
 

J. Basic. Appl. Sci. Res., 2(7)7377-7381, 2012 

© 2012, TextRoad Publication 

ISSN 2090-4304 
Journal of Basic and Applied  

Scientific Research 
www.textroad.com 

 

*Corresponding Author: Dr. Vahid Rangriz, BBA/MBA/ Ph.D. in ICT, Economic Department, Mysore University, Mysore-
570006, Karnataka, India. Tel: 09632103637 E-mail: vahidrangriz@gmail.com 

Modeling Cooperation Links within Ict of Small and Medium Enterprises  
 

Dr. Vahid Rangriz 
 

BBA/MBA/ Ph.D. in ICT, Economic Department, Mysore University, 
Mysore-570006, Karnataka, India 

 
 

ABSTRACT 
 
This work attempts to provide a methodology to characterize cooperation links within an information and 
communication technology (ICT) of small and medium enterprise’s (SME’s). The proposed methodology permits to 
identify potential ties between SMEs within an ICT. It is based on theoretical approach taking in account mechanical 
characteristics of SMEs, such as complementarity of activities and similarity of capabilities. Two organizational 
maps are plotted, a map of conceivable coordination modes and a map of definite coordination modes. The contrast 
of the two maps licenses to recognize some of other parameters influencing cooperation between two SMEs. 
Keywords Activity, Capability, Cooperation, Co-ordination, SME’s ICT. 
 

1. INTRODUCTION 
 

In the contemporary economy the SME is often considered as a set of interconnections with other SMEs. 
These interconnections’ links are built according to objectives, needs and physiognomies of each partner. Such links 
aim to improvement economies of scale, to increase market stocks, to exchange knowledge, or just to exchange 
information [1]. In this context, SMEs group themselves in different structures called commonly “ICT of 
enterprises”. In this paper, the emphasis of attention is on the supposed “ICT on SMEs”, where several self-
governing industrial SMEs are virtually linked together to achieve goals. 

The analysis methodology obtainable in this work uses the complementarity of activity and the resemblance 
of capabilities to identify potential coordination modes between two SMEs. The choice of these strictures is founded 
on the theoretic mechanism of Richardson (1972), and practical studies and manufacturing cases. A typology to 
analyze the coordination styles within SME’s ICTs is proposed. It is based on the capabilities and activities of each 
SME. This typology permits to attraction cartographies of potential coordination modes of ICTs. Such cartographies 
would help the enterprises managers to have a synthesis of the relations to grow with their partners. It also helps to 
evaluate the possible chances and/or risks of fusions.  

A second organizational map is plotted representing the actual coordination links within an ICT. The contrast 
between the two maps permits to classify some other parameters having a significant influence on relationships. This 
confrontation also allows evaluating the intimacy between theoretical and real analysis.  
 

1.1. Drawing a cartography of potential coordination styles 
An ICT is represented, here, by an organizational map. This map is composed by three main rudiments: nodes 

(enterprises), edge (tie between two nodes), and type of link (coordination mode). To plot this map, it is essential to 
classify the type of interrelation between each pair of SMEs within the ICT. To do that, I mention to the theoretical 
approach of Richardson. According to [2] complementary activities shall be coordinated within manufacturing. 
Activities are said complementary if they correspond to various successive phases of a production process, or if they 
establish much interconnected steps of a managerial process. Coordinating these complementary activities 
establishes an organizational design problem. The required relations between these activities must be known in 
advance to assure the efficiency of the system [3]. Simple market forces and exchanges cannot coordinate such 
activities. Temporarily, they should not necessarily be integrated in a single SME. 

Consequently, a second parameter is taken in account to specify more precisely what should be coordinated 
by a hierarchical direction inside a SME. This parameter is the required capabilities to achieve these activities. A 
capability is here an ability to sustain the coordinated deployment of assets in a way that helps a SME achieve its 
goal. A single enterprise, especially for SME, tends to focus on activities requiring the same capabilities and 
outsourcing other activities. Certainly, it is costly for a SME to manage several heterogeneous professional skills. 
Coordinating and maintaining capabilities engender internal transaction costs [4]. 

