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Abstract. The project managers’ high efficiency and leadership ability is very important for the success of the whole pro-
ject. Evaluating the competency of project manager accurately and selecting the suitable project manager from alternatives 
is a very core research issue that should be paid high attention to in the field of project management. When evaluating the 
competency of project manager, multiple criteria with interactive relationship should be considered, and the decision mak-
ers may have bounded rational behavior which may have a great impact on the result of evaluation, whereas the decision 
makes’ psychological behavior is rarely taken into account in the existing studies on the evaluation of project managers’ 
competency. TODIM (an acronym in Portuguese of interactive and multi-criteria decision making) is a multi-criteria deci-
sion making method considering the decision makers’ behavior. In this paper, an extended TODIM method which com-
bines λ -fuzzy measure with Choquet integral considering incomplete criteria information and decision makers’ bounded 
rational behaviors are presented to evaluate the competency of project manager. Furthermore, a numerical example is 
presented to illustrate the method proposed. We hope that this method can provide some valuable references for the evalu-
ation of project manager’s competency.

Keywords: λ -fuzzy measure, Choquet integral, TODIM, project manager’s competency, bounded rational behavior.

Introduction 

The investment in infrastructure project is a key pre-
requisite for economic development. The construction 
of infrastructure project, such as roads, railway, subway, 
electricity and water resources supply, sewage and gar-
bage treatment, ecological and environmental protection, 
have great impact on the lives of all citizens. The con-
struction and upgrading of infrastructure project is an 
indispensable part of sustainable economic growth and 
is the foundation of social progress. It is preliminarily 
estimated that the expenditure of the global infrastructure 
investment has gradually increased from 1.8 trillion dol-
lars in 2007 to 2.3 trillion dollars in 2015, with an aver-
age annual growth rate of 2.9%. As an important part of 
world GDP, the expenditure of the global infrastructure 
investment has remained at around 3% in the past 10 
years. In most cases, infrastructure investment accounted 
for about 12% of total global investment. Therefore, the 

construction and operation of infrastructure projects is a 
key component for the rapid development of the global 
economy and has a considerable effect on the lives of the 
populace (Hanna, Ibrahim, Lotfallah, Iskandar, & Russell, 
2016). However, the infrastructure project faces challenges 
of inefficiency and low productivity, which often result in 
the failure to deliver construction projects on time and on 
budget (Hanna, 2010). Project managers are responsible 
for the overall success of a construction project, which 
includes meeting goals related to cost, schedule, quality, 
and safety (Russell, Jaselski, & Lawrence, 1997). Since 
success of the infrastructure projects depends heavily on 
project managers, the competency of project managers is 
closely related to the success or failure of infrastructure 
projects. Therefore, how to evaluate the competency of 
project manager accurately has become an important and 
valuable research topic  for scholars and practitioners in 
the field of project management. 
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Recently many researchers have paid high focus on the 
evaluation of the project managers’ competency. However, 
the behavior of the decision makers and the interactive re-
lation of multiple criteria are rarely considered in the ex-
isting studies. Just a few studies put the focus of research 
subject on competency of project manager. Zavadskas, 
Turskis, Tamosaitiene, and Marina (2008) made a litera-
ture review and proposed a series of criteria for the evalu-
ation of construction managers’ competency. Maaleki and 
Cyrus (2017) attempted to use an analytic network process 
(ANP) approach to evaluate the competency of construc-
tion project managers. Hanna et al. (2016) adopted an inte-
grated mathematical approach to assess project managers’ 
competency. Evaluation of project manager’s competency 
can be seen as a multi-criteria decision making (MCDM) 
problem which refers to the problem of selecting alterna-
tives associated with multiple criteria (Figueira, Greco, & 
Ehrgott, 2005). Many methods have been developed to 
solve MCDM problems (Ji, Zhang, & Wang, 2018; Peng, 
Wang, Hu, & Tian, 2018; X. K. Wang, J. Y. Wang, & Zhang, 
2018; Wang, Peng, Zhang, & Chen, 2019). The above 
methods are all based on expected utility theory and their 
assumption is that decision makers are completely rational 
which is obviously not realistic. During the process of de-
cision making, the behavior of evaluator can have an influ-
ence on the decision making. A large number of behavioral 
economics experiments show that economic individuals 
are not completely rational, but bounded rational in de-
cision making. Decision makers are frequently influenced 
by psychological factors related to bound rationality such 
as framing effect, reference dependence, loss aversion and 
etc. during the evaluating process. The TODIM (an acro-
nym in Portuguese of interactive and multiple criteria de-
cision making) method was proposed by Gomes and Lima 
(1992a, 1992b) and is a kind of behavior decision making 
method based on Prospect Theory (Kahneman &Tversky, 
1979). Simply speaking, TODIM is a method developed 
to solve ranking problems. It is used to solve problems re-
lated to multiple criteria decision making (MCDM), which 
consider decision maker’s behavior and the criterion val-
ues are showed in the form of crisp numbers (Krohling, 
Pacheco, & Siviero, 2013; Fan, Zhang, Chen, & Liu, 2013; 
Zhang & Fan, 2011). 

When evaluating the project manager’s competency, 
one interesting thing is that there is some degree of inter-
active characteristic among decision criteria. For instance, 
leadership and managerial skills are the two important cri-
teria to evaluate project manager’s competency. Generally, 
managers with higher leadership are more likely to direct 
their subordinates to complete some certain task. That is 
to say, leadership and managerial skills are not completely 
independent criteria. Besides, experience and professional 
skills are another two critical criteria which are not com-
pletely independent yet. For a certain project manager, his 
professional skills increase gradually with the accumula-
tion of experience and knowledge. It is proved that fuzzy 
measure and Choquet integral are useful tools to deal with 
criteria interaction (Choquet, 1953). Fuzzy measure was 

introduced by Sugeno in 1974 to model the interaction 
phenomena among decision criteria (Kojadinovic, 2003) 
and was used to deal with the MCDM problems with 
interactive decision criteria (Grabisch, 1997; Grabisch, 
Murofushi, & Sugeno, 2000; Ishii & Sugeno, 1985; Nie, 
Tian, Wang, & Hu, 2019). Since fuzzy measure was defined 
on the power set, it is difficult to obtain the fuzzy measure 
of each combination of a set when it is large and the com-
putation process is exponentially complex (Meng, Zhang, 
& Cheng, 2013). In order to solve the problem, λ -fuzzy 
measure, which is a special kind of fuzzy measures, was 
proposed and has been widely used in MCDM (Tan, Ji-
ang, & Chen, 2015). Choquet integral which was proposed 
by Murofushi and Sugeno (1993), was one of the most 
important fuzzy integrals and had been widely used to 
measure the expected utility of the uncertain event (Meng 
et al., 2013). Choquet integral operator was used by many 
researchers to model interaction phenomena in decision 
making and fuzzy measure was used to define weight of 
each combination of criteria in Choquet integral opera-
tor based MCDM method (Joshi & Kumar, 2016). Some 
extended TODIM methods were proposed to deal with 
interactive multicriteria decision making problem based 
on the λ -fuzzy measure and Choquet integral (Tan et al., 
2015). However, these TODIM methods still can’t handle 
MCDM problems with incomplete criteria information. 

