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Abstract: In this study, an innovative adoption of E-commerce models including C2B, B2C, A2C, A2B and 

B2B for excellence education systems regarding the thesis definition and examination is proposed. 

Prioritization of these models is performed by considering the imminent strength and potential of each 

model itemized by some criteria using AHP and fuzzy AHP. Results revealed that the first preferable model 

is C2B by which the most effective results can be obtained in academic systems. So, this model can be useful 

not only as a business model for the academic institutions and worldwide universities to manage their 

financial affairs and enhance their relations with industrial and commercial societies, but also as a 

preventing method for ill-managed projects or even as a prohibiting tool for plagiarism. 
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1. Introduction 

International communications and data transfer by means of nowadays technologies have been 

flourished to virtual-reality level in recent decades [1], [2]. Business as a whole in all aspects and levels of 

its conception has been also developed by constructing electronic commerce (E-commerce) infrastructures. 

Academic institutions and universities are growing not only in quantity around the world but also in 

effectiveness and social fields of activities. In this respect, universities are developing their activities beyond 

routine students admission and education to industrial, social and commercial projects. Hence, it is 

obviously expected that there is an essential need in E-commerce infrastructure for such activities in any 

developing or developed country. Implementation of powerful features of E-commerce in academic 

institutions for theses and research management is expected to enhance applied theses in industrial and 

social affairs. Moreover, it could be also effective in prevention of misconducting theses, theses plagiarism 

or ineffective examinations. Specially for these reasons, the concept of electronic learning (E-learning) has 

been studied recently [3] and there has been many efforts to investigate new business models for higher 

education systems [4], [5]. This is the matter of the current study.  

There has been proposed different E-commerce models among which, A2B, A2C, B2A, B2C, B2B, C2A, C2B, 

C2C, B2G, G2B, G2C, and G2G are the most known [6]-[8]. Among all of these models, only C2B, B2B, B2C, 

A2C and A2B can be applied for cooperation between universities and individual students. So, the aim of the 

current study is to investigate the importance level of these models and prioritize them according to some 

basic criteria. For this purpose, five academic systems were proposed as below. 1) C2B Model: students can 
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define their own ideas based on an academic thesis and offer their idea to the electronic website of the 

academic institution which is like a business area collaborating with private sectors and investors. Any 

investor who was interested in any of the ideas provided by the students, he/she can purchase that idea and 

a financial work will be started in an academic education field. In this model, students educational 

expenditure may be supplied by the business sector of the university and the pivotal role of decision making 

as well as idea sharing is based on the students. 2) B2C Model: university is like a business area supporting 

by some private sectors which offer some academic educations and services to the students and willing 

applicants. However, in this model, students are like individual customers who will achieve only some 

material offered by the university policies and nothing more. In this model, students may be responsible to 

pay their own tuitions and they may be left alone after their graduation. Electronic business infrastructure 

in this model is limited to internal communications within the academic board. 3) B2B Model: university is 

supported by some private sectors which services some other private or public sectors or business. In this 

model, it is possible for both students and investors to define their own desirable thoughts and ideas as 

academic theses or projects and to share their ideas via electronic infrastructures. However, all of the 

students should only satisfy the interests of the target business area. 4) A2C Model: university is supported 

by government or state administrator which only services the students based on whole educational laws 

and policies defined by the education ministry. Students are like individual customers who can define their 

own ideas as their thesis or do some research based on their professors ideas. By the way in this model, 

university is not responsible for the future of the projects in business area. Electronic communications are 

also limited to internal academic board. 5) A2B Model: this model is similar to A2C with a little difference by 

which university can make collaborations with some private sectors electronically and there may be some 

opportunity for students to get involved in business area. However, there will not be any guaranty for the 

university to satisfy all of the students ideas and expectations. So, finding the most suitable model was 

performed by defining some criteria based on multi criteria decision making (MCDM) process like AHP.  

Analytic Hierarchy Process (AHP) is a mathematical approach proposed by Saaty for ranking some 

choices based on some criteria [9]. In this method, alternative choices are compared and scored 

quantitatively pairwise. By implementation of some mathematical approach, it is possible to sort the 

choices by their importance as well as to evaluate the consistency of pairwise comparisons. This is why AHP 

is one of the most powerful methods for decision making (DM) analysis which is considered in this study. 

One knows that human DM process is so qualitative while in these methods, one should quantify the 

comparisons. Since Lotfi-Aliaskar Zadeh has introduced fuzzy logic, there has been applied fuzzy numbers 

in human decision making processes [10]. So, AHP is also modified for considering uncertainty in DM 

processes by using fuzzy numbers [11], [12]. 