According to these influences, coordination modes can be analyzed through two criteria: complementarity of 
activities and similarity of capabilities. According to these two parameters, a typology of coordination styles is 
proposed (Table 1): 
 

Table1. ICT analysis according to complementarity of activities and similarity of capabilities  
                                                       Non complementary             Complementary 
                                                         activities                                  activities 
Non similar capabilities              Market forces                        Proactive network 
Similar capabilities                      Reactive ICT                              SME 

 
• When two enterprises have complementary activities requiring similar capabilities, the most efficient coordination 
mode seems to be a regrouping under the same management within a single company. 
• When two SMEs have complementary activities which require non similar capabilities, they could find their 
advantageous to cooperate in what we called “Proactive ICT” [5]. The coordination in a proactive ICT means that 
SMEs cooperate together across the value chain to add value to the final product. 
• When two SMEs have non-complementary activities using similar capabilities, the frequent and efficient 
coordination mode is what I named “Reactive ICT”. The reactive ICT coordination mode has been observed when 
SMEs cooperate to reduce costs and gain an economy of scales [1]. It corresponds to a reactive response to the 
financial environment. 
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The Table 1 exemplifies the previous analysis: The map of potential coordination modes will be drawn 
according to this framework (Table 1). Before plotting the map it is necessary to explain briefly the followed 
methodology to model the two parameters: complementarity of activities and similarity of capabilities. 

1.1.1. Demonstrating complementarity of activities  
The vertices of the graph represent the enterprises of the ICT. The arcs of the graph, valued between 0 and 1, 

represent the grade of complementarity. 
This degree of complementarity is the most important component in the complementarity graph and it is not easy to 
acquire. A methodology has been industrialized to calculate and evaluate this degree based on the identification of 
the relationships between SMEs via inter-company sales. The obligatory data are collected via a questionnaire. After 
procurement the complementarity graph, it is partitioned to render visible the sub groups of enterprises having 
complementary activities.  

1.1.2. Modeling similarity of capabilities 
In my works we consider capabilities as similar if they correspond to the same profession (mechanical, 

stripping). 
The objective here is to recognize subsets of enterprises having close professions. To reach this goal, an inter-

enterprises distances calculation has been used to evaluate the dissimilarities between SME’s capabilities. The 
capability modeling uses the fuzzy subsets theory [6]. 
A finite set of n competences characterizing the ICT is defined: 
C = {C1,C2, . . .Cn}   (1) 
The fuzzy subset of C is defined by: 
˜E= {C1|μE (C1), . . . , Cn|μE (Cn)}   (2) 
μE (Ci ) is the membership function of Ci in ˜E , it takes its values in [0,1]. Concretely, μE (Ci ) is the degree of 
mastery of the capability Ci by the enterprises E. 
The proximity between capabilities fields of two SMEs Ei and Ej (represented by the two fuzzy subsets ˜Ei and ˜Ej 
defined by the Eq. 2) is evaluated using the relative generalized Hamming distance [7]: 
d( ˜Ei , ˜Ej ) =     (3) 

The distance calculation presented in the Eq. 3 permits to obtain a distances array. To identify the sub-groups 
of SMEs having similar capabilities the table of distances is analyzed using multidimensional scaling and 
hierarchical classification. 

The obtained map (based on activities and capabilities) is a theoretical cartography. In the next section I will 
present the methodology to draw the map of effective coordination modes. In the case study the two maps will be 
challenged to classify some of other parameters having a positive or negative effect on the development of 
cooperation. 
 

