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ABSTRACT 

Countries need to be aware of the stage of their current e-Commerce maturity for choosing the right strategy to move 
forward. For this purpose, we develop a country-level decision support framework to determine maturation stage of 
e-Commerce in a country. At first, e-Commerce maturity scores of local e-Markets in each regional e-Market are calcu- 
lated using a fuzzy bi-level Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method. Then, 
e-Commerce maturity scores of regional e-Markets in the country are determined based on a fuzzy bi-level fishbone 
diagram. After that, national e-Commerce maturity level is assessed using a three-level decision making model. The 
contribution of the proposed decision support framework is four folds: 1) it develops a fishbone diagram to a fuzzy 
bi-level environment; 2) it presents a country-level decision making model with three levels of local, regional, interna- 
tional e-Markets to assess country’s e-Commerce maturity level; 3) it considers interdependencies between local, re- 
gional and international e-Markets; and 4) it synthesizes qualitative judgments and quantitative data of maturity criteria 
and sub-criteria. The results of this self-assessment can be used to analyze national e-Commerce strengths, weaknesses 
in e-Commerce development and move to the next level of e-Commerce maturity. Furthermore, it can be used as a de- 
vice to transfer knowledge to developing countries. We present a case study to determine US e-Commerce maturity 
level. 
 
Keywords: E-Commerce Maturity; Fuzzy Bi-Level Fishbone Diagram; Country-Level Decision Making Framework; 

Bi-Level TOPSIS 

1. Introduction 

E-Commerce is the buying and selling of product or ser- 
vice over electronic systems such as the Internet and 
other computer networks. Over the past several years 
many papers have focused on e-Commerce [1-8]. A num- 
ber of further studies have applied e-Commerce adoption 
[9-15].  

E-Commerce Maturity relates to development and 
growth, from an initial e-commerce state to an advanced 
e-Commerce state. Countries need to be aware of the 
stage of their current e-Commerce maturity for choosing 
the right strategy to move forward. It is impossible with- 
out having a national e-Commerce maturity self-assess- 
ment framework. Some models in current literature that 
have studied electronic commerce maturity are as follows: 
the e-Commerce maturity model [16], with three 
maturity stages (Experimentation, Ad-hoc implementa- 
tion and Integration); Grant’s Model [17] considers five 
maturity stages (immaturity, on the Internet, e-Com-  

merce provisional strategy decided, ready to implement 
and integrated and effective e-Commerce); the maturity 
model of McKay, et al. [18] with the six maturity stages 
(no presence, experimental on-line presence, interactive 
online presence, e-Commerce, Internal integration and 
external integration); the model of Earl [19], with six 
maturity stages (external communication, Internal com- 
munication, e-Commerce, e-Business, e-Enterprise and 
transformation); the SOG-e Model [20] also with six 
maturity stages (no presence, static online presence, in- 
teractive online presence, Internet commerce, integrated 
organization and extended enterprise); the model of 
Rayport and Jaworski [21], this model outlines four 
phases (broadcast, interaction, transaction and collabora- 
tion); the model of Rao, et al. [22] also suggests four 
stages: (presence, portals, transaction integration and 
Company integration) and the model of Chan and Swat- 
man [23], with four stages of growth (initial e-Commerce, 
centralized e-Commerce, looking inward for benefits and 
global e-Commerce). Indeed, these studies are performed 
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to measure the maturity of an organization with 3 - 6 
maturity stages. A number of further studies have fo- 
cused on self-assessment and maturity models [24-29]. 
But, there is not any mathematical model to measure 
e-Commerce maturity with parametric maturity stages.  

Furthermore, mainstream researches have focused on 
e-Commerce maturity and self-assessment models in 
small and medium-sized enterprises. There is a gap in 
country self-assessment for a comprehensive, systematic 
and regular review of e-Commerce maturity.  

