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AbstrAct

Elective course selection has always been a serious and important decision making process 
for students in institutions.  the aim of this study is to determine weights of factors affect-
ing elective course selection from students' perspective. so as to solve the problem, Analyt-
ic Hierarchy Process (AHP) based model was used. Factors which affect the elective course 
selection from students' point of view include five main criteria and 13 sub-criteria which 
were indicated by students. An online questionnaire containing demographic questions, 
enabled each student to compare the relative priority of criteria with all of the other criteria. 
the responses were evaluated via super Decisions software, and priorities were determined 
using the Analytic Hierarchy Process (AHP). According to the analysis of 40 experts (i.e., 
graduate students studying in engineering programs), course schedule and teaching staff re-
lated factors are the two most important factors affecting the elective course selection. A re-
al-life situation which will help students who are indecisive and hesitates while selecting an 
elective course was observed. AHP contributes to develop an analytic and comprehensive 
framework decision making. the method should be considered by faculty member involved 
in decisions about curriculum update and offering new courses.
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Article

Factors Affecting Selection of elective courses: 
the Use of Multi-criteria Decision Making Model 

Gulsah Hancerliogullari Koksalmis
Istanbul technical University,  Istanbul,34467, turkey

1. introduction

Decision making is the process of selecting one or 
more options based on at least one target direc-
tion and accordingly at least one criterion among 

the available options. the decision-making process main-
ly involves decision makers, decision-making alternatives, 
criteria, environmental factors, and decision results in the 
direction of the decision-maker's priorities. the process 
ends with the decision maker sorting the alternatives and 

choosing one among them. In order to make the right 
decision in this decision process, very specific decision 
making methods come to the forefront [1]. 

Multi-criteria decision-making is the whole set of prac-
tices that help people make the right decision under mul-
tiple criteria that conflict with one another in the direction 
of their preferences. It can be said that multi-criteria deci-
sion making is a process in which a complex problem can 
be analyzed in detail and then broken down into smaller, 
comprehensible parts [2]. 
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In almost all universities, students have to choose 
courses from among many elective courses in the teaching 
process. Decision making within this course selection pro-
cess is not easy since it is not possible to select the most 
appropriate choice among the many different courses in 
the decision making process. the aim of the study was to 
select the most appropriate courses by means of multi-cri-
teria decision making methods in accordance with the cri-
teria determined by the graduate students.

selection of an elective course is a multi-criteria deci-
sion making (McDM) problem, constitutes an advanced 
field of operations research, since it involves many con-
flicting multiple criteria, goals or objectives. A variety 
of decision making approaches and tools are available to 
support education decision making. the intent of McDM 
methods is to improve the quality of decisions about elec-
tive course selection involving multiple criteria by mak-
ing choices more explicit, efficient and rational. MCDM 
Methods have six basic functions:

• structuring the decision process,
• displaying trade-off among criteria,
• helping decision makers reflect upon, articulate,  

 and applying value judgments concerning accept 
 able trade-offs, resulting in recommendations  
 concerning alternatives,

• helping people make more consistent and ratio 
 nal evaluation of risk and uncertainty,

• facilitating negotiation,
• documenting how decisions are made.
the Analytic Hierarchy Process is one of the most 

widely used McDM tools in the last 30 years; it has been 
used in almost all the applications related with decision 
making [3-8]. this approach enables the decision maker to 
construct problems in the system of a hierarchy: the objec-
tive, the criteria, and the alternatives. The main benefit of 
the AHP is its use of pairwise comparisons to measure the 
impact of items on one level of the hierarchy on the next 
higher level. Its flexibility, ease of use and wide applica-
bility attract decision-makers and researchers in different 
fields including health care, education, management, 
manufacturing, political, and finance. There have been nu-
merous research published based on AHP which include 
applications of AHP in various areas such as selection, 
evaluation, resource allocation, decision making, etc. A 
bibliographic review of the McDM tools is provided [9].

In this study, a multi-criteria decision making method-
ology is proposed to determine weights of factors affect-
ing elective course selection from students' perspective. In 
the proposed methodology, graduate students' opinions on 
the relative importance of the selection criteria are deter-
mined by the AHP procedure. Although there have been 

several applications of AHP method in education, to the 
best of knowledge, this is the first study where a multi-cri-
teria decision making tool, is used to examine the deter-
minants affecting the selection of elective course selection 
from the perspective of students. 

2. Methodology

2.1 identifying Main criteria and Sub-criteria
the problem to be implemented is the selection of elec-
tive courses belonging to the engineering department. the 
research focuses on the criteria that students have taken 
into consideration in the assessment process during the 
pre-course selection phase. Evaluation criteria for elective 
course selection were identified and grouped into five 
main categories: course schedule, teaching staff, course 
content, course requirements, friend-environment factor. 
In this paper the main and sub-criteria in table 1 are ob-
tained by taking into account the students' experience and 
opinions.
table 3. Main criteria and sub-criteria taken into account 

to select the best elective course

Main criteria sub-criteria
c1: course schedule c11: course hours

c12: schedule in curriculum

c2: teaching staff c21: relationship with course in-
structor
c22: Lecture teaching style

c3: course content c31: Practicality of the course in real 
life
c32: Interest in course content

c4: course requirements c41: Obligation to attend the course

c42: Project-homework assignment

c43:  Midterm exam-Final  ex-
am-Homework points % distribution

c5: Friend-Environment 
Factor

c51: comments of the students pre-
viously taken the course
c52: Passing grade in past semester
c53: Number of people to choose course
c54: Friend factor

2.2 Multi-criteria Decision Making 
Decision-making is the process of choosing among the 
available alternatives. this phenomenon, which emerges 
from the moment when man is born, continues throughout 
all life in a wide variety of forms and environments [1]. 

the decision-making process is the implementation of 
the methods used to achieve the decision and the way it 
is applied. A successful decision-making process should 
meet the following six criteria:
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• Focus on what is important,
• Logical and consistent,
• Using objective and subjective factors and bring 

 ing together analytical and intuitive thinking,
• Need information and analysis as needed for  

 solution,
• Encourage and guide relevant information and  

 thinking,
• Accurate, reliable, easy to use and flexible [10].
Decision makers live in every environment where 

chained decision making occurs. the factors that make up 
the ring that makes up this decision-making chain are:

• Experts
• Resolution environment (constraints)
• Objectives (criteria, targets)
• Alternatives
• Resources [1]. 
In the decision-making process, strategies are devel-

oped to find a number of solutions with existing problems. 
Different types of decision criteria can be applied while 
selecting the most appropriate strategy. these criteria are:

• Decision making under certainty,
• Decision making under risk,
• Decision making under uncertainty [11].
The Multi-Criteria Decision Making defines the deci-

sion-making process that will lead to a probing solution 
when multiple and often inconsistent criteria exist. In dai-
ly life, a very wide area is encountered with the problems 
of McDM. Under the many criteria, the McDM is able 
to reach the optimal solution from various alternatives. 
It is able to make the right decision even in any complex 
problem. For this reason, many areas include methods that 
provide application possibilities [12]. 

2.3 Analytic Hierarchy Process
the Analytic Hierarchy Process is a multi-criteria deci-
sion-making technique as described by thomas L. saaty 
[3]. the AHP is considered for decisions that necessitate 
incorporation of quantitative data with less tangible, qual-
itative considerations such as values and preferences. the 
AHP method is an effective and easy-to-understand that 
allows individuals and groups to process all the quantita-
tive and qualitative factors together in the decision-mak-
ing process. The AHP identifies the set of criteria that can 
be influenced by multi-criteria decisions in real life, and 
the significance of these criteria to be given to the experts. 
the AHP approach has a wide range of applications. the 
difference between AHP and other decision-making meth-
ods is that the decision-maker's own ideas can be evalu-
ated directly in the process [13]. the technique, is an Eigen 
value approach to the pair-wise comparisons, has been 

applied to many areas including education and medical 
decision making.  An AHP method involves the following 
key and basic steps:

• state the problem,
• identify goal of the problem,
• identify the criteria, sub-criteria and alternatives  

 under consideration, 
• construct the problem in a hierarchy of different  

 levels-goal, criteria, sub-criteria and alternatives,
• conduct a series of comparisons among each ele 

 ment in the corresponding level and calibrate  
 them on the numerical scale,

• calculate the maximum Eigen value, consistency  
 ratio (cr), and normalized values for each crite 
 ria/alternative

• determine the relative ranking or the best alterna 
 tive.

the selection hierarchy for the best elective course se-
lection is illustrated in Figure 1.

Figure 1. A hierarchy for selection of the most appropri-
ate elective course

3. Data collection 
this study is a descriptive cross-sectional study for the 
purpose of assessing and identifying the importance of 
aforementioned criteria affecting elective course selection 
from students' perspective. A questionnaire, containing 
demographic questions, enables each student to compare 
the relative priority of criteria with all of the other criteria 
within the same category. before conducting the survey, a 
pilot test was conducted with few students in the univer-
sity. based on the input received, the questionnaire was 
modified. The resulting questionnaire was e-mailed to the 
respondents. Hence, the questionnaires were applied to all 
40 students individually. students with the following de-
mographic characteristics of experts are provided in table 
2. the average age of the students is 24.8 of which 52.7 % 
are male, 47.3 % are female. 
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table 2. Demographic characteristics of the students 

Gender (%)
Female: 47.3 Male:52.7
Age (year)
Max: 26 Min: 22 Avg: 24.8

In order to detect the relevant criteria, saaty's pairwise 
comparison was applied. For each pair of criteria, the stu-
dents were asked the following question: "in the selection 
of an elective course, considering merely "course sched-
ule", how important is each element on the left compared 
with each element on the right?" the respondents were 
asked to rate each factor using the nine-point scale shown 
in table 3. 

table 3. saaty's nine-point scale

Intensity of importance Definition

1 Equal Importance

3 Moderate Importance

5 strong Importance

7 Very strong Importance

9 Extreme Importance

2,4,6,8 For compromises between above

the personal judgments of each decision maker were 
converted to joint group decision by means of geometric 
mean and their weights were calculated in super Decision 
software, and the consistency ratios of the paired compar-
isons were analyzed. An example of survey questionnaire 
is provided in Figure 2.

In the selection of an elective course, considering 
merely "course schedule", how important is each element 
on the left compared with each element on the right?

1 = Equal 3 = Moderate 5 = strong 7 = Very strong 9 = 
Extreme 

course 
hours

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
schedule in 
curriculum

Figure 2. An example of survey questionnaire

4. results
In order to determine the relative importance of various 
criteria affecting elective course selection from students' 
perspective in the analytic hierarchy, the data gained from 
the sample was analyzed using AHP method. the respons-
es concerning the ranking of the criteria were computed 
using the software, and the consistency ratios of the paired 
comparisons were analyzed. the primary step was to as-
sess the relative priorities of the main criteria at level 1; 
the priority weights of the main criteria influencing the se-
lection of elective course are provided in table 4. the re-

sults indicate a good consistency with a cr of 0.1, which 
represents more than 90% confidence level. 

table 4. Priority of criteria at level 1 of AHP

criteria Priority weight

course schedule 0.28

teaching staff 0.20

course content 0.20

course requirements 0.14

Friend-Environment Factor 0.18

consistency ratio (cr): 0.02 (values at 0.1 or below represent 
90% or higher confidence level)

Among five main criteria, "course schedule" is the most 
important criteria with the highest weight and "course 
requirement" is the least important with the lowest weight 
value. All responders achieved the threshold for coherence 
(CR≤0.1). According to the students, "teaching staff" and 
"course content" are indiffferent. 

Next, the relative priorities of the sub-criteria at level 
2 were assessed, and the results are available in table 5. 
the crs for different comparisons range from 0.01 and 
0.02, implying well over 90% confidence levels. Good 
consistency ratios imply that the responses expressed by 
students are not arbitrary, and well thought responses. cr 
is "not applicable" if only two criteria are being compared 
as transitivity would not be an issue [14]. 

According to table 5, "course schedule" includes two 
sub-criteria where "course hours" is the most influential 
sub-criteria with the priority weight of 0.68, and "sched-
ule in  curriculum" is the least important one with the 
weight of 0.32. "teaching staff" includes two sub-criteria;  
"relationship with course instructor" and "lecture teaching 
style" have the same importance with the priority weight 
of 0.5.. "course content" has two sub-criteria, "Practical-
ity of the course in real life" has the higher priority with 
the weight of 0.65 than "interest in course content" with 
the weight 0.35. "course requirements" includes three 
sub-criteria, "obligation to attend the course" has more 
priority than "project-homework assignment" and "mid-
term exam-final exam-homework points % distribution". 
Finally, "friend-environment factor" includes four sub-cri-
teria that "comments of the students previously taken the 
course" is the most influential with the priority weight of 
0.34.

the global priority of each sub-criterion, which enables 
comparison of relative importance of different sub-crite-
ria across criteria, was also calculated by multiplying the 
priority weight of the sub-criterion with its higher level 
criterion in the hierarchical path. the global priorities for 
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the sub-criteria at level 2 are provided in table 6 after res- caling the fractional weights by multiplying with 100 [15].
table 5. Priority of sub-criteria at level 2 AHP

criteria Priority weight Global priority cr

sub-criteria for course schedule

course hours 0.68 0.19 Not applicable

schedule in curriculum 0.32 0.09

sub-criteria for teaching staff 

relationship with course instructor 0.5 0.10 Not applicable

Lecture teaching style 0.5 0.10

sub-criteria for course content

Practicality of the course in real life 0.65 0.13 Not applicable

Interest in course content 0.35 0.07

sub-criteria for course requirements

Obligation to attend the course 0.42 0.06 0.01

Project-homework assignment 0.29 0.04

Midterm exam-Final exam-Homework points % distribution 0.29 0.04

sub-criteria for Friend-Environment Factor

comments of the students previously taken the course 0.34 0.06 0.02

Passing grade in past semester 0.22 0.04

Number of people to choose course Friend factor
0.22
0.22

0.04
0.04

cr values at 0.1 or below represent 90% or higher confidence level)

table 6. Global priority weights for level 2 sub-criteria (scaled to 100)

No criteria Global priority level 2

1 course hours [course schedule] 18.69

2 Practicality of the course in real life [course content] 13.21

3 relationship with course instructor [teaching staff] 10.21

4 Lecture teaching style [teaching staff] 10.21

5 schedule in curriculum [course schedule] 9.34

6 Interest in course content [course content] 6.60

7 Obligation to attend the course [course requirements] 6.42
8 comments of the students previously taken the course 

[friend-environment factor]
6.16

9 Midterm exam-Final exam-Homework points % distribution 
[course requirements]

4.45

10 Friend factor [friend-environment factor] 4.38

11 Passing grade in past semester [friend-environment factor] 3.62

12 Number of people to choose course [friend-environment factor] 3.62

13 Project-homework assignment [course requirements] 3.09

The higher-level criteria are specified in square brackets for easy reference
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5. Discussion 
this study aims to prove a mathematical method for a 
real-life situation which can help people make their de-
cisions accurately. the situation of selecting an elective 
course is a problem for the students as they want to select 
the best option for them. there is a need to develop fea-
sible decision-support tools that can provide feedback to 
facilitate this decision-making process. this study can 
be a baseline for a decision-support system for students 
assisting in making multi-criteria decisions. It will help 
students who are indecisive and hesitates while selecting 
an elective course. 

With this study, the students can compare their options 
in a fairly simple way and find an optimum result. Other 
than the criteria aspect, it is shown that AHP method is 
an appropriate method for this kind of problems. the re-
sults propose the importance of issues in elective course 
selection from the perspective of graduate students. the 
priority weights stated in this paper may be useful in the 
elective course selection process for classifying various 
potential course by taking a weighted average of the cal-
culated scores on different criteria. 

students give the highest priority to course schedule 
in selecting an elective course with a weight of 0.28 as 
provided in table 4. Faculty members pay attention to the 
quality of the courses which are important for qualified 
curriculum and students' satisfaction. therefore, they 
prefer to offer the best elective course available subject to 
their availability. Our results show that the students search 
for the appropriateness through course schedule. In order 
to be successful in a graduate program, students have 
to take several courses during the semester. since their 
weekly programs become quite busy, finding out a course 
that is in the curriculum and fits their schedule is very 
crucial. the next criterion in importance is teaching staff 
with a weight of 0.20. In addition to course schedule, it is 
revealing that the students pay attention to the relationship 
with course instructor and lecture teaching style through 
teaching staff. students tend to take the courses offered by 
the instructors whom they have known from other courses, 
or have an easier connection with compared to the other 
instructors. Moreover, instructors not boring during teach-
ing and utilizing proactive teaching tools are preffered by 
the students. similar to the teaching staff, students give 
priority to course content with a weight of 0.20. students 
always tend to ask for the applicability of a  course in 
practice.  therefore, they prefer to the take the courses 
that they are interested in and they observe the practical-
ity in real life. Friend-environment factor is the fourth 
important criteria with weight of 0.18. In every course 
registration period, if the course was previously offered,  

students get the opinion of their friends on this specific 
course who have taken the course earlier.  If the number 
of students who are taking a course is high, the course is 
considered as "popular" or "easy", which motivates them 
to add it to their program. In addition to that, students 
tend to take the courses whose average passing grade are 
higher. Finally, course requirements received the lowest 
priority from the graduate students with a weight of 0.14. 
since in majority of the courses the course requirements 
are similar, for instance, expectations from the course, 
attendance requirements and grade distributions for mid-
term, final, homework, project, course requirements are 
considered to be the least important factor while selecting 
an elective course. Discussion of the AHP results with the 
students verifies that their views are the same: first course 
schedule, followed by teaching staff and course cantent, 
friend-environment factor and course requirements. 

