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Abstract  This paper studies the ports performance in financial, customer, internal business process, Learning and 
growth and Sovereignty by employing PROMTHEE and Analytical Hierarchical process (AHP) methods. Due to 
manipulating the balanced score card in port’s performance evaluation, this study is conducted in two steps. In the 
first step, according to the expert’s point of view, a new perspective called Sovereignty is added to the existing four 
standard perspectives of balanced score card. AHP method is applied in second step to measure the weight of all 
mentioned five perspectives according to their importance level in ports performance evaluation. Then by using 
PROMETHEE studied ports such as Khoramshahr, Imam Khomeini port, Bushehr, ShahidRajaee, ShahidBahonar, 
Anzali and Amir Abad prioritized. The resulted obtained by the PROMETHEE model showed that, ShahidRajaee, 
Imam Khomeini and Bushehr ports get the first, second and third score, respectively. 
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1. Introduction 

Seaports, as a part of an important cycle of the world’s 
transportation, plays crucial role in the world trade. 
Servicing organizations which play an important role in 
the broadcasting and the optimization of the goods 
transportation cost [1]. Therefore, one standout edge that 
shines in the field of the trading and economic competitive 
world is the delivery of the high quality servicing [2]. 
Ports organizational managers always are trying to 
provide healthy servicing and enhancing its quality [3]. By 
this regards, enhancement of the port and the economic 
growth will be yield [4]. 

Deep consideration and analysis of the ports 
performances in order to achieve improvement and 
optimization is necessary [5]. This will help the 
competitive situation among the ports and results in 
developing the economics of the country [6,7]. This study 
with the aim of the use of the balanced score card, wants 
to evaluate the port’s performance in Iran. in the first, the 
above mentioned model undergone to obtain four standard 
added perspectives from the subjects views and noticing 
the studied indigenous industry, then by benefiting the 
AHP method, all the perspectives and the indexes are 
measured according to their importance level in port’s 
performance evaluation and in the second phase: by 
manipulating PROMETHEE method, ports such; 
Khoramshahr, Imam Khomeini, Bushehr, Said Rajaee, 
Said Bahonar, Anzali and Amirabad are classified based 

on the five perspectives such; financial, customer, internal 
business process, Learning and growth and Sovereignty. 

In recent years, performance measurement has become 
an important issue for organizations/institutions. Many 
institutions spend a lot of money to get a good result in 
measurement [8]. A good performance measurement and 
clear definition can help managers to go in the right 
direction and focus on what really matters to achieve the 
goals [9,10,11]. Performance measurement is defined as 
evaluating the organization performance, how well 
institutions are managed and how the value of the 
institution can be delivered to customers and other 
stakeholders [12]. This definition gives a clear guidance 
and encourages institutions to deliver their institution 
values to their customers and it also covers the main 
perspectives of how performance is managed. All 
institutions, whether public or private institutions, are 
interested in developing an effective performance 
measurement and performance management systems to 
achieve their goals, since it is the only way for them to 
achieve a high performance [13,14]. 

1.1. Balance Scorecard 
The Balanced Scorecard is one of the performance 

measurements and it is also as a performance management 
system to achieve organization goals. The Balanced 
Scorecard was first introduced in the early 1990s by 
Robert Kaplan and David Norton of the Harvard Business 
School. The concept has become popular and well known 
and then widely adopted by institution across the world. 
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Before Balanced Scorecard developed by Kaplan and 
Norton, most companies measure their performance 
measurement that focuses on financial performance only 
[15]. Meanwhile, the financial performance itself only has 
influence to the short term measurement; it is also 
insufficient because it is not focuses on other perspective 
of performance such as customer, internal business 
process and learning, and growth perspective. On the other 
hand, the attention in these perspectives actually can 
influence financial perspective, such as investing and 
managing the intangibles assets the same ass in learning 
and growth perspective can provide foundation for future 
financial success itself. Kaplan and Norton attempted to 
do this with the Balanced Scorecard [16]. The Balance 
Scorecard is a comprehensive and holistic performance 
measurement. It measures not only financial perspective, 
but also measures customer, internal process, and learning 
and growth perspective. Kaplan and Norton argue that 
their scorecard is not a replacement for financial 
measurement; it is a complement for financial measurement 
[17]. If the Balanced Scorecard is understood thoroughly 
and implemented appropriately in an organization/institution 
operation, it will have a potential contribution to the 
success of the organization/institution; however, the 
measurement of performance is fundamental in 
organization success [18]. 

