
Vol.:(0123456789)

Operational Research (2022) 22:6037–6053
https://doi.org/10.1007/s12351-022-00719-9

1 3

ORIGINAL PAPER

Performance assessment modeling for managing transport 
enterprises based on modified fuzzy TOPSIS analysis

Dimitrios Dimitriou1  · Maria Sartzetaki1

Received: 30 November 2021 / Revised: 1 April 2022 / Accepted: 9 May 2022 /  
Published online: 29 June 2022 
© The Author(s) 2022

Abstract
The purpose of this paper is to develop a performance assessment modeling for 
managing transport enterprises and provide a framework that explains the condi-
tions under which performance of enterprises optimized. In doing so, the multi-
ples streams built upon the different stakeholders and shareholders as well as social 
actors play in the transport enterprise performance optimization. The novelty of this 
paper is the development of a computational modeling framework addressing the 
added value footprint by large transport operators providing mobility and accessi-
bility to a regional economy. The analysis outputs promoting explanations towards 
operational efficiency and business productivity on one hand; and supporting deci-
sions toward sustainable development, business intelligence and new investments 
on the other. The assessment methodology is based on "Fuzzy TOPSIS" modelling, 
where a series of key performance indicators have been introduced, providing results 
over time to assess business innovation and illustrate drivers of action towards sus-
tainable development and business intelligence. Managerial implication of the paper 
is the development of a multi-objective assessment framework providing essential 
support for managing real business applications in transportation and support deci-
sions towards resources optimization, adjustments in cooperate governance model 
and policies, assessment of new investments and short-term or/and long-term action 
plans.
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1 Introduction

Many researchers have illuminated on one hand the role of sustainable develop-
ment in strategic management processes (2021; Dimitriou 2018a, b, 2020, 2021; 
Vogiatzis et al. 2020; Herzig and Moon 2013; Lin-Hi and Müller 2013), through 
which shareholders and managers optimize stakeholders support (Hillenbrand 
et al. 2013; Park et al. 2014) and attract the interest of institutional investors and 
analysts (Dimitriou et al. 2021; Dimitriou and Sartzetaki 2020a, b). On the other 
hand, there is broadly highlighted in literature that many enterprises play a key 
role in regional economic development and are a crucial generator of socioeco-
nomic prosperity for countries and regions (Dimitriou et  al. 2017; Dimitriou 
2018). The contribution of these enterprise to business ecosystem, as well as the 
service on health, education, justice, security, communications, the environment 
and the functioning of the public sector is a priority and concern of the govern-
mental authorities and decision makers, in order to support strategic decisions 
and investments towards efficient planning, management and economics (Dimi-
triou 2018; Agudel Latapí et al. 2019).

The novelty and purpose of this paper is to develop a performance assess-
ment modeling for managing transport enterprises and provide a framework that 
explains the conditions under which performance of enterprises are optimized. 
In doing so, the multiples streams are built upon to develop a richer theoretical 
explanation of the different stakeholders and shareholders as well as social actors 
play in the enterprise management. By analyzing the related actors that originate 
and affect the enterprise contribution to ecosystem, decision makers and stake-
holders would address in a coherent and integrated way the issue of enterprise 
strategic planning and managing towards regional development, considering all 
the external socioeconomic environment interactions with the enterprise.

The novelty and purpose of this paper is to develop a performance assess-
ment modeling for managing transport enterprises and provide a framework that 
explains the conditions under which performance of enterprises are optimized. 
In doing so, the multiples streams are built upon the different stakeholders and 
shareholders as well as social actors play in the transport enterprise performance 
optimization.

The development of an integrated methodological framework that will support 
stakeholders for the decision-making process to manage an enterprise towards 
economic development is very crucial, leading to the need of a flexible methodo-
logical framework, to support decision makers and stakeholders. By analyzing the 
related actors that originate and affect the transport enterprise performance, deci-
sion makers and stakeholders should address in a coherent and integrated way the 
problem of enterprise strategic planning and managing towards economic devel-
opment. The development of the performance assessment framework of the enter-
prise based on an integrated approach which while considering the external soci-
oeconomic environment interaction with the enterprise, for all the stakeholders.