6. conclusion
selection of an elective course plays an important role 
in course registration, is a multifaceted problem due to 
number of stakeholders, criteria and alternatives. this 
study identifies a set of criteria for elective course selec-
tion based on input from graduate students, and provides 
useful insights into students' preferences. A set of criteria 
are identified based on the inputs from students, and orga-
nized into a rational hierarchical framework consisting of 
the five main criteria and thirtheen sub-criteria. In order to 
classify the relative importance of various criteria in the 
hierarchy, surveys were conducted in order to get respons-
es from experts for the AHP method. results show that 
students give the highest priority to the course schedule 
related factors such as course hours and schedule in cur-
riculum. teaching staff and course content related factors 
such as practicality of the course in real life, relationship 
with course instructor, Lecture teaching style are con-
sidered important discriminators by students in elective 
course selection, next to the course schedule. On the other 
hand, students are less concerned with course require-
ment related factors. Moreover, good crs indicate that 
the responses are not random, and they are well thought. 
Given the multiple, competing criteria for the selection of 
an elective course, the results of this study can be useful 
for decision-makers in ranking and selection of elective 
course. 

this study has limitations. Our sample was limited to 
graduate students in turkey. Future research in a more 
culturally diverse geographical region could be completed 
and compared with the results of this paper since prefer-
ences may differ by country. Furthermore, for further re-
search, the other multi-criteria decision making approach-
es such as tOPsIs, PrOMEtHEE II and VIKOr can be 
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used and compared with the results of this paper.
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AbstrAct

Most of the developing and developed countries try to make peace and promote it but still 
it is seen that large portion of the overall global GDP is spent on the defense sector. this 
study surveys defense-growth nexus by incorporating openness to trade, external debt, 
gross capital formation and labor force in production function. the study uses annual 
time series data over the period 1972-2016. For estimation purposes, the study employed 
ADF unit root test and P-P unit root test for testing stationarity properties, ArDL bound 
test to cointegration used for testing long run relationship. the empirical evidence of the 
study reveals that Economic growth is positively affected by spending on defense sector, 
capital investments, labor force, and openness to trade in long run while external debt has 
a negative effect on economic growth. Apart from this, empirical evidence also suggests 
that in short run; there is positive imperative role of capital investment, defense spending, 
and openness to trade in growth process, while external debt retards the pace of economic 
growth. Results of the study indicates that defense spending could be used as a fiscal tool 
for achieving sustainable growth, government should invest high r&D in defense.
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1. introduction

the impact of defense spending on economic devel-
opment differs from one country to another. It is 
a common phenomenon that a significant amount 

of GDP is spent on the defense sector worldwide because 
advance technology in defense of country played a signifi-
cant in national development[1]. Whether it is developed or 
developing country, defense sector spending is on the rise 
since last few decades. Due to this high portion of budget 
spending on defense sector, the growth of the economy is 

affected and it results in crowding out of the country's cap-
ital. As per benoit[2] economic growth depends on the por-
tion of budget the countries spend on defense, the heavy 
spending on defense may have some kind of impacts on 
the overall economy of any country. Due to peaceful en-
vironment of any country, it attracts foreigner to invest in 
any country. It may be one of the reasons for investment 
opportunities. The defense-growth nexus was first studied 
by benoit (1973)[2] who focused on this specific issue and 
establish that spending on defense is helpful to economic 
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development. Later, several other researchers examined 
the relationship among defense sector expenditure and 
economic growth[3]. they argue that defense spending is 
conducive to economic growth by positive spillover ef-
fects of spending on defense as mentioned by Feridun et 
al., (2011)[4]. there are some other studies too which sup-
port this phenomenon, but some studies proved that this 
help in economics growth in developed countries while it 
retards the economic growth in the developing countries. 
On the other hand, some argues that high defense spend-
ing crowd-out investment from development to non-de-
velopmental purpose thus impede economic growth[5]. 
From theoretical point of view, there are two approaches 
through which defense spending effects economic growth 
i.e. Keynesian, and Neoclassical. From Keynesian point 
of view, an increase in defense spending effects growth 
process positively through the enhancement of aggregate 
demand, employment creation, provision of peaceful 
environment for investments and so forth. Apart from 
this, positive spill-over effects of defense spending affect 
economic growth positively through engaging resources 
in r&D, human capital development, education, techno-
logical advancement and so forth[6,7&8]. On the other hand, 
neoclassical economists argue that defense spending neg-
atively affect the economic growth. Increasing in defense 
sector spending diverts resources from developmental to 
non-developmental purposes. this appears to crowd-out 
both private and public-sector investments which decrease 
economic growth[9,10]. Defense spending in developing 
countries is unfriendly as compare to the developed 
countries[11,12]. Defense spending in developing countries 
hinders the growth process and has adverse effect on the 
growth. the main reason of this adverse effect is that 
defense spending diverts the developing country resourc-
es from development to non-development sector. these 
developing countries try to fulfill defense sector needs 
by importing defense related products from more devel-
oped countries. the developing country can utilize these 
resources on technological progress, development in in-
frastructure and can also reduce the heavy taxes imposed 
on poor people. After the 80's the world observed incred-
ible increase in terrorism and its negative impact on the 
overall economy of the countries in some countries. so, 
to eradicate this problem, proper policies were required to 
strengthen the overall security system and to eradicate the 
terrorism. For this, increase in defense spending was man-
datory in most of the countries who were suffering from 
terrorism; Pakistan was also part of it. Defense spending 
can also promote the economic growth of a country if 
defense products are exported to other countries. coun-
tries like Us earn handsome earning by exporting the 

defense spending to other countries as it is the highest 
supplier of defense products. Its products for defense are 
too expensive and for developing and poor countries it is 
almost impossible to purchase the defense products. For 
those developing countries there are opportunities to in-
vest in defense sector research and development (r&D) 
so they can produce their own low-cost defense products. 
In his research work, benoit (1973) defense spending by 
any country results in stimulating the economic growth 
through positive spillover effects. spending in defense 
sector lowers the cost of resources, increase the profits, 
decrease unemployment, increase in the overall demand. 
It can be said that defense sector encourages the economic 
growth of country through increasing employment, aggre-
gate demand and production[13]. Geographically, Pakistan 
lies in a prime strategic position, but over the years it has 
lost too much due to its location, rather than cultivating 
any benefits. the geopolitical hostilities, strategic and 
political positioning is making Pakistan to spend more 
on its defense sector since independence. the armed 
confrontation and the political rivalry between Pakistan 
and India are one of the main factors of increase in the 
military sector spending. Pakistan is a country which 
faced more terrorism, to curb this menace of terrorism the 
government has to have increase defense spending and it 
was inevitable.  to curb these hostilities and terror attacks 
it is mandatory for governments to spend on defense sec-
tor. Defense spending might affect economic growth both 
positively or negatively[14]. As a direct effect it can spin-
off the investment from defense spending to other sectors 
of the country. While as an indirect effect it might reduce 
the overall economic growth simply by reducing the sav-
ing ratio, lack of social expenditure, lack of public expen-
diture on health, education and sometimes severe balance 
of payment deficit of the country. Hence, defense spend-
ing and economic growth has both negative and positive 
impacts on the overall economy in the countries. Foreign 
and domestic investment, peaceful environment for pro-
duction activities contributes towards the positive impact 
of defense sector spending on economic development. 
Economic growth further contributes to technical skills, 
advancement in research activities, infrastructure develop-
ment and educational training for constant development of 
economic growth[15,16]. While on the contrary, a negative 
impression of defense sector expenditure on economic 
growth might be observed. Defense expenditure might 
distort the allocation of resources by crowding-out the 
private investment. It can also negatively affect the eco-
nomic growth by diverting the resources from productive 
projects to unproductive projects[17,18]. the main objectives 
of the study are (i) to investigate the relationship between 
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defense spending and economic growth (ii) to investigate 
the causality among economic growth and other indepen-
dent variables like capital, labor, defense spending, trade 
openness and external debt and to suggest some policy 
implication.

2. theoretical Framework
the debate regarding the theory of defense expenditure 
mainly consists of two schools of thoughts. the one 
backing Keynesian, while the other against it. the group 
backing Keynesian school of thought put forward that in 
Keynes Military Hypothesis, military sector expenditure 
aids the overall economy of the country which encourages 
and lifts the overall economic development by multiply-
ing its effect[19,20,21,22]. these theories support that defense 
sector expenditure encourages the economic growth over 
various routes. Defense sector spending assures a peaceful 
atmosphere which boosts the local as well as the foreign 
investors. these local and private investments increase 
the exports of country; create employment opportunities 
and aggregate demand. All the firms within the country 
will adopt modern techniques and technologies of produc-
tion[23]. In further studies, the authors argue that defense 
sector spending contributes in enhancing the overall 
growth through improving educational training, provision 
of employment opportunities, infrastructure and engag-
ing country resources in high development and research 
events. similarly, manufacture of highly inventive mili-
tary sector products can play important part in accelerat-
ing the economic development and are positive spillover 
impacts of defense sector spending[24,25,26]. these authors 
say that defense sector spending is harmful for economic 
growth and it hinders the overall growth of country be-
cause of countless reasons. Defense spending hampers the 
growth process of the country by crowding out the useful 
resources from creative to non-creative activities. Military 
sector expenditure damages the government expenditure 
for progressive purposes like roads, dams, railways tracks, 
electricity and many other infrastructure developments 
which are essential for maintenance of economic develop-
ment[27,28,29]. For developing countries that rely on deficit 
budgeting by borrowing money to meet their defense 
spending are prone to distort the credit market. this dis-
tortion result in further enhancement of expenses on de-
fense, as the interest rates would soar. Following it would 
impede the private investments that would hamper the 
economic progress[30]. Hence, defense spending vis-a-vis 
crowding out and distortion effect would lead to deviation 
of resources from civil to defense purposes, and would re-
tard the economic growth, technological advancement and 
long-term productivity.

3. Methodology
For testing stationarity properties, ADF unit root test 
and P-P unit root test has been employed. In order to test 
cointegration relationship among the variables, ArDL 
bound testing approach has been used. the data on vari-
ables GDP per capita, capital, labor force, defense spend-
ing as share of GDP, trade openness (exports + imports) 
as share of GDP and external debt is obtained from World 
bank (Wb), sIPrI and various Economic surveys of Pa-
kistan of period 1972-2016.

3.1 econometric Model:
Feder (1983)[31] established the empirical model to exam-
ine the effect of military sector expenditure on economic 
development. the empirical modeling for probing the 
association among defense expenditure and economic 
development was established by Feder (1983). Following 
the lead of biswas and ram (1986)[32], who first adopt-
ed Feder (1983)'s model of export-growth nexus in less 
developed countries for testing the connection among 
expenditure and economic development, numerous em-
pirical assistances to the guns-and-butter debate have 
employed alternatives of the same approach. Deger and 
sen (1995)[33] characterize the Feder model as "a splendid 
empirical workhorse to investigate the impact of military 
expenditure as an explanatory variable in a single-equa-
tion growth regression analysis, which is grounded in 
the neoclassical theory of growth" (Mintz and stevenson 
1995), or at least "fairly well grounded in the neoclassical 
production function framework"[34]. the popularity of the 
approach lies in the arrival of a direct connection from 
theoretical model to econometric requirement. Alexander 
(1990)[35] also employed Feder model and later on, Feder 
model was used by Yildrim et al. (2005)[13] to test the im-
pact of military expenditure on economic development in 
case of 58 developing countries. recently, by employing 
Feder (1983)[31] model, Kumar and shahbaz (2012)[36] ex-
amined military-economic growth nexus. this study also 
uses Feder (1983) defense expenditure model to explore 
the nexus between economic development and military 
expenditure by including capital, labor force, trade open-
ness and external debt for Pakistan.

Given for the economy of two sectors with a defense M 
production function as:

M= m (Lm, Km) (i)
And a civilian G productions function:
G= G (LG, KG, M) (ii)
In addition, the inputs Lm, LG, Km, KG are labor and 

capital share for the military and civil sector respectively. 
Following Wilkins, we include M in equation (ii) to allow 
an externality effect from the defense sector to civilian 
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sectors. Aggregate labor (L), capital (K) and national 
income (Q) are given in equation (iii), (iv) and (v) respec-
tively.

L = Lm + LG (iii)
K = Km + KG (iv)
Q = M + G (v)
considering the above relationships, and taking the 

total difference of equation (v) and then dividing by Q we 
obtain equation (vi):

𝛛𝛛𝛛𝛛
𝛛𝛛 =

𝛛𝛛𝛛𝛛 𝐝𝐝𝐝𝐝
𝛛𝛛𝐝𝐝 𝛛𝛛 +

𝛛𝛛𝛛𝛛 𝐝𝐝𝐝𝐝
𝛛𝛛𝐝𝐝 𝛛𝛛 +

𝛛𝛛𝛛𝛛 𝐝𝐝𝐝𝐝
𝛛𝛛𝐝𝐝 𝛛𝛛   (vi)

Then multiply the first term of RHs of(vi) by L/L and then 
third term by M/m.

 (vii)

the above equation (vii) is the simplest form of the 
Feder ram model and it shows that how economic growth 
depends on capital and labor growth.

3.2 research Design 
this study examines the impact of defense spending 
on economic development for both long run as well as 
short run by using Keynesian model by including trade 
openness and external debt in production function for the 
Pakistani economy. the study changed the series into nat-
ural logarithm due to inefficient and unreliable estimates 
by simple linear series[37]. According to sezgin (2001)[16] 
better and unbiased empirical results are provided by log 
linear specification. Following is the empirical equation 
for the function of production:
lnGt= β0 + β1lnKt + β2lnLt + β3lnDst + β4lnTRt + β5l-
nEXDt + μt
Where, lnGt is natural log of GDP per capita proxy for 
economic development, lnKt is natural log of capital, 
lnLt is natural log of labor force, lnDst is natural log of 
defense spending as share of GDP, lnTRt is natural log 
of trade openness, which include imports and exports as 
share of GDP and lnEXDt is natural log of external debt. 
In this research study GDP is used as dependent variable. 
While on the other side capital, labor, defense spending, 
trade openness and external debt are incorporated as some 
independent variables. the purpose to choose GDP as our 
dependent variable is to understand the effect of the said 
independent variables on the dependent variable and to 
see that how these variables are affecting the overall GDP 
of Pakistan.

