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Abstract: Construction design stage in construction planning is extremely important. Project 
manager must be well experienced in initiating, planning and executing projects in construc-
tion. Projects’ managers characteristics are considered to be less or more important for the ef-
fective project. Qualifying of design projects’ managers is a vital part of construction process. 
The information about manager can be determined as a cardinal or as ordinal information. This 
research is the application of Analytic Hierarchy Process (AHP) for determining weights of the 
selected qualifying criteria and Bayes’ rule for managers’ assessment or ranking. Finally, the 
construction design projects’ managers qualifying case study is presented. The model presented 
in this study shows that the Bayes’ rule together with the Analytic Hierarchy process are effec-
tive tools for multiple criteria decision aiding. 
Keywords: AHP, Bayes rule, multiple criteria, project, qualifying, ranking, manager 
 

1 Introduction 
The design and construction processes are always unique (Banaitiene et al. 2008; Gi-

nevičius et al. 2008a). They deal with risk and risk management. Projects are purposeful activi-
ties based upon personal and group knowledge and development feasible decisions. Often, a 
construction project has limited resources, time and operating space. Different projects require 
different skills of project manager. The construction project success largely depends on the 
choice of the right project managers (Zavadskas and Vilutiene 2006; Zavadskas et al. 2008a, 
2008b). Success criteria of the project can be classified as follows: 

– Extrinsic or environmental criteria: structural and procedural. 
– Intrinsic criteria: product-related and managerial. 
The project management processes can be divided to 5 groups: initiating, planning, execut-

ing, monitoring and controlling and, finally, closing. 
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2  Model of problem and methodology 
All stakeholders and contractors are looking for a few project managers. The analysis of 

the purpose can be performed by set of effectiveness criteria (Turskis 2008). Each criterion has 
different dimensions, different significances and different optimisation direction. There is a wide 
range of criteria values’ normalisation methods (Zavadskas and Turskis 2008; Turskis et al. 
2009). Multi-criteria decision-making methodology and the characteristics of selected multiple 
criteria ranking methods giving the decision-maker some tools and methods in order to enable 
him to advance in solving complex decision problems where several often contradictory  
points of view must be taken into account. A multi-criteria decision-making methodology fo-
cuses, instead, on the compromise solutions, that take into account both decision-makers prefer-
ences and the trade-offs between criteria.  

Multiple criteria decision aid provides several powerful (Figueira et al. 2005) for confront-
ing sorting problems. Multi-criteria decision-making methods see for applications in the con-
struction context: evaluation of ranking accuracy in multi-criteria decisions (Zavadskas 
2006), a multi-variant and multi-criteria approach (Banaitiene et al. 2008), and selection of the 
effective dwelling house walls by applying criteria values determined at intervals (Zavadskas et 
al. 2008b), selection of low-e windows in retrofit of public buildings (Kaklauskas et al. 2006).  

One of the most popular multi-criteria methods the AHP was developed by Saaty in the 
early 1970s (Saaty 1980, Saaty and Vargas 2006). The AHP is designed to select the best from a 
number of alternatives evaluated with respect to several criteria. The AHP algorithm is com-
posed of 4 phases (Saaty 1980): construction of the hierarchical structure of the decision prob-
lem, definition of the preferential information (relative weights) and calculation of the absolute 
weights, coherence analysis, and construction of the final ranking. The principles utilized in 
AHP to solve problems are to construct hierarchies (Fig. 1). Within each level of the hierarchy, 
the relative importance between each pair of criteria (or among pairs of sub-criteria relating to 
an upper single criterion) to the overall goal is evaluated. A nine-point scale is used for these 
evaluations. One of the first in construction context AHP method applied Skibniewski and Chao 
(1992). 

 

 
 

Figure 1. The algorithm of the projects’ managers qualifying 
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et al.
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In the Table 1 is presented the scale of relative importance for the definition and in the Fig-
ure 1 show model of the projects’ managers qualifying. 
 

Table 1. Scale of relative importance (Adapted from Saaty and Vargas 2006) 
 

Intensity of Importance      Definition 
1                             Equal importance 
3                             Moderate importance 
5                              Essential or strong importance 
7                              Very strong importance 
9                              Extreme importance 

      2,4,6,8                    Intermediate values between adjacent scale values 
 

 
The mathematical model continuing with this procedure gives a relative weight for each 

criterion. The model also provides a consistency ratio, which shows how consistent the evalua-
tion of the criteria was during the comparison. A low value (ideally below 0.10) is proof of good 
consistency.  

Criteria describing alternatives have different measurement units. There is wide range of 
normalisation methods (Zavadskas and Turskis 2008). The linear normalisation method was 
selected. The linear normalisation uses a scale of the existing values. The calculated values are 
dependent on the size of the interval ]min,max[ ijiiji

xx  and thus change if the interval is altered: 
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where iji
xmax  – maximum possible value, iji

xmin  – minimum possible value. 
The next model step is to calculate normalized weighted criteria values: 
 ,ˆ jijij wxx =  (2) 
where jw  is weight of j-th criterion. 