Purpose of this research is to ask the question which of the E-commerce models with which strategy 

could be applied for academic systems. Importance of each model and prioritization among them was 

evaluated by AHP and fuzzy AHP. 

2. Methodology of Models Prioritization 

2.1. Criteria Selection 

Potential internal and external opportunities expected to be satisfied by implementation of C2B, B2C, A2C, 

A2B and B2B models of E-commerce to academic systems were summarized in 8 criteria. These criteria 

were suggested to 16 experts to evaluate and select the most relevant ones from. Finally, 6 criteria were 

selected as presented in Table 1. Experts were again asked to evaluate these criteria quantitatively. 

2.2. AHP Explanation 
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Table 1. Criteria and Alternatives Used for Pairwise Comparisons 

Alternatives Definition Criteria Definition 

A1 C2B C1 Potential for Correct Theses Management and Exact Examination 

A2 B2C C2 Potential for Data Protection and Plagiarism Prevention 

A3 B2B C3 
Potential for Efficient Theses Definition for Social-Industrial Sections As Students' 

Future Job Opportunity 

A4 A2C C4 Potential for International Communications among Professors and Students 

A5 A2B C5 
Potential for the Lowest Cost Education with the Highest Admission Capacity 

Reasonably Possible for All Applicants 

  C6 
Potential for Finding the Students Talent and Leading Them for the Most Suitable 

Projects 

 

Selected criteria as well as alternative models were ranked by the experts based on importance levels in 

AHP comparison table. For this purpose, each item was compared separately by the other items via a 

questionnaire. Evaluation of importance ranking from linguistic values to quantitative scale was made by 

formation of AHP pairwise comparison matrix (as matrix M in “(1)”) with scales presented in Table 2. 

Academic experts were asked to rank these items. Then, all models were also compared pairwise by the 

experts' opinion based on each criterion. 
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where subscripts C and A stand for comparison matrix for criteria and alternatives, respectively. 

 
Table 2. Quantitative Scale for Importance Levels 

Importance Level Scale 

Extremely Higher 9 

Very Strongly Higher 7 

Very Higher 5 

Slightly Higher 3 

Equally the Same 1 

Slightly Lower 1/3 

Very Lower 1/5 

Very Strongly Lower 1/7 

Extremely Lower 1/9 

 
Then, consistency of each matrix for all experts' opinion was calculated by means of consistency index 

and consistency ratio defined by “(2)”and “(3),” respectively. 

 

max .
1

n
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                                     (2) 

.
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                                         (3) 

in which max  is the maximum Eigen value of the matrix and n  is the matrix size. RI is random index 
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defined in Table 3. 

 
Table 3. Random Index Values 

n 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.46 1.49 

  

In case of 0.10CI  , the corresponding matrix is considered as consistent. Otherwise, the 

corresponding matrix of is rejected. 

Effective ranking score was calculated by geometric average of all elements of the consistent AHP 

matrices. Finally, resultant comparison AHP matrix (some matrix like “(1)” was normalized by calculating 

summation of each column to form matrix N as “(4)”. 
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Then, arithmetic average of each row was calculated as its weight factor. Thus, each row was ranked by 

considering the weight factors in matrix W. 

1

1

2

1

1

.

:

n

j

j

n

j

j

n

nj

j

N

n

N

W
n

N

n







 
 
 
 
 
 
 

  
 
 
 
 
 
 
 







                                        (5) 

Finally, weight matrices for all alternatives based on each criterion and also the weight matrix of criteria 

comparisons among themselves, were mixed and multiplied together as the following equation. 
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2.3. Fuzzy AHP Explanation 

This method is fundamentally almost the same as routine AHP with a little difference in using fuzzy 

numbers instead of ordinary numbers. List of fuzzy numbers is presented in Table 4. 

 
Table 4. Quantitative Fuzzy Scale for Importance Levels 

Importance Level Fuzzy Scale 

Extremely Higher 9̃=(7,9,9) 

Very Strongly Higher 7̃=(5,7,9) 

Very Higher 5̃=(3,5,7) 

Slightly Higher 3̃=(1,3,5) 

Equally the Same 1̃=(1,1,1) 

Slightly Lower 1
3⁄

̃
=(1

5⁄ , 1 3⁄ ,1) 

Very Lower 1
5⁄

̃
=(1

7⁄ , 1 5⁄ , 1 3⁄ ) 

Very Strongly Lower 1
7⁄

̃
=(1

9⁄ , 1 7⁄ , 1 5⁄ ) 

Extremely Lower 1
9⁄

̃
=(1

9⁄ , 1 9⁄ , 1 7⁄ ) 

 
Fuzzy calculation rules by two fuzzy numbers; namely A and B, are also defined as relations in “(7)”. 
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in which l , m and u  are the lower, mean and upper limits of the fuzzy numbers in triangle form. 