4. estimation and Analysis of results
Descriptive statistics is illustrated in following table 1. 
the descriptive statistics shows that mean and standard 

deviation of ln(G) is 10.54 and 0.27 respectively, whereas 
the minimum and maximum value of ln(G) is 10.04 and 
10.98 respectively. the mean and standard deviation of 
ln(K) is 2.85 and 0.11 while max and min values are 3.03 
and 2.55 respectively. the mean and std. deviation of 
ln(Ds) is 1.63 and 0.26 respectively. While the minimum 
and maximum value of ln(Ds) are 1.18 and 1.98 respec-
tively. the mean of ln(tr) and ln(L) is 3.49 and 17.78 
and their standard deviation is 0.11 and 0.37 respectively. 
Whereas, the minimum value of ln(tr) and ln(L) is 2.99 
and 16.75. similarly, the maximum value of ln(tr) and 
ln(L) is 3.66 and 18.01 respectively. the mean of ln(EXD) 
is 23.78. Its standard deviation is 0.792. While, minimum 
and maximum value of ln(EXD) is 22.12 and 24.90 re-
spectively. table results show that economic growth, capi-
tal, defense spending, trade openness and external debt are 
left skewed while labor force is skewed right. From the 
kurtosis data, the variable ln(Ds) show that it has the low-
est kurtosis while the highest kurtosis value is of variable 
ln(tr). While all the other variables have positive kurto-
sis, which means that the distribution has "fat tail ˝ right. 
All the series in Jarque-bera are normally distributed.

table 1. Descriptive statistics

Ln(G) Ln(K) Ln(Ds) Ln(tr) Ln(L) Ln(EXD)

Mean 10.54 2.85 1.63 3.49 17.78 23.78

Median 10.59 2.88 1.70 3.50 17.35 23.98

Maximum 10.98 3.03 1.98 3.66 18.01 24.90

Minimum 10.04 2.55 1.18 2.99 16.75 22.12

std. Dev. o.27 0.11 0.26 0.11 0.37 0.79

skewness -0.22 -0.91 -0.41 -1.8 0.06 -0.43

Kurtosis 1.95 2.1 1.75 9.26 1.82 2.16

Jarque bera 2.36 6.15 4.08 98.35 2.54
2.64

Probability 0.30 0.04 0.12 0.00 0.28 0.26

It is mandatory to examine the properties of variables 
that are stationary so that no false regression is observed. 
After that, long run relationship will be examined among 
the variables. P-P unit root test and ADF unit root test used 
to check the stationary of variables. In table 2 and table 3, 
the properties of time series of the variables Log of GDP, 
log of capital, log of labor force, log of defense spending, 
log of trade openness, and log of external debt are given. 
The results of (ADF) and (PP) unit root test confirms that 
variables capital, economic growth, labor force, trade 
openness, defense spending and external debt are non-sta-
tionary at levels while all these variables are stationary at 
the first difference. On the other hand, the only variable 
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which is stationary at level is trade openness. From the 
results it can be conclude that all the variables are mixed 
integrated i.e. I(0) and I(1). so, we can say that the series 
of these variables may also be co-integrated.

table 2. Augmented dickey fuller unit root tests

Variables
Only Intercept Intercept and trend

Outcome
Level 1st Diff Level 1st Diff

LnG -0.90 -5.26*** -1.67 -5.19*** I(1)

LnK -2.17 -6.27*** -2.40 -6.68*** I(1)

LnL -0.50 -4.48*** -1.99 -4.45*** I(1)

LnDs -0.31 -7.93*** -1.86 -7.82*** I(1)
Lntr -5.47*** --- -5.07*** --- I(0)

LnEXD -1.69 -4.50*** -2.79 -4.91*** I(1)
*, ** and***shows the rejection of Null hypothesis at 10%, 5% 

and 1% level of significance respectively. Critical values are 
MacKinnon (1996) one sided p-values.

table 3. Philips-Peron unit root test

Variables Only Intercept Intercept and trends OutcomesLevel 1st Diff Level 1st Diff
LnG -0.84 -5.27*** -1.90 -5.19*** I(I)
LnK -2.23 -6.27*** -2.30 -6.67*** I(I)
InL -2.23 -6.27*** -2.30 -6.67*** I(I)

LnDs -0.44 -7.65*** -1.98 -7.58*** I(I)
Intr -5.72*** --- -5.38*** --- I(o)

InEXD -2.84 -3.59*** -2.42 -3.57*** I(I)
***, ** and * indicates the rejection of Null hypothesis at 1%, 
5% and 10% level of significance respectively. Critical values 

are MacKinnon (1996) one sided p-values.
From the above table the empirical results of these tests 

indicate that all the variables are combined with mixed or-
der of integration. For such case, the ArDL test is used in 
order to check the association among all variables. How-
ever, before apply the ArDL bound testing approach; lag 
length should be appropriately selected.

table 4. bound testing to cointegration
F-Bounds Test Null Hypothesis: No levels Relationships
test statistic Value signif. I(o) I(1)

F-statistic 6.408418 10% 2.08 3
k 5 5% 2.39 3.38

2.5% 2.7 3.73
1% 3.06 4.15

the F-statistics of cointegration are given in table 4. 
the empirical results in the table suggests that calculat-
ed F-statistics is F=6.408 which is more than the upper 
critical bound value i.e. 3.38 at 5% level of significance 
reported by Lee, K., Pesaran, M. H., & Smith, R. (1997). 
results of the bound testing to cointegration shows that 
there is a long run relationship between economic growth, 

capital, labor force, defense spending, trade openness and 
external debt for Pakistan over the period 1972-2016.

table 5. Estimated long run coefficients  
using ArDL  approach

Dependent Variable: lnGDPt

regressor Coefficients standard Error t-statistics

constant -6.27 0.733 -8.560

LnK 0.306 0.048 6.261*

LnL 1.036 0.099 10.481*

LnDs 0.130 0.031 4.182*

Lntr 0.215 0.051 4.229***

LnEXD -0.125 0.733 -8.560***

Diagnostic test

test statistics Probability

r2 0.998

F-statistics 753.786 0.000

χ2Normal 0.34 0.84

χ2 serial 0.22 0.69

χ2 ARCH 0.10 0.74

χ2 White 3.43 0.52
Note: 
① χ2 Normal (Jarque–bera statistic for normal residuals)
② χ2 (Breusch–Godfrey LM test for no first-order correlation of 
serial)
③ χ2 ARCH (for no autoregressive conditional heteroscedistici-
ty)
④ χ2 WHITE (for homoscedastic errors) 
* test statistics are significant at 10Percent(level of signifi-
cance).
** test statistics are significant at 5 Percent(level of signifi-
cance). 
*** Test statistics are significant at 1 Percent(level of signifi-
cance).

Long run coefficients of the (ARDL) bound approach 
are given in table 5. the projected long run coefficient 
of capital has positive effect on economic development 
in case of Pakistan. Capital is significant at 1%. The re-
sults concluded that 1% increase in the capital will also 
increase the GDP by 0.30% which results in rejection of 
the hypothesis that capital does not affect the economic 
growth of Pakistan. The results are in line with the find-
ings of (beckaert et al. (2005)[38]. similarly, for Pakistan, 
labor force has a positive and highly significant impact on 
economic development in the long run. the estimated re-
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sult recommends that an increase of 1% in labor force will 
also increase the GDP by 1.0 percent. this results in the 
rejection of hypothesis that labor force does not affect the 
economic growth for Pakistan. these outcomes are similar 
with the new growth models that incorporate a knowledge 
producing sector can be interpreted as incorporating the 
role that investment in human capital (e.g. expenditures 
on education and training) could have a more permanent 
impact on the growth process if high skills and training 
go hand-in-hand with more intensive research and devel-
opment and a faster rate of technological progress, or if 
the adoption of new technologies is facilitated by a highly 
skilled workforce.

similarly, the long run coefficient of military expen-
diture has highly significant positive influence to GDP in 
case of Pakistan. the evidence shows that an increase of 
1% in military expenditure will also result in an increase 
of GDP of the country by 0.13 percent. this empirical ev-
idence, results in rejection of the null hypothesis that mil-
itary expenditure has no impact on the overall economic 
development. thus, the above results provide validation 
of Keynes military Hypothesis which is, that military 
expenditure serves as an injector in the economic growth 
of the country and it excites and enhances the economic 
growth through its multiplier effects in case Pakistan. 
These results of our study are similar to that of Hassan, M. 
K. (2004)[39]. the author reported that military expendi-
ture boosts the economic development in case of Pakistan. 
However, the projected coefficients are different than that 
study due to the different time span used in both the stud-
ies. However, the empirical results of this study are sim-
ilar with findings of Asghari, M. (2017)[40] for Guatemala 
economy, who found that military spending and economic 
growth both are positively associated. Moreover, the long 
run relationship between trade openness and economic 
development is positive for Pakistan and trade openness is 
significant at 10 percent. 1 percent increase in trade open-
ness will automatically increase the overall GDP by 0.21 
percent, which results in the rejection of null hypothesis 
that trade openness does not significantly affect the eco-
nomic development process. the results of our study are 
according to that of new growth theory. the theory claims 
that trade will expand the market, encourages the research 
and developmental projects, reallocates employment to 
more innovative activities that require more human capital 
and increases knowledge flow among countries.

Whereas the long run coefficient of external debt has a 
destructive impact on the economic development of Paki-
stan. the results further suggest that external debt retards 
the economic activity in Pakistan and the result of this 
study are similar with the findings[41]. the empirical evi-

dence of the study is consistent with the findings of Ali, 
b. M., & Mshelia, s. I. (2007)[42] that external debt causes 
poverty in the country which is debtor. In their view exter-
nal debt is the main cause of hampering economic growth. 
the long run estimations of the model, given in table 6 
show that four out of the five independent variables (cap-
ital, labor force, defense spending, and trade openness) 
show a positive impact in encouraging the growth process 
in case of Pakistan. While only one independent variable 
(external debt) has a negative impact in promoting the 
overall growth process. Further, we will explain the Im-
pact of the parameters as: the capital has a positive effect 
on the overall growth process in long run for Pakistan. 
this suggests that an increase in the capital stock will 
promote the economic growth of Pakistan by providing 
the basic infrastructure facilities i.e. energy, education 
and transport and dams. to the economic progress, labor 
force is considered as highly advantageous. by increasing 
the productivity, it contributes towards the development 
of economic sector. Enhancement of labor force result 
in overall demand as the buying power rises. the skilled 
labor is an attraction for the foreign investors that would 
accelerate the economic activity in the country. though, it 
is also mandatory that a comprehensive policy regarding 
the skilled labor should be in place that can further im-
prove the skills of labor and encourage the technological 
advancements towards the higher productivity. Investment 
on labor would reduce the cost of production and result in 
increased overall market activity of any country. similarly, 
military sector spending has positive role in overall eco-
nomic growth in long run in Pakistan. conducive environ-
ment portraits a promoting role of defense sector spending 
on the Pakistan economy. conducive environment results 
in foreign investment well as local investment. Positive 
spillover impact of military spending on Pakistani econ-
omy also plays a promoting role. Producing own defense 
products and then exporting these defense products to 
other countries also contributes positively on the overall 
economic growth of a country. Other positive impacts 
of defense spending are like engaging the population in 
r&D, educational skills and providing technical skills 
for sustainability of overall economic growth. In case of 
Pakistan, trade is an imperative policy tool to speed up 
the economic progress. Due to trade, the exports of the 
country surge which results in capital inflow. By creating 
the balance between imports and exports, trade deficit can 
also be scaled down.  Export enhancement can lead to rise 
in production which would help in keeping the produc-
tion cost at low. Due to low production cost, the prices of 
commodities would be in reach, and will create further 
demand. In addition, trade enhances market competition 
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that would compel the producers to work on r&D, which 
would bring about the technological innovation in the 
market. An innovative market has capacity to support the 
economy and keep the production cost in control. the ef-
fect of external debt on the overall economic development 
of Pakistan is negative. An increase in the external debt 
will result in downfall of economic development. Ali, H. E. 
(2011)[43] also studied the effect of external debt on eco-
nomic growth for Pakistan and found that external debt 
retard the economic growth and it has negative impact on 
the overall productivity of capital and labor which there-
by adversely affects the economic growth of the country. 
the remedy to overcome external debt is that the country 
should increase its savings and trade (increase exports and 
decrease imports) as the policy measure. this will result 
in the less dependency on the external debt.

table 6. Error correction representation for the selected 
ArDL model

DEPENDENT VARIABLE: ΔGDPt
regressor Coefficients standard Error t-statistics
constant -2.707 2.067 -1.309

ΔK 0.103 0.028 3.622***
ΔL 0.221 0.162 1.365

 ΔDS 0.039 0.033 1.170***
ΔTR 0.100 0.027 3.648***

 ΔEXD -0.202 0.043 -4.655***
EcM (-1) -0.856 0.113 -7.566***

ecm = LNGDP-0.306*LNK-1.036*LNL-0.130*LNDs 
-0.215*LNtr+0.125*LNEXD +6.271*c 
NOTE: Significance of 10%, 5% and 1% are represented as *,** 
and *** respectively.

to examine the short run relationship among variables, 
Error correction term of OLs is used. table 6 shows the 
results of short run relation. It gives an idea about the 
adjustment speed a variable would take to converge from 
short run disequilibrium to long run equilibrium. banarjee 
et al (1998)[44] stated that the formation of long run rela-
tion among variables is calculated through the significance 
of lagged error term having a negative sign. It can be con-
firmed from the results as reported in Table 6, that lagged 
error term is -0.85 and represent a high significance. It can 
be deducted from the stats that convergence rate from a 
previous year shock to current year is nearly 85 per cent. 
In case of short run, capital, labor force, military spend-
ing and trade openness have encouraging effect on the 
overall economic development of Pakistan. While on the 
contrary, external debt has an overall harmful influence 
on the overall economic growth of the country. External 
debt has stronger impact as compared to the capital, labor 
force, trade openness and military spending, whereas the 
impact of defense sector spending and labor force has ir-
relevant or insignificant effect in the short run. similarly, 

in both short and long run, labor force has a strong impact 
on economic growth. capital and trade openness both are 
strongly significant and have an encouraging impact on 
economic development. so, from the empirical evidence 
of the study, it is confirmed that there is short run impact 
of capital, defense spending, trade openness and external 
debt. While there is a long run impact of all the variables 
on economic growth in case of Pakistan.
the estimates of short run of the study suggest that, cap-
ital, trade openness and military spending effects growth 
positively while labor has insignificant impact. While 
external debt has a negative effect on the economic devel-
opment in the short run. this declares that policy makers 
in Pakistan should use capital, military spending and 
trade openness as a tool for encouraging the economic 
growth and achievement of economic goals in the short 
run. since the start of War on terror, Pakistan is playing a 
frontline ally role.  As a backlash, terrorists targeted gov-
ernment institutions, public places and property causing 
invaluable loss to the state. resultantly, the environment 
turned out to be unfriendly for trade and economic activ-
ity. to counter such active threats, many offensives were 
launched against the terrorists. these measured required 
an updated military gear, technological advance surveil-
lance systems and on ground military operations, that 
incurred a huge cost. With effective policy measures, a 
peaceful conducive environment was intended that can 
facilitate and attract the investors and lay grounds for 
economic acceleration and sustainability. Model used 
for study has reflected satisfactory results for diagnostic 
test applied such as serial co-relation, normality, model 
specification and auto regressive heteroskedasticity. In 
addition, to test the longer and short run dynamics, cumu-
lative sum (cUsUM) and the cumulative sum of square 
(cUsUMsQ) tests (Figure I).

Figure 1. Longer and short run dynamics
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5. conclusion 
the empirical evidence of the unit root test indicates that 
the order of integration of trade openness is I(1), while 
all the other variables, such as, GDP, capital, labor force, 
defense spending and external debt are integrated at I(o).
Apart from this, long run relationship between the afore-
said variables has been confirmed by cointegration anal-
ysis. From the results of Unit root tests, it was revealed 
that variables used in the study possess integration of 
mix order. Hence, for the mixed order of integration, the 
ArDL bound testing approach was chosen to analyze 
the cointegration among the selected variables. From the 
results long run relationship was confirmed between the 
economic growth, capital, labor force, defense spend-
ing, trade openness and external debt. In the long run, 
economic growth had positive affect on capital, labor 
force, defense spending and trade openness. On the other 
hand, external debt had negatively affected the economic 
growth. It was also revealed from the results that defense 
spending and trade openness had a positive contribution 
towards the economic development in the short run, while 
labor demonstrated insignificant. Further the causality 
analysis reflected a unidirectional causality running from 
government's expenditure on defense to development of 
growth, confirming the applicability of Military Keynes-
ian hypothesis in case of Pakistan for the period under in-
vestigation. Results confirmed that defense expenditure is 
a useful policy tool which stimulates the economic growth 
through its multiplier effect. the results of this study 
imply that external debt retards the economic growth. 
External debt always weakens the growth of economy 
and effect the investment adversely. too much reliance on 
debt should be discouraged by the policy makers.  there-
fore, the debt policy be revised and to counter the deficit 
budgeting practice the government should widen the base 
of income generation ventures.
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1. introduction

the maintenance of the public work and above all 
of network infrastructures has become a conserva-
tion and the real science of the collective assets[1-7], 

those currently investing the complex sector of the scien-
tific research, called in technical literature with the neolo-

gism of terotechnology.
From a technical, economic and environmental point 

of view, this new cultural concept of maintaining design 
standards and improving the performance of the structure 
for the entire period life, answers key questions: where, 
how, when to intervene, with what technological measures 
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and at what costs. the need to perform maintenance stems 
from two primary sources, but not always convergent: the 
safety and quality of the service offered and the economic 
efficiency on the other hand.

the latter, however, is not always antithetical compared 
to the first, in consideration of the fact that a delay in the 
maintenance intervention always involves costs far more 
relevant than those due to timely action (even better if 
taken care of before the situation worsens). this is shown, 
for example, by the simple analysis of the decaying curves 
of the com-positional materials of engineering work, as in 
the following figure, where the representative variables of 
the "road-paving" and those related to the planned main-
tenance according to a life-cycle cost analysis criterion. In 
this sense, terotechnology has an even greater impact on 
the maintenance of civil structures, landscape assets, and 
monuments, as well for the "time" and interest required 
and the effect it will have on the community. In particular, 
the maintenance of today concludes, in the modern econo-
metric analysis of the management of complex work[8-12], 
also in order to maximize the safety and quality of the 
exercise, the role of a real "conservation strategy" of the 
public interest, is becoming an increasingly important 
aspect with the increase and the duration of engineering 
systems.

Figure 1. Pavement age/accumulated axle loads
Unfortunately, now we are inundated with news con-

cerning natural disasters, accidents due to non-compliance 
with regulations, the lack of adequate maintenance pro-
grams and interventions to effectively prevent the risk of 
collapses, errors attributable to inadequate maintenance 
actions, or the lack of effective monitoring of the complex 
functioning system considered.