1.2. Drawing the map of actual coordination styles 
Between the two perfect extremes market and hierarchy, different kinds of inter-company cooperation can 

appear. In the literature, a link between two SMEs is often defined as vertical, horizontal or diagonal ([8]; [9]). A 
vertical cooperation assimilates non-competing companies of the same product/market sector, processing successive 
steps along the production flow (supply chains are typical example of vertical cooperation).  Cooperation is 
classified as horizontal when it groups contestants acting within two different value chains and pooling resources to 
reduce costs. A diagonal cooperation ties companies from different value sectors that are neither competitors nor 
consecutive actors of the same value chain, but have a common interest such as basic research. To be intelligible and 
to facilitate the comparison, the map of actual coordination modes should be represented with the same elements 
than the map of potential coordination modes. So, it is essential to make a connection between the direction of the 
cooperation (vertical, horizontal and diagonal) and the typology of the Table 1.  

1.2.1. Reactive ICT and horizontal cooperation 
The reactive ICT coordination occurs among SMEs having non-complementary activities requiring similar 

competences. This type of cooperation often appears among competitor SMEs. The reactive ICT link aims to bring a 
collective response to the environmental constraints. So, the horizontal cooperation could be affiliated to the reactive 
ICT coordination mode. 

1.2.2. Proactive ICT and vertical/diagonal cooperation 
The proactive ICT link corresponds to a coordination of complementary activities requiring non-similar 

competences (different professions). This type of cooperation allows partners to work together along the value chain 
to forestall the market needs. The proactive ICT often presents a high degree of innovation. Generally, the vertical 
and diagonal cooperation could be affiliate to the proactive ICT coordination mode. The Table 2 connects the 
previous conclusions and the types of cooperation (vertical, horizontal and diagonal), with the coordination modes 
(proactive and reactive ICT). Table 2 will permit to conspiracy a map of actual coordination modes according to 
SME’s product/market comparison and their competitiveness. 
 

Table2. ICT between types of cooperation and coordination modes 
                                                                                                            Non-competing SMEs        Competing SMEs 

Different product/market sector Diagonal  
Same product/market sector Vertical Horizontal 

       
                                   Proactive ICT              Reactive ICT 

 
In the next section, the analysis methodology is applied to a case study. The maps of potential coordination 

modes and actual organization modes are built to be likened. This will provide some relevant conclusions about the 
proposed two parameters: similarity and complementarity. 

In the next section, the analysis methodology is applied to a case study. The maps of potential coordination 
modes and actual organization modes are built to be likened. This will provide some relevant conclusions about the 
proposed two parameters: similarity and complementarity. 
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2. A case study application 
2.1. Introduction to the case study 

The real ICT I observed will be called “NASSCOM” here. It is composed of twelve enterprises, that I 
anonymously named SMEs A, B, C, …, L. They are members of a club of enterprises of 120 businesses. This club 
permits to initiate and encourage actions in favor of national and international trade and companies’ growth projects. 
They are localized in the Bangalore state in India. Consequently, the proximity plays an important role to create and 
develop exchanges and synergies. The twelve SMEs are principally focused in copper crafting, plumbing, press 
tooling, packing and mechanical applications. 

2.1.1. Identifying enterprises having similar capabilities 
The SMEs have been evaluated on the eighteen more important competences mobilized by “NASSCOM”. 

The Table 3 presents the distances array in terms of these eighteen capabilities. 
 

Table3. Inter-SMEs distances in terms of skills  
        A     B     C    D    E    F    G    H    I      J       K     L 
A      0    .73    1     1    1     1    1   .77   .8      1      .83   1 
B     .73   0      1     1    1    .54  1   .76   .75    .75   .74   1 
C      1     1      1     1    1     1    1     1     1       1      1     1 
D      1     1      0     1    1     1    1     1     1       1      1     1 
E      1      1      1     0    1     1    1     1     1       1     1     1 
F      1     .54    1     1    0      1   1    .48   .42   .48   .38   1 
G      1     1      1      1    1     1    0     1     1      1      1     1 
H     .77  .76    1      1    1    .48  1     0    .08   .56   .13   1 
I      .8     .75    1      1    1    .42  1    .08    0    .5     .05   1 
J       1     .75    1      1    1    .48  1    .56   .5    0      .48   1 
K     .83   .74    1      1    1   .48   1    .13  .05   .48    0     1 
L      1      1       1     1    1     1    1      1     1     1       1    0 

 
This distances table is obtained using equation (3). 