1.2. Balance Scorecard Perspectives 
Finance perspective: The BSC retains the financial 

perspectives, as financial data are valuable in calculating 
the readily measurable economic consequences of the 
previous actions. Measures of financial performance 
indicate whether a company’s strategy, implementation 
and execution contribute to bottom line improvement. 
Financial objectives typically relate to measures of 
profitability, including operating income, return on capital 
and economic value added [19]. 

Customer perspective: As customers are the source of 
business profits, satisfying customer needs is the ultimate 
objective of enterprises. With this perspective, management 
determines the expected target customers and market 
segments for operational units and monitors the performance 
of operational units in these target segments [20]. 

Internal business process perspective: The objective of 
this perspective is to satisfy shareholders and customers 
by excelling in some business processes with the greatest 
impact. In determining the objectives and measures, the 
first step should be to incorporate value chain analysis. An 
outmoded operating process should be adjusted to factor-
in financial and customer dimension objectives. A 
complete internal business process value chain that can 
meet the current and future needs should then be 
constructed [21]. 

Learning and growth perspective: The BSC’s learning 
and growth element is intended to identify the criteria for 
establishing the infrastructure of an organization’s growth. 
This indicator is arguably the most critical of the BSC 
perspectives for addressing the future needs of an 
organization. It may also be the most difficult parameter to 
measure. As Kaplan & Norton pointed out: “Managers in 
several organizations have noted that when they were 
evaluated solely on short term financial performance, they 
often found it difficult to sustain investments to enhance 

the capability of their people, systems, and organizational 
processes” [15]. 

2. Material and Methodology 
In this study, subjects individuals are consists of ports 

organization and maritime experts and all of the related 
companies experts specially those who offering port’s 
logistic servicing and also Iran’s port operations terminal 
experts. It is worth to note here that in this model mean 
hierarchical process, the number of the subjects will not 
calculated by statistics formula but determined by the 
corresponding value, so if the corresponding value of the 
subjects were under (0.10), the number of the obtained 
subjects is acceptable. In this study subject’s number 
consist of 35 persons on which are selected randomly, say 
5 persons from each port and so called the research 
subjects on which will zoom their perspectives on the 
study process that calculated by pair comparative and 
finally the mean will obtain from. 

Expert choice 11 software is used for analyses the 
gathered data and for the PROMETHEE model 
calculation, MATLAB software is benefited. 

The instrument on which get used in this study is the 
questionnaires that come into oral and phone call frame 
form. The reliability of this questionnaire is highly 
dependent on the reliability of the analytical hierarchical 
process and delves to the pair comparative of the main and 
sub measures. The reliability of the designed 
questionnaires is concluded by the mal corresponding 
score of the pair comparative tables. According to this, if 
the mal corresponding score of the pair comparative tables 
was below (0.10), the designed questionnaire is 
considered of standard reliability. Hence we can claim that, 
the questionnaire is acceptable in this study because it 
showed the mal corresponding score in all of the pair 
comparative tables below (0.10). 

2.1. AHP 
AHP decomposes the complexity in the form of a 

simple hierarchy, descending from overall goal to criteria, 
sub-criteria (if exist) and alternatives; allocates relative 
weights of criteria and sub-criteria to compare the 
alternatives [22]. 

The basic principles of AHP can be summarized as 
defining and determining the problem; decomposing the 
problem in a hierarchy from top through the intermediate 
levels; constructing a set of pair-wise comparison matrices; 
testing the consistency index; synthesizing the hierarchy 
to find out the ranks of the alternatives. AHP makes use of 
pair-wise comparisons to simplify the judgment process 
with 1-9 ratio scaling [23] (see Table 1). 