In the recent disaster in Genova, August 14, 2018 due 
to a serious deficiency of maintenance needed for the Mo-
randi bridge in the Polcevera viaduct (A10 Genoa-savona 
motorway), whose concession was given to the "Auto-
strade per l'Italia" company. the collapse of a bridge only 
adds a series of errors, design, maintenance and those 
whom authorized the transit of heavy vehicles, has not 
provided limitations on traffic and / or speed, narrowing of 

the roadway etc. For this strategic work, placed not only 
on the Liguria mobility network, but also on important 
transnational corridors, the società Autostrade had already 
published a call for tenders for a substantial structural ret-
rofitting operation.

but, on the subject of the "anomalies" of maintenance, 
other striking events have occurred that have shocked 
the international public in the past, such as that of June 
3, 1998, near Eschede in Germany, when the worst high-
speed train accident occurred: 101 people died and another 
100 were seriously injured. The first cause of the accident 
was the breaking of a wheel rim in the first carriage, a part 
of the wheel on third axle of the convoy. Originally the 
wheel was cast in one piece but, subsequently, to reduce 
the vibrations that penalized the passenger's comfort, that 
was wrongly considered an "improvement" intervention, 
with the introduction of a special rubber ring between the 
wheel and rim: this modification was not compatible with 
the high speed of the train and was the primary cause of 
the disaster. The consequences of a deficient or inadequate 
maintenance is always and, in any case, very onerous not 
only socially but also economically and sometimes gener-
ate the loss of many human lives[13-19]. sometimes the lack 
of "reliability" of  work done can be fatal; however, the 
concept of reliability lies on the borderline between design 
and maintenance, while we now want to focus on the role 
of maintenance in the conservation of public work, until 
the maintenance and / or repair or reinforcement (in the 
case, of a crossing art work, such as the Morandi bridge, a 
varied configuration of traffic conditions over time and in 
particular the "flow-velocity" relationship), are not those 
of the project, requiring an accurate risk analysis, having 
changed with respect to the original forecasts. It should 
be noted, in this regard, that in its general meaning, the 
building process, as defined by the UNI 10838 standard, is 
the organized sequence of steps that lead from the detec-
tion of the needs of the client-user of a building property 
to their satisfaction through the design, production, con-
struction and management of the asset itself.

2. the Variables characterizing the "Mainte-
nance-safety" combination.
therefore, an appropriate management program for the 
purposes of optimal conservation of the public health and 
safety, must include all the operational steps starting from 
the get go of the building body, are succeeded with the 
purpose of ensuring its proper functioning, until the end 
of its functional and economic life cycle[6,16,30,34]. As seen 
in Fig. 2 it shows the qualitative trends of the main cost 
functions and the overall degree of reliability of the engi-
neering work.  
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Figure 2. Performance of the main cost functions and the 
degree of reliability

The most recent definition of maintenance is that in the 
European standard UNI EN 13306 of 2003, where mainte-
nance is described as the combination of all technical, ad-
ministrative and management actions, during the life cycle 
of an entity, designed to keep it in good working order or 
bring it back to a state where it can perform the required 
function, in a safe condition.

the central mission of maintenance is therefore 
that of cooperating throughout the useful life cycle of 
a public work, from concept to disposal, with the aim 
to continuously improving its operational availability 
and maintaining the standard of reliability in operation 
to protect the public that gave rise to the investment. 
However, so that the concrete result in favor of the com-
munity is consistent with this "mission", the competent 
subjects must operatively guarantee, together with a 
steady monitoring of the work, the rigorous implementa-
tion of the system of actions defined for scheduled main-
tenance, in the envistaged thunderstorm.

Figure 3. scheme of the maintenance policy scenarios of 
a public work

3. A Mathematical Model for the choice of the 
Solution that Maximizes the Objectives: the 
case of choice Under conditions of Uncer-
tainty
the most common methodological approaches to imple-
ment the planned maintenance scenarios of complex pub-

lic work are essentially two: total Productive Maintenance 
(tPM) and reliability centered Maintenance (rcM). the 
first leads to the Overall Efficiency, i.e. a more efficient 
use of plants and equipment that introduces a widespread 
maintenance methodology throughout the organization 
(companywide) based on preventive maintenance - pre-
dictive (maintenance based on statistical data, as in the 
case of advanced "railway terotechnology" implemented 
by the Italian railway Network with diagnostic trains also 
for the AV / Ac). In this way it is possible to intervene 
punctually, effectively and at the lowest operating cost, 
even before the deterioration occurs.

the rcM maintenance approach is centered on the 
concept of reliability, born in the aeronautical-military 
field, with the aim of consolidating the intrinsic reliability 
of the project. this strategy of optimizing the safety of the 
work uses, in fact, as a basis the reliability theory, that is 
a model of analysis of the causes of failure and the risk of 
the event. these elements allow the constructor responsi-
ble for the management and planning of the interventions 
to define the plans and the operational management meth-
ods, putting in place the actions of an integrated type on 
the complex of the compositional elements at work. In 
any case, whatever the model of reference, maintenance 
today requires a complex organization and an effective 
management system, oriented to the final and above all to 
the "prevention" of the fault; this implies, respect to the 
past, also a considerable cultural change of the technical 
management and of the same maintenance technician (or 
group of maintenance workers) who must carry out the 
work, often highly specialized and with the need for spe-
cial technological equipment[20-24].

the choice of the best maintenance strategies, and con-
sequently of the "conveniences" and of the opportunities 
for intervention, are different according to the case in 
question and, in time, in proportion to the transformation 
of the structure[25-28]. Furthermore, the type of choices and 
the actions required are mainly influenced by the trend of 
the failure rate [λ(t)] of a single component work and their 
structural interactions, as well as by particular exogenous 
events that occur (seismic actions, external corrosive 
agents, other factors of deterioration, etc.).

Unfortunately, in Italy, most of the maintenance inter-
ventions, as shown in the graph below, follow a failure 
strategy; exceptions are that the "predictive maintenance" 
programs carried out by the railways, with the train 
measures that run through the entire network, measuring 
the characteristic parameters of the infrastructure. these 
measures are associated with the position: geographic co-
ordinates measured by GPs with differential technology 
and path space. the position is subsequently linked to the 
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progressive mileage and to the code of the technical head-
quarters of the infrastructure data base, which univocally 
identify the route or location in the company's asset man-
agement system.

Figure 4. Morandi bridge (A10) - visible crack in the 
stack n. 9 (photo taken 7 minutes before the collapse – 

Fonte: huffingtonpost).

Figure 5. Maintenance culture in Italy
this indicates that the maintenance culture in the 

general management of public works respect to failure 
prevention is the tool to lengthen the period of life of the 
components that are not yet well structured in each sector, 
to obtain the maximum safety and quality and the mini-
mization of costs over the entire useful life cycle (every 
predictive intervention, i.e. before the failure to verify, 
reduces the maintenance charges).

This deficiency emerges above all in the building sec-
tor where, in 64% of cases, corrective and non-preventive 
strategies are used. On the other hand, it is less deficient as 

regards the plant engineering fields, where the percentages 
of preventive measures are much higher than those with 
a breakdown (with the exception of electrical systems 
for public works and motorway tunnels). For the road 
transport sector, without prejudice to the large tEN-t 
motorway network, it should be noted that maintenance 
occurs most of the time, including for works of art such 
as bridges and viaducts, with which the road networks are 
richly equipped, in "emergency run-up" policy, which can 
be summarized according to the old "worst-first" culture 
(heal the worst situation first).

this illogical and uneconomical way of proceeding 
causes a significant increase in the level of risk, due to 
the ever-increasing volumes of traffic and therefore to the 
more critical characteristics of the flow that characterize 
the network conditions, jeopardizing the safety.

the companies responsible for managing the road pat-
rimony in operation often have budget reductions made to 
their financial resources dedicated to road maintenance. 
Limiting even the highly specialized technical resources 
to comply with a continuous monitoring of the "state of 
health" of the works. In some cases, there is a lack of 
proper planning and the "rain" distribution of the overall 
budget provided on the network under concession, regard-
less of an accurate and timely assessment of priorities: 
so, the priority objective to guarantee the essential quality 
standards of gear and safety, not only to motorized users 
but to the entire population is nullified (as well as the trag-
ic collapse of the Morandi bridge).

In particular, precisely for the work of crossing the 
territory, such as bridges, the activity inspection must be 
technically considered a systematic action that is framed 
over time for the entire useful life span, related to the 
continuous data collection of the adequate technological 
systems.

the analysis work will have to consider the historical 
series of observed variables, following the evolution of 
the overall performance and more so the safety level indi-
cators, such as, to characterize the state of the bridge, the 
condition rating mark (crM)).

Furthermore, in the case of the bridges made with con-
crete elements, a methodological risk an analysis process 
must be followed, functional to the systematic mainte-
nance management, according to the diagram shown in 
Fig. 6.

the characteristic crM indicator represents a numer-
ical evaluation of all possible types of damage that have 
been detected during the visual inspection of the work 
and considers their gravity and extent. the condition of a 
bridge structure is evaluated by using the following gener-
al formula:
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Figure 6. risk analysis process for a concrete work of art

𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑹𝑹𝑹𝑹𝑪𝑪𝑪𝑪𝑪𝑪𝑹𝑹 𝑴𝑴𝑹𝑹𝑴𝑴𝑴𝑴 = �𝑮𝑮𝑪𝑪 ∙ 𝑲𝑲𝟏𝟏𝑪𝑪 ∙ 𝑲𝑲𝟐𝟐𝑪𝑪 ∙ 𝑲𝑲𝟑𝟑𝑪𝑪 ∙ 𝑲𝑲𝟒𝟒𝑪𝑪 

where:
-Gi is the type of damage, 1 ≤ Gi ≤ 5;
-K1i is the extent of damage; 1 ≤ K1i ≤ 1. It can be de-

scribed by the words: few or some, frequent or very fre-
quent and big dimensions.

-K2i is the extent of damage; 1 ≤ K1i ≤ 1. It can be 
described by the words: little or insignificant, medium, 
heavy and very heavy. 

-K3i is the importance of the structural element. 1 ≤ K3i 

≤ 1. Structural components are classified as primary, sec-
ondary and other parts.

-K4i is the urgency of intervention 1 ≤ K4i ≤ 10 and de-
pends on the type of severity and risk of collapse of the 
structure or part of it.

-the values that can take condition rating Mark are 
between 0 and 70.

According to this approach, the degree of risk can 
therefore be roughly characterized by 6 different qualita-
tive scenarios, as shown in the following table:

On the other hand, from a mathematical point of view, 
the fault alert levels can be identified by specific risk and 
criticality indicators of the event (detected or potential 
anomaly), from which the intervention priority can be ob-

tained. Particularly useful for practical applications in the 
terotecnological sciences, they cover the so-called "risk 
matrices", as shown below.

table 1. Degree of risk

Damage 

class
Definition

condition rating 

value
1

2

3

4

5

6

No or very little deterioration

Little deterioration

Medium to severe deterioration

severe deterioration

Very severe deterioration

Very severe or total deterioration

0-3

2-8

6-13

10-25

20-70

>50

the latter is attributed on the basis of the variable rPN 
(risk priority number) which is a composite risk index 
and denotes the degree of attention that is required in con-
crete to address the risk identified for each Eh component 
of the deterioration event E characterizing in its complex 
of the public work in the studio (bridge, gallery, entire 
network, etc.).

the systematic analysis that must be carried out must 
also include the evaluation of the degree of significance 
Wh ("weight") of each element Eh characterizing the main-
tenance problem examined, analyzing all the "concurrent 
causes" of the degradation.

table 2. risk Matrix

Damage

Little Moderate serious

Probability

Very Unlikely Very Low risk Very Low risk High risk

Unlikely Very Low risk Medium risk Very High risk

Likely Low risk High risk Very High risk

Very Likely Low risk Very High risk Very High risk
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the "cause-effect" diagrams are the simplest and at 
the same time the most effective tool for dealing with the 
problem of the risk analysis of an event. the basis of this 
tool is to continually use the word "why", that is to con-
stantly question the reason of a certain situation or phe-
nomenon and proceed backwards by asking this question 
several times.

Figure 7. cause-effect
In this way, it will be possible to make an operative 

reference to the "Failure Mode and Effect Analysis" crite-
rion, systematically examining all the ways in which it is 
possible for damage to occur, and for each of them make 
an estimate of the effects through three indices that define 
the severity (s), the frequency of occurrence (f) and the 
detection capacity (c), evaluated according to a numerical 
scale and combined to define the aforementioned RPN in-
dex.

Following this approach, the risk priority number can 
be calculated using the mathematical expression:

RPN (e) = ∑𝑬𝑬𝒉𝒉
−𝑾𝑾𝒉𝒉 �𝜓𝜓(𝑥𝑥𝑖𝑖)� = ∑(𝑺𝑺𝒉𝒉 ∙ 𝒇𝒇𝒉𝒉 ∙ 𝑪𝑪𝒉𝒉)−𝑾𝑾𝒉𝒉  �𝜓𝜓(𝑥𝑥𝑖𝑖)�, 

where �𝑤𝑤ℎ  = 1. 

We must determine the values of x1, x2, .. xk, in order to 
obtain the optimum solution of the objective function 

y = ψ (x1
-w1,..., x1

-wi .. xh
-wh ),

where
y =ψ (xi

-wi),
and ∑𝑤𝑤𝑖𝑖 = 1,   and expresses the coordinated set of ele-
ments of optimization of safety and the quality of the op-
eration of the work at the time "t" in which the verification 
is carried out, within the interval [0, ..., t, ..., T] of the rel-
ative useful life. the aim of the aforementioned analysis 
is to be able to identify in advance all the actions neces-
sary for the full restoration of structural efficiency and 
performance in operation and to avoid all possible damage 
related to the risk event detected, ensuring the quality 
global engineering work and at the same time minimizing 
management costs, thanks to the timely adoption of the 
best solutions to the maintenance problems. Depending on 
the technical framework offered by the complex from the 

data collected and in relation to the risk scenario where 
decisions must be made in conditions of uncertainty (in 
the operational choices on maintenance the random vari-
ables often play a decisive role), a methodology approach 
in such case, the problem can be summarized as fol-
lows[29]. We consider m random independent events Ei (i = 
1, …, m) which characterize the problem and we suppose 
that they are complementary, such that if the event E1 oc-
curs, it excludes any other alternative Ei.

For any other possible events we associate the proba-
bility pi with �𝑝𝑝𝑖𝑖

𝑚𝑚

1

= 1.  If we denote with Aj (i = 1,…,n) the 
different alternative options in oreder to make the mainte-
nance program, the Project Manager must make his choic-
es by analyzing a complex set I, made up of elements Rij 
obtained from:

Aj= f (Ei).
the problem is represented by a data table, where the 

decision alternatives  take on the mathematical connota-
tion of random variables. considering that the expected 
value of a discrete random variable (that assumes that is 
only a finite number or a countable infinity of values) is 
given by the sum of the possible values of this variable, 
each multiplied by the probability of being assumed (ie 
the occurrence of event), we need to calculate the weight-
ed average of the possible results and, therefore, the ex-
pected value Vj (Aj) of each variable Aj. the latter is given 
by the expression: 

𝑉𝑉𝑗𝑗  � 𝐴𝐴𝑗𝑗  � = ∑ 𝑅𝑅𝑖𝑖𝑗𝑗 ∙𝑛𝑛
1 𝑝𝑝𝑖𝑖 . 

therefore, on the basis of the previous reports, it will 
be possible to reach the "optimal" project solution Sp(Ak), 
considering all the variables Ak that set in the definition of 
the decision-making process (including those Aj of ran-
dom type):

𝑺𝑺𝒑𝒑 ( 𝐴𝐴𝑘𝑘  ) = 𝑹𝑹𝑴𝑴𝑹𝑹 � 𝐦𝐦𝐦𝐦𝐦𝐦
𝑴𝑴=𝟏𝟏,…,𝒔𝒔

 [𝑉𝑉𝑘𝑘  ( 𝐴𝐴𝑘𝑘  )− 𝒘𝒘𝑴𝑴]�, 
where Wk represents the "weight" of each alternative Ak 

with ∑ 𝑤𝑤𝑘𝑘
𝑠𝑠
1 = 1. .

In order to evaluate the degree of relevance and, there-
fore, make the best choice, the specific impact of each risk 
must be cataloged on the basis of a scale of factors such as 
performance, timing, costs, quality, the image of the orga-
nization, the damage to international relations, the effects 
to the environment, etc.