Among the existing methods of project manager’s 
competency evaluation, few studies consider the interac-
tions between criteria. At the same time, the bounded ra-
tional behaviors of decision makers are rarely taken into 
account. In this paper, an improved TODIM method 
which combines λ -fuzzy measure (Sugeno, 1974) with 
Choquet integral (Marichal, 2000; Tan, 2011) is proposed 
to evaluate project manager’s competency considering cri-
teria interaction and incomplete information about pro-
ject manager’s competency, and decision maker’s bounded 
rational behaviors.

The rest of the paper is organized as follows: in Sec-
tion 1, a literature review is conducted to summarize the 
related studies. In Section 2, some related concepts about 
fuzzy measure and Choquet integral are briefly reviewed. 
And the classical TODIM method is introduced. In Sec-
tion 3, an extended TODIM method based on fuzzy meas-
ure and Choquet integral is proposed to evaluate the 
project manager’s competency. In Section 4, a numerical 
example is given to illustrate the proposed approach. Fi-
nally, comparisons of related approaches are made, along 
with a discussion about the proposed method. Conclu-
sions are presented at the end of paper.

1. Literature review
1.1. Competency model of project manager

The term “competency” is a person-related concept that 
refers to the dimensions of behavior action underlying su-
perior rather than average performance (Cheng, Dainty, & 
Moore, 2005; Toney & Powers, 1997; Toney, 2001). When 
applied to project management, a competency is a dem-
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Table 1. Existing studies focusing on key elements or factors of project manager’s competency

Author Key elements or factors of project manager’s competency
Gaddis (1959) Experience in the relevant field, leadership skills, planning skills and executive skills
Russell et al. (1997) Non-professional knowledge and skills
Edum-Fotwe and McCaffer (2000) Knowledge and skills acquired through experience
Meredith and Mantel Jr. (2011) Communication, organization, team building, leadership, response and professional skills
El-Sabaa (2001) Human skills, conceptual and organizational skills, technical skills
Markus et al. (2005) Educational, psychological, business
Müller and Turner (2007) Leadership style
Fisher (2011) Behavioral understanding, leadership, influence, real important behavior, conflict 

management ability, cultural awareness
CII-RT 281 (2012) Technical/virtual, management, cognitive, and leadership
Hanna et al. (2016) Managerial capabilities, leadership skills, technical knowledge, cognitive intelligence, 

personal traits
Maaleki and Cyrus (2017) Personal skills, personal typicality, power, knowledge, specialty, experience

onstrated ability to perform activities exceptionally within 
a project’s dynamic environment that leads to the expect-
ed outcomes based on defined and accepted standards 
(Crawford & Arch, 1997). To evaluate the competency of 
project manager, competency model is widely used. 

Competency model is a combination of competency 
structure for the performance of a particular position. 
S. Spencer and L. M. Spencer (1993) proposed the iceberg 
model and onion model, which are the main theoretical 
basis for studying the model of competency. With the pro-
ject manager playing an increasingly important role in 
project management, more and more evaluation models 
of project manager are proposed by the researchers. One 
of the earliest scholars proposing essential profiles for the 
ideal project manager is Gaddis (1959) who emphasized 
that a competent project manager needs a solid experience 
base in the relevant field in and should also own such abil-
ities as leadership, planning and executive skills. Russell 
et al. (1997) pointed out that project managers must have 
both traditional functions but also other non-professional 
knowledge and skills. Edum-Fotwe and McCaffer (2000) 
argued that traditional engineering requirement were not 
efficient for the project managers and pointed out that gen-
eral knowledge and skill element are basic for developing 
project manager’s competency. Meredith and Mantel Jr. 
(2011) suggested that the competency of project manager 
should include communication, organization, team build-
ing, leadership, response and professional skills. El-Sabaa 
(2001) made a conclusion that project manager differed 
greatly from the functional managers in such aspects as the 
attributes, skills, and experiences, and proposed a concep-
tual framework to select the effective project managers and 
improve their management performance. Markus, Thom-
as, and Allpress (2005) divided the definition of competen-
cy into three categories which are educational approach, 
psychological approach and organizational approach after 
making a literature review of related studies and analyzed 
how the competency model applied in New Zealand. Mül-

ler and Turner (2007) studied the interaction between the 
leadership style of the project managers and project type 
and analyzed their common impact on the success of the 
project. Fisher (2011) identified six key capabilities and as-
sociated behavior, which included behavioral understand-
ing, leadership, influence, real important behavior, con-
flict management ability, and cultural awareness, as being 
the most important factors for the successful delivery of 
project. Construction Industry Institute – Research Team 
281 [CII-RT 281] (2012) developed a list of 14 competen-
cies which were divided into four primary areas: techni-
cal/virtual, management, cognitive, and leadership. Zhang 
(2015) showed that personal qualities of project managers 
include cooperation, self-confidence, self-control, adapt-
ability, open-minded mentality, situational insight, the 
ability to anticipate and analyze and the ability to judge. 
Hanna et al. (2016) proposed a generic mathematical for-
mulation to weigh the competency of the project manager 
in the construction industry and suggested that the com-
petency of project manager included not only such skills 
as adequate knowledge and experience, managerial capa-
bilities and leadership skills, but should also have cognitive 
intelligence and personal traits. Maaleki and Cyrus (2017) 
presented ANP (the Analytic Network Process) method as 
one of the multi-criteria decision making (MCDM) meth-
ods to assess qualification of a construction manager and 
took personal skills, personal typicality, power, knowledge 
and specialty, experience as key factors to select the com-
petent managers.

Based upon existing studies focusing on key elements 
or factors of project manager’s competency showed in Ta-
ble 1, it can be seen that four factors such as experience, 
professional skills, leadership and managerial skills are of-
ten used by the researchers to assess the competency of the 
project managers. Besides, some researchers pointed out 
that personal criteria or traits of a project manager were 
also very important for the success of project and consider-
able researches had been carried out on so called “personal 
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competency” (Turner, 1999; Ogunlana, Siddiqui, Yisa, & 
Olomolaiye, 2002; Kohli & Chitkara, 2007) which meant 
the individual characteristic or trait that people brought to 
their work roles, and was typically used in the processes of 
employee selection and performance management (Oth-
man & Jaafar, 2013). Then it can be concluded that per-
sonal trait or criterion is a key factor of project manager’s 
competency. Thus, we build the competency model of pro-
ject manager which includes such five factors as experi-
ence, personal traits, professional skills, leadership and 
managerial skills based upon the analysis above.