When it is assumed (A1, A2,…An) is any set of n 
elements than a sample of square matrix can be produced 
as below by pair wise comparisons of each element. Here, 
each (Ai, Aj) judgment represented as “aij”. Because aii=1 
for all i diagonal of the matrix contains entries of 1. 
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Table 1. The pairwise comparison scale [23] 
Intensity of importance Definition Explanation 

1 Equal importance Two activities contribute equally to the objective 
3 Moderate importance Experience and judgment slightly favour one activity over another 
5 Strong importance Experience and judgment strongly favour one activity over another 

7 Very strong or demonstrated 
importance 

An activity is favoured very strongly over another; its dominance 
demonstrated in practice 

9 Extreme importance The evidence favouring one activity over another is of the highest possible 
order of affirmation 

2,4,6,8  Intermediate values 
When (w1, w2,…,wn) are the elements corresponding 

weights; the dominance of an element in the row over the 
element in the column represented as wi/wj. AHP method 
compares the related weights of each element in a set with 
respect to the goal. The general form of comparison 
matrix of AHP is given as follows; 
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Than the problem turns in to general process to 
calculating the largest eigenvalue corresponding to 
eigenvector to assess the Consistency Index (C.I.) where A 
is the matrix, x is the eigenvector and λ is the eigenvalue. 
When we divide C.I. by the random consistency number 
the final value must be less than 0.10 [23]. 
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2.2. The PROMETHEE Method 
The PROMETHEE (Preference Ranking Organization 

Method for Enrichment Evaluation) is a multi-criteria 
decision- making method developed by Brans et al. [24]. 
It is a quite simple ranking method in conception and 
application compared with other methods used for multi-
criteria analysis. It is well adapted to problems where a 
finite number of alternatives are to be ranked according to 
several, sometimes conflicting criteria. The evaluation 
table is the starting point of the PROMETHEE method. In 
this table, the alternatives are evaluated on the different 
criteria. The implementation of PROMETHEE requires 
two additional types of information, namely: 

(1) Information on the relative importance that is the 
weights of the criteria considered. 

(2) Information on the decision-maker’s preference 
function, which he/she uses when comparing the 
contribution of the alternatives in terms of each separate 
criterion. The weights coefficients can be determined 
according to various methods [25]. AHP method is used to 
determine the criteria weights in this study. The 
PROMETHEE method is appropriate to treat the multi-
criteria problem of the following type: 

 ( ) ( ) ( ){ }1 2max , , , | ,nf a f a f a a A… ∈  (4) 

Where A is a finite set of possible alternatives, and Jf  
denotes n criteria to be maximized. For each alternative, 

( )Jf a  is an evaluation of this alternative. When we 
compare two alternatives , ,a b A∈  we must be able to 
express the result of these comparisons in terms of 
preference. We, therefore, consider a preference function. 
The preference function translates the difference between 
the evaluations of two alternatives ( a  and b  in terms of a 
particular criterion, into a preference degree ranging from 
0 to 1. Let 

 ( ) ( ) ( ) ( ), 0 , 1,J J j j JP a b G f a f b P a b = − ≤ ≤   (5) 

The preference function associated to the criterion, 
( )jf i  where JG s a non-decreasing function of the 

observed deviation ( )d between ( )jf a  and ( ).jf b In 
order to facilitate the selection of specific preference 
function, six basic types of this preference function are 
proposed to decision maker as it presented in Table 2. 

In each case no more than two parameters (threshold, 
,q pors ) have to fix [26]. Indifference threshold q : the 

largest deviation to consider as negligible on that criterion. 
It is a small value with respect to the scale of 
measurement. Preference threshold p: the smallest 
deviation to consider decisive in the preference of one 
alternative over another [27]. It is a large value with 
respect to the scale of measurement. Gaussian threshold s: 
it is only used with the Gaussian preference function [28]. 
It is usually fixed as an intermediate value between 
indifference and a preference threshold. PROMETHEE 
permits the computation of the following quantities for 
each alternative a  and b : 
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So for each alternative a  belonging to the set A  of 
alternatives, ( , )a bπ  is an overall preference index of a  

over b . The leaving flow ( )a+Φ  is the measure of the 
outranking character of a (how a dominates all the other 
alternatives of A ). Symmetrically, the entering flow 

( )a−Φ  gives the outranked character of a (how a is 

dominated by all the other alternatives of A) ( )aΦ  
represents a value function, whereby a higher value 
reflects a higher attractiveness of alternative a  and is 
called net flow. The two main PROMETHEE tools can be 
used to analyze the evaluation problem: (1) the 
PROMETHEE I partial ranking, (2) the PROMETHEE II 
complete ranking. The PROMETHEE I partial ranking 
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provides a ranking of alternatives. In PROMETHEE I, 
alternative a  is preferred to alternative , ,b aPb  if 
alternative a  has a greater leaving flow than that of 
alternative b  and a  smaller entering flow than the 
entering flow of alternative b : 