Finally, the probability of occurrence must be assigned 
to each identified risk and the expected monetary value 
estimated for each consequent impact generated (including 
the "externalities" due to the effects on the intrinsic safety 
of the work). this in order to be implement effectively the 
risk planning and management of better coordinated man-
agement of emergencies, providing for a targeted response 
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strategy: this must ultimately include the definition of all 
the actions and resources necessary to reduce the impact 
and / or probability of risk within acceptable levels of 
safety and quality.

to this end, a logical scheme useful in practice to opti-
mize this important aspect, can be represented by the fol-
lowing matrix (see Fig. 8) that provides a representation 
of the activities (A, ..., F) and the risk characterization, 
evaluated according to the criticality of the event and its 
probability of occurrence[30-33]

Figure 8. Logical scheme of probablity
through this methodology of approach to the problem 

under study, we come to the choice of the "optimal" solu-
tion of the project Sp(Ak), given by the formula:

𝑺𝑺𝒑𝒑 ( 𝐴𝐴𝑘𝑘  ) = 𝑹𝑹𝑴𝑴𝑹𝑹 � 𝐦𝐦𝐦𝐦𝐦𝐦
𝑴𝑴=𝟏𝟏,…,𝒔𝒔

 [𝑉𝑉𝑘𝑘  ( 𝐴𝐴𝑘𝑘  )− 𝒘𝒘𝑴𝑴]�, 

where Ak is the generic project alternative of interven-
tion, among the "s" compared, in respect to the different 
technical, economic and environmental constraints, while  
is the expected value of each variable Ak (many of them 
aleatory) analyzed in the decision-making process, to 
which a "weight" wk has been attributed.

4. Preventive Failure rate Study to Optimize 
Maintenance
consider a sequence Xl, X2,… of independent random 
variables of the same order, which represent periods of 
life[34]. It could either represent time of service before a 
failure of any material kind occurring at an initial time of  
t=0. Our aim is to obtain information on the common dis-
tribution of these periods of life starting from observation 
data. Putting X=Xl, for convenience' sake, we note that 
F(x)=(X≤ x) is the probability that the length of life is less 
than or equal to x. It is supposed that F has a probability 
density ( )xF

dx
dxf =)(  continuous on (0,∞), which al-

lows us to define the rate of failure as

 (1)
the most classic model to present these periods of life 

is the exponential law F (x) = l - exp (-λ x) for x > 0, cor-
responding to a λ constant rate of failure. From a sample 
Xl, X2,…Xn of data resulting from this exponential law, λ 
can be calculated without difficulty by the method of the 
maximum likelihood ratio

∑
=

= n

i
iX

n

1

λ̂ , (2)

which is asymptotically normal with )1,0()1/ˆ(2
1

Nn →−λλ  
when ∞→n . However, this is an ideal situation, and a 
more complicated distributions of exponential laws that 
are more frequent. the most classic example is given by 
the Weibull family of laws which includes the exponential 
law as a particular case, and for which,

)exp(1)( αλxxF −−= ,

and

0)exp()( 1 >−= − xforxxxf αα λαλ .

the corresponding rate of failure is therefore

0)( 1 >= − xforxx ααλλ .

IFr (increasing failure rate) or DFr (decreasing failure 
rate) laws are thus obtained by putting a>1 or 0<a<1. 
Evaluation of λ and x parameters of such a distribution is 
more complex than the exponential law. this is in part due 
to the fact that density f(x) can become infinite at x=0 for 
certain values of x. However, it is possible to use the 
method of the maximum likelihood ratio estimating ),( αλ  
for ( )αλ ˆ,ˆ , obtained from the solution of the following 
equations

n
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 .(3)
this is usually obtained by means of recurring algo-

rithms, starting from the initial value ( )λα ˆ,ˆ of ( )λα , , ob-
tained from the moment's method. to obtain this, it can be 
sent that, for r>0 we have:
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which gives values ( )λα ˆ,ˆ , obtained from the solution of 
the system

( )
( )

( )
α

αλ
α
α

ˆ

1

2

1

1

2

2 1
1ˆ1ˆ

1

1

1ˆ1
1ˆ2
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


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




+Γ

=









=
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+Γ

∑∑

∑

==

=
n

i
i

n

i
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n

i
i

X
n

and
X

n

X
n

 (4)
the complex, implicit form the equations (3) and (4) 

gives us an idea of the practical difficulties which can be 
encountered in the application of these methods based 
on non-exponential parametric models. In addition, it 
may happen that data has to be used which do not have a 
clear model of parameters. there-fore, different models 
are compared amongst themselves, for example, based 
on gamma and lognormal families of laws. More details 
on this can be found in the work of Kalbfleisch and Pren-
tice[35].

5. A Mathematical Approach for a Problem of 
Preventive Maintenance
the problem becomes even trickier when, instead of look-
ing at raw data for a period of life X1,X2,...Xn, there is cen-
sored data[36-42]. It is supposed that there exists a sequence 
Y1,Y2,… of the censored time whereby it is only possible 
to observe periods of life through the intermediary (Z1, δ1), 
(Z2, δ2), … where, for i = 1,2, ...,

{ }




>
≤

==
ii

ii
iiii YX

YX
when
when

andYXZ
0
1

,min δ

 (5)
in other words Zi, is the minimum value of length of 

life Xi and time of censored Yi , while δi is equal to 1 if the 
length of life is not censored, otherwise it equals 0.

Actually, this is the most frequent situation. In industri-
al application situations one does not wait for material to 
fail (at the end of time Xi) to substitute it, in a preventive 
maintenance program (carried out at the end of time Yi). In-
tervention can take place at the end of time Zi=min{Xi,Yi} 
distinguishing cases δi=1 (intervention after failure) from 
δi=0 (intervention of preventive maintenance).

In practice, a model can be used where the sequence of 
lengths of life { }1: ≥iX i  and the successions of censored 
time { }1: ≥iYi  are independent, and where each of these se-
quences are made up of independent and random variables 
of the same order, with

F(x)=(X ≤ x), G(x)=(Y ≤ x), 
H(x)=(Z ≤ x)=1-(1-F(x))(1-g(x)) (6)
for x > 0, when Y=Y1 and  Z=Z1

the shape of the distribution of the censored data 
(that is of G) is, in general, totally unknown. What is still 
worse, is that there is no reason to suppose that this dis-

tribution function G is continuous. For example, in the 
case of preventive maintenance, censored times are often 
used, taking a finite value number, which corresponds to 
discrete laws. Let it be said we are not particularly inter-
ested in G, which is introduced as a negative parameter of 
modern urban life, here we try to eliminate it to recuperate 
data on F.

In the case of which ( ) ( )xxF λ−−= exp1  follows an ex-
ponential law, evaluation of the rate of failure λ (which 
here fully determines the distribution of the length of life) 
is relatively easy, even with censored data. the following 
reasoning is quite clear. Let us put

.

It can easily be seen that

H (x) = Z £ x) = H (0) (x)+H (1)(x),

when
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when δ=δ1. From (7) it is implied that
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the estimator can be deduced
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It can be seen that (8) takes us back to (2) in the case of 
non-censored data (since δ1=1 for every i). this estimate 
has optimum properties (estimator of the maximum likeli-
hood ratio). It can be shown without difficulty that

).1()(),(),(,2)( 22 AAVarABZCovABZVar λλδλδ −=−=−=
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In addition, when ∞→n ,
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In this case of non-censored data results are found put-

ting G(x)=1, and we obtain
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The convergence (9) allows us to obtain confidence in-
tervals for λ  if we consider
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is nothing more that the number of observations of the 
non-censored length of life, the asymptotic confidence in-
terval is obtained
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where 2/αν  indicates the order quantity 2/1 α− of the 
normal law N(0, 1). the formula above the above formu-
las are generalised, not without some technical difficulties, 
for the Weibull, gamma or lognormal family of laws. 
However, in the absence of precise information on models 
it is strongly advised to use non-parametric estimators 
such as the Kaplan-Meier (1958) estimator.

6. conclusion
the recent and dramatic collapse of the Morandi bridge 
on the A10 motorway, in Genova, has opened a lively de-
bate on the investments actually incurring in Italy and in 
the EU for the maintenance and modernization of both the 
road and motorway networks, and moreover, on the whole 
transport system and on major crossing works.

the technical literature of the sector shows how an 
effective risk prevention tool is already represented by an 
accurate bridge Management system (see Fig. 9), through 
which the managing body can continuously have all the 
information necessary to program in an optimal manner 
the maintenance and control of the structures heritage, 
considering structural, economic and social factors.

 Figure 9. bridge Management system
the OEcD data show that Italy would rank second in 

Europe for road maintenance spending, with just over € 
15,000 spent per km in the years between 2010 and 2015. 
However, these figures are not strictly indicative, because 
the Italian orographic context requires proportionately 
higher expenses than those that might be needed in an-
other flat country of the Union such as, for example, Den-
mark.

Figure 10. Morandi bridge collapsed in 14.8.2014  
Genova (A10)

In the last decade, the science of maintenance (tero-
technology) has had a significant development in the 
scientific field due to the incidence that it assumes in the 
economy of a modern country and for the community, 
representing a fundamental element for the exercise in 
safety of the complex integrated mobility system, both for 
passenger and freight traffic.

In the present work, attention has been focused on the 
assessment and analysis of the degradation status of the 
road infrastructures and in particular to the major works 
of art, in order to estimate the degree of risk of each com-
positional element and to establish the priorities of the in-
terventions. maintenance necessary to ensure appropriate 
quality and safety standards.
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Moreover, original mathematical models have been 
developed which, through the use of specific variables 
characterizing the problem under study, allow to achieve 
the optimization of the results of the planned maintenance 
action, both in terms of quality and safety and contain-
ment. Operating costs in the useful life cycle of the public 
works (or the set of assets, in the case of a network) under 
consideration.

the Project optimum solution (considering different 
aspect) Sp(Ak) is taken from:

𝑺𝑺𝒑𝒑 ( 𝐴𝐴𝑘𝑘  ) = 𝑹𝑹𝑴𝑴𝑹𝑹 � 𝐦𝐦𝐦𝐦𝐦𝐦
𝑴𝑴=𝟏𝟏,…,𝒔𝒔

 [𝑉𝑉𝑘𝑘  ( 𝐴𝐴𝑘𝑘  )− 𝒘𝒘𝑴𝑴]�, 

where Ak is the k-th alternative project alternative, 
Vk(Ak) is the aspected value for any variable Ak considered 
in the decisional process and wk is the weight.

Finally, the preventive study of the failure rate was op-
timized to optimize a maintenance process and the math-
ematical resolution of a preventive maintenance problem 
was also proposed, in the presence of censored data.

the mathematical model can be effectively used 
where the sequence of life span and the sequences of the 
censored times are independent and where each of these 
sequences composed of independent random variables of 
the same order.
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AbstrAct

Along with the rapid development of information technologies, traditional trade has moved 
to electronic area.   today, many business activities are performed in electronic environment. 
since electronic commerce is rapid and easily reachable, it has begun to attract much more 
attention by consumers and businesses over time. In this study, a brief review about e-com-
merce is provided. the main aim is to examine the hot topic of e-commerce with different 
aspects. the increasing importance of e-commerce is presented by providing statistical support 
which shows a dramatic increase in total e-commerce sales worldwide. tools, types, payment 
methods, and critical success factors of e-commerce are investigated. Eight different tools 
which can be used in e-commerce are explained. Seven types of e-commerce are classified. 
In addition, nine payment methods of e-commerce are elaborated. Moreover, three main crit-
ical success factors including eight sub-factors are structured in a hierarchical form to aid the 
companies in e-commerce. Depending on these critical success factors, this study aims to set a 
well-organized base in order to decide the best e-commerce company in further studies. 

ArtIcLE INFO

Article history:
received: 2 December 2018
Accepted: 27 December 2018
Published: 31 December 2018

Keywords:
Electronic commerce
tools of E-commerce
Payment Methods of E-commerce
Classifications of E-Commerce
customer satisfaction
critical success Factors

Review

A Brief Review for  e- Commerce and the Critical Success Factors

Miraç AYDiN1   Mustafa Batuhan AYHAN2*
1. Marmara University, Industrial Engineering Department, Ziverbey campus, Kadikoy-Istanbul, tUrKEY
2. Marmara University, Industrial Engineering Department, Ziverbey campus, Kadikoy-Istanbul, tUrKEY

1. introduction

the improvements in communication and computer 
technology have brought many opportunities to 
facilitate human life. In recent years, electronic 

commerce (e-commerce) has come to the forefront as a 
dynamic economic sector and it has also become one of 
the attractive ways of starting a business activity. E-com-
merce has emerged as a result of the emergence and de-
velopment of information technology which is an innova-
tion that allows for easier trade. 

According to Demir [1] transactions must have certain 
characteristics in order to be evaluated as e-commerce. 
First of all, the operations must be done in an electronic 
environment. secondly, it must include dealing between 

two or more parties. thirdly; sound, image and all digital 
products have to be processed and stored. Finally, transac-
tions must be commercially viable or capable of support-
ing these commercial transactions [2].

similarly, World trade Organization (WtO) defined 
e-commerce as the production, advertisement, sales and 
distribution of goods and services through telecommuni-
cation networks [3]. 

In another study, e-commerce working system is de-
picted in Figure 1 [4]. customer orders product or service 
from the seller via using telecommunication networks. 
the seller procures the desired unit from its suppliers as in 
the form of final product or raw material to be processed. 
then, the seller transmits the item to its customer by using 
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different means of logistics. by the way, banks which are 
responsible for the payment infrastructure perform the 
funds transactions between the customer and the seller.  

Figure 1. Electronic commerce Working system [4]

In recent years, the usage of e-commerce has increased 
tremendously due to its advantages both for customers 
and enterprises. Advantages of e-commerce in terms of 
customers can be listed as [5];

Accessibility: shopping in the electronic environment 
allows instant access to every product at any moment.

Less shopping time: customers save time thanks to 
electronic commerce. shopping on the Internet is fast and 
practical.

comparability: E-commerce has more options to see 
and choose who offers the best pricing. Product compari-
son in electronic shopping is easy. comparisons of prod-
ucts can be made easily.

comments: the views of other buyers regarding the 

products and services can be easily viewed.
Discount rates: In e-commerce, coupons and opportu-

nities are utilized. Large stores often show their products 
in online stores with higher discount rates.

Advantages of e-commerce in terms of companies can 
be listed as [5];

Higher customer Database: E-commerce offers advan-
tages in increasing customer base in businesses. In online 
shopping, people from all over the world can access their 
products and return at any moment.

Wider International Markets: It increases sales. An 
enterprise can have more online sales with higher profit 
margins. More products can be sold while serving interna-
tional markets.

Accessibility: Electronic commerce sites are accessible 
every day and hour of the year. Online shopping or trans-
actions are always open to consumers.

Expandability: It gives the opportunity to expand the 
business scene. An online business does not have to create 
a site for every language. With the right marketing, con-
sumers around the world can easily find the business, the 
products and the information whenever they want.

Easy-Pay systems: Each business can easily adjust 
their payment system.

Instant transactions: You do not need to wait 30 days for 
e-commerce for approval or for some other payment types.

Although e-commerce contains some similarities with 
traditional trade, there are some differences [6]. the birth 
of traditional commerce has come when people and so-
cieties began trading among themselves. With improved 

Table 1. comparison of traditional trade and E-commerce [3]

Purchasing Firm traditional trade Electronic commerce

Information retrieval Methods Negotiations, magazines, catalogs, advertisements Web pages

Demand Specification Method Written form Electronic mail

Demand Approval Written form Electronic mail

Price research catalogs, interviews Web pages

Ordering Written form, fax Electronic mail, EDI

suppliers traditional trade Electronic commerce

stock control Written form, fax, telephone Online Database, EDI

shipping Preparation Written form, fax, telephone Online Database, EDI

Delivery note Written form Online Database, EDI

Invoice Written form Electronic mail, EDI

Ordering Firm traditional trade Electronic commerce

Delivery Confirmation Written form Electronic mail, EDI

Payment schedule Written form Online Database, EDI

Payment bank transfer, Mail, collection. Internet banking, EDI, EFt
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living conditions and the development of modern techno-
logical innovations, traditional trading has now become a 
faster and easier way to trade. With the development of in-
formation technologies, trade has now begun to take place 
in the digital environment. the main differences between 
traditional trade and e-commerce are examined in table 1 [3]. 

the table above shows the basic differences between 
traditional trade and e-commerce. E-commerce is a type 
of trade that takes place entirely in the digital environ-
ment. In traditional trade methods, the methods used to 
purchase goods and services are usually conducted by 
face to face interviews with the firm or persons and look-
ing at brochures about the products. but goods or services 
to be purchased in e-commerce are easily examined on the 
internet pages of companies [3].

In addition, the statistical inferences from the present 
e-commerce environment need to be studied to show the 
importance of the topic.  The following first statistic gives 
information about the total e-commerce sales worldwide 
from 2014 to 2021 and shown in Figure 2 [7]. In 2017, re-
tail e-commerce sales worldwide amounted to 2.3 trillion 
Us dollars and e-retail revenues are projected to grow to 
4.88 trillion Us dollars in 2021.