The paper aims to promote the performance optimization of a transport 
enterprise as a tool to decision makers, stakeholders in the field of investing in 
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enterprise management towards economic development, addressing the develop-
ment of the performance assessment framework based on a computational inte-
grated composite index based on fuzzy TOPSIS (Technique for Order Preference 
by Similarity to Ideal Solution) framework. In this way, the "systemic" approach, 
on which the concept of the proposed modelling framework is based, will formu-
late a transparent and consistent framework to support decision makers to identify 
all the actors that originate and affect the performance assessment of a transport 
enterprise.

2  Background

Although enterprises, infrastructructure and organizations impact to economic 
development covers many different aspects of development, very often is limited 
to employment, income, productivity aspects, focusing only on economic growth 
(Dimitriou et al. 2017; Dimitriou 2018b).

In literature, extensive analysis on the projects and infrastructures’ economic 
impact and contribution in economic development has been undertaken (Dimitriou 
and Sartzetaki 2018; Mackie et  al. 2014; Nelson John et  al. 2010). Reviewing all 
the available tools, Cost Benefit Analysis (CBA) is used to measure and evaluate all 
non-momentary costs and benefits of the project investment (Dimitriou and Sartze-
taki 2020a, b; Mackie et al. 2014; Kelly et al. 2015). In case alternatives for invest-
ments require different streams of benefits, then Life Cycle Cost Analysis (LCCA) 
may be utilized.

Economic Impact Analysis (EIA), focus on how transport infrastructures projects 
and enterprises affect economy, households and business ecosystem as a whole. 
Especially as regards, capital-intensive transport infrastructures, such as airports, 
the economic impact of such infrastructures on regions heavily depended on tour-
ism is highlighted (Dimitriou and Sartzetaki 2018, 2021; Dimitriou 2021). EIA uti-
lizes two different methods, the Input Output (IO) analysis and Computable Gen-
eral Equilibrium Models (CGE). Both methods employ four distinct categories of 
impacts, direct, indirect induced and catalytic (Miller and Blair 2009; Dimitriou 
et al. 2017; Tscharaktschiew and Hirte 2012).

Except than economic impact, much research has extensively analyzed the rela-
tionship between enterprises and sustainable development and Corporate Social 
Responsibility (CSR) and innovation, (Klewitz and Hansen 2014; Green et  al. 
2012). As highlighted by Agudel Latapí et  al. (2019), CSR focus on the social 
actors and stakeholders’ expectations and contribute to the enterprise’s sustainable 
development agenda goals (Agudel Latapí et al. 2019). In addition, all the relevant 
stakeholders of enterprises, such as employees, and investors, expect enterprises 
to consider the broad social and environmental impact to ecosystem according to 
Poplawska et  al. 2014. Furthermore, the enterprises relationship with CSR forces 
the achievement of Sustainable Development Goals (SDGs) (Human development 
Report, 2020).

The most recent composite indicator developed in order to incorporate all the sus-
tainable and economic development issues is the Human Development Index (HDI). 
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According to United Nations Development Programme (UNDP), HDI is a compos-
ite indicator that measures the human development, including education, health and 
income indicators. The goal of the cumulative index is the classification of countries 
according to the level of human development (Human Development Report, 2020).

Based on the gap of a composite index to address the need of an overall assess-
ment of an enterprise contribution to regional business ecosystem, a composite index 
indicator is developed in this paper to assess the transport enterprise performance.

3  Methodology framework

The identification of different stakeholders builds on the understanding of an enter-
prise strategic position in regional business ecosystem. Development directions are 
the strategic options that an enterprise face considering the strategic capabilities and 
the expectations of stakeholders. Transport policy, planning and operation exist with 
a hierarchy of objectives functionally split into four directions-strategy, planning, 
competitiveness and innovation (Sartzetaki 2019).

Each dimension is based on principles that affect the strategic planning process 
as well as the management of an enterprise. Strategy and market development are 
based on regulation and protection, funding and capital leverage and socioeconomic 
impact. The Competitiveness dimension is forced by the regulatory framework, the 
Exposure to competition in the product market and the improvement in management 
performance and at last, the Innovation is driven by the Artificial Intelligence, new 
products and services and Intelligent Transport Systems development (Sartzetaki 
2019).

