on the steps in
Section 3.2.

Step 1. According to the attribute in Table 1 and the decision-making matrix in Table 2,
it is known that there is X = (x;j)uxm = G = (gij)nxm due to the fact that all the at-
tributes are the benefit ones. The attribute weights are also calculated via Widyanto and
Dalimunthe (2015) as shown in Section 4.1.

Step 2. The relative weight of each attribute is obtained from (6) and it is shown in Table 8.

Step 3. The dominance of each alternative A; over each alternative Ay (i, k € N) shown
in Table 9 depends on (7) and (8).

Step 4. The overall value of each alternative is shown in Table 10 based on (9).
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Table 10
The overall dominance of each alternative.

Al Ay Ay Ay
w(4;) 0 085 084 1

Table 11
The results of the two methods.

The overall dominance ~ W(A;) W(Ay) W(A3) W(Ay)

The extended TODIM 0 0.94 0.89 1
The classical TODIM 0 0.85 0.84 1

Step 5. From Table 10, it is known that W(As) > W (A2) > W(A3) > W(A]), that is to
say, Ag > Ay > A3 > Aj.

The ranking result explains that the alternative A4 is the best choice and A is the
suboptimal one, however, A is the worst option.

4.3. The Comparison of These Two Methods

From the results of Section 4.1 and Section 4.2, it is known that the ranking results from
the two methods are the same. The alternatives A4 and A are recognized as the promising
project and the unworthy one respectively in both the extended TODIM and the classical
TODIM. The overall dominance derived from the two methods is shown in Table 11, and
then, a comparative analysis between the extended TODIM and the classical TODIM is
provided in this section.

Although the ranking results of the four projects from the two methods are consistent,
the great difference between the proposed method and the classical TODIM lies in the
disparate weighting function and value function. From Table 11, it is easy to see that the
overall dominance of them is different between the two methods as well. The main reason
for such a difference ranking is: the evaluating information of the extended TODIM is
presented as prospect values which are the product of value functions (nonlinear gains or
losses) and the transformed weights of attributes for VC projects, whereas, the evaluating
information of the classical TODIM comes from the product of linear gains or losses and
the objective probability that could not reflect the psychological perception of VCs for
projects. In theoretical terms, the extended TODIM accompanied with value function and
transformed weighting function confirms that the real decision-making situation is more
reasonable as the aid for investors. In practical terms, the investors admit such a weighting
function in our interview as well. Also, the extended TODIM increases the difference
between the alternatives. For instance, the difference of overall dominance between A,
and Az with extended TODIM is larger than with the classical one. This is very useful,
especially for the choice among the similar alternatives. To sum up, the extended TODIM
is feasible and suitable for investors to make their decisions.
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5. Conclusions

The traditional decision-making methods have focused on the decision-making with as-
sumption of perfect rationality. However, these previous methods seldom considered the
irrational characteristics of DMs, which are always significant to the evaluation informa-
tion and the DMs’ decision-making. Although the TODIM is a useful tool to simulate the
irrational parts of DMs, it could not reflect overall DMs’ psychological states explained in
CPT. Hence, in this study, we have extended the classical TODIM method on the basis of
prospect value in CPT for the sake of comprehensively handling the irrational decision-
making of DMs. Besides, by a case study, the extended decision-making method (extended
TODIM) constructed in this paper has been proven to be superior to the classical one.

Although the extended TODIM is well applied in VC, we only consider the VC prob-
lem in this paper and ignore the application of DMs’ psychology in other fields. Further-
more, we believe that this study may provide inspiration for follow-up research of decision-
making methods under the framework of bounded rationality. Meanwhile, we will focus on
extending the decision-making method under fuzzy decision-making circumstance with
bounded rationality of DMs in the future.
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