Figure 2. Global e-commerce sales ($) from 2014 to 
2021. (*represents the expected values)[7]

Depending on the statistical researches, the digital 
buyer penetration worldwide from 2016 to 2021 can be 
achieved and shown in Figure 3 [8]. In 2016, 58.3 percent 
of global internet users had purchased products online. 
In 2021, this figure is expected to surpass 65 percent of 
internet users worldwide, the e-commerce industry is set 
to evolve and expand. beyond these statistics, the readers 
can achieve many statistical reports via the literature [8]. 

since e-commerce has many advantages and differenc-
es from the traditional trade; there is a need for a general 
brief about e-commerce to appeal. the main contributions 
of this manuscript are in two-fold. Firstly, general infor-
mation about e-commerce is explained. secondly, the 

factors affecting the customer satisfaction and increasing 
the success of e-commerce are elaborated. While perform-
ing these contributions following objectives are achieved. 
Firstly the evolution of eight different e-commerce tools 
is presented. then, e-commerce types are categorized in 
seven classes. As the third aim, payment methods used in 
e-commerce are clustered in nine groups. After that, as the 
final objective, the critical success factors for e-commerce 
have been deeply investigated and hierarchically listed in 
three main and eight sub criteria. In short, the main goal 
of this study is to present a brief review about e-com-
merce. this brief is also supported by some statistical data 
given in Figure 2 and Figure 3. 

the mapping of this study is as follows: section 1 
introduces the definition and explains the importance of 
e-commerce as well as stating the advantages and differ-
ences of e-commerce from the traditional trading system. 
section 2 mentions about different e-commerce tools. 
section 3 classifies e-commerce systems. section 4 re-
veals different payment methods in e-commerce. section 
5 explains the importance of customer satisfaction and 
different techniques to measure the satisfaction. section 
6 specifies the critical success factors in e-commerce and 
structures them in a hierarchical form. section 7 concludes 
the study while enlightening future research directions. 

2. e-commerce Tools
In previous years, e-commerce tools such as telephone 
and fax were used for a long time, but with the advent of 
the internet, e-commerce tools have begun to change. the 
following e-commerce tools are listed below.

telephone: It is the oldest vehicle that has been used in 
e-commerce for many years. the spread of e-commerce 
has maintained its importance for many years. since it 
provides an interactive and flexible mutual communica-
tion, it is generally preferred for communication between 

Figure 3. Digital buyer Penetration Percentages from 
2016 to 2021. (*represents the expected values) [8]
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parties. today, the telephone is still actively used in 
e-commerce.

Fax: It is a tool developed to reduce the time loss for 
written communication [9]. It has not been preferred by 
users in recent years in terms of price being expensive and 
poor quality. Especially with rapid changes in technology, 
it loses its importance over time.

television: It is widely used as a one-way communica-
tion tool, which makes it difficult to carry out transactions 
in many ways in e-commerce transactions [10]. but with 
today's technology and smart tVs, people are shopping 
with a single transaction that they do in front of the tele-
vision. Although smart tVs are still constraints in terms 
of e-commerce transactions, they are still an important 
electronic commerce tool for creating a brand preference 
in terms of trading sites.

Electronic data interchange (EDI): Electronic Data Ex-
change is a communication standard that enables sharing 
of business documents such as information, invoices, bill 
of lading, and product stock number [11]. 

WAP (Wireless Application Protocol): WAP is a tech-
nique used by telephone users to provide convenient 
access to wireless devices and the Internet. It is fast, con-
venient and reliable to access the network internally with 
compatible devices only. Mobile users can perform bank-
ing operations; can learn road status, weather or news, 
thanks to the implementation of this method [12].

Electronic payment and money transfer systems: 
Automated teller Machines (AtMs) which are widely 
used today are examples of these systems. However, 
these machines do not have a wide range of functions in 
e-commerce due to the limited transaction capacity they 
perform. In e-commerce, credit cards are the most popular 
electronic payment and transfer system tools today. Apart 
from these, smart cards, electronic checks and digital 
money are examples of other electronic tools in e-com-
merce [13].

Intranet: the intranet and internet are terms that are 
often compared by most people. but intranet is a method 
that is established within the company and can work alone 
without internet connection. this practice is generally used 
by institutions. the aim is to maintain the communication 
within the company in a rapid manner. In this way, em-
ployees are able to keep track of work remotely, actively 
use most software, share documents and distribute them [13].

Internet: the Internet is an important technology that 
is heavily used in electronic commerce. Internet is a com-
munication network established among computers, where 
people communicate with each other and perform many 
operations [10]. As you can see in Figure 4, the time of the 
discovery of the Internet took place between 1961 and 

1974. With the development of computer use after the 
70's, the process of institutionalization of the internet has 
begun. From 1975 to 1995, the use of the internet began to 
become widespread. In 1995 and after, the internet began 
to take its place in commercial business. today it is still 
an important tool of e-commerce.

Figure 4. steps in the Development of the Internet [11]

As it is seen, there are eight different tools of e-com-
merce. However, new tools of e-commerce have been 
arising progressively. In recent times, mobile phones are 
being used as a newer tool for e-commerce. Although they 
use the existing internet technology in the background, 
m-trading (mobile trading) has become an emerging way 
of e-commerce. therefore, the tools of e-commerce can 
be inferred as evolving continuously in the time. 

3. Classification of E-commerce
With the development of e-commerce, the environment of 
trade, its scope and its sides have begun to expand. We can 
examine the types of e-commerce in 7 broad categories.

business to business (b2b) e-commerce: It is a type 
of trade that takes place between two companies. In this 
trading system, if the products or services are sold from 
a supplier to other firms and if all these transactions are 
carried out in an electronic scope, this type of trade can be 
called b2b [14].

business to consumer (b2c) e-commerce: It is a type 
of trade that is between a business and a consumer. It has 
become increasingly popular with the development of in-
ternet technologies in recent years. consumers can access 
all kinds of products and services on-line, obtain necessary 
information about these products and services and make 
comparisons with the products of other companies [15]. 
this method of trade allows businesses to build websites 
to promote their goods and services on-line. consumers 
can access these information and services practically via 
the internet, and at the same time they can communicate 
directly with consumers through this method [16].

As seen in Figure 5, china (with a share of 33.7%) and 
the United states (with a share of 26.2%) are the leading 
countries where electronic commerce is most intensively 
undertaken. In addition, the biggest players in e-com-
merce, which are Amazon, Alibaba, and E-bay, are located 
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in these two countries.

Figure 5. top 10 countries in b2c E-commerce sales [17]

consumer to consumer (c2c) e-commerce: It is a 
trade model in which two people or consumers directly 
deal with each other. It may be a third party in the process, 
but the intent of this tool is simply to facilitate the process 
and create an environment that connects people together. 
this tool may charge a fee or commission, but is not re-
sponsible for product changes. In this trade model, there is 
an auction where the proposal is made online. In this auc-
tion, products are sold online to another consumer. seller 
may pay a fee on this platform to sell its products, but the 
buyer is generally not subject to any fee [18].

consumer to business (c2b) e-commerce: this is an 
e-commerce model in which the consumers offer goods 
and services to the firm and the companies pay for the 
consumers. this trade model is a form of trade that is the 
opposite of the trade model that firms offer goods and ser-
vices to consumers or offer. Blog sites can be exemplified 
on the internet. the blog author can direct a person visit-
ing the page to receive a book that he recommends to any 
popular ecommerce site. As a result, the writer is able to 
earn member sales revenue from sales made [19].

business to Government (b2G) e-commerce: In this 
model, businesses bid on the government projects or prod-
ucts which are needed for their organizations. this can en-
compass public sector organizations that propose the bids.  
It is also referred to as public sector marketing.  In this 
model of trade between firms and public administrations, 
situations such as tenders or specifications governed by 
these administrations are evaluated within this trade model [20].

Government to Government (G2G) e-commerce: this 
is defined as the activities of different public departments or 
organizations in the same public administration on-line [10]. 
It is commonly used in the UK. two types of trade model 
are used here. the first is inward-looking e-commerce. 
In other words, it is in the form of a single government 
department, centralized or organized trade. An example is 
the UK health data binding system. the second is e-com-

merce, which is done outwardly. In outward-looking 
e-commerce, more than one government must establish 
information systems. This is exemplified by the informa-
tion systems that schengen countries are using to meet the 
provisions of the schengen agreement [19].

consumer to Government (c2G) e-commerce: It is 
a type of trade that occurs between the consumer or the 
citizen and the state authorities. In this trade model, many 
transactions such as health and passport transactions, tax 
payment and population transactions take place in the 
electronic environment. As an example in turkey, www.
turkiye.gov.tr can be nominated.

In our point of view, among these seven e-commerce 
types; b2c, c2c, and c2b are the most widely used ones. 
since the end users (consumers) are a part of these com-
merce, these e-commerce types can touch to anyone in the 
society. On the other side, that would be better to compare 
the market share of each e-commerce type. However, the 
aim of this study is just to clarify a brief review about 
e-commerce. In need of deeper analysis, the readers are 
referred to the literature [21].

4. Payment Methods in electronic Commerce 
Electronic payment methods are a condition that must be 
examined in terms of electronic commerce security. the 
payment methods in e-commerce are examined below.

credit card: Paying by credit card is one of the payment 
methods heavily used in the virtual environment [22]. credit 
cards are shown as reasons for preference in terms of the 
customers because they are easy to use and do not need an 
additional system. the parties to the credit card are card 
issuers, service providers, banks and card issuers [22].

credit card usage is also preferred over the internet 
for customers. In the case of paying over the internet, 
the counterparty receives the information of the buyer by 
credit card. However, it is important to take some precau-
tions while performing these operations in the virtual en-
vironment. there is a danger that the receiver's credit card 
information may be stolen by other people [22].

some methods have been developed for securing cred-
it cards. One of them is sEt (secure electronic transac-
tion) that works by encrypting card information. sEt is 
a security process developed by credit card companies in 
1996 as a result of collaboration with organizations such 
as Microsoft, IbM and Netscape. It is a method that is 
used to block the security aspect of payments made by 
credit card [22]. Nowadays, this security process is replaced 
by a 3D security scheme [23].

Payment with Virtual card: It is issued for online shop-
ping. Virtual cards are being issued to enable consumers 
to make secure shopping online. the starting limit of the 
card is zero and works depending on the original card. 
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the cardholder carries out the shopping within the limits 
allocated for purchasing goods and services. since the se-
curity code and number of the card are different from the 
main card, it is not possible to access the mother card in-
formation. the person is not physically carrying this card. 
card numbers and transactions are processed only online. 
For this reason, there is no risk to be stolen or lost [24].

Payment with smart card (chip card): smart cards, 
or in other words, chip cards, are much more useful and 
functional than other card types. these cards are divided 
into 3 parts in terms of content; cards with only memory, 
with security features, and with their own processor. If 
they are physically connected, they are divided into two 
groups, contacted and Non-contacted [24]. the details of 
these types of cards can be found in the literature [24, 25].

Payment with electronic cash: Electronic cash means 
that storing money in virtual environment for payment [26]. 
In order to benefit from this system, it is necessary for the 
consumers to install the software specially prepared by the 
companies that provide electronic money service on their 
computers and to have the accounts in the banks where 
the company agrees. After this step, shopping is done in 
virtual environment with electronic money contracted in-
stitutions [27]. With the development and widespread use of 
electronic payment instruments, new electronic currencies 
such as bitcoin and Litecoin are emerging. All electronic 
currencies used today are produced by companies or orga-
nizations, regardless of individual or state [26].

Payment by electronic check: It is a system that en-
ables businesses operating in e-commerce sites to receive 
payments as checks. In this system, the payment is made 
by entering the necessary bank information of the person 
into the system without the need for a credit card. In oth-
er words, the customer is paying this trade site by check 
withdrawal [27].

Payment by electronic wallet: Electronic wallet is a 
program developed to shop in virtual environment. For 
the use of the electronic wallet, users are beginning to use 
the wallet by downloading this program to their computer 
or smart phones and identifying their personal informa-
tion once [28]. Electronic wallet payment is a convenient 
method for frequent shoppers in the virtual environment. 
Many personal data are stored in here such as credit cards, 
passwords, and financial information [29].

Payment with electronic fund transfer (EFt) system: 
In Electronic Funds transfer (EFt) system, payment 
transactions are made in the virtual environment over the 
currency of the country. the system has been divided into 
two types of transactions: transfer between customers 
and transfer between banks. In the inter-client transfer 
system, it includes payments such as rent payments, pay-
ments made by banks to customers, and salaries. In the 

inter-bank transfer system, the banks also include the pay-
ments they made among themselves [30].

Payment with PayPal: PayPal is an e-commerce orga-
nization that facilitates payment between parties through 
money transfers in a virtual environment. this system 
allows users to create an account linked to credit card on 
their website. Once the credentials are confirmed, the user 
can initiate payments from other PayPal accounts. the 
PayPal system is a system that does not require you to 
open credit card information or bank account information 
for creditors or payers. this provides a safe environment 
for electronic Exchange [31].

cash on delivery: Payment system at the door is to 
make payment when the consumer who orders in elec-
tronic environment gets the product from the relevant 
cargo company. these payments are mostly made in cash 
as well as credit cards. the door-to-door payment system 
plays an important role in eliminating customer safety 
concerns. In the evaluations made, especially in the de-
veloping countries, some consumers do not want to give 
credit card information in the virtual environment, leading 
to the payment system at the door [32].

As it is seen, there are many different payment meth-
ods. the selection of the payment depends on the require-
ment of the e-commerce business. the subject of this 
study is not to decide which method is best. However, 
these methods can be inferred through their security and 
privacy concerns. security technology for payments on-
line is an important issue. Moreover, increasing payment 
customer experience also increases the adoption of elec-
tronic payments. therefore, security and privacy concerns 
regarding the personal data and customer information can 
act as a restraining factor in the market. the recent trend 
prevailing in the market is the rise in mobile biometrics 
for payments such as fingerprint recognition, voice recog-
nition, iris recognition, and facial recognition.

5. Customer Satisfaction
In addition to the profitability of the companies, the atti-
tude of the customers towards the firm is also important 
in terms of the future of the company. the companies 
should perform their best effort in order to acquire new 
customers, not to lose existing customers, and to regain 
old customers [33]. therefore, the companies need to keep 
their customers in the foreground and the satisfaction of 
the customers should be well defined 

customer satisfaction is generally defined as the sat-
isfaction level of the customer's wishes and needs in the 
consumption of a particular service or product that affects 
the purchase request of the next product [34]. Satisfied cus-
tomers are ready to buy products and services that compa-
nies will present to the market. On the other side, unsatis-
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fied customers can negatively affect the decisions of other 
customers and lower the companies' sales. 

The reasons for unsatisfied customers are discussed be-
low [35];

Inadequate customer service.
business employees' disinterestedness and disrespect 

towards the customer.
Imbalances in prices.
Waiting times and similar disturbing problems.
Inefficiency of complaints management.
the companies should evaluate customer complaints 

and improve their business to increase customer satisfac-
tion. A successful effort and improvement of businesses in 
products and services will have a positive impact on cus-
tomer satisfaction and desire to purchase again. However, 
an unsuccessful effort to improve the business will have 
a negative effect on customers because they will create a 
second frustration. It will destroy the customer's desire to 
purchase and reduce his commitment to business [36].

The unsatisfied customers are more important than they 
are thought to be. because, there are some conclusions 
about the spread of customer dissatisfaction. One of these 
studies shows that 90% of the unsatisfied customers never 
purchase anything from the company where they become 
unsatisfied. In addition, they share their negative thoughts 
for that company with at least 10 people about this dissat-
isfaction. According to another research, "3-33" system is 
brought to the stage. According to this system, a satisfied 
customer talks with 3 people about the good experience, 
but an unsatisfied customer shares his negative thoughts 
with 33 people. therefore, companies must maintain cus-
tomer complaints management effectively [37]. 

In order to manage customer complaints and increase 
customer satisfaction, there should be a measurement 
technique. companies can use a number of different tech-
niques to measure customer satisfaction. some of the im-
portant methods used in the process of measuring custom-
er satisfaction after the academic researches are examined 
in the headings below.

Focus groups: Focus group interviews are an effec-
tive technique in obtaining information except for digital 
information in customer relations [38]. In this technique, 
interviews are conducted in a suitable environment by ed-
ucated staffs who manage the interview in small groups. 
the important thing to see is the unexpected consequenc-
es reached during these discussions [38].

survey management: surveys conducted in customer 
relations include quantitative and qualitative measure-
ments. When these measurement programs are in use, the 
company should make an assessment based on the loca-
tion in which they are located. During the creation of the 

questionnaires, it is necessary to clearly state the objec-
tives of the company in an understandable, achievable and 
measurable quality [38].

benchmarking method: customers are satisfied with 
meeting their expectations by companies. the best way to 
use products and services is to have the best processes [39]. 
One of these applications of the benchmarking method is 
to take into account the best practices in the world for do-
ing a job [38].

critical event technique: the critical event technique 
is a method of examining the behavior of employees or 
customers against critical events. In general, these behav-
iors and observations are collected and classified [38]. In 
this technique, employees and customers report critical 
situations that affect or are dissatisfied with themselves in 
situations they are experiencing [38]. 