For the four principal directions linked to enterprise performance and contribu-
tion in regional business ecosystem, thus the business resilience of the enterprise 
linked with social development and passengers service quality improvement, the 
operational efficiency that is linked with the economic growth and service quality 
improvement, the economic productivity improvement that that is linked with eco-
nomic growth goals and infrastructure quality improvement and the social coher-
ence and stability linked to social goals and infrastructure quality improvement, one 
perspective towards these directions are determined. For the service quality direc-
tion, the perspective is the innovation improvement, for the economic growth goals 
the contribution to economy, for the social goals’ direction, the human development 
perspective and for the infrastructure quality the infrastructure value added perspec-
tive as analytically depicted in Fig. 1.

3.1  Determination of transport enterprise perspectives’ indicators 
towards economic development

The next step is to develop an evaluation process based on a set of different indicators 
to assess the different indicators for each perspective of enterprise performance man-
agement. In literature there are many different key performance indicators analyzed, 
including tangible and intangible aspect (Marr, 2012; Kiel et al. 2014). In management 
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performance evaluation expect than the variables concerning transport business and 
economy conditions, the demand supply social values have also to be taken into con-
sideration. Based on the above analysis, after a comprehensive review, the indicators 
for the Human development perspective introduced are the Human Resource develop-
ment, the social affect to local community, the climate change effect and the Human 
capital value added. Focusing on Human capital value added, as it focusses to the 
‘’human’, thus the employees and are referred many times as ‘intangible assets’, and 
as anything intangible is difficult to measure, in order to understand the real financial 
impact from employees we use the Human Capital Value Added (HCVA). The indi-
cators for the infrastructure added value perspective are the Added Value on Assets 
(AVA), the Return on Capital Employed (ROCE), the Return on Assets (ROA) and 
Capital employed to Revenues Ratio (CR). The indicators for the Contribution to Econ-
omy are the direct, indirect, induced and catalytic impact on economy. Finally, the indi-
cators for the Business Intelligence perspective are the Safety and Security, the Service 
quality, the Connectivity or Accessibility improvement and the system availability. The 
Business Intelligence perspective aims to measure and improve passenger satisfaction, 
business performance, and transport enterprise service quality, in order to enhance the 
enterprise added value promote transport enterprise business intelligence excellence.

In Table 1 each indicator for each perspective is described outlining why the indica-
tor is important and what is measures, how is formulated and how is calculated.

Fig. 1  Transport enterprises perspectives towards Directions of economic development conceptual 
framework
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3.2  Indicators’ formulas calculation and adjustment

The A1-Human Development and A4-Business Intelligence qualititave indicators, are 
measured through an Operational Scorecard and are based on the key non-financial 
value drivers of the transport infrastructure linked to human development and service 
quality (Sartzetaki 2019).

Based on the average Score of the Operational Scorecard (ranging between 1–5, with 
3 being “On-Target”) the ratio is calculated with values that range from 0.9 (Score = 1, 
“Poor”) and 1.1 (Score = 5, “Excellent”). If Score = 3 (i.e., “On Target”) the ratio value 
is 1. The target values for the year in question are based on an objective rule, i.e. “On 
Target” (score 3) was at least the average actual for the previous 5 years while Out-
standing (score 5) was set higher than the best actual value for the previous last years.

For A3-Contribution to economy, the Input Output methodology in order to estimate 
how the change in demand the transport infrastructure in question year affects other 
sectors and the economy as a whole by developing the appropriate I-O multipliers and 
estimating the direct, indirect, induced and catalytic impacts (Dimitriou et al. 2017). 
For A2 Infrastructure quality the appropriate financial and asset value indicators are 
adjusted.

After the indicator values are computed, are then adjusted through min max calibra-
tion in the times series and transformed into indices between 0 and 1. Minimum and 
maximum values (goalposts) are set in order to transform the indicators into indices 
between 0 and 1. These goalposts act as the ‘natural zeroes’ and ‘aspirational goals’, 
respectively, from which component indicators are standardized (UNDP, 2014). The 
justification for placing the minimum and maximum values is either on historical evi-
dence in a specific time series or the ‘’aspiration goals’’, depending on the indicator. 
Having defined the minimum and maximum values in time window, the sub-indices for 
each indicator are calculated as follows, based on the actual value observed in the refer-
ence year and the minimum and maximum values presented in question time series.