1.2. Choquet integral and TODIM method

Recently, Choquet integral based methods have received 
more and more attention and are successful used in deal-
ing with the related information. TODIM method which 
was proposed by Gomes and Lima (1992a, 1992b) has 
been widely used to solve the MCDM problem and used 
as a kind of behavior decision making method based on 
the Prospect theory considering the decision makers’ 
psychological behavior. Some extended TODIM methods 
have been proposed from different aspect. Zhang and Fan 
(2011) gave a language TODIM decision method with 
criterion information as language scale. Fan et al. (2013) 
proposed a hybrid multi-criteria TODIM decision method 
with criterion information as real number, interval num-
ber and fuzzy number. Zhang and Xu (2014) proposed 
a TODIM decision-making method based on hesitant 
fuzzy information, and applied it to the evaluation and 
ranking of Taiwan airline service quality. Jiang, Liang, 
and Zhang (2015) proposed a TODIM decision method 
with incomplete information for evaluations. On the ba-
sis of incomplete criterion information, Gao, Zhu, Z. Li, 
and W. Li (2015) proposed a TODIM method for threat 
evaluation of early warning detection. The above studies 
are based on the fact that the criteria of the evaluation ob-
jects are independent of each other. However, in the actual 
decision-making process, the criteria are not independent, 
but have certain relevance. So it is necessary to take into 
consideration the interaction among criteria in MCDM 
framework. Gomes (2009), Gomes, Machado, and Ran-
gel (2013a), Gomes, Machado, Costa, and Rangel (2013b) 
proposed a multi-criteria decision making method that 
combines Choquet integrals with TODIM method taking 
criteria interactions into consideration. Tan et al. (2015) 
developed an extended Choquet-based TODIM method 
to deal with the hesitant fuzzy MDCM problems. Louren-
zutti, Krohling, and Reformat (2017) proposed Choquet 
based TOPSIS and TODIM for dynamic and heterogene-
ous decision making with criteria interaction. The combi-
nation of Choquet integral and Heronian mean have been 
used to solve MCDM problem with correlated informa-
tion. Peng et  al. (2018) proposed the multi-valued neu-
trosophic geometric weighted Choquet integral Heronian 
mean (MVNGWCIHM) operator and used it to deal with 
multi-valued neutrosophic information in multi-criteria 
decision-making.

2. Preliminary (Basic concept)

2.1. λ -fuzzy measure

Definition 1 (Sugeno, 1974): Let { }1 2= , , , nX x x x  be a 
fixed set, ( )P X  be the power set of X . A fuzzy measure 
on X is a set function ( )µ →   : 0,1P X , satisfying the fol-
lowing conditions:

(1) ( )µ ∅ = 0 , ( )µ =1X ; 
(2) If ( )∈,A B P X  and ⊆A B , then ( ) ( )µ ≤ µA B .
Fuzzy measure is often used to describe the three types 

of interaction phenomena among criteria: independency, 
complementarity or redundancy (Marichal, 2000). 

λ -fuzzy measure which was proposed by Sugeno 
(1974) is special kind of fuzzy measure satisfying the fol-
lowing additional condition:

( ) ( ) ( ) ( ) ( )µ = µ +µ + λµ µA B A B A B ,

where − < λ < ∞1  for all ( )∈,A B P X  and ∩ = φA B .
Let { }1 2= , , , nX x x x  be a fixed set, µ  is a λ -fuzzy 

measure on X . For ∀  ( )∈A P X , λ -fuzzy measure can 
be calculated by using the following equation:

( )
( )

( )
∈

∈

  
   + λµ − λ ≠   λµ  
 µ λ =


∏

∑

1 1 1 0,
=

0.

j

j

j
x A

j
x A

x if
A

x if
 (1)

Especially, if ( )µ =1A , the Eqn (1) can be simplified as 
follows:

( )
=

 λ + = + λµ − < λ < ∞ λ ≠ ∏
1

.1 1 , 1 , 0
m

j
j

x  (2)

It can be seen that the value of the parameter λ  can be 
uniquely determined by Eqn (2). 

2.2. Choquet integral

Definition 2 (Grabisch et al., 2000): if f  is a non-negative 
function on { }= 1 2, , , nX x x x , µ  is a fuzzy measure on 
X , then the discrete Choquet integral of f about the 

fuzzy measure µ  is defined as follows:

( ) ( ) ( )( )

( )( ) ( )( ) ( )( )
1 2

1
1

, , ,

,

m

m

j j j
j

CI f x f x f x

f x A A

µ

σ σ σµ µ +
=

=

 −  ∑



 (3)

where σ ⋅( )  is a permutation on X such that

( )( ) ( )( ) ( )( )σ σ σ≤ ≤ ≤ ≤1 20 mf x f x f x , and ( )σ =jA

( ) ( ) ( ){ }σ σ + σ1, , ,j j mx x x , ( )σ + =∅1mA , ( )( )σ =0 0f x .

2.3. The classical TODIM method

Let  { }= 1,2, ,M m  and { }= 1,2, ,N n .  Let
{ }= 1 2, , , mA A A A be a finite set of alternative, where 
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iA  represents the i th alternative; { }= 1 2, , , nC C C C be 
a finite set of criteria, where jC represents the jth crite-
rion; ( )= 1 2, , , T

nw w w w be an criterion weight vector, 
where jw represents the weight of criterion jC . Accord-
ing to the evaluated results from alternative iA  with  
respect to criterion jC , the decision makers obtain the 

decision matrix 
×

 =  ij m n
P p ,   where ijp  is the criterion value,

∈i M , ∈j N . The decision-making steps for the classical 
TODIM method are summarized as follows.

Step 1: transform the decision matrix 
×

 =  ij m n
P p

 
into the normalized decision matrix

×
 =  ij m n

D d
 
using 

the normalization method.
Step 2: calculate the relative weight jrw  between the 

generic criterion jC
 
and the reference criterion rC :

= ∈j
jr

r

w
w j N

w
,

where { }= ∈maxr jw w j N .
Step 3: calculate the dominance degree ( )φ ,j i kA A of 

alternative iA  over alternative kA concerning criterion 
jC :

( )φ =,j i kA A
 

( )

( )

1

1

, 0,

0, 0 , ,
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n

ij kj jr jr ij kj
j
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n

kj ij jr jr ij kj
j

d d w w d d

d d i k M j N

d d w w d d

=

=




− − >


 − = ∈ ∈

    − − − <  θ  


∑

∑

∈ ∈, ,i k M j N ,
θ  denotes the attenuation factor of the losses, and θ > 0 . 