6. Critical Success Factors in electronic Com-
merce 
In addition to measuring the customer satisfaction, compa-
nies need to be aware of the critical success factors (csFs) 
in e-commerce. Hence they can improve their business 
processes according to these factors. there are many stud-
ies in the literature about the factors affecting customer 
satisfaction in e- commerce. 

According to sung [40], there have been few studies 
explicitly examining csFs for E-commerce. Most stud-
ies implicitly advices a set of factors to be considered in 
E-commerce. Due to literature review, sung [40] identified 
16 csFs which were mentioned by at least three studies. 
sebora et al. [41] analyzed the effects of three dimensions 
of traits, and support systems on the success of e-com-
merce. these dimensions were nominated as; Founder 
Factors, E-service Factors, and External Factors. Under 
each dimensions they examined different traits and behav-
ioral styles. Due to their results; Achievement Orientation 
and Locus of control were found as important aspects 
of Funder Factors. reliability and Ease of Use were not-
ed as the significant components of E-service Factors. 
choshin and Gaffari [42] pointed the fact that, success in 
e-commerce depends on determining the effective factors. 
therefore, they defined two sets of both inside and out-
side organizational effective factors. Due to their study, 
customer satisfaction, the amount of costs, infrastructures, 
and knowledge-information are the effective factors for 
e-commerce success. Nisar and Prabhakar [43] also ana-
lyzed the customer satisfaction in e-commerce. they de-
termined the factors affecting customer satisfaction. they 
also noted a relationship between customer satisfaction 
and consumer spending in e-commerce.

the list of csFs for ecommerce can be extended. How-
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ever, depending on the current literature, the major csFs 
can be classified under headings and the related sub crite-
ria can be listed as shown in a hierarchical way in Figure 6.

6.1 Design of internet Site
In electronic commerce, poorly designed internet sites can 
lead to loss of existing and potential customers. there-
fore, the design of these sites is important for enterprises. 
Design is usually applied to upgrade the quality of a web-
site's system. the variables needed to evaluate an internet 
site are listed below [44].

system stability: the Internet system contains techno-
logical hardware and software such as the system, applica-
bility, availability, reliability and usefulness of the system. 
the web platform system should be stable and reliable for 
the customers.

Page Load speed: customers do not like the slow 
downloading of their website pages they shop. therefore, 
page loading is an important measure at the point of eval-
uating internet sites. Very large and complex pages should 
be divided into several pages. Large footprint elements 
such as images and video must be compressed before be-
ing loaded.

Good Structure: The structure and logical flow of the 
Internet system is welcomed. Well-crafted product display 
includes functions such as order and payment, order man-
agement. It is also easy to update and maintain.

6.2 Security of internet Site
Internet sites have two parameters in terms of security. 
One of them is security policy and the other is secrecy. 

the security Policy: It means that there is a security 
policy on internet sites. 

secrecy: It means that the website is committed to pro-
tecting your personal privacy [44].

both parameters are important factors for customer sat-
isfaction. clients often prefer to shop on websites with high 
security features. therefore, enterprises should pay atten-
tion to security policy and privacy factors in internet sites.

6.3 Customer Service
today, customer service has become an important mea-
suring factor in the success and failure of electronic com-

merce [44]. Improved customer service quality is an im-
portant factor in achieving high customer satisfaction for 
businesses operating in e- commerce. customer service 
has revealed four important elements. these factors are 
examined below [44].

Quick reply: After a quick response, the customer's 
feedback is sent to the website or customer service center, 
the business should respond to it as soon as possible.

Ease of Use: It is easy to browse on the internet site or 
look at the catalogs. It means that you can easily access 
everything you want. What the customer wants on the site 
is important. For this reason, businesses need to install a 
user-friendly search engine or system. It is a very import-
ant factor in ensuring customer satisfaction. 

Interactive Operation: It is one of the most effective 
methods used to understand the customer. A customer 
service management that businesses use to inform their 
customers of low-priced offers. these include e-mail, free 
phone line, address, online chat and other real-time com-
munications software.

Frequently Asked Questions: businesses sometimes 
divide a page on common issues. Many of these questions 
can be seen by the customers. this causes problems to be 
solved easily and increases productivity.

6.4 Quality of Knowledge
Information is an important issue in e-commerce. As ex-
plained in the research conducted by an e-commerce com-
pany called Webbonanza.com, the important thing is that 
information attracts visitors to the website. the information 
includes all content related to website and its content [45].

some measurable variables can include whether emails 
or order confirmation messages are available on the web-
site. It is also important for the information to be under-
standable and reliable. All these factors contribute to the 
quality of information. In order for the customer to be 
satisfied, the business needs to maintain high standards for 
these information parameters[45].

7. Conclusion
This study mainly fulfills the gap in the literature by pro-
viding a brief analysis for e-commerce including all of the 
related components. In addition, the critical success fac-

Figure 6. Hierarchical representation of the critical success factors in E-commerce
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tors which should be considered are also specified for the 
companies in e-commerce business. 

A brief review about the e-commerce is presented in-
cluding the definition and importance of e-commerce. The 
rising importance of e-commerce is also supported by sta-
tistical data, which shows the increase in total e-commerce 
sales worldwide. Also, the advantages and the differences 
between e-commerce and traditional trading system are 
elaborated. Eight different tools which can be used in 
e-commerce are listed. seven classes of e-commerce types 
are investigated. Nine payment methods in e-commerce 
are explained. Importance of customer satisfaction in 
e-commerce is underlined. As the last, four critical suc-
cess factors for e-commerce are specified and tabulated in 
a hierarchical structure including the sub-factors. by elab-
orating various aspects of e-commerce, the main aim of 
this study, which is to provide a comprehensive and brief 
review about e-commerce, is achieved. 

Although this is a comprehensive study for this topic, it 
is open to some further studies in this research area. First-
ly, other components of e-commerce can be embedded to 
this study. For example, the difficulties or problems occur-
ring in the contemporary trading systems can be studied. 
secondly, the customer satisfaction ratio of an e-com-
merce company can be measured as a case study.  thirdly, 
for a specified country, the best website in e-commerce 
can be identified with using one of the multi criteria deci-
sion making methods. the critical success factors nomi-
nated in this study can be used as the criteria to measure 
the performance of alternative web sites of e-commerce 
companies. 
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This paper takes the Chinese listed company with the equity refinancing qualification from 
2012 to 2013 as the research object, and uses the residual revenue model to calculate the equi-
ty financing cost. This paper discusses the impact of the overconfidence of executives on the 
equity financing cost and its impact mechanism. The unique institutional background exam-
ines the differences in property rights characteristics. The research found that: (1) executive 
overconfidence has a negative impact on the cost of equity financing, executives tend to be 
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1. introduction

the influencing factors of equity financing costs are 
long-term hot issues in capital market research. 
As the main basis for enterprise investment and 

financing decision-making, the accurate measurement of 
equity financing cost is not only beneficial to guide the 
flow of funds in the capital market, but also has important 
practical significance for improving the financial deci-
sion-making level and performance value of the company. 
The research on the factors affecting the cost of equity 
financing, domestic and foreign scholars mainly from the 
micro and macro levels: the micro level includes factors 
such as company characteristics, information disclosure 
and corporate governance; the macro level considers ex-

ternal governance environmental factors such as investor 
protection and political relations. A large number of do-
mestic and foreign literatures examine the impact of infor-
mation disclosure on equity financing costs. Based on the 
theory of information asymmetry, the existing theoretical 
research believes that due to the information asymmetry 
between the management and investors of the enterprise 
and the existence of the investor's predicted risk, the 
lower level of corporate information disclosure makes 
the information between the enterprise and the investor. 
Asymmetry is further aggravated. Investors will face 
higher estimated risks when estimating future earnings. 
Potential investors will inevitably demand higher return 
on investment, which in turn will lead to an increase in 
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corporate financing costs. That is, the lower the level of 
corporate information disclosure, the higher the cost of 
equity financing[1,2,3].

As mentioned above, the academic research on the cost 
of equity financing is based on the rational human hypoth-
esis of the neoclassical economic theory. The influencing 
factors are mainly limited to the internal and external 
aspects of the enterprise, and less attention is paid to the 
individual psychological characteristics of the execu-
tive group. Equity financing cost research has achieved 
more results, but the rational person hypothesis does not 
match the management's prevailing tendency of over-
confidence. In addition, most of the research on manage-
ment's overconfidence is limited to the internal financial 
decision-making level, and less on how executive over-
confidence affects the judgment of external stakeholders, 
including potential investors, on corporate value and risk.

Since Hambrick et al. proposed management's 
high-level theory, research scholars have begun to pay 
attention to the impact of managerial characteristics on 
corporate behavior and external stakeholders. Behavioral 
finance introduces psychology into the field of corporate 
finance research, explaining how managerial personality 
traits influence management's behavioral decisions. Over-
confidence is one of the most robust findings in psychol-
ogy. A large body of research literature shows that people 
tend to show a tendency to be overconfident in economic 
activities. Psychology and behavioral finance studies have 
also confirmed that people's behavior is not completely ra-
tional due to the existence of overconfident cognitive bias. 
Because the manager is at the top of the organizational 
structure of the enterprise and is in the core decision-mak-
ing position, he will have more information than the aver-
age employee, plus the successful management experience 
accumulated over the years. Therefore, managers are more 
likely to show excessive self-confidence in the process of 
business decision-making. A lot of empirical research has 
also proved that management does have the characteristics 
of overconfidence, which is characterized by their easy 
systemic cognitive bias on the project's benefits and risks, 
which is reflected in the fact that overconfident executives 
can easily overestimate the project's benefits. Level or 
underestimate the risk level of the project, overestimate 
your ability level and master the accuracy of the informa-
tion[4,5]. The above performance must be reflected in the 
irrationality of corporate decision-making[3]. the irrational 
decision-making caused by the overconfidence of execu-
tives, many scholars at home and abroad have conducted 
a lot of research and achieved a series of research results. 
The research found that executive overconfidence can 
affect the company's dividend distribution, investment 

mergers and acquisitions, earnings forecast, company 
performance, accounting stability, etc[4,5,6,7,8,9]. From re-
cent research, scholars have been paying attention to the 
economic consequences of irrational decision-making by 
executive overconfidence companies. The research found 
that executives' overconfidence led the company to adopt 
a radical financing strategy by influencing the company's 
investment behavior, and its economic consequences were 
the rise in equity financing costs[10].

Different from the existing research, this paper ex-
plores the impact of the overconfidence bias of executives 
on the cost of equity financing of enterprises based on the 
perspective of information disclosure. The answer to the 
above questions helps us to deepen the irrational psycho-
logical characteristics of managers. It has theoretical and 
practical value to influence external stakeholders and their 
corresponding economic consequences. Therefore, this 
paper attempts to explain three questions: (1) How does 
the overconfidence bias of executives affect the cost of eq-
uity financing? (2) What is the mechanism of the influence 
of executive overconfidence on the cost of equity financ-
ing? (3) In the enterprises with different property rights, is 
there any difference in the influence of the overconfidence 
bias of the executives on the equity financing costs of the 
enterprises?

The possible contributions of this paper are: firstly, 
using behavioral finance theory to extend the influence 
of executive overconfidence on other stakeholders to the 
level of potential investors, providing empirical data on 
the relationship between executive overconfidence and 
equity financing costs. Research has made up for the 
shortcomings of the existing literature; secondly, based 
on the transmission mechanism of information disclosure 
affecting the cost of equity financing, this paper helps to 
understand the decisive factors of the pricing of equity 
financing market and provide the deep motivation for the 
overconfidence of executives to affect the cost of equity 
financing. Moreover, the existing research on the cost of 
equity financing is mainly localized in the internal char-
acteristics of the company and the external environment, 
and the internal characteristics of the company are closely 
related to the executives. This paper extends the research 
to the individual characteristics of management and may 
further deepen the research results in this field.

2. Theoretical Analysis and Research Hypoth-
esis
Many domestic and foreign literatures examine the impact 
of information disclosure on equity financing costs from 
both theoretical and empirical perspectives.

the theoretical research level agrees that the princi-
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ple of information disclosure affecting the cost of equity 
financing can be described as two types of mechanisms: 
First, the perspective of information disclosure. The hy-
pothesis believes that information disclosure can reduce 
information asymmetry between management and inves-
tors, reduce the transaction cost of stocks, enhance stock 
liquidity, and thus reduce the cost of equity financing; 
second, the perspective of investor risk prediction. When 
information disclosure is low, investors will bear the risk 
of predicting future utility. If this risk is not diversified, 
investors will demand a higher return on the information 
risk, that is, information disclosure will reduce the cost of 
equity financing by reducing the estimated risk of stock 
returns.

The empirical research level measures information dis-
closure from the aspects of quantity and quality of infor-
mation disclosure, and empirically tests the relationship 
between information disclosure and equity financing costs. 
Botosan et al., Wei Wang and Gaofeng Jiang are scholars 
who have carried out related research earlier at home and 
abroad. They choose the amount of information disclosure 
as a surrogate indicator of information disclosure. The 
empirical results show that there is a negative correlation 
between information disclosure and the cost of equity fi-
nancing[11,12,13]. In the recent research literature, the quality 
indicators of earnings disclosure quality have begun to 
be adopted by research scholars. bhattacharya and other 
scholars try to use income smoothness to measure the 
transparency of earnings, and examine the impact of in-
formation disclosure quality on the cost of equity capital 
from the national level. Their research found that the more 
opaque the country, the higher the cost of equity capital[14]. 
Domestic scholars have used the data of listed companies 
in China to conduct empirical tests. The conclusions of 
bhattacharya and other scholars have reached the same 
conclusion. The quality of information disclosure of listed 
companies in China is significantly positively correlated 
with the cost of equity financing[15,16].

Based on the foregoing analysis, there are two types 
of mechanisms for the influence of managerial over-
confidence on the cost of equity financing: First, the 
information disclosure mechanism. Executives with over-
confidence are more likely to adopt aggressive earnings 
management. Hriber and Yang's research found that when 
executives are overconfident, companies tend to release 
optimistic earnings forecasts and adopt more aggressive 
business strategies. When actual earnings fail to reach 
predictive targets, they are forced by capital market pres-
sures. It is forced to report earnings through aggressive 
positive earnings management[17], which will inevitably re-
duce the quality of information disclosure and worsen the 

information asymmetry between enterprises and investors, 
and enterprises will face higher equity financing costs. 
Second, in order to whitewash the report, overconfident 
executives may have a motive for smooth performance for 
earnings management. The reason is that overconfident 
managers tend to overestimate their own ability level or 
the accuracy of the information they have, thus over-opti-
mistic expectations of corporate earnings, overestimating 
the probability of revenue growth, and underestimating 
the probability of a decline in earnings. Therefore, when 
the company's performance is not good (such as below 
the refinancing conditions), overconfident managers tend 
to report more surplus by accelerating the recognition 
of income, delaying the reporting fee and other accruals 
management methods, and the company's performance is 
better (such as exceeding refinancing conditions, overcon-
fident managers will understate more surplus as a future 
profit reserve. Therefore, compared with other companies, 
overconfident managers adopt more income smoothing 
methods to cover the real fluctuations of income, the in-
come of the enterprises is smoother, and the information 
asymmetry between enterprises and investors is more seri-
ous. Enterprises must face higher equity financing costs.

Secondly, from the perspective of investors' predictive 
risk mechanism, overconfident executives believe that 
their ability is higher than the industry average, tend to 
overestimate the expected cash flow and return on invest-
ment of the company's projects, and underestimate the 
risk level of project investment. At this point the compa-
ny's risk is increasing. Investors are bound to face higher 
estimated risks when estimating future earnings. Potential 
investors will inevitably demand higher return on invest-
ment, which in turn will represent an increase in corporate 
financing costs. Guangguo Sun and other researchers 
found that managers' overconfidence is negatively cor-
related with the level of corporate accounting stability. 
Especially when the company is in financial distress, the 
overconfident management is more likely to adopt unre-
liable accounting methods such as recognizing income in 
advance and delaying the confirmation of losses. Increase 
the risk that investors estimate future earnings, and thus 
increase the return on investment requirements of poten-
tial investors[18].