Statistical analysis (multidimensional scaling and hierarchical classification) are practical to the Table 2 to 
obtain the sub groups of SMEs close in terms of capabilities: 
F1 = {A}; F2 = {B}; F3 = {F, J}; F4 = {H, I, K}; 
F5 = {D}; F6 = {E}; F7 = {C}; F8 = {G}; F9 = {L}. 

Most of the sets are singleton, meaning that the ICT is composed of SMEs with very different savoir faire. 
Classifying enterprises having complementary activities Data are collected in each SME to calculate inter-company 
sales, so as to calculate complementarity grades. Using the complementarity modeling obtainable above, a matrix of 
inter-activity among SMEs is performed. The complementarity graph signified by the Table 4 is partitioned to 
extract sub-groups of enterprises having complementary activities: 
 
  Table4. Adjacency matrix of the complementarity graph 

        A     B     C    D    E    F    G    H    I       J       K      L 
A      1    .4    .4     .4    0     .8    .2   .4   .4       0      .6      0 
B     .6     1     .4     .4   0     .6    .2   .4   .5       0      .6      0 
C     .4    .4      1     .4   0     .4    .2    .4   .4      0      .4     0 
D     .4    .4     .6     1    0     .4    .2    .4   .4      0      .4     0 
E      0      0      0     0    1     0     0     0    0       0      0     .7 
F      .6     .4    .4     .4    0     1   .2    .4   .4       0      .6     0 
G      0     0      0      0    0     0    1     0     0      0       0     0 
H     .3    .3    .3      .3    0    .3    .2     1    .3     0      .3     0 
I      .5     .5     .4     .4    0    .5    .2    .4     1     0      .5     0 
J       0     0       0      0     0     0    0     0     0     1      0     0 
K     .6    .4       .4     .4    0   .6   .2    .4     .4     0      1     0 
L      0      0       0     .7    0     0    0      0     0     0      0     1 

 
G1 = {A, B, F, K}; G2 = {C, D}; G3 = {E, L}; 
G4 = {G}; G5 = {H}; G6 = {I}; G7 = {J}. 
 

2.1.2. Drawing the cartography of potential coordination modes of “NASSCOM” 
To plot the map of potential coordination modes the subgroups obtained from above (F1 to F9 and G1 to 

G7) are used and analyzed via the grid of Table1. Figure1 displays the resulting cartography of potential 
coordination modes of “NASSCOM”: 
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       RN: Reactive ICT link                 PN: Proactive ICT link 
Figure1. Cartography of potential coordination modes of “NASSCOM” 
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2.1.3. Drawing the cartography of actual coordination modes of “NASSCOM” 
Data have been collected on the field to find out the actual links between SMEs within “NASSCOM”. The 

data are displayed in Table 5, discriminating whether the SMEs essentially have vertical, diagonal or horizontal 
relationships within the group. Then, typology of Table 2 permits to label the actual coordination modes with PN 
(Proactive ICT link) or RN (Reactive ICT link), leading to Figure 2. 
 
 

 PN 
 

  RN 
 
  PN 
 RN 
   
  RN 
 PN 
  
               PN 

                                 PN                  PN PN 
 
  
  
        
RN: Reactive ICT link                 PN: Proactive ICT link 

 
Figure2. Resulting cartography of actual coordination modes of “NASSCOM” 
 

 For example, K and A are non-competing SMEs operating in the same sector, and linked with a vertical 
relationship. So the link between K and A will be labeled ‘PN’. 
 