For values that are not exprsed by a single value, but range in between two values, 
equation is first applied to each of the two indicators, and then the arithmetic mean of 
the two resulting indices is taken. Thus, for indicators C13,C14,C15 are calculated as:

Since its indicator is a proxy for capabilities in the corresponding perspective, the 
transformation function from indicators that contain variables such as income to capa-
bilities is likely to be concave (UNDP, 2014). Thus, for these variables such as income 
based on quantitative analysis the natural logarithm of the actual, minimum and maxi-
mum values is used.

(1)C2, C3, C6, C7, C8, C16 =
actual value −minimum value

maximum value −minimum value

(2)C13, C14, 15 =

actual value

minimum target value
+

actual value

maximum target value

2
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3.3  Prioritization of indicators and composite index development

The modelling developed based on the formulation and evaluation of decision-
making strategic analysis it in the context of enterprise contribution to ecosystem. 
In this way, the "systemic" approach, on which the concept of the proposed mod-
elling framework is based, aims to formulate a transparent and consistent frame-
work to support decision makers to identify all the indicators of the enterprise 
performance and to analyze the interactions between them.

Following the introduction of the indicators, the analysis process proceeds by 
assessing the priorities to identify those which of these indicators and perspec-
tives are more in a position to pursue the socioeconomic and sustainable develop-
ment goals of the enterprise towards economic development.

In order to prioritize the above sixteen criteria with various dimensions of 
benefits, Multicriteria Decision Analysis (MDCA) adopted in order to allow 
alternative analysis to be conducted (Yu and Li 2008; Zhuang and Yang 2010). 
The underlying concept of the MDCA involves the prioritization of the indica-
tors based on the concept of the composite solution to choose the best alterna-
tive nearest to the positive ideal solution (optimal solution) and farthest from the 
negative ideal solution (inferior solution) (Behzadian et  al. 2012). Analytically, 
based on the method Technique for Order Preference by Similarity to Ideal Solu-
tion (TOPSIS), the notion that the optimal perspective performance, or a point 
that represents it, should have a minimum distance from the positive-ideal and the 
maximum distance from the negative-ideal solutions in the geometric sense. Then 
the question of multi-criteria analysis for the m perspectives and n indicators cri-
teria, is interpreted as a geometric system of m points in n-dimensional space.

We suppose that the decision group for enterprise performance assement and 
contribution to business ecosystem has S different actors. If the fuzzy rating and 
importance weight of the sth actor, about the ith enterprise perspective to ecosys-
tem on jth indicator are:

The aggregated fuzzy ratings wj for the indicator C(j) are calculated by

such that:

The normalized fuzzy decision matrix is

(3)C1, C4, C5, C9, C10, C11, C12 =
ln (actual value) − ln (100)

ln (mean value) − ln (100)

(4)w
s

i
=

(

aik
j
, bik

j
, cik

j

)

.

(5)wj =

(

áj, b́j, ćj
)

.

(6)áj =
́minn

{

án
j

}

, b́j =
1

N

N
∑

n=1

b́n
j
, ćj = min

n

{

ćn
j

}
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where

As the normalized triangular fuzzy numbers belong to [0, 1], the weighted normal-
ized fuzzy decision matrix ˜ F is computed by multiplying the weights ( ˜ wj) of indica-
tors with the normalized fuzzy decision matrix ˜rig as:

were

The Fuzzy Ideal Solution Contribution to Economic Development (FISCED), thus 
the optimized contribution to ecosystem is defined as:

where u∗
j
= (d, d, d) ; such that d = maxi

{

d��
ij

}

.
The distance D+

I
 of each weighted perspective indicator i = 1, 2…… .m from the 

FISCED is defined as the index of each indicator contribution to ecosystem and is com-
puted as:

where i = 1, 2…m and Dij(ã, b̃), is the distance measurement between the two fuzzy 
numbers ã and b̃.

The indicator with highest closeness index value represents the perspective with the 
highest contribution to ecosystem and is closest to the FISCED. For each perspective, 
the total sub index defined as the sum of the D+

I
.

Finnaly the total aggregated index is defined as the geometric mean of each perspec-
tive index. The index defined as Development Infrastructure Management Index is the 
geometric mean of the FISCED indices and is defined as the nth root of the n perspec-
tives A1, A2, A3, A4 and is computed as:

(7)R = [rij]m×n

(8)rij =

(

aij

c∗
j

,
bij

c∗
j

,
cij

c∗
j

)

c∗
j
= max

i
cij

(9)rij =
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aij
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j

,
bij

c∗
j

,
cij

c∗
j

)

aj = min
i

aij

(10)F =
[

uIJ
]

mxn
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ij
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ij
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ij
)
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)

(12)D∗
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j
)

(13)DIMI = (
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i1i2 ……… in
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where n = number of enterprise perspectives contribution to ecosystem, A = enter-
prise perspective to ecosystem, i = D+

Ai
.