The Bayes’ rule is for ranking candidates. Bayes’ rule: given the probabilities for the strate-
gies of the opponent the maximum for the expected value can be used (Arrow, 1949): 
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Projects‘ managers qualification level can be calculated as follows as relative distance from the 
worst possible value: 
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each alternative applying Bayes’ rule; Sopt – the maximal possible value; Smin – the minimal 
possible value. 
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3 Case study: project managers’ qualifying 
Stakeholders have 5 possible candidates to the project manager. For problem solution are 

indicated 9 criteria that must be prioritized (Table 2). Weights of the criteria are calculated by 
applying Saaty 1980, Saaty and Vargas 2006 (Tables 2 and 3).  

 

Table 2. The problem’s criteria 
 Criterion Results 

x1 Education 0.27 
x2 Experience of work as a project manager 0.23 
x3 Experience of work as manager of a project part 0.15 
x4 Experience of work in a project designing 0.08 
x5 Total experience of work in civil engineering 0.04 
x6 Experience of work as a designing firm chief 0.11 
x7 Experience in projects managing 0.06 
x8 Strategic thinking 0.03 
x9 Communicability 0.03 

Consistency Ratio 0.06 
 x1 x2 x3 x4 x5 x6 x7 x8 x9 

x1  1 3 3 5 5 7 7 8 
x2   3 3 5 2 5 6 7 
x3    3 5 1 4 5 6 
x4     3 1/3 1 4 4 
x5      1/5 1/4 2 2 
x6       1 2 2 
x7        2 2 
x8         1 Pa

ir w
ise

 co
mp

ari
son

  

x9          
 

 
Table 3. The indicated education criteria 

1. Education 
1a. Education level - p1 
 

 Criterion Results 
x1a PhD 0.502 
x2a Master degree 0.346 
x3a Bachelor 0.104 
x4a Coledge 0.048 
Consistency Ratio  0.042  

 
 
 
 

 x1a x2a x3a x4a 
x1a  2 5 8 
x2a   5 7 
x3a    3 Pa

ir w
ise

 
com

par
iso

n 

x4a      

 
1b. Education sphere - p2 
 

 Criterion Results 
x1b Civil engineer 0.236 
x2b Architect 0.324 
x3b City construction engineer 0.114 
x4b Road engineer 0.088 
x5b Engineer-sanitary technician 0.156 
x6b Mechanic – energetic  0.032 
x7b Distance communication engineer 0.024 
x8b Electricity engineer 0.026 

Consistency Ratio  0.03 
 

 x1b x2b x3b x4b x5b x6b x7b x8b 
x1b  1/2 3 4 2 7 8 8 
x2b   3 5 3 8 9 9 
x3b    1 1/2 5 6 6 
x4b     1/3 3 5 5 
x5b      5 6 6 
x6b       2 1 
x7b        1 Pa

ir w
ise

 co
mp

ari
son
 

x8b          
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The education criterion x1 aggregates 2 sub criteria: education level (p1) and education 
sphere (p2). The aggregated value of education criterion x1 can be calculated as follows: 
 .211 iii ppx ⋅=  (5) 

The criteria values of each possible candidate ai are written to the initial decision-making 
matrix (Table 4). The alternative aopt is described by the optimal possible values of criteria and 
one amin is described by the worst allowable values of criteria. Weighted normalised decision 
matrix and calculation results are presented in the Table 4.  

 
 

Table 4. Calculation decision-making matrixes for projects’ managers qualifying 
 Initial decision-making matrix        (xij) The criteria values 
of each possible 
candidate a 1 2 3 4 5 6 7 8 9 

w 0.27 0.23 0.15 0.08 0.04 0.11 0.06 0.03 0.03 
opt 0.143 40 42 42 45 45 40 9 9 
M1 0.052 9 10 23 25 0 25 8 9 
M2 0.098 7 3 21 21 3 12 10 7 
M3 0.052 0 9 11 15 5 15 9 8 
M4 0.011 0 3 6 6 0 3 7 6 
M5 0.005 0 3 5 5 0 3 6 7 
min 0.001 0 3 5 5 0 3 1 1 

 Normalised weighted decision-making matrix ( 310ˆ −⋅x ) S K 
opt 270 230 150.0 80.0 40.0 110.0 60.0 30.0 30.0 1 1 
M1 97.0 51.8 26.9 38.9 20.0 0.0 35.7 26.3 30.0 0.326 0.125 
M2 184.4 40.3 0.0 34.6 16.0 7.3 14.6 33.8 22.5 0.353 0.131 
M3 97.0 0.0 23.1 13.0 10.0 12.2 19.5 30.0 26.3 0.231 0.074 
M4 19.0 0.0 0.0 2.2 1.0 0.0 0.0 22.5 18.8 0.063 0.005 
M5 7.6 0.0 0.0 0.0 0.0 0.0 0.0 18.8 22.5 0.049 0.000 
min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 

 

 
The possible candidates rank as follows: 54312 MMMMM ffff . It can be stated that 

the best is the two candidates; the worst is the fifth candidate. 
 

4 Conclusions 
In this paper is presented newly developed model for projects‘ managers qualifying. For 

this reason is determined criteria set, determined weights of each criterion, selected criteria 
aggregation method  Bayes‘ rule and presented real case study that was applied in pactice. The 
newly proposed projects‘ managers qualifying level index shows relative distance of each 
posible candidate from the minimal requirements to the candidate. The problem’s solution 
results shows that the proposed model can be successfully applied for project managers 
qualifying and ranking. Similar model can be applied to personnel selection. 
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