 ( ) ( ) ( ) ( ) : ;apb if a b and a b or+ + − −Φ > Φ Φ < Φ  (8) 

 ( ) ( ) ( ) ( );a b and a b or+ + − −Φ > Φ Φ = Φ  (9) 

 ( ) ( ) ( ) ( );a b and a b or+ + − −Φ = Φ Φ < Φ  (10) 

Table 2. Generalized criteria [26] 

Type of genera- lazed 
criteria Analytical definition Shape Parameters to define 

Type I. 
Usual criterion 

0, 0;
( )

1, | | 0.
d

H d
d
=

=  >
 

 

-- 

Type II. 
Quasi-criterion 

0, | | ;
( )

1, .
d q

H d
otherwise

≤
= 


 

 

q 

Type III. 
Criterion with linear 

preference 

| | , | | ;
( )

1, | | 0.

d d p
pH d

d

 ≤= 
 >

 

 

p 

Type IV. 
Level-criterion 

1, | | ;
( ) 1/ 2, | | ;

1, .

d q
H d q d p

otherwise

≤
= < ≤



 

 

q, p 

Type V. 
Criterion with linear 

preference and 
indifference area 

1, | | ;
| |( ) , | | ;

1, .

d q
d qH d q d p
p q

otherwise

 ≤
 −= < ≤

−


 

 

q, p 

Type VI. 
Guassian criterion 

2

2( ) 1 exp{ }
2
dH d
σ

= − −  

 

σ 

PROMETHEE I evaluation allows indifference and 
incomparability situations. Therefore, sometimes partial 
rankings can be obtained. In the indifference situation 
( )aIb  two alternatives a  and b  has the same leaving and 
entering flows [29]: 

 ( ) ( ) ( ) ( ) :aib if a b and a b+ + − −Φ = Φ Φ = Φ  (11) 

Two alternatives are considered incomparable ,aRb  if 
alternative a  is better than alternative b  in terms of 
leaving flow, while the entering flows indicate the reverse: 

 ( ) ( ) ( ) ( ) : ;aRb if a b and a b or+ + − −Φ > Φ Φ > Φ  (12) 

 ( ) ( ) ( ) ( )a b and a b+ + − −Φ < Φ Φ < Φ  (13) 

PROMETHEE II provides a complete ranking of the 
alternatives from the best to the worst one. Here, the net 
flow ( )ϕ  is used to rank the alternatives. The alternative 
with the higher net flow is assumed to be superior. Since 
PROMETHEE I does not provide a complete ranking, 
resulting ranking cannot be compared with the ranking 
provided by PROMETHEE II. PROMETHEE I ensure 

creation of indifferent and incomparable alternatives. In 
some ranking problems, PROMETHEE I can give a 
complete ranking depending on the evaluation matrix 
values and, this ranking cannot be different from the one 
achieved with PROMETHEE II. 

3. Results 

In the beginning, additional perspective named 
“Sovereignty” is added into its four traditional perspective 
of balanced score card. Then by benefiting the hierarchical 
process, all the perspectives and the indexes were 
measured according to their importance level in the port’s 
performance evaluation. Table 3 shows the obtained 
results of this model. According to the obtained results, 
among all of these five measures, the financial and 
governing aspect with the score of (0.242) and score of 
(0.150) gained the most and the least weight, respectively. 
In the financial measures, the enhancement of the benefits, 
get the highest measure (0.306). Among the customer 
measures, enhancement of the servicing quality gets the 
highest measure (0.283) and consideration in the internal 
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processes, results that the dropping time of the ship 
servicing gets highest measure (0.234). The growth and 
training measures are considered as next indexes and the 
mechanisms of the maritime and ports process achieves 
highest measure (0.234) and finally among the governing 
aspect measures, the controlling and decreasing the 
security events gets highest measure (0.395). 