Despite the following papers in current literature, there 
is not any country-level decision making model to assess 
the current status of e-Commerce maturity in countries: 
US [30]; UK [31]; Brazil [32]; Mexico [33]; in Greece 
[34]; South Korea [35]; Singapore [36-38]; Hong Kong 
[39]; China [40-43]; India [44]; Malaysia [45,46]; de- 
veloping countries [47] and global e-Commerce re- 
searches [48-52] 

For this purpose, we present a three-level national 
e-Commerce self-assessment framework where: 1) it 
addresses the gaps in the effective self-assessment of 
country-level e-Commerce maturity; 2) it considers  

three levels of local, regional, international e-Markets 
along with interdependencies between them in the na- 
tional e-Commerce self-assessment process; 3) it syn- 
thesizes qualitative judgments and quantitative data of 
maturity criteria and sub-criteria; and 4) it considers 
fuzzy logic and fuzzy sets to represent ambiguous, un- 
certain or imprecise information. The results of this e- 
Commerce maturity self-assessment allow a country to 
discern clearly its strengths and areas in which improve- 
ments can be made and culminate in planned improve- 
ment actions that are then monitored for progress. 

This paper is organized into five sections. We present 
the mathematical notations and the details of the pro- 
posed framework in Sections 2 and 3. In Section 4 we 
present a case study to demonstrate the applicability of 
the proposed framework and in Sections 5 and 6 we pre- 
sent our concluding remarks and acknowledgement. 

2. Mathematical Notations and Definitions 

Let us introduce the following mathematical notations 
and definitions: 

 
n  The number of the e-Commerce maturity criteria 

2i
m  The number of the e-Commerce maturity sub-criteria of criterion 

 2i

t
 

The number of international e-Markets 

r
 

The number of the regional e-Markets of the  
national e-Market  1i

1j
q

 
The number of the local e-Markets of regional e-Market  1j

p  The number of the e-Commerce maturity self-assessment team members 

2i
x  The e-Commerce maturity criterion  2i

 
2 2i ie x  The e-Commerce maturity sub-criterion  of criterion  2j 2i

1i
y  The international e-Market  1i

 
1 1 1i j hy s c   The regional e-Market  of national e-Market  1j 1i

 
1 1j hs c  The local e-Market  of regional e-Market  1h 1j

2 2i iw   The fuzzy pair-wise comparison value of criterion  and criterion 2i 2i  

 
2 2 2j j iw x  The fuzzy pair-wise comparison value of sub-criterion and sub- criterion 2j

2j  with respect to criterion  2i

1

1

iF  The national e-Commerce maturity score of country  1i

1 1

2

i jF  The e-Commerce maturity score of regional e-Market  of country  1j 1i

1 1 1

3

i j hF  The e-Commerce maturity score of local e-Market  of regional e-Market  in country  1h 1j 1i

1 1i jw  The fuzzy importance weight of regional e-Market  of country  1j 1i

1 1 1i j hw  The fuzzy importance weight of local e-Market  of regional e-Market  in country  1h 1j 1i

1 1i id 


 The fuzzy e-Commerce interdependencies among national e-Market  and national e-Market 1i 1i  

 
1 1 1j j iw y  The fuzzy pair-wise comparison value of regional e-Market  and regional e-Market 1j 1j  with respect to national e-Market  1i

 
1 1 1j j id y


 
The fuzzy e-Commerce interdependencies among regional e-Market  and regional e-Market  

 with respect to national e-Market  

1j

1j 1i

 
1 1 1h h jw s  The fuzzy pair-wise comparison value of local e-Market  and local e-Market 1h 1h  with respect to regional e-Market  1j
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 
2 2j ia e x    The fuzzy ideal e-Commerce score of sub-criterion  of criterion  2j 2i

 
2 2j ia e x  



 The fuzzy nadir e-Commerce score of sub-criterion  of criterion  2j 2i

 
2 2j iw e x  The fuzzy importance weight of the e-Commerce maturity sub-criterion of criterion  2j

2i

 
2i

w x  The fuzzy importance weight of the e-Commerce maturity criterion  2i

1 1 1i j hD

 The e-Commerce adoption score of the local e-Market  of regional e-Market in country  1h 1j 1i

1 1 1i j hD

 The e-Commerce adoption score of the local e-Market  of regional e-Market  in country  1h 1j 1i

1 1 1i j hT  

The relative closeness of the local e-Market  of regional e-Market  in country  representing a simultaneous  

consideration of the distances from the e-Commerce maturity score (to be minimized) and the  
distance from the e-Commerce adoption score (to be maximized) 

1h 1j 1i

 
3. Proposed Framework 

We propose the framework depicted in Figure 1 to de- 
termine an e-Commerce maturity level of a country. The 
proposed framework consists of three main phases mo- 
dularized into a series of processes and procedures.  