Considering all of these rules, fuzzy AHP calculations for summation of each row and column of the 

pairwise comparison matrix (similar to matrix M in “(3)”) can be done almost the same as the routine AHP 

as below. 
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where WACi and WCi are weight matrices of all alternatives based on each criterion and based on the 

self-amongst comparisons, respectively.

Priority of each alternative in ranking matrix R is defined by the extent of the corresponding value in each 

row.

At first, synthetic matrix S was calculated as “(8)”.



  

 

 

 
 

 

1

2

deg( , )

deg( , )
.

:

deg( , ) 1,2,.....

k

k

n k

Min S S

Min S S
W

Min S S k n

 
 
 
 
 
   

                          (9) 

 

in which fuzzy degree function is defined as below. 
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Finally, alternatives ranking was performed by considering the total weights yielded a matrix like “(6)” 

obtained by multiplication of criteria weights and each alternative. 

3. Results and Discussion 

3.1. AHP Calculations 

Results revealed that priority of the criteria was in this order: C2 (Data Protection), C6 (Potential for 

Finding Talent), C1 (Correct Management), C3 (Efficient Projects), C4 (International Communications) and C5 

(Opportunity for Low Cost Education) as shown below in “(11)”.  
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1
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5

6

                                       

1 2.0098 0.9999 1.2037 1.5271 0.5271

0.4976 1 1.9467 2.6177 2.2332 0.8576
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0.1701 0.0931 0.148
1 1.3440 1.0705

9043 0.7440 1 1.0705

1.3312 0.9341 0.9341 1

normalized
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0.1413 0.0692 0.0794 0.1194 0.1650 0.2029 0.1295
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0.3226 0.2113 0.1982 0.1115 0.1147 0.1895 0.1913

          

weights

 
 
 
 
 
 
 
  
 

max                                                                                                                         =6.4070, CI= 0.0814, CR= 0.0656

    (11) 

 

According to all of the criteria, top three alternatives were A1 (C2B), A3 (B2B) and A5 (A2B). The first rank 

model was A1 (C2B) based on criterion C3 to C6 (as shown in “(12),” “(13),” “(14)” and “(15)”). However 

based on criteria C1 and C2 (as shown in “(16)” and “(17)”), it was A3 (B2B). Among the least important 

alternatives, i.e., A2 (B2C) and A4 (A2C), A2 was superior than A4 for all criteria except C5. 
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Then, weights matrix W was obtained by calculating the fuzzy degree by the following equation.
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1 4.2590 1.4326 4.8123 3.6528

0.2348 1 0.3644 1.3876 0.8177
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1 4.6587 2.1191 2.3056 1.9153

0.2146 1 0.3027 0.376 0.3042
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1 1.6179 0.7476 2.8640 2.1191
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The reason behind these findings can be interesting for the future of excellence education systems 

management around the world. B2B model of multilateral business-education system because of its 

completely interacting characteristics collaborating with private sectors is in need of being updated 
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routinely to be able to fulfill the clients demands. So, it is obvious that in such an interacting system, correct 

management of the theses and desirable expectancy of data protection as well as plagiarism prohibition 

potentiality are of the highest value. In contrast, for the other models such as B2C, C2B, A2C and A2B, these 

factors are less important because one side of the business is either governmental administrator or private 

individuals who are not as much concerned with social expectancies as they are for their own themselves. 

Talent finding by which the best way of training can be handled, opportunity for low cost education which 

facilitates the students lifestyle, efficient projects and international communications which result in future 

job opportunities for the graduated students, are all more individualistic criteria than correct management 

and data protection. This is why C2B model which is the top most self-center model of education based on 

each students characteristics, was the most desirable model according to above mentioned individualistic 

criteria. This finding was also confirmed by another study comparing C2B with B2C concluding that C2B has 

higher efficiency [13]. 

Nowadays, data are of very significant value, especially for the electronic communications. Hence, it was 

such an obviously reasonable expectation that data protection was ranked as the most important criterion. 

At first one may think that based on global internet based communications in E-commerce area, 

international communications should be also among the top three criteria. However, results showed that 

this criterion was the second to last. It can be interpreted that globalization as one of the side effects of 

international communication is neither essential nor the most preferable. Instead, domestic developments 

in any society based on the efficient projects for that society beside data protection which implies some 

level of domestic security for some projects and talents finding and leading them into the correct positions 

are of higher importance and value. In this respect, educational institutions are expected to focus on their 

own societies interests more than they do for international communities even in electronic infrastructures 

based on internet. Therefore, it may imply that E-commerce activities or even electronic educations need 

considerable attention to develop domestic web servers and infrastructures. This is why a few researches 

are focused on investigation of disadvantages of globalization in educational systems or on finding 

alternative policies [14]-[17]. It also implies that brain-drain may be controlled for each society by focusing 

the academic strategies on talent findings and efficient projects in form of individualistic based models such 

as C2B. Because some studies have shown that the main reasons of students migrations are due to low 

economic growth and quality of the universities [18], [19]. So, such limitations are highly expected to be 

compromised by implementation of C2B model of business. 