−ij kjd d
 
is the gain comparing alternative iA  with alter-

native kA  concerning criterion jC
 
if − > 0ij kjd d  and the 

loss if − < 0ij kjd d .
Step 4: calculate the global dominance degree of alter-

native iA :

( ) ( )
=

δ = φ ∈∑
1

, , ,
n

i k j i k
j

A A A A i M .

Step 5: calculate the global value of alternative iA :

( ) =iT A

( ) ( )

( ) ( )

∈= =

∈∈ = =

  δ − δ 
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∑ ∑
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A A A A

i M

A A A A

.

Step 6: rank all the alternatives and select the optimal 
one(s) according to the global values of alternatives.

3. Evaluation model of project manager’s 
competency based on Choquet integral and 
TODIM method

3.1. Description of project manager’s competency 
evaluation with incomplete attributes information

To select a suitable project manager, a team composed 
of some human resources management specialists are 
invited to evaluate alternatives. Generally speaking, 
these specialists have the bounded rationality prefer-
ence such as reference dependence and loss aversion. Let

{ }=  1 2, , , , ,i mA A A A A  be the set of project manager, 
where iA  represents the i -th alternative project man-
ager. Moreover, let { }=  1 2, , , , ,j nC C C C C

 
be a set of 

criteria derived by specialists through the Delphi method, 
where jC

 
represents the j -th criterion. Meanwhile let 

{ }=  1 2, , , , ,j nW w w w w
 
be the set of criteria weight, 

where jw
 
represents the weight of criteria jC . Thus, the 

decision matrix is

×
 =   ,ij m n

P P
 

(4)

where ijP  is the value of the criteria jC
 
for the alterna-

tive iA . 
What should be considered in the process of real deci-

sion making is that the criteria of project manager’s com-
petency are inter-dependence or interactive and the values 
of criteria are incomplete. There are five situations when 
the value of criteria information is incomplete which is 
shown as follows:

1) ≥ λ = ≠ = , 1,2,3, , , , 1, ,2,3, ,j
ij kjikP P i k m i k j n ;

2) − ≥ ε = ≠ = , 1,2,3, , , , 1, ,2,3, ,j
ij kj ikP P i k m i k j n ;

3)
 

− ≥ − =

≠ ≠ ≠ =





, , , , 1,2,3, , ,
, 1,2,3, , ;

ij kj lj hjP P P P i k l h m
i k l h j n

4) − +α ≤ ≤ α = = , , 1,2,3, , , 1,2,3, ,ij ij ijP i k m j n ; 

5) − +µ ≤ ≤ µ =

≠ =





, 1,2,3, , ,
, 1,2,3,

,
,

ij kj ij ij kjP P P i k m
i k j n

for any , ,i k j , there is ( )− +ε α α ∈, , 0,1j
ij ijik , and − +λ µ µ, ,j

ij ijik  
are positive real numbers.

3.2. The evaluation approach of project manager’s 
competency

The flowchart of the proposed evaluation approach of 
project manager’s competency using Choquet integral and 
TODIM method is shown in Figure 1. From Figure 1, we 
can see the process of decision making by using the ex-
tended TODIM method. 

First, the values of criteria are given by decision mak-
ers and information about criteria is incomplete. Next, the 
relative weights of criteria will be determined by using the 
Choquet integral and the interactive of the criteria will 
be considered. Then, the dominance degree of alternative 
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iA  over kA  concerning criteria jC  will be calculated. An 
optimization model is constructed to maximize the sum 
of overall dominance degree subject to the constraint of 
the incomplete information about criteria. After solving 
the optimization model, the decision matrix with accurate 
criteria value can be obtain. Finally, the ranking order of 
alternatives according to the overall values can be deter-
mined.

The main steps of the evaluation approach of project 
manager’s competency based on the extended TODIM 
method which combines λ -fuzzy measure with Choquet 
integral considering incomplete criteria information is as 
follows.

Step 1: normalize the decision matrix.
When evaluating the competency of project managers, 

different types of criteria, such as benefit type, cost type, 
fixed type and interval type, may be used by the decision 
makers. We should transform different types of criteria 
into one uniform type, which means to transform decision 
matrix P  to normalization decision matrix B  using the 
following equation:

×
 =  ij m n

P P →
×

 =   ,ij m n
B B

 
(5)

Let 
{ }+ = = max | 1,2,3, ,j ijP P i m , { }− = = min | 1,2,3, ,j ijP P i m ,

*
jP

 
is a fixed value of jC . The different transformation 

equation are shown as follows:
(1) For benefit types, the normalization equation is:

−

+ −

−
= = =

−
 , 1,2,3, , , 1,2,3, ,ij j

ij
j j

P P
B i m j n

P P
. (6)

(2) For cost types, the normalization equation is:
+

+ −

−
= = =

−
 , 1,2,3, , , 1,2,3, ,j ij

ij
j j

P P
B i m j n

P P
. (7)

(3) For fixed types, the normalization equation is:
*

*
*

1,

1 ,

,

,

ij j

ij ij j
ij j

P P

B P P
P P

+

 =
=  −
 − ≠
 δ

 (8)

where = 1,2,3, ,i m , = 1,2,3, ,j n , +δ = − *max ij jP P .
(4) For interval types, − + ∈ ,ij j jP d d , the normaliza-

tion equation is:

1
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1 ,

1, , ,

 
, ,

j ij
ij j

j

ij ij j j

ij j
ij j

j

d P
P d

B P d d

P d
P d

−
−

+

− +

+
−

+

 −
 − <

β
  = ∈  


−
− < β

 (9)

where  = 1,2,3, ,i m ， = 1,2,3, ,j n ，
     { }+ − − + +β = − −,maxj j j j jd P P d .