The proposed framework is a comprehensive and 
structured framework designed to capture the subjective 
and objective judgments associated with qualitative and 
quantitative criteria in fuzzy multi-criteria e-Commerce 
maturity self-assessment problems. 

Phase 1: Define the e-Commerce maturity self-as- 
sessment team and e-Commerce maturity criteria 

In this phase, the e-Commerce maturity self-assess- 
ment team and criteria are defined as follows: 

Process 1.1: Establish the e-Commerce maturity self- 
assessment team 

We begin the self-assessment framework by establish- 
ing an e-Commerce maturity self-assessment team. Let 
us assume that we form an e-Commerce maturity self- 
assessment team with p members as follows: 

      1 2CM cm , cm , , cmpT M M M        (1) 

Process 1.2: Draw the fuzzy bi-level fishbone diagram 
In this process, the team draws the following fuzzy 

bi-level fishbone diagram: 
Procedure 1.2.1: Draw the first level of the bi-level 

fishbone diagram  
In this procedure, the country is categorized into sev- 

eral regional e-Markets and each regional e-Market is 
further categorized into several local e-Markets in the 
first level of the bi-level fishbone diagram. This bi-level 
diagram presented in Figure 2. Let us consider the fol- 
lowing t national e-Commerce interdependencies, r re- 
gional e-Markets and 

1j
q local e-Markets as follows: 

International e-Markets of country  

 1 1 2, , , ti y y y             (2) 

Regional e-Markets of the national e-Market 

       
1 1 1 1 11 1 2, , , , ,i i i j i ri y s y s y s y s   

Local e-Markets of the regional e-Market 

     1 1 1 1 1 1 1
1 1 2, , ,

ji j i j i j qj y s c y s c y s c         

   

   (4) 

Procedure 1.2.2: Draw the second level of the bi-level 
fishbone diagram 

In this procedure, the self-assessment team identifies a 
set of e-Commerce maturity criteria. Each e-Commerce 
maturity criterion is further categorized into several 
e-Commerce maturity sub-criteria in the second level of 
the bi-level fishbone diagram. This diagram presented in 
Figure 2. Let us consider the following n e-Commerce 
maturity criteria and mi sub-criteria as follows: 

The e-Commerce maturity criteria of the local e-Mar- 
kets: 

21 2, , , , ,j nX x x x x              (5) 

The e-Commerce maturity sub-criteria of the criterion:  

    2 2 22
2 1 2, , ,

jj j m jj e x e x e x              (6)  

Phase 2: Calculate the fuzzy importance weight of 
the elements in the bi-level fishbone diagram  

In this phase, the fuzzy importance weight elements of 
the bi-level fishbone diagram are then calculated by the 
following processes: 

Process 2.1: Calculate the fuzzy importance weight of 
the e-Markets in the first level of the bi-level fishbone 
diagram 

In this process, the fuzzy importance weight of the re- 
gional and local e-Markets are then calculated in the first 
level of the bi-level fishbone diagram by the following 
procedures:  

Procedure 2.1.1: Construct the fuzzy pairwise com- 
parison matrices in the first level of the bi-level fishbone 
diagram 


  (3) 

In this procedure, the e-Commerce maturity self-as- 
sessment team compares pairs of the regional e-Markets 
with respect to their importance. Similarly, pairs of the 
local e-Markets in each regional e-Market are also com- 
pared with respect to their importance. The relative im- 
portance values are determin d with Saaty’s 1-9  scale  e     


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Figure 1. The proposed framework for national e-Commerce maturity self-assessment. 
 
where a score of 1 represents equal importance and a 
score of  indicates an extreme importance. The fuzzy 
pairwise comparison matrices of the regional and local 
e-Markets evaluated by the team are shown in Tables 1 
and 2. 