In the second phase according to the PROMETHEE 
model, ports are probed based on the five perspectives 
such: financial, customer, internal business process, 

Learning and growth and Sovereignty. According to these 
five perspectives, performance of each port is measured 1 
to 100. As a result, the decision Matrix of the 
PROMETHEE model is formed as shown in Table 4. 

Then by applying PROMETHEE method, positive 
prominent outside stream, negative prominent outside 
stream and pure one are calculated for each parameters as 
shown in Table 5. The ports have been prioritized 
according to the obtained parameters for each port in 
Table 5. 

Table 3. Weight of Balanced Scorecard Perspective and criteria 
Perspective W Criteria Local Global 

Finance perspective .242 

total income increase .289 0.073 
Cost reduction .242 0.060 

Reduction of trade debtors .164 0.040 
Profit increase .306 0.078 

Customer .233 

retain existing customers .241 0.055 
Attract a new customers .214 0.048 

Increase customer satisfaction .262 0.060 
Increase the quality of services .283 0.067 

Internal business process .182 

Reduction of ship waiting time .212 0.040 
Reduction of ship service time .234 0.041 

Reduction of trucks service time .181 0.032 
Being standby, port and marine 

equipment. .203 0.036 

increasing loading and unloading 
tonnage .170 0.031 

Learning and growth .193 
 

Information exchange with port 
stack holders .214 0.042 

Mechanization of port and marine 
processes .234 0.044 

Productivity Increase .181 0.034 
Establishment of the partnerships 

system .161 0.030 

development of human resource 
training .210 0.040 

Sovereignty .150 

Control and monitor the 
implementation of the Convention 

and national law 
.352 0.053 

Control and prevention of safety and 
environmental incident .395 0.060 

Management of the Coastal and 
Inland Waterway .253 0.038 

Table 4. Decision Matrix of PROMETHEE 

Port Finance Perspective Customer Internal Business 
Process 

Learning And 
Growth Sovereignty 

Weight .242 .233 .182 .193 .150 
Port ShahidRajaee 85 79 89 95 90 

Port ofImam Khomeini 83 77 90 91 93 
Port ofBushehr 76 70 84 83 88 

Port ofKhoramshahr 73 72 78 79 84 
Port ofAnzali 67 68 79 81 83 

Port of Amirabad 62 63 76 78 86 
Port ofShahidBahonar 59 59 67 73 81 

Table 5. Partial ranking and complete ranking (PROMETHEE flows) 
Alternative F F+ F- Ranking 

Port ofShahidRajaee 0.88933 0.94467 0.05533 1 

Port of Imam Khomeini 0.77733 0.88867 0.11133 2 

Port of Bushehr 0.25567 0.62783 0.37217 3 

Port ofKhoramshahr -0.09733 0.45133 0.54867 4 

Port ofAnzali -0.25833 0.37083 0.62917 5 

Port ofAmirabad -0.56667 0.21667 0.78333 6 

Port ofShahidBahonar -1.00000 0.00000 1.00000 7 

4. Conclusions 
In this paper, two steps study are applied due to 

manipulate the balanced score card in evaluation the ports 
performance. In first phase, an extra perspective is added 
to existing four standard perspectives according to expert 
points of view. Second phase by using AHP method, all 
the perspectives and the indexes are measured according 
to their importance level in port’s performance evaluation. 
And then PROMETHEE model has been manipulated to 
prioritized studied ports such as Khoramshahr, Imam 
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Khomeini port, Bushehr, ShahidRajaee, ShahidBahonar, 
Anzali and Amir Abad. The priorities of these ports are 
determined according to five mentioned perspectives. The 
resulted values by PROMETHEE model showed that, 
ShahidRajaee port get the prominent score in general 
(0.88933) and represented as number one. The other ports 
such Imam Khomeini Port with general score of (0.77733) 
become number two, Bushehr port with general score of 
(0.25567) identified in the third rank, Khoramshahr port 
with general score of (-0.09733) highlighted as forth rank 
keeper, Anzali port with general score of (-0.25833) 
reached the fifth rank, Amir Abad port with general score 
of (-0.56667) acquired the sixth rank and finally 
ShahidBahonar with general score of (-1.00000) 
impetrated the seventh rank on its own subsequently. 
According to these result we can conclude that the 
balanced score card is rich of capability and high 
reliability in evaluating the ports performance and it can 
be used it in other maritime transportation industry field. 
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