Step 2: determine the relative weights of criteria.
(1) Obtain the interactive measure between criteria.
Considering that criteria are interactive, it is neces-

sary to obtain the interactive measure between crite-
ria to determine the importance of each criterion sub-
set. According to the definition of λ -fuzzy measure, 
let ( ) ( ) ( )µ µ µ1 2, , , nC C C  be the weight of criteria 

1 2, , , nC C C . The parameter λ  can be used to represent 
the interaction measure between criteria, which can be 
calculated based on Eqn (2) and shown as follows:

( )
=

 λ + = + λµ − < λ < ∞ ∏
1

1 1 , 1
m

j
j

C
 
and λ ≠ 0 . (10)

Then ( )µ U  can be calculated as follows, which means 
the importance of each criterion subset:

( ) ( ) ( )1 1 1 ,,
j

j
C U

U C U P C
∈

 
  µ = + λµ − ∈  λ
 
∏  (11)

where ( )P C  represents a power set of { }= 1 2, , , nC C C C .
(2) Calculate additive weights of criteria.
The gain and loss of alternative project manager iA  

relative to kA  with respect to criteria 1 2, , , nC C C  is 
defined as − − −−  1 1 2 2 ,, , , , ,i k i k ij kj in knB B B B B B B B  Figure 1. The framework of the proposed method
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which are rearranged in ascending order based on the def-
inition of Choquet integral and the result is obtained as 

( ) ( ) ( ) ( ) ( ) ( ) ( )− ≤ − ≤ ≤ − ≤ ≤ − 1 1 2 2i k i k i j k j i nB B B B B B B

 
( ) ,k nB  where ( ) ( )−i j k jB B

 
is the j -th largest gain and loss 

of alternative iA  relative to kA  concerning criteria ( )σ jC .  
The additive weight ( )j

ikw  of ( ) ( )−i j k jB B  concerning cri-
teria ( )σ jC

 
is calculated as follows:

( )
( )( ) ( )( )σ σ += µ −µ 1 ,j

ik j jw U U
 

(12)

where ( ) ( ) ( ) ( ){ }σ σ σ + σ= 1, , ,j j j nU C C C , ( )( )σµ jU  is the 

importance degree of criterion subset ( )σ jU . 
Therefore, we can obtain the set of weight vector

( ) ( ) ( ){ }= 

1 2, , , n
ik ik ik ikW w w w ( ) ( ) ( ){ }= 

1 2, , , n
ik ik ik ikW w w w . We

can also obtain the set of weight { }= 

1 2, , ,ik ik i
n

k ikW w w w
 

concerning the set of criteria { }= 1 2 3, , , , nC C C C C .
(3) Calculate relative weight of criteria.
According the TODIM method, the relative weight 

*j
ikw  is calculated, which is the weight of criteria jC

 
rela-

tive to the reference criteria when comparing alternative 
project manager iA  with kA  and is shown as follows:

= = = ≠ 

*
*

, 1,2, , , 1,2, , ,
j

j ik
ik

ik

w
w j n i k m i k

w
, (13)

where 

{ }= 

* 1 2max , , , .n
ik ik ik ikw w w w  (14)

Therefore, the weight set of relative criteria 
{ }= 

* 1* 2* *, , , n
ik ik ik ikW w w w

 
can be obtained.

Step 3: calculate the dominance degree of alternative 
project manager iA  over kA  concerning criteria jC .

( )φ ,j i kA A
 
which is the dominance degree of alterna-

tive  project manager iA  over kA  concerning criteria jC  
can be calculated as follows:

( )

( )

( )

=

=


 − − >

φ = − =


− − − < θ

∑

∑

* *

1

* *

1

/ , 0,

, 0, 0,

1 / , 0.

n
j j

ij kj ij kjik ik
j

j i k ij kj

n
j j

kj ij ij kjik ik
j

B B w w B B

A A B B

B B w w B B

 

  (15)

Here = , 1,2,3, ,i k m ; = 1,2,3, ,j n . θ  is the attenuation 
factor of the loss and represents the degree of the decision 
maker’s loss-aversion, θ > 0. The smaller θ  is, the higher 
the degree of loss aversion is.

If − > 0ij kjB B , ( )
=

− <∑* *

1
/

n
j j

ij kj ik ik
j

B B w w

( )
=

− −
θ ∑ * *

1

1 /
n

j j
kj ij ik ik

j
B B w w , which indicates that deci-

sion makers are more concerned about losses when con-
fronted with same gains and losses of the same value.

Step 4: calculate the overall dominance degree of alter-
natives over all the other alternatives.

For each criterion, overall dominance degree of alter-
native project manager iA  over all the other alternative 

kA  is calculated by using the equation as follows:

( ) ( )
=

Φ = φ∑
1

, ,
n

i k j i k
j

A A A A , (16)

where = , 1,2,3, ,i k m ; ≠i k .
By comparing the alternative project managers in 

pairs, the overall dominance degree matrix about the al-
ternatives can be obtained as follows:

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

Φ Φ Φ Φ

Φ Φ Φ Φ

Φ



Φ

 


 
 
 
 
 
 

= Φ Φ Φ Φ

Φ Φ Φ

Φ Φ Φ Φ

1 2 1 3 1 4 1 5

2 1 2 3 2 4 2 5

1 3 2 3 4 3

1

3 5

4 4 2 4 3 4 5

5 1 5 2 5 3 5 4

.

0 , , , ,
, 0 , , ,
, , 0 , ,
, , , 0 ,
, , , , 0

A A A A A A A A
A A A A A A A A
A A A A A A A A
A A A A A A A A
A A A A A A A A

Let ( )iT A  be the overall dominance degree of alterna-
tive iA  over all the other alternatives kA , and it can be 
calculated as follows:

( ) ( )
=

= Φ =∑ 

1
, , 1,2,3, ,

m

i i k
k

T A A A i m .
 

(17)

Step 5: constructing the optimization model to deter-
mining the optimal alternative.

Obviously, the greater the overall dominance degree 
is, the better the alternative is. We can construct an op-
timization model to select the optimal alternative project 
manager which maximizes the overall dominance degree 
of alternative iA  over all the other kA , as follows:

( ) ( )
= =

= φ =∑∑ 

1 1
max , , 1,2,3, , ,

m n

i j i k
k j

T A A A i m  (18)

− +

− +

≥ λ = ≠ =

− ≥ ε = ≠ =

− ≥ − = ≠ ≠ ≠ =

α ≤ ≤ α = =

µ ≤ ≤ µ

 

 

 

 

 , 1,2,3, , , , 1,2,3, ,

 , 1,2,3, , , , 1,2,3, ,
, , , 1,2,3, , , , 1,2,3, ,

 , 1

 

,

,
,

,2,3, , , 1,2,

,

, ,, 3

j
ij kjik

j
ij kj ik

ij kj lj hj

ij ij ij

ij kj ij ij kj

P P i k m i k j n

P P i k m i k j n
P P P P i k l h m i k l h j n

P i k m j n

P P P i








 = ≠ =  

.