9

Procedure 2.1.2: Construct the fuzzy interdependen- 

cies matrices in the first level of the bi-level fishbone 
diagram  

In this procedure, the e-Commerce maturity self-as- 
sessment team constructs the matrices of fuzzy interde- 
pendencies for the national, regional and local e-Markets 
as shown in Tables 3-5: 

Copyright © 2013 SciRes.                                                                                   IB 



A Country-Level Decision Support Framework for Self-Assessment of E-Commerce Maturity 47

  
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                     
 
 
 
 
 
 
          



2
x i  1x  

( )1 1e x

( )1 1
e

m x  

[ ( ) ]
1 1 1

y s ci j h  

                                                              
 
 
 

                                                                                                                                   
 
                                              
                 



1i
y  

x n  ( 1)2
x i   

( )1e x m

( )e m xn n

( )1 2
e x i

 

( )( 1 )( 1 ) 22

e xm ij 

 

( )
2 2

e m xi i
 

1 ( 1 )2
( )ie x 

 

( )
1

y si r  

( )11
y si  ( )

1 1
y si j  

( )( 1 )1 1
y si j   

1
[ ( ) ]1 1y s ci  

[ ( ) ]11 1
y s ci q  

[ ( ) ]11
y s ci r  

[ ( ) ]
1 r

y s ci r q  

[ ( ) ]11 1
y s ci j  

[ ( ) ]
1 1 1j

y s ci j q  

[ ( ) ]( 1 ) 11 1
y s ci j   

( 1 )1
[ ( ) ]( 1 )1 1 j

y s ci j q   

1y  

ty  

 

Figure 2. The e-Commerce maturity self-assessment criteria and sub-criteria in the fuzzy bi-level fishbone diagram. 
 
Table 1. The fuzzy pairwise comparison matrix of the re-
gional e-Markets. 

  
11 is y

 


 
 

1r is y
 

 
11 is y

 
 

111 iw y
 


 

 
11r iw y

 


 


 


 


 

 
1r is y

 
 

11r iw y
 


 

 
1rr iw y

 
 
Table 2. The fuzzy pairwise comparison matrix of the local 
e-Markets. 

  
11 is y

 


 
 

1r is y
 

  1 1c s
 


 
 

1 1qc s
 


 
 1 rc s

 
  

rq rc s

 1 1c s
 

 11 1w s
 


 
 

11 1qw s
 

0  0 


 


 


 


 


 

 
 

 
11 is y

 
 

1 1qc s
 

 
11 1qw s

 


 
 

1 1 1q qw s
 


  

0  0 


 


 


 


 


 

 1 rc s
 

0 
 

0  11 rw s
 
  1 rq rw s

 


 


 


 


 


 

 
 

 
1r is y

 

 
rq rc s

 
0 

 
0 


 

 1rq rw s
 
  

r rq q rw s

 
Table 3. The fuzzy e-Commerce interdependencies matrix 
among the national e-Markets. 

 1y
 


 

ty
 

1i
y

 11id
 


 1i nd

 

Table 4. The fuzzy e-Commerce interdependencies matrix 
among the regional e-Markets. 

  
11 is y

 


 
 

1r is y
 

 
11 is y

 
 

111 id y
 


 

 
11r id y

 


 


 


 


  
1r is y

 
 

11r id y
 


 

 
1rr id y

 
 
Table 5. The fuzzy e-Commerce interdependencies matrix 
among the local e-Markets. 