Another worthwhile result was rather low rank criterion of low cost education and also relatively lower 

rank governmental administrator involved models of education. It does not necessarily imply that academic 

institutions can increase their tuition fees without concern of dissatisfaction among students. Because B2C 

model by which free universities with considerable high tuition fees can be developed was ranked second to 

last and A2B model by which low costs of education by governmental support can be guaranteed, was 

ranked as the third choice. So, the reason why low cost education was ranked the less important criterion 

while C2B, B2B and A2B models were ranked as the most important models is behind the fact that in such 

models, investment of the academic theses and projects are funded by private sectors. So, it implies that 

experts found it so evident that low cost education is presumably supported by C2B and B2B models in such 

way that the other criteria may be considered more critical to evaluate the models from. Therefore by 

applying such models on higher education systems, entrepreneurship can be re-defined and shifted from 

the academic institutions to the students. In other words, in C2B and B2B models, not only there is no need 

of tuition increasing strategies by which a reduction of applicants is predicted in the literature [20], but also 

there will be a potential of entrepreneurship chance for the students to setup their own business.    

Total ranking illustrated that the priority of the alternatives was as A1 (C2B), A3 (B2B), A5 (A2B), A2 (B2C) 
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and A4 (A2C), with total importance weight of 0.3108, 0.2815, 0.1676, 0.1254 and 0.1146, respectively. 

One of the other interesting results worth considering was the fact that in all of the top three models, the 

target clients were business sectors. It means that the best educational systems have necessarily some 

effects on some business. Educational systems which cannot fulfill the real demands of the society in any 

aspect of a business, won't have considerable chance of success and desirability among their own students 

or alumni. It reveals that academic institutions have more responsibilities than individual educations for the 

students. They should collaborate with social affairs to be able to train  interactive students for their 

societies or even, all of the world nations. As a confirmation to these interpretations, some studies have also 

shown that training the future experts in business, industry and society as a whole, need collective form of 

interactions and communications [21], [22]. 

3.2. Fuzzy AHP Calculations 

Effective fuzzy AHP matrices based on the experts' opinion are shown in “(18),” “(19),” “(20),” “(21),” 

“(22)” and “(23),” for C1 – C6, respectively. Results showed that fuzzy AHP provided exactly the same priority 

for the alternatives as routine AHP. It reveals that both methods have no difference in whole evaluation of 

alternatives in MCDM process. The criteria of "data protection" and "potential of talents finding" were the 

most important factors in model selection process just the same as routine AHP. For the "data protection" 

criterion, B2B model was the best; while for the "talent finding" criterion, C2B model was the top choice. 

Prioritization among the criteria was also found the same order as routine AHP as shown in “(24)”. 
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These findings confirmed that the results obtained by routine AHP were so solid that even consideration 

of uncertainty in fuzzy AHP concluded to the same result. It means that managerial strategies and plans for 

formation of such combined business-education models in the academic institutions can be undertaken 

confidently. 

Fuzzy AHP was actually considered in calculations because of its proper compatibility with vagueness of 

human thinking and uncertainty as discussed in the literatures [12]. Although it is expected to obtain better 

results from Fuzzy AHP rather than routine AHP for such uncertainty feature, this work has shown that 

there is no meaningful difference between fuzzy AHP and routine AHP. As reference [23] has also discussed 

that fuzzy AHP has only slight difference with classic AHP in procurement processes, it can be concluded 

that even classic AHP can yield almost the same result as fuzzy AHP if an exact survey, questionnaire and 

relevant experts who evaluate the criteria and alternatives precisely, are being involved in the decision 

making process.      

4. Conclusion 

C2B, B2B and A2B models of E-commerce, as the best models, can be implemented to academic 

educational systems especially for theses definition and examination in order to enhance the general 

influence of the academic projects for both students and the academic institutions. It was shown that C2B 

model is the most superior model amongst the other models by which four criteria out of six were satisfied 

at the higher level of expectancy. It was discussed that implementation of C2B model to the educational 

systems, not only enhances the academic outcomes but also creates a business opportunity in which both 

students and private sectors can make entrepreneurial activities. So, C2B is a promising multilateral model 

of business and education for the future of academic institutions.  
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