, 1,2,3, , , , 1,2,3, ,k m i k j n

It is supposed that the decision makers have no prefer-
ence for the alternatives. Let S  be the sum of the overall 
dominance degree for all alternatives, then the single-ob-
jective optimization model can be constructed which is to 
maximizes the value of S:

( )
=

= =∑ 

1
max , 1,2,3, , ,

m

i
i

S T A i m   (19)

,

,

,

 , 1,2,3, , , , 1,2,3, ,

 , 1,2,3, , , , 1,2,3, ,
s.t. , , , 1,2 3, , , , 1,2,3, ,

 , 1,2,3, , , 1 ,

,

, ,2,3 ,

j
ij kjik

j
ij kj ik

ij kj lj hj

ij ij ij

ij kj ij ij k

P P i k m i k j n

P P i k m i k j n
P P P P i k l h m i k l h j n

P i k m j n

P P P

− +

− +

≥ λ = ≠ =

− ≥ ε = ≠ =

− ≥ − = ≠ ≠ ≠ =

α ≤ ≤ α = =

µ ≤ ≤ µ

 

 

 

 

.

 , 1,2,3, , , , 1,2,3, ,,j i k m i k j n








 = ≠ =  
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Therefore, the solution of the optimization model can 
be obtained by using MATLAB software. The criteria value 

ijP  which satisfies the objective function and a decision 
matrix P  with complete criteria information can be ob-
tained as follows:

 
 
 
 
 
 
 
 





    



11 12 13 1

21 22 23 2

31 32 33 3

1 2 3

n

n

n

m m m mn

P P P P
P P P P
P P P P

P P P P

.

Step 6: determine the ranking order of alternatives ac-
cording to the overall values.

The normalized overall value ( )iS A  of the alternatives 
iA  can be calculated as follows:

( ) ( ) ( )
( ) ( )

−

+ −

−
= =

−
, 1,2,3, ,i i

i
i i

T A T A
S A i m

T A T A
, (20)

where ( ) ( ){ }+ = = max | 1,2,3, ,i iT A T A i m , 
          ( ) ( ){ }− = = min | 1,2,3, ,i iT A T A i m .

Obviously, it can be found that ( )≤ ≤0 1iS A , and the 
greater ( )iS A  is, the better the alternatives iA  is. We can 
determine the ranking order of alternatives iA  according 
to the obtained normalized overall value ( )iS A .

4. A numerical example

4.1. Illustration of the proposed approach

In order to illustrate how the proposed method can be 
applied in a real situation, a case study is presented. Sup-
pose that a company is going to carry out a railway con-
struction project and there are five alternatives (named as 

1,A  2A , 3A , 4A , 5A ) applying for the position of project 
manager. To select the suitable project manager, several 
human resource professionals are invited to evaluate the 
alternative s’ competency. Based on the Delphi method, 
five criteria are selected to use as evaluation index includ-
ing experience ( 1C ), personal traits ( 2C ), professional 
skills ( 3C ), leadership ( 4C ), and managerial skills ( 5C ). 
From the analysis, it can be concluded that these five cri-
teria belong to benefit type and they are interrelated. The 
weight set is { }= 0.8,0.6,0.3,0.5,0.4W . Decision makers 
have the preference for bounded rational behaviors such 
as reference dependence and loss aversion when they are 
facing different kinds of uncertainties. Therefore, it is as-
sumed that evaluation information about criteria given by 
decision makers is all incomplete and is shown in Table 2 
and the incomplete decision matrix 

×
 =  ij m n

P P for deci-
sion making can be obtained.

The extended TODIM method based on λ -fuzzy 
measure and Choquet integral for evaluating project man-
agers’ competency is shown as follows. 

Step1: obtain the normalized decision matrix.

The normalized decision matrix can be obtained, 
which means to transform decision matrix P into normal-
ized decision matrix B using the Eqns (6)–(9),

  ij m×n
P = P →   ij m×n

B = B .

Let { }+ = = max | 1,2,3, ,j ijP P i m , 

      { }− = = min | 1,2,3, ,j ijP P i m , *
jP

 
is a fixed value of 

jC . 
Because the five criteria are all benefit types, the trans-

formation equation is
−

+ −

−
= = =

−
 , 1,2,3, , , 1,2,3, ,ij j

ij
j j

P P
B i m j n

P P
.

Step 2: determine relative weights of criteria.
According to Eqn (11), the importance degree ( )( )σµ jU

of each criterion subset ( )σ jU  and the additive weight of

( ) ( )−i j k jB B , which is the profit and loss of alternative iA
relative to kA  with respect to criteria 1 2, , , nC C C ,  can be 
calculated as follows: 

( )( ) ( )( )–σ σµ µw = U U1
12 1 2 ;

( )( ) ( )( )2 3–σ σµ µw = U U2
12 ;

( )( ) ( )( )3 4–σ σµ µw = U U3
12 ;

( )( ) ( )( )4 5–σ σµ µw = U U4
12 ;

( )( ) ( )( )5 6–σ σµ µw = U U5
12 .

Then, we can obtain the weight set  
( { }=12 0.012,0.119,0.216,0.353,0.300w ) of alternative 1A  
relative to alternative 2A , and the parameter λ  can be cal-
culated by using Eqn (10):

λ + = + λ + λ + λ + λ + λ1 (1 0.8 )(1 0.6 )(1 0.3 )(1 0.5 )(1 0.4 ) .

So λ −= 0.98  can be obtained and the importance de-
gree ( )( )σµ jU

 
of each criterion subset ( )σ jU

 
is shown in 

Table 3.

{ }∗ = =12 max 0.012,0.119,0.216,0.353,0.300 0.353w ;

= = =
1
121'

12 *
12

0.012 0.035
0.353

w
w

w ;

= = =
2
122'

12 *
12

0.119 0.336
0.353

w
w

w
;

= = =
3
123'

12 *
12

0.216 0.612
0.353

w
w

w
;

= = =
4
124'

12 *
12

0.353 1.000
0.353

w
w

w
;

= = =
5
125'

12 *
12

0.300 0.850
0.353

w
w

w
.



Journal of Civil Engineering and Management, 2019, 25(7): 673–686 681

Therefore, the relative weight set of criteri-
on when comparing alternative 1A  with 2A  is

{ }′ =12 0.035,0.336,0.612,1.000,0.850w . 
In the same way, the relative weight *j

ikw  is calculated 
by using Eqn (13), which is the weight of criteria jC

 
rela-

tive to the reference criteria when comparing alternative 
iA  with kA  and is shown as follows:

{ }′ =13 0.203,0.372,0.408,1.000,0.850w ;

{ }′ =14 0.056,0.062,0.576,0.306,1.000w ;

{ }′ =15 0.203,0.372,0.408,1.000,0.850w ;

{ }′ =21 0.016,0.056,0.162,1.000,0.822w ;

{ }′ =23 0.015,0.204,0.372,0.408,1.000w ;

{ }′ =24 0.070,0.050,0.620,0.760,1.000w ;

{ }′ =25 0.179,0.328,0.233,0.760,1.000w ;

{ }′ =31 0.010,0.034,0.044,0.162,1.000w ;

{ }′ =32 0.033,0.044,0.162,1.000,0.531w ;

{ }′ =34 0.035,0.025,0.082,0.108,1.000w ;

{ }′ =35 0.062,0.472,0.858,0.941,1.000w ;

{ }′ =41 0.031,0.027,0.334,0.275,1.000w ;

{ }′ =42 0.020,0.052,0.388,0.206,1.000w ;

{ }′ =43 0.119,0.099,0.242,0.206,1.000w ;

{ }′ =45 0.169,0.209,0.275,1.000,0.708w ;

{ }′ =51 0.010,0.034,0.044,0.162,1.000w ;

{ }′ =52 0.015,0.039,0.033,0.162,1.000w ;

{ }′ =53 0.015,0.036,0.132,0.816,1.000w ;

{ }′ =54 0.010,0.050,0.055,0.135,1.000w .