  
11 is y

 


 
 

1r is y
 

  1 1c s   
1 1qc s

 


 
 1 rc s

 
  

rq rc s

 1 1c s  11 1d s   
11 1qd s

 
0  0 


 


 

 
 


 

 
 

 
11 is y

 
1 1qc s  

11 1qd s   
1 1 1q qd s

 


  

0  0 


 


  

 
 


 

 1 rc s 0  0  11 rd s
 
  1 rq rd s


 


 

 
 


 

 
 

 
1r is y

 
rq rc s 0 



0 
 

 1rq rd s
 

 
r rq q rd s

 
Procedure 2.1.3: Calculate the eigenvectors of the 

fuzzy pairwise comparison matrices in the first level of 
the bi-level fishbone diagram 

In this procedure, the e-Commerce maturity self-as- 
sessment team calculates the eigenvector of the fuzzy 
pairwise comparison matrices for the national, regional 
nd local e-Markets shown in Figure 3. a 
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Figure 3. The fuzzy e-Commerce maturity self-assessment scores in the fuzzy bi-level fishbone diagram. 
 

Procedure 2.1.4: Calculate the importance weight in 
the first level of the bi-level fishbone diagram 

In this procedure, the team then calculates the impor- 
tance weight of the national, regional and local e-Markets 
by multiplying the eigenvectors of the regional and local 
e-Markets by their respective fuzzy matrices of interde- 
pendencies. 

Process 2.2: Calculate the importance weight of the 
e-Commerce maturity self-assessment criteria and sub- 
criteria  

In this process, the proposed approach is used to cal- 
culate the fuzzy importance weight of the e-Commerce 
maturity self-assessment criteria and sub-criteria using 
eigenvector in the second level of the fishbone diagram 
as follows: 

Procedure 2.2.1: Construct the fuzzy pairwise com- 
parison matrices in the second level of the fishbone dia- 
gram 

In this procedure, the e-Commerce maturity self-as- 
sessment team compares pairs of the e-Commerce matu- 
rity criteria with respect to their importance. Similarly, 
pairs of the e-Commerce maturity sub-criteria in each 
e-Commerce maturity criterion are also compared with 
respect to their importance. The fuzzy pairwise compare- 
son matrices of the e-Commerce maturity criteria and 
sub-criteria evaluated by the team are shown in Tables 6 
and 7.  

Procedure 2.2.2: Calculate the eigenvectors of the 
fuzzy pairwise comparison matrices in the second level of 
the bi-level fishbone diagram 

In this procedure, the team then determines the impor-
tance weight of the e-Commerce maturity criteria and  

Table 6. The fuzzy importance weight of the e-Commerce 
maturity self-assessment criteria. 

 1x
 


 

nx
 

1x
 11w

 


 
1nw

 


 


 


 


 
nx

 1nw
 


 

nnw
 

 
Table 7. The fuzzy importance weight of the e-Commerce 
maturity self-assessment sub-criteria. 

1x
 


 

nx
  

 1 1e x   
1 1me x

  
 1 ne x

 
   

nm ne x

 1 1e x  11 1w x   
11 1mw x

 
0  0 


 


 

 
 


 

 
 

1x

 
1 1me x  

11 1mw x   
1 1 1m mw x

 


  

0  0 

 
 

 
  


 

 1 ne x 0 0  11 nw x
 

   1 nm nw x


 


 


 


 

  
 

nx

 
nm ne x 0 



0 
 

 1nm nw x
 

 
n nm m nw x

 
sub-criteria by calculating the eigenvector of the fuzzy 
pairwise comparison matrices for the e-Commerce ma-
turity criteria and sub-criteria shown in Figure 3.  

Phase 3: Determine the stage of national e-Com- 
merce maturity  

In this phase, the self-assessment team determines the 
stage of national e-Commerce maturity using the pro- 
posed fuzzy three-level decision making framework ac- 
cording to the following three processes: 
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Process 3.1: Determine the e-Commerce maturity 
stage of each local e-Market 

In this process, e-Commerce maturity stages for the 
local e-Markets of each regional e-Market is determined 
based on the third level of the proposed fuzzy three-level 
decision making framework according to the following 
two procedures: 

Procedure 3.1.1: Calculate the relative closeness of 
the e-Commerce maturity of each local e-Market  

In this procedure, the self-assessment team determines 
e-Commerce maturity stages of the local e-Markets of 
each regional e-Market based on its nadir and ideal 

scores (the fuzzy numbers of 1 to  scales). It mea- 
sures the relative closeness or distances of the local e- 
Market from the e-Commerce maturity score (to be mi- 
nimized) and from the e-Commerce adoption scores (to 
be maximized) in the second level of the bi-level fish- 
bone diagram through the TOPSIS Formulas (7)-(9) 
given below: 

 9
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The highest relative closeness score is 1 that shows the best e-Commerce maturity stage where 
1 1 1

 and  
. In contrast, the lowest relative closeness score is 0 that shows the e-Commerce adoption stage where  
 and . 
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where: M is a large number. 