Based on the above analysis, the overconfident man-
agement has a more aggressive incentive for earnings con-
trol, and investors estimate that the risk increases, leading 
investors to demand a higher return on investment for 
managers with overconfidence, so we propose hypothesis 
H1:

H1: There is a significant negative correlation between 
executive overconfidence and equity capital costs.
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Because the situation of corporate governance supervi-
sion and restriction faced by state-owned enterprises and 
non-state-owned enterprises is very different, the degree 
of overconfidence of executives with different property 
rights has different effects on the cost of equity financ-
ing. The high concentration of equity in state-owned 
listed companies and the absence of owners are likely to 
lead to internal control, and managers have great rights. 
Compared with private enterprises, executives are more 
likely to form "one-word situation" (deciding everything 
by one man's words) when making decisions. Moreover, 
executives of state-owned listed companies enjoy admin-
istrative levels and are more prone to overconfidence. As 
a result, the degree of executive overconfidence is more 
pronounced in state-owned enterprises. The following is 
an analysis from the information mechanism and on the 
one hand, from the perspective of the information mecha-
nism. Due to the imperfect corporate governance structure 
and internal and external regulatory mechanisms of state-
owned enterprises, it is easy to aggravate the degree of 
overconfidence of state-owned enterprise executives. As 
a result, the overconfidence of state-owned enterprise 
executives has a greater impact on corporate behavior de-
cisions, and there is more room for earnings manipulation. 
When the management of state-owned enterprises faces 
greater financing motives and political pressures, in order 
to cover up the real income situation of enterprises, they 
will adopt more aggressive earnings control methods, thus 
aggravating the information asymmetry between state-
owned enterprises and investors. Further reducing the 
quality of accounting information of state-owned enter-
prises will eventually lead to higher equity financing costs 
for state-owned enterprises. On the other hand, Garmaise 
et al. found that when ineffective corporate governance is 
combined with management opportunistic behavior, the 
company's systemic risk will rise and the cost of equity fi-
nancing will increase.[19] Huang's research findings further 
confirm that higher levels of management encroachment 
will result in higher equity financing costs, as the invest-
ment itself will bear additional agency risks and higher 
monitoring costs [20]. Therefore, from the perspective of 
risk mechanism, compared with other enterprises, be-
cause the degree of overconfidence of executives is more 
prominent in state-owned enterprises, state-owned enter-
prise executives have greater jurisdiction over corporate 
decision-making, leading to greater risks for state-owned 
enterprises. Estimating the risk of future earnings is high-
er, which in turn will increase the return on investment 
requirements of potential investors[21].

Based on the above analysis, we further propose hy-
pothesis H2:

H2: Other conditions remain unchanged. compared 
with private enterprises, the overconfidence of senior ex-
ecutives of state-owned listed companies has a more sig-
nificant impact on the cost of equity financing.

3. Research Samples and Research variables

3.1 Research Samples
This paper selects non-financial A-share listed companies 
with refinancing qualifications in 2012 and 2013 as re-
search samples, and excludes the following companies: (1) 
Companies with CEO changed during the research year; 
(2) Companies with missing financial data, abnormal 
financial indicators, and have been specially treated; (3) 
The companies in the financial and insurance industry; (4) 
companies that issue b shares and H shares at the same 
time; (5) Listed companies but listed for less than 3 years. 
After the above elimination, there are 553 in 2014 and 
612 in 2015, a total of 1,165 observations. Among them, 
53 CEOs were overconfident in 2014 and 69 in 2015, with 
a total of 122 observations.

3.2 Research variables

3.2.1 Managers with Overconfidence

Senior managers with overconfidence: How to accurately 
measure managerial overconfidence is a problem in aca-
demia[4,5]. From the macro environment to the micro-en-
terprise level, domestic and foreign scholars use many al-
ternative indicators to measure manager's overconfidence. 
the most representative surrogate indicators include cEO 
holding status; company earnings forecast deviation; me-
dia evaluation of CEO; business climate indicator; CEO's 
relative compensation, etc. but whether these alternative 
indicators are reasonable is still debatable. considering 
that investment opportunities have a key impact on the 
growth of the company, this paper draws on the methods 
of Malmendier and Tate[4] and Ying Hao[6] to select invest-
ment opportunities to represent the growth opportunities 
of enterprises. Considering the unobservable investment 
opportunities, this paper draws on the methods of domes-
tic and foreign scholars to use the market value book to 
measure the growth opportunities of enterprises than the 
MBA. The MBA for each sample company for each re-
search year is adjusted to the industry median.

Therefore, the criterion for judging the overconfidence 
of executives in this paper is that if the growth of the 
current period is lower than that of the previous period, 
and the number of CEOs' growth increases or remains 
unchanged, the stock trading behavior reflects the CEO's 
growth of the company. Excessively optimistic estimates 
can be used to judge executives' overconfidence, and vice 
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versa to judge that executives are not overconfident.

3.2.2 information Disclosure Quality indicators and 
Control variables

Referring to relevant research, this paper uses the in-
come smoothness to measure the quality of information 
disclosure of listed companies. Since the accrual items 
do not match the cash flow (that is, the correlation co-
efficient between the two is close to zero) is a common 
phenomenon in listed companies. If the directions of the 
two changes are inconsistent and the absolute values of 
the correlation coefficients are large, It may be that the 
listed company is using the difference between the two 
to smooth the income return smoothness, so the degree 
of correlation between the earnings and cash flow of the 
listed company in a certain period of time can be used to 
measure the degree of smoothness of the income. This 
paper draws on the ideas of Leuz et al.[22] and Myers et 
al.[23] to measure the smoothness of returns by using the 
correlation coefficient between quarterly accruals and 
quarterly cash flow changes.

In the research model below, we also control other 
factors that may affect the interpreted variables. Previ-
ous studies have shown that company characteristics 
such as company size and solvency are important factors 
influencing earnings management. In addition, we also 
control corporate characteristic variables such as profit-
ability, growth, operating efficiency, and fixed asset ratio. 
Many studies have shown that the quality of earnings 
information is closely related to the corporate governance 
mechanism. the ownership structure, board structure 
and executive shareholding affect the level of motivation 
for management to implement earnings management. 
Therefore, we use equity concentration, the proportion of 
independent directors and the proportion of CEOs. These 
factors are controlled.

3.2.3 equity Financing Costs and Control variables

Referring to the existing estimation method of equity fi-
nancing cost, this paper uses the residual income model of 
Gebhardt et al.[24], and uses the method of Kangtao Ye et 
al.[25] to estimate the cost of equity financing. In order to 
make the empirical research more accurate, this paper also 
controls the two important variables of β coefficient and 
book market value ratio BM which may affect the cost of 
equity financing.

4. Research Methods and empirical Results

4.1 Descriptive Statistics
Descriptive statistics for the study variables showed that 
the average cost of equity financing was 6.5%, with a me-

dian of 5.4%, a maximum of 11.5%, and a minimum of 
1.2%. The sample company's average return smoothness 
is 0.850, and the median is 0.930, which indicates that the 
sample company's refinancing qualification is smoother, 
which is consistent with the research results of Ying Zeng 
and Zhengfei Lu[17].

4.2 Univariate Grouping Test
In order to test hypothesis H1, we divide the sample 
companies into over-confident enterprise groups and 
non-overconfident enterprise groups according to wheth-
er the CEO is overconfident. The difference between the 
two groups was significant, and the smoothness of the 
overconfident group was greater than that of the non-over-
confident group. Further, the T-test and Wilcoxon test 
results of the mean and median differences between the 
two groups showed that the yield smoothness of the two 
groups was significantly different at the 1% significance 
level. This result shows that the profit smoothness of 
overconfident enterprises is significantly greater than that 
of non-overconfident enterprises, so that our hypothesis 
H1 is initially supported by the univariate test. As a result 
of the difference between the group financing costs, the 
mean and median of the equity financing costs of the two 
groups passed the T test and the Wilcoxon significance 
test, which shows that the CEO's overconfidence of cor-
porate equity financing costs is also significantly greater 
than CEO non-overconfident enterprises. Since no control 
variables were added, the results of the univariate test may 
be overestimated. To make the study more meaningful, we 
further performed a multivariate regression analysis of the 
multivariate test.

4.3 Analysis of CEO with Overconfidence Related 
to earning Smoothness

4.3.1 Analysis of the Impact of CEO Overconfidence 
on earning Smoothness

To test hypothesis H1, we establish the following mod-
el to test the impact of CEO overconfidence on Earning 
smoothness:

0 1 2 3 4 5 6

7 8 9 10 11

i i i i i i i

i i i i i i
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Tan Board Hold Control Herf

α α α α α α α

α α α α α ε

= + + + + + +

+ + + + + +

 (1)
Among them, the interpreted variable Es is the income 

smoothness indicator defined above, and the explanatory 
variable Con is the CEO overconfidence dummy variable. 
to make the inspection more accurate, we control other 
factors that may affect the smoothness of the earnings of 
listed companies. the multi-collinearity test results of the 
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regression model show that the variance expansion factor 
of the regression model is less than 2, Therefore, there is 
no multi-collinearity problem in the setting of the regres-
sion model. 

In order to ensure the robustness of the test results, we 
introduce control variables step by step for regression. 
With the introduction of control variables, the significance 
of the coefficients is significantly enhanced. When the 
income smoothness ES is the explanatory variable, the co-
efficient is always positive and significant at the 1% level, 
which shows that the more CEOs tend to be overconfi-
dent, the smoother the earnings of listed companies and 
the lower the transparency of earnings. So our hypothesis 
1 passes the test.

4.3.2 Analysis of the Impact of CEO Overconfidence 
on the Correlation between earning Smoothness and 
equity Financing Cost

After analyzing the impact of CEO overconfidence on 
the smoothness of listed companies' earnings, we join the 
CEO overconfidence variable and establish the follow-
ing joint multiple regression models to further examine 
whether CEO overconfidence will increase (or weaken) 
the positive correlation between earnings smoothness and 
equity financing costs:

0 1 2 3 4

5 6 7 8 9

i i i i i i

i i i i i i

r ES Con ES Size

BM Lev Turn Roa Grow

α α α α β α

α α α α α ε

= + + × + +

+ + + + + +

 (2)
Among them, the dependent variable r is the equity 

financing cost, the income transparency ES is the income 
smoothness indicator defined above, and Con is the CEO 
overconfidence dummy variable. To test the hypothesis 
proposed, we establish an interaction term between the 
income smoothness ES and the CEO overconfidence dum-
my variable Con. If the coefficient of the interaction term 
is significantly positive, then our hypothesis H2 holds. In 
order to make the inspection more accurate, we also con-
trol other factors that may affect the cost of equity financ-
ing of listed companies. The multi-collinearity test results 
of the regression model show that the variance expansion 
factors of each variable in the regression model are less 
than 2; therefore, there is no multicollinearity problem in 
the setting of the regression model.

The empirical results show that the size of the firm, the 
book value of the market value and the cost of equity fi-
nancing are significant at the level of 1%, but the relation-
ship between the beta coefficient and the cost of equity 
financing is not significant, which is consistent with the 
empirical results of Ying Zeng and Zhengfei Lu.[17] Finan-

cial leverage is significantly positively correlated with eq-
uity financing costs, indicating that the risk of bankruptcy 
failure increases with the increase of financial leverage, 
and investors must demand higher risk compensation, 
resulting in an increase in equity financing costs[26]. the 
asset turnover rate is significantly negatively correlated 
with the equity financing cost, and the symbol is also in 
line with theoretical expectations. Because the lower the 
asset turnover rates, the worse the business efficiency of 
the company, the more serious the agency problem, the 
higher the investment risk of investors, and therefore the 
higher risk return[27]. the return on assets and the growth 
rate of operating income are significantly related to the 
cost of equity financing. The symbol is consistent with the 
existing research[17,28], indicating that the profitability and 
growth of the enterprise are important factors affecting 
investors' investment decisions.

to test hypothesis H2, we adopt a joint multivariate 
analysis method to test whether CEO overconfidence 
increases the impact of earnings smoothness on equity fi-
nancing costs. the empirical results show that the income 
smoothness is significantly positively correlated with the 
equity financing cost at 5%, indicating that the smooth-
er the return and the higher the cost of equity financing, 
which is consistent with the expected research conclusion.
[8,11] More importantly, the coefficient of CEO overconfi-
dence dummy variable con and income smoothness Es 
interaction term Con*ES is significantly positive at 5% 
level, which shows that CEO overconfidence enhances 
the positive correlation between earnings smoothness and 
equity financing costs, and Hypothesis H2 is verified.

4.3.3 Analysis of the Impact of CEO Overconfidence 
on the Correlation between earning Smoothness and 
equity Financing Costs

In order to further test whether the hypothesis H3 is estab-
lished, on the basis of the above regression analysis, the 
sample companies are classified into state-owned enter-
prises and non-state-owned enterprises in groups accord-
ing to the characteristics of ownership. The results show 
that the coefficient of the interaction term Con*ES in the 
state-owned enterprise group is significantly positive at 
the level of 1%, and in the group of private enterprises, 
the coefficient is only significant at the level of 10%; 
the full sample empirical results show that CEO over-
confidence enhances the impact of earnings smoothness 
on equity financing costs. Further analysis of ownership 
analysis shows that compared with private enterprises, the 
influence of CEO overconfidence is significantly reflected 
in state-owned listed companies. this empirical analysis 
supports hypothesis H3.
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4.4 Robustness Test
In order to enhance the robustness of the research results, 
the paper conducted the following tests: (1) According to 
the existing research and data availability, the CEO's eval-
uation and cEO relative salary are used to measure cEO 
overconfidence, and the empirical results are still valid; (2) 
Using the annual accrual item and cash flow correlation 
coefficient to measure the return smoothness indicator[10], 
the empirical results are still valid; (3) all variables in the 
regression model are tailed out, eliminating 1% of the 
abnormal value before and after, the empirical results Still 
true, the model fit has improved. The above tests show 
that the empirical results of this paper have good robust-
ness.

4.5 Further Analysis: the Potential Mechanism of 
Senior Managers with Overconfidence Affecting 
the Cost of equity Financing
From the previous theoretical analysis, the underlying 
mechanisms of executive overconfidence affecting the 
cost of equity financing are: On the one hand, from the 
perspective of information disclosure, overconfident exec-
utives have more intense aggressive earnings management 
and income smoothing motives, leading to the company. 
The decline in the quality of accounting information has 
aggravated the information asymmetry between managers 
and investors, making enterprises face higher equity fi-
nancing costs[28].

On the other hand, from the perspective of investors' 
predictive risk, overconfident executives believe that their 
ability is higher than the industry average, tend to overes-
timate the expected cash flow and return on investment of 
the company's projects, and underestimate the risk level 
of project investment. The risk increases. Investors are 
bound to face higher estimated risks when estimating fu-
ture earnings. Potential investors will inevitably demand 
higher return on investment, which in turn will represent 
an increase in corporate financing costs.

4.5.1 Analysis of information Disclosure Machine: 
Executive Overconfidence and Quality of Information 
Disclosure

From the regression results, the influence of executive 
overconfidence on the quality of information disclosure 
is significantly positive at the 10% significance level; the 
over-confidence of executives and the quality of informa-
tion disclosure are simultaneously added to the regres-
sion analysis of the cost of equity financing, executive 
over-extension Confidence in the cost of equity financing 
is significant at the 10% level, and the quality of infor-
mation disclosure is significant at the level of 5% equity 

financing. After the quality of information disclosure, the 
influence of over-confidence of executives on the cost 
of equity financing is still significant, and the quality of 
information disclosure on the cost of equity financing 
and over-confidence of executives is significant for infor-
mation disclosure. combined with the above regression 
results, the quality of information disclosure is The in-
fluence of executive overconfidence on the cost of equity 
financing has a partial mediating effect.

4.5.2 investor Forecasting Risk Perspective Analysis: 
Executive Overconfidence and Corporate Risk

From the above analysis, investors predict that risk is an-
other potential mechanism for executives' overconfidence 
to affect the cost of equity financing. When executives are 
overconfident, they will overestimate the expected cash 
flow and return on investment of the company's projects, 
and underestimate the risk of project investment. Levels 
lead to increased company risk. When investors predict 
that the company's risk will increase, potential investors 
will inevitably demand a higher return on investment, 
which in turn will increase the cost of corporate finance, 
so it can be expected that the risk of executives with over-
confidence will increase. The empirical results show that 
the level of surplus volatility is used to represent the com-
pany's risk. The influence of executive overconfidence on 
earnings volatility is significantly positively correlated at 
the 10% level, indicating that the executive's overconfi-
dence tends to increase the level of surplus volatility and 
increase the company's Corporate risk; joining the compa-
ny's risk factors, executive overconfidence is significantly 
positive for equity financing costs at 5%, while corporate 
risk is significant at 5% for equity financing costs, in sum-
mary the investor's forecast risk is also high The influence 
of overconfidence on the cost of equity financing has a 
partial mediating effect.

5. Conclusion
this paper takes the chinese listed company with the 
equity refinancing qualification from 2012 to 2013 as 
the research object, and uses the residual income model 
to calculate the equity financing cost, drawing on the re-
search ideas of Bhattacharya et al.[11] this paper uses the 
income smoothness index to measure the transparency of 
listed companies' earnings, and examines the impact of 
CEO overconfidence on the quality of listed companies' 
information disclosure and the economic consequences.

Notes: since the research sample selected in this paper 
is an already listed company, the first financing has been 
completed. Therefore, unless otherwise stated, the equity 
financing cost in this article refers to the cost (or potential 
financing cost) of the listed company's equity refinancing.
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