Step 3: calculate the dominance degree matrix con-
cerning criteria jC .

According to the Eqn (16), the dominance degree ma-
trix concerning criteria jC  can be obtained as follows. It is 
supposed that the attenuation factor of loss θ  is 1. 

Table 2. Evaluation information about criteria given by the decision makers

            Criteria
Alternatives 1C 2C 3C 4C 5C

1A >11 70P 312 1=P P = 113 31.05PP >14 80P ≤15 08P

2A 90 >22 85P ≥23 80P > 424 11.02P P ≥25 58P

3A >31 75P <32 420.95PP >33 75P 80
70 88 80 80 78

Table 3. Importance of each criterion subset

Subset Weight Subset Weight Subset Weight

φ 0.000 1{ }C 0.800 2{ }C 0.600

3{ }C 0.300 4{ }C 0.500 5{ }C 0.400

1 2{ , }C C 0.930 1 3{ , }C C 0.865 1 4{ , }C C 0.908

1 5{ , }C C 0.886 2 3{ , }C C 0.724 2 4{ , }C C 0.806

2 5{ , }C C 0.765 3 4{ , }C C 0.653 3 5{ , }C C 0.582

4 5{ , }C C 0.704 1 2 3{ , , }C C C 0.956 1 2 4{ , , }C C C 0.974

1 2 5{ , , }C C C 0.965 1 3 4{ , , }C C C 0.941 1 3 5{ , , }C C C 0.926

1 4 5{ , , }C C C 0.952 2 3 4{ , , }C C C 0.869 2 3 5{ , , }C C C 0.840

2 4 5{ , , }C C C 0.890 3 4 5{ , , }C C C 0.797 1 2 3 4{ , , , }C C C C 0.988

1 2 3 5{ , , , }C C C C 0.981 1 2 4 5{ , , , }C C C C 0.992 1 3 4 5{ , , , }C C C C 0.972

2 3 4 5{ , , , }C C C C 0.928 1 2 3 4 5{ , , , , }C C C C C 1.000
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1C :
− − − 

 
 
 Φ =
 
− − − 
 −

− −



−



1

0.00 7.81 1.87 0.08 2

35.19 .67
3.

.64
0.08 0.00 0.06 0.17 0.13
0.04 0.00 0.12
3.67 9 02 2.64 0.00

0.06 4.51 0.04 0.08 0.0
.24
0

;

2C :
− − − − 

 − 
 − − −Φ =
 
 
 − − 

2

0.00 2.51 1.38 5.67 1.95
0.14 0.00 0.23 3.53 0.18
0.08 4.46 0.00 6.11 1.33
0.13 0.09 0.21 0.00
0.12 2.82 0.07 .

0.2
3

1
3 5 0.00

;

3C :
 
 − 
 − − −Φ =
 
− 
 − − − − 

3
0.0

.

0.00 0.33 0.33 0.38 0.38
2.52 0.00 0.22 0.00 0.22
4.59 1.65 0.00 1.95 0 25
1.58 0.19 0.00
5.30 4.33 1.94 3 .

0 0
.37 0

.
00
24

;

4C :
− 

 
 
 − − −Φ =
 
− − − 
 − 

4

0.00 1.19 0.42 0.28 0.00
0.49 0.00 0.45 0.55 0.39
1.96 1.33 0.00 0.00 1.33
1.74 2.84 0.00 0.00 1.09

0.00 1.96 0.45 0.23 0.00

;

5C :
− − − 

 
 
 −Φ =
 
− − − − 
 − 

5

0.00 1.63 0.82 0.32 0.82
0.57 0.00 0.55 0.63 0.49
0.40 1.41 0.00 0.57 0.00
0.58 1.29 0.82 0.00 1.15

0.40 0.87 0.00 0.57 0.00

.

Step 4: calculate the overall dominance of alternative 
iA  over kA , the overall dominance degree matrix can be 

calculated as follows:

− − − − 
 − − 
 − − − −Φ =
 
− − − − 
 − − − − 

0.00 12.82 3.32 4.61 5.03
1.24 0.00 1.50 2.18 1.41
6.03 14.05 0.00 7.38 6.08
7.44 13.07 3.06 0.00 5.03
4.72 14.49 1.38 6.02 0.00

.

So, the overall dominance degree of alternative iA  
over alternatives kA  is calculated as follows:

( ) ( )
=

= Φ = −∑
5

1 1
1

, 25.78k
k

T A A A ;

( ) ( )
=

= Φ = −∑2 2

5

1
, 0.50k

k
T A A A ;

( ) ( )
=

= Φ = −∑ 3

5

1
3 , 33.53k

k
T A A A ;

( ) ( )
=

= Φ = −∑ 4

5

1
4 , 28.59k

k
T A A A ;

( ) ( )
=

= Φ = −∑ 5

5

1
5 , 26.61k

k
T A A A .

Step 5: construct the optimization model which is to 
maximize the sum S  of the dominance degree for alterna-
tive iA  to kA  concerning criteria jC :

( )
= = =

= φ∑∑∑
5 5 5

1 1 1
max ,j i k

i k j
S A A ;

13 14 15

2

3

4 14

34 35

4

11 12 31 31

21 22 23 25

31 32 42 3

41 42 43 45

51 52 13 54 5

4

53 4 54 45

70 =1.05 8
90 85 80 85
75 0.95 75 80 85s

8

80

.t.
70 88 =80 0 78
80 80 10 8

2

0

0
1.0

P

P P P P
P P P P
P

P P P
P P
P

P

P P
P P P

P

P P
P

P P
P
P P P

> = ≤
 = > ≥ ≥ > < > = <
 = = = =

> > − <

>
>

 < > >

.

The optimization model can be solved by using MAT-
LAB 7.8, and decision matrix P  are obtained:

 
 
 
 
 
 
 
 

75 80 84 82 80
90 86 80 84 88
80 82 78 80 82=
70 88 80 80 78
85 84 76 82 82

P .