4  Numerical application

The proposed computational modelling developed, for the evaluation of a trans-
port enterprise performance towards economic development, is the main airport in 
Greece. The modeling framework will be applied for a five-year time frame.

4.1  Case study key features

Greece is classified as an advanced high-income economy (World Bank, 2021), 
being the 51st largest in the world and the 54th largest in the world by purchas-
ing power parity (World Bank, 2021), a founding member of the Organisation for 
Economic Co-operation and Development (OECD), and the 16th largest economy in 
the 27-member European Union in 2020 (Eurostat 2021). Greece’s primary indus-
try involves tourism and shipping. Agriculture also plays an important role for the 
country’s economy. After a depression period from 2011 to 2016, Greece started 
to recover in GDP terms in 2017 and showed signs of total recovery prospects until 
2023 (projections baseline, the year 2019) (IMF, 2020).

According to (Human Development Report, 2020), Greece’s HDI index ranking 
in comparison with other countries is in a high human development category, as 
for 2019 the index is 0.888. Its position was at 32 out of 189 countries. In addition, 
Greece’s HDI shows sign of increase, as in 2013 was 0.867, in 2017 was 0.87 and 
in 2019 0.88 (Human Development Report, 2020), From OECD, countries which 
are close to Greece in 2017 HDI rank and to some extent in population size are 
Belgium and Portugal, which have HDIs ranked 17 and 41, respectively. Between 
1990 and 2017, Greece’s HDI value increased from 0.753 to 0.870, an increase of 
15.5 percent. Between 1990 and 2017, Greece’s life expectancy at birth increased 
by 4.8 years, mean years of schooling increased by 2.9 years and expected years of 
schooling increased by 4.9 years. Greece’s GNI per capita increased by about 16.9 
percent between 1990 and 2017 (UNDP, 2021).

The numerical application in the main airport in Greece, Athens International 
Airport (AIA). AIA was established in 1996 as a public private partnership under 
concession agreement framework for the Design, Financing, Construction, Mainte-
nance, Operation, Management and Development of the airport. The airport enter-
prise is a privately managed company with the Greek State holding 55% of shares, 
while private shareholders collectively hold 45%.

AIAs as an enterprise, aims to create added value to all stakeholders, developing 
corporate strategy driven both from its aeronautical and non-aeronautical sectors. 
providing stakeholders an operating environment that meets increasing demands on 
service quality and safety.
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4.2  Application results

Applying the methodology framework, in order to transform indices C1-C16 
into a scale from 0 to 1, min max calibration was applied. The minimum and 
maximum values, for the min max calibration, set in order to transform the indi-
cators into indices between 0 and 1, based on data driven in the specific five 
time series. Having defined the minimum and maximum values, the sub-indi-
ces were calculated as analytically presented in Table 2. The 5- year time frame 
starts from 2013 until 2017.

Then the aggregated fuzzy ratings x ̅_ij of perspectives (i) with respect to each 
indicator (j) are computed. The next step is the weighted normalized fuzzy deci-
sion matrix that is computed by multiplying the weights ( ˜ wj) of indicators with 
the normalized fuzzy decision matrix. Based on the algorithm developed the fuzzy 
weighted normalized matrix for year t is presented in Table 3.

Finally, the FISCED for each perspective calculated giving the fuzzy ideal con-
tribution to ecosystem. The distance D_I^ + of each weighted perspective from the 
FISCED is defined as the index of each indicator and computed according to the 
algorithm developed. The indicator with highest closeness index value represents 
the perspective with the highest contribution to optimized contribution to ecosys-
tem and is closest to the FISCED. The distance from FISCED for in time series t 
depicted in Table 4.

Finnaly the total aggregated index is calculated as the geometric mean of each 
perspective index. The DIMI index is the geometric mean of the FISCED indices 
and is defined as the nth root of the n perspectives A1, A2, A3, A4 according to 
algorithm developed. The results highlight the development of the DIMI in the five 
years’ time frame in Fig. 2.