Table5. Collected data to draw the actual map 
                         Narrow                       SMEs operating                          Competing 
                       partners                        in the same sector                            SMEs 
A                  B,C, J, F,K                            K,B                                                – 
B                  A,K                                         A                                                   K 
C                 A, D                                         –                                                    – 
D                C                                               –                                                    – 
E                 L                                               –                                                    – 
F                 A                                               –                                                    – 
G                –                                                –                                                    – 
H                I,K                                             –                                                    I,K 
I                 H,K                                            –                                                    H,K 
J                 –                                                –                                                    – 
K               B,H,I                                          –                                                    B,H,I 
L               E                                                 –                                                    – 

Bold: Vertical link detected on the arena → PN; Italic: Diagonal link detected on the arena → PN; Normal 
Horizontal link detected on the arena →RN 

 
2.1.4. Hostility between the two cartographies 

The two cartographies are an expression of the real and theoretical situation of “NASSCOM”. The differences 
between the two situations are listed in the Table 6: 
 

Table6. Differences between the two maps  
Link                         Potential                       Actual 
A-J                           Market                            PN 
B-F                           PN                                  Market 
F-K                           PN                                  Market 
E-A                           Market                            PN 

 
It is important to denote that the theoretical map is plotted to detect chances of cooperation. Consequently it is 

normal that some discrepancies appear between the two maps. Some of the gaps come from two principal causes: 
 

2.1.4.1. The gaps due to the influence of other parameters 
The two investigated parameters (complementarity of activities and similarity of capabilities) have a 

significant influence to choose the coordination mode between two enterprises. Nevertheless, other parameters could 
have a braking or accelerating effect on the growth of cooperation. Three groups of parameters have been 
recognized: internal parameters, relational parameters and proximities. 

Internal parameters consist on particular characteristics of the SMEs that influence its capacities to develop 
narrow cooperation’s. The most significant intern parameters are: family culture, size [10], diversification…etc. 
Concerning relational parameters, they integrate a personal dimension as trust [11] or implication within the ICT. 
Geographical, institutional and organizational immediacies also have an important role on some kind of cooperation. 
Therefore, these parameters should play a significant part on the growth and the choice of the coordination mode 
between two enterprises. 

2.1.4.2. The gaps due to mathematical modeling 
It is obvious that every mathematical modeling has its limits. In my case, the proposed methodology can 

cause information loss, particularly during the graph partitioning and multidimensional scaling. Indeed, dividing 
requires tuning a cut level to distinguish sub-groups. The higher the cut, the more combined the sub-groups. But if 
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the cut is to low, every subset will be a singleton, with no added worth. This information loss should have 
consequence on the theoretical map, removing some important links for proposing some non-relevant links [12]. 

Let’s take an example from Table 6. The two links B–F and F–K have been detected in the theoretical map as 
a proactive ICT but in the reality there is no cooperation among B, K and F. Certainly, the enterprise F is a family 
business, therefore it hesitates to develop narrow collaboration’s and engage resources with more than one or two 
partners. Nevertheless, my methodology points out opportunities of cooperation between F, B and K. Concerning 
links A–J and E–A (Table 6) several explanations can justify the gap between potential and actual links.  
 

3. Conclusion 
 

The cooperation among SME’s is often the consequence of long permanent ties between managers and 
historical relationships as within Indian industrial districts. But such companies may abandonment some 
opportunities of cooperation links. In this article, I proposed a methodology to help managers to detect opportunities 
of cooperation within ICTs according to structural characteristics of SMEs. This methodology is based on the 
analysis of activities complementarity and capabilities similarity between potential partners within an ICT. It permits 
to conspiracy cartography of potential coordination modes within ICT. This map could inspire managers to grow 
cooperation with new partners independently from reputation or historical habits. 

The proposed methodology has been applied to an ICT of 12 enterprises. Two maps have been strategized: 
map of potential coordination modes and map of actual coordination modes. The confrontation between the two 
maps allowed noting inconsistencies between theory and reality. It has been noticed that the gaps are often the 
consequence of parameters having a negative or positive influence on cooperation independently from the two 
proposed parameters: complementarity of activities and similarity of capabilities. Mathematical tools used for 
modeling the two investigated parameters could also create gaps between reality and theory, often caused by 
information loss. More practical studies could permit to define more precisely the impact of these parameters. 
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