After normalization, decision matrix B  is shown as 
follows:

 
 
 
 
 
 
 
 

0.25 0.00 1.00 0.50 0.20
1.00 0.75 0.50 1.00 1.00
0.50 0.25 0.25 0.00 0.40=
0.00 1.00 0.50 0.00 0.00
0.75 0.50 0.00 0.50 0.40

B .

Step 6: obtain the ranking order of the alternatives and 
select the optimal project managers. 

According to the Eqn (20), the normalized overall val-
ues of alternatives can be obtained:

( ) ( ){ }+ = = … = −max | 1,2, ,5 0.50i iT A T A i ;

( ) ( ){ }− = = … = −min | 1,2, ,5 33.53i iT A T A i ;

( ) ( ) ( )
( ) ( )

−

+ −

−
= =

−

1
1 0.23i

i i

T A T A
S A

T A T A
;

( ) ( ) ( )
( ) ( )

−

+ −

−
= =

−

2
2 1.00i

i i

T A T A
S A

T A T A
;

( ) ( ) ( )
( ) ( )

−

+ −

−
= =

−

3
3 0.00i

i i

T A T A
S A

T A T A
;
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( ) ( ) ( )
( ) ( )

−

+ −

−
= =

−

4
4 0.15i

i i

T A T A
S A

T A T A
;

( ) ( ) ( )
( ) ( )

−

+ −

−
= =

−

5
5 0.21i

i i

T A T A
S A

T A T A
.

The ranking order of the normalized overall values of 
alternatives iA  can be determined:

( )2S A > ( )1S A > ( )5S A > ( )4S A > ( )3S A .

Obviously, 2A  is the optimal project manager.

4.2. Sensitivity analysis

The purpose of sensitivity analysis is to determine the in-
fluence of decision maker’s loss aversion preference on the 
decision making. In the decision making process above, 
the attenuation factor of the loss θ , which represents the 
degree of the decision maker’s loss-aversion, is taken as 
1. Then the sensitivity is carried out varying the value of 
parameter θ . The ranking order of alternatives with dif-
ferent value of θ  is shown in Table 4. It can be seen that 
the change of θ  has no impact on the ranking order.

4.3. Comparison and discussion

To illustrate the effectiveness of the proposed extended 
TODIM method which combines λ -fuzzy measure with 
Choquet integral, the classical TODIM and TOPSIS meth-
od are used to make comparisons. TOPSIS method is one 
of the most popular methods to solve MCDM problem 

with the basic principle to choose the alternatives accord-
ing to their distance from the ideal and negative-ideal so-
lution. In the traditional TODIM method, the criteria are 
supposed to be independence with each other and the de-
cision makers’ loss averse preference is considered which 
is represented by the attenuation factor of the loss θ . The 
comparison results are shown in Table 5.

As expressed in Table 5, all methods show that alterna-
tive 2A  is the best choice for project manager, indicating 
that the proposed extended TODIM method is effective 
and reliable. However, there still exist some ranking order 
differences among the proposed method and aforemen-
tioned two methods. The main reasons for the differences 
may be that the basic theories of these methods are dif-
ferent. Compared with the traditional TODIM method, 
both methods consider the bounded rational behavior of 
the decision makers. However, the interactive relation-
ship between the criteria is not reflected in the traditional 
TODIM method and the incomplete criteria information 
is also not taken into account. TOPSIS method which 
choose alternative with the shortest distance from the pos-
itive ideal solution (best) and the farthest distance from 
negative-ideal solution (worst) (Hwang & Yoon, 1981), 
is based on the concept of distance and is different from 
the proposed method. For the TOPSIS method, the rela-
tive closeness coefficient of each alternative is computed 
whereas the normalized overall value of each alternative is 
calculated for the proposed method. The superiorities of 
the proposed method can be summarized as follows: first-
ly, the bounded rational behaviors of the decision mak-
ers are taken into account. Secondly, the combinations of 
Choquet integral and λ -fuzzy measure are used to solve 

Table 4. The ranking order of alternatives with different value of θ

Different value of θ The normalized overall values of alternatives Ranking order

θ =1 = = = = =1 2 3 4 5( ) 0.23, ( ) 1, ( ) 0, ( ) 0.15, ( ) 0.21S A S A S A S A S A > > > >2 1 5 4 3A A A AA

θ = 2 = = = = =1 2 3 4 5( ) 0.24, ( ) 1, ( ) 0, ( ) 0.12, ( ) 0.20S A S A S A S A S A > > > >2 1 5 4 3A A A AA

θ = 3 = = = = =1 2 3 4 5( ) 0.24, ( ) 1, ( ) 0, ( ) 0.10, ( ) 0.19S A S A S A S A S A > > > >2 1 5 4 3A A A AA

θ = 4 = = = = =1 2 3 4 5( ) 0.24, ( ) 1, ( ) 0, ( ) 0.08, ( ) 0.19S A S A S A S A S A > > > >2 1 5 4 3A A A AA

θ = 5 = = = = =1 2 3 4 5( ) 0.24, ( ) 1, ( ) 0, ( ) 0.07, ( ) 0.18S A S A S A S A S A > > > >2 1 5 4 3A A A AA

Table 5. The ranking order of alternatives with different methods

The normalized overall values of alternatives Ranking order

Proposed method = = = = =1 2 3 4 5( ) 0.23, ( ) 1, ( ) 0, ( ) 0.15, ( ) 0.21S A S A S A S A S A > > > >2 1 5 4 3A A A AA

Classical TODIM method = = = = =1 2 3 4 5( ) 0.19, ( ) 1, ( ) 0.01, ( ) 0, ( ) 0.25S A S A S A S A S A > > > >2 5 1 3 4A A A AA

TOPSIS method = = = = =1 2 3 4 5( ) 0.237, ( ) 0.559, ( ) 0.239, ( ) 0.286, ( ) 0.364k A k A k A k A k A > > > >2 5 4 3 1A A A AA
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the MCDM problem with the interactive criteria informa-
tion. Thirdly, it can deal with the MCDM problem with 
incomplete information.

Conclusions

Project managers play very core roles in the infrastruc-
ture project management and selection of suitable project 
manager is very important for the success of the project. 
The decision makers’ bounded rational behavior and the 
interactive relationship between criteria are not consid-
ered in the traditional evaluation methods of project man-
ager’s competency. Sometimes the evaluation information 
of criteria given by the decision makers is incomplete. In 
this paper an extended TODIM method based on λ -fuzzy 
measure and Choquet integral are suggested to evaluate 
the competency of the project managers. The proposed 
extend TODIM method is more efficient to deal with in-
teractive and incomplete information about criteria given 
by the decision makers. Therefore, the presented method 
will provide some valuable references for the evaluation of 
project manager’s competency.
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