Procedure 3.1.2: Calculate the fuzzy e-Commerce 
maturity score for each local e-Market without consi- 
dering local e-Markets interdependencies 

In this procedure, after defining stages of e-Commerce 
maturity (see Table 8), the optimal solution of the third 
level of the following proposed three-level model deter- 
mines the fuzzy e-Commerce maturity scores for the lo- 
cal e-Markets without considering local e-Markets inter- 
dependencies. 

Process 3.2: Determine an e-Commerce maturity 
stage for each regional e-Market 

The optimal solution of the second level of the pro-
posed fuzzy three-level decision making model deter-
mines the e-Commerce maturity stage of the regional 
e-Markets. 

Process 3.3: Determine country’s e-Commerce matu- 
rity stage 

The optimal solution of the first level of the proposed 
fuzzy three-level decision making model determines 

country’s e-Commerce maturity stage. 

4. Case Study 

In order to determine national e-Commerce maturity 
stage in goods and services, the proposed framework in 
this study has been utilized as follows: 

In the first phase, the fuzzy bi-level fishbone diagram 
was drawn (See Figure 4). 

This diagram consisted of four criteria and each of the 
four criteria was divided into the following sub-criterion 
elements: G2G, G2B, G2E, G2C, B2G, B2E, B2C, C2G, 
C2B, and C2E. 

In the second phase, the fuzzy e-Commerce maturity 
self-assessment scores were calculated (See Figure 5). 

In the third phase, five stages of e-Commerce maturity 
were defined as follows (see Table 9): 

Finally, the stage of US e-Commerce maturity was 
determined using the following fuzzy three-level deci- 
sion making model. 
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Figure 4. The e-Commerce maturity self-assessment criteria and sub-criteria in U.S. 
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Table 8. National e-Commerce maturity stages. 

Maturity Stage Score 

1 
1

0 lg  

2 
1 2l lg g  

    
N  1 nnl lg g


  

 
Table 9. E-Commerce maturity stages. 

Stage Maturity Stage Score 

1 Does not Exist 0.0-0.1 

2 Functional 0.1-0.3 

3 Competitive 0.4-0.6 

4 Advanced 0.7-0.9 

5 Best in Class 0.9-1.0 

After determining the final US e-Commerce maturity 
stages of the municipalities and states shown in the third 
and second levels of the above three-level model, the 
optimal solution of the first level of the three-level self- 
assessment model showed the four e-Commerce maturity 
stage as and US e-Commerce maturity stage. 

5. Conclusion  

We developed a country-level decision making frame- 
work to determine maturation stage of e-Commerce in a 
country. For this purpose, we defined interdependencies 
between local, regional and international e-Markets. 
Then, e-Commerce maturity scores of local e-Markets in 
a country were calculated using a fuzzy bi-level TOPSIS 
method. It synthesized qualitative judgments and quanti-
tative data of maturity criteria and sub-criteria. After that, 
the fishbone diagram was developed to a fuzzy bi-level 
fishbone diagram to determine e-Commerce maturity  
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Figure 1: The proposed framework  
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Figure 5. The fuzzy e-Commerce maturity self-assessment scores in U.S. 
 
scores of regional and national e-Markets in the country. 
Finally, a three-level decision making model was used to 
assess e-Commerce maturity level. The results of this 
country-level self-assessment framework were suggested 
to analyze e-Commerce SWOT where a country is on 
their journey towards excellence. A case study was pre- 
sented to determine e-Commerce maturity level in U.S. 
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