Table 2  Indicators calculations 
results for year in question t and 
adjustment values

A1 A2 A3 A4

C1 0.044 0.067 0.122 0.031
C2 0.042 0.080 0.080 0.024
C3 0.043 0.090 0.050 0.030
C4 0.047 0.022 0.022 0.008
C5 0.045 0.036 0.034 0.011
C6 0.079 0.090 0.135 0.071
C7 0.044 0.049 0.045 0.013
C8 0.044 0.053 0.048 0.014
C9 0.044 0.053 0.048 0.014
C10 0.045 0.044 0.041 0.012
C11 0.043 0.072 0.064 0.018
C12 0.043 0.072 0.048 0.017
C13 0.056 0.090 0.087 0.050
C14 0.044 0.054 0.049 0.014
C15 0.044 0.032 0.035 0.014
C16 0.070 0.090 0.091 0.018
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Based on the ranking proposed by the United Nations for the HDI values, we 
define that when DIMI value is less than 0.5 a low-level contribution towards eco-
nomic development is considered, when the DIMI value is between 0.5 and 0.8, then 

Table 3  Fuzzy weighted normalized matrix for year t in question

W1 W2 W3 W4

0.259 0.270 0.281 0.288 0.302 0.315 0.190 0.200 0.193 0.217 0.223 0.231
A1 A2 A3 A4

C1 0.050 0.061 0.079 0.239 0.347 0.517 0.190 0.261 0.154 0.030 0.038 0.065
C2 0.057 0.069 0.090 0.271 0.251 0.317 0.215 0.296 0.175 0.034 0.043 0.074
C3 0.051 0.062 0.081 0.244 0.225 0.285 0.194 0.266 0.157 0.031 0.039 0.066
C4 0.074 0.090 0.118 0.355 0.328 0.416 0.282 0.388 0.229 0.045 0.057 0.097
C5 0.071 0.086 0.113 0.341 0.316 0.399 0.271 0.373 0.220 0.043 0.054 0.093
C6 0.007 0.008 0.011 0.033 0.030 0.038 0.026 0.036 0.021 0.004 0.005 0.009
C7 0.069 0.083 0.109 0.329 0.304 0.385 0.261 0.359 0.212 0.042 0.052 0.089
C8 0.068 0.082 0.108 0.325 0.301 0.380 0.258 0.355 0.210 0.041 0.052 0.088
C9 0.068 0.082 0.108 0.325 0.301 0.380 0.258 0.355 0.210 0.041 0.052 0.089
C10 0.070 0.084 0.111 0.334 0.308 0.390 0.265 0.364 0.215 0.042 0.053 0.091
C11 0.064 0.077 0.102 0.306 0.283 0.358 0.243 0.334 0.197 0.039 0.049 0.083
C12 0.064 0.078 0.102 0.307 0.284 0.359 0.244 0.335 0.198 0.039 0.049 0.083
C13 0.030 0.036 0.047 0.142 0.131 0.166 0.113 0.155 0.091 0.018 0.023 0.039
C14 0.068 0.082 0.107 0.324 0.299 0.379 0.257 0.353 0.209 0.041 0.052 0.088
C15 0.068 0.082 0.107 0.324 0.299 0.379 0.257 0.353 0.209 0.041 0.052 0.088
C16 0.102 0.123 0.161 0.487 0.450 0.569 0.386 0.531 0.314 0.062 0.078 0.132

Table 4  Distance from FISCED 
for year t

A1 A2 A3 A4

C1 0.044 0.067 0.122 0.031
C2 0.042 0.080 0.080 0.024
C3 0.043 0.090 0.050 0.030
C4 0.047 0.022 0.022 0.008
C5 0.045 0.036 0.034 0.011
C6 0.079 0.090 0.135 0.071
C7 0.044 0.049 0.045 0.013
C8 0.044 0.053 0.048 0.014
C9 0.044 0.053 0.048 0.014
C10 0.045 0.044 0.041 0.012
C11 0.043 0.072 0.064 0.018
C12 0.043 0.072 0.048 0.017
C13 0.056 0.090 0.087 0.050
C14 0.044 0.054 0.049 0.014
C15 0.044 0.032 0.035 0.014
C16 0.070 0.090 0.091 0.018
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there is average development achievement towards economic development and at 
last, the enterprise DIMI value is greater than 0.8 corresponds to high contribution 
towards economic development. The case study results are at the greater level of 
contribution towards economic development with a growing trend in last five years.

The DIMI provides the full picture of transport enterprise contribution to eco-
system assessing regional economic development. Comparing the DIMI index 
with the HDI index, we investigate that the DIMI value stands remarkably close 
to the HDI and the perspective of Human development in many years stand 
exceeds it, shifting the focus of DIMI towards human development perspective. 
DIMI value is very close to HDI values at the amount of − 0.02 in t = 5, − 0.03 
in t = 4, − 0.09 in t = 3, equal in t = 2, and − 0.05 in 2013 and the human develop-
ment perspective is beyond the HDI at the amount of − 0.09 in t = 5, − 0.12 value 
in t = 4, − 0.05 in t = 3, − 0.06 in t = 2, − 0.09 in 2013 (Fig. 3).

This difference based on DIMI classification minus classification based on the 
HDI index shows the extent of transport enterprise towards human development. 
In case the difference of ranking the catchment area of the transport enterprise 
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based on HDI from the ESE-based ranking shows a positive value, this means 
that the ranking according to the DIMI is better than corresponding HDI ranking, 
if the difference is negative value, then the opposite conclusion is derived.

5  Discussion and conclusions

This form of DIMI was developed in order to give an integrated picture of the 
transport enterprise performance towards economic development, combining four 
components of human, development, transport infrastructure value, income gen-
erated and service quality. The implementation of the proposed methodology and 
the modelling in the case study transport enterprise in this paper enabled the eval-
uation of the proposed methodology and the reliability of the results.

Based on the modelling framework and the index development over time we 
have identified which direction and perspectives are most advantageous from the 
others and that perspectives A2, A3 thus the perspectives incorporated with eco-
nomic growth and economic performance, exceeding the DIMI over time.

Comparing the DIMI index with the HDI index, we investigate DIMI value 
stands remarkably close to the HDI and the perspective of Human development in 
many years stand exceeds it, shifting the focus of DIMI towards human develop-
ment. This difference - based on DIMI classification minus classification based 
on the HDI index shows the extent of transport enterprise towards human devel-
opment. The differentiation among the DIMI and HDI in terms of human devel-
opment, is a challenge for decision makers to make the right decisions to improve 
the value of the Index towards the value of the Human Development Index (HDI) 
at the catchment area and at the same time reduce it the differences observed 
between DIMI and HDI.

The application of the methodology provided an opportunity to evaluate the pro-
posed methodology of both its features in terms of completeness and usability as 
well as its and the reliability of its results. The use of the modelling that incorporates 
the proposed methodology is flexible, considering the specificities of the case study 
area as well as the characteristics of the transport enterprise. It provides an immedi-
ate and clear definition of all the parameters of the problem and an in-depth analysis 
of the interactions between the perspectives and the process of evaluating alternative 
development options and strategic proposals to promote effective and efficient trans-
port enterprise performance towards economic development by decision-makers.

The basic advantages of the method include the easy handle data mining, the sim-
ple structure of the model and the possibility of updating it with new elements and 
new potential factors that could affect the enterprise perspectives and indicators in 
the future and its alignment with the needs of the decision maker every single year.

Further research could include, following the application of the proposed 
methodology in the specific transport enterprise, it could be further deployed in 
other enterprises either on the same country or similar enterprises to examine the 
potential of other enterprises competition and to draw conclusions on the poten-
tialities and potential barriers for transport enterprises performance towards eco-
nomic development. In addition, the impact of global financial conditions would 
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be connected. As already analyzed above, the DIMI index evaluates the achieve-
ment of transport enterprise at a given time period.

The results of the computational modelling and modified fuzzy TOPSIS algorithm 
incorporated into the proposed methodology highlight that the transport enterprise 
responds to a high HDI values especially in the component of Human Development 
sub-Index. Based on the results, decision makers can focus and further improve this per-
formance towards economic development and enables decision makers to distinguish 
between the weaknesses and the potential of the enterprises, in order to set action pri-
orities in the management of an enterprise. The output of the paper based on the meth-
odology and the computational modelling developed, addressed the "gap" identified for 
a holistic modeling framework to support transport enterprise performance assessment 
towards economic development, supporting enterprise management at a holistic level 
through a flexible and coherent, modeling, integrating all aspects of the question.
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