




















achieve worse business values than without using any of the IT resources. This result is consistent 
with the alignment concept discussed previously. Second, the incremental increase in all three 
dimensions of ITBV is much higher from left side than the right hand side of the figure. This suggests 
that by adding a complementary resource from a lower base (e.g. one to two or two to three) would 
have much high incremental impact from adding a complementary resource from high base (e.g. four 
to five, five to six, or six to seven). One can assume that the amount of coordination required grows 
exponentially with the amount of diverse resources used in the organizations. Hence, this is important 
to identify configurations that are low in complexity but at the same time able to generate high returns. 

4.3 Applying Configuration and Interestingness Framework (CIF) 

Measuring Supermodular Value (Q). Based on the 164 configurations with pair-wise 
complementarities, the results for the supermodular values are calculated and given in Table 5. The 
Transactional Business Value has the highest average supermodular value and the lowest standard 
deviation. This suggests that the interactions of IT resources, help increase Transaction Business 
Value more than Informational Business value or Strategic Business Values. 

 
 Min Q Max Q Average Q Std. Dev. Q 
Strategic ITBV (Y1) -5.253 5.000 -0.0024 1.995 
Informational ITBV (Y2) -5.100 5.350 -0.008 1.928 
Transactional ITBV (Y3) -5.160 4.560 0.091 1.404 

Table 5.  Supermodular values (Q) 

Measuring Correlations.  To calculate correlations for each pair-wise complements in each 
configuration, we follow Bran’s et al (1997) definition of correlation where values above 1 indicate 
positive correlations while below 1 indicate negative correlation. This technique has been found useful 
in association analysis. Based on the calculations for the 164 configurations, most pair-wise 
complements are found to be positively correlated with the average correlation value being 1.113 and 
the standard deviation being 0.266. 

Assessing Interestingness. In Table 6 the most interesting cases are depicted which are characterized 
by configurations with low correlation of complements but high supermodularity. All these 
configurations have a high supermodular value meaning they give a really good result when used 
together. However, by having low correlation it shows that companies are rarely using the IT 
resources together in the patterns outlined above, hence these configurations need to be investigated 
further to find out why more companies are not using them. 

 
 Configuration: (complement | Contingent) Correlation Supermodular (Q) 
Strategic 
ITBV 

F((X0, X4)|X1=1,X2=0,X3=0,X5=0,X6=1) 0.979 3.413 
F((X2, X5)|X0=1,X1=0,X3=0,X4=0,X6=1) 0.857 3.176 
F((X0, X4)|X1=1,X2=1,X3=0,X5=1,X6=1) 0.997 3.119 

Information 
ITBV 

F((X0, X4)|X1=0,X2=1,X3=1,X5=0,X6=1) 0.964 2.283 
F((X1, X4)|X0=1,X2=1,X3=0,X5=0,X6=0) 0.833 2.120 
F((X0, X2)|X1=1,X3=1,X4=0,X5=0,X6=1) 0.998 1.615 

Transactional 
ITBV 

F((X2, X5)|X0=1,X1=0,X3=0,X4=0,X6=1) 0.857 2.534 
F((X0, X2)|X1=1,X3=1,X4=0,X5=0,X6=1) 0.998 2.037 
F((X1, X3)|X0=1,X2=1,X4=0,X5=0,X6=0) 0.857 1.568 

Table 6.  Configurations are considered interesting 

Analysis of Configurations. In the context of the analysis three possible states can be defined:  
• Contingent Removable. The change in supermodular value is insignificant the contingent is 

removed or added. 
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• Contingent Zero Critical. For the particular configuration, the given IT resource represented by 
the contingent provides more value for the business when it is not used. This can be considered as 
side-effects. 

• 3-complment Supermodular. When all three complements are used together with the given 
contingent it gives a better business value result.  

The results of the analysis for configurations with 2-complement that gave the highest supermodular 
values are summarized in the Table 7. For configurations with 3-complement are depicted in Table 8. 

 
 Configuration: (2-complement | Contingent) Supermodular (Q) 
Strategic 
ITBV 
 

F((X0, X1)|X2=0,X3=0,X4=1,X5=0,X6=1) 
No Reduction Possible 

5.000 

F((X2, X5)|X0=0,X1=0,X3=0,X4=0,X6=1) 
Contingent removed: 
F((X2, X5)| X1=0, X3=0, X4=0, X6=1). X0 removed.  

4.477 
 

3.812 
F((X0, X3)|X1=0,X2=1,X4=0,X5=0,X6=1) 
Zero Critical: 
F((X0, X3)| X2=1, X4=0, X5=0, X6=1). X1= 0 is critical. 
F((X0, X3)| X1=0, X2=1, X4=0, X6=1). X5= 0 is critical. 

4.207 
 

4.207 
4.207 

Informational 
ITBV 
 

F((X1, X6)|X0=0,X2=1,X3=0,X4=0,X5=0) 
Zero Critical: 
F((X1, X6)| X2=1, X3=0, X4=0, X5=0). X0= 0 critical.  

5.350 
 

5.350 
F((X2, X5)|X0=0,X1=1,X3=0,X4=1,X6=1) 
Zero Critical: 
F((X2, X5)| X1=1, X3=0, X4=1, X6=1). X0= 0 critical. 

4.633 
 

4.633 
F((X5, X6)|X0=1,X1=0,X2=1,X3=1,X4=0) 
Zero Critical: 
F((X5, X6)| X0=1, X2=1, X3=1, X4=0). X1= 0 critical.  

4.590 
 

4.590 
Transactional 
ITBV 
 

F((X3, X6)|X0=1,X1=1,X2=1,X4=1,X5=0) 
Zero Critical: 
F((X3, X6)| X0=1, X1=1, X2=1, X4=1). X5= 0 is critical.  
F((X3, X6)| X0=1, X1=1, X2=1). X4= 0 critical when X5= 0 critical.  
F((X3, X6)| X1=1, X2=1). X0= 0 critical when X4= 0 and X5= 0 
critical.  

4.560 
 

4.560 
7.201 
8.613 

F((X0, X6)|X1=1,X2=1,X3=1,X4=1,X5=1) 
No reduction possible 

3.468 

F((X2, X5)|X0=0,X1=0,X3=0,X4=0,X6=1) 
Contingent removed: 
F((X2, X5)| X1=0, X3=0, X4=0, X6=1). X0 removed 

3.110 
 

2.822 

Table 7.  Supermodular configurations with 2-complement 

4.4 Discussion 

The proposed CIF Framework supports the decision process of high level management with regards to 
the IT investments. As a result of our analysis, we have identified sets of two-way and three-way 
configurations. Our results clearly showed that there is much greater business value achieved when 
complements are implemented together than when implemented independently. Hence, these 
configurations show business managers the benefits of applying complements together under certain 
contingent environment as a result of their synergistic properties. Our findings are consistent with the 
two important concepts described in the systems thinking approach: equifinality and multifinality.  

Equifinality. The concept of equifinality depicts that there are many alternative ways of attaining the 
same objective. . This is the concept of convergence. For example, the two configurations marked with 
(+++) in the Table 8 {F((X1, X4, X5) | X0=1, X2=1, X3=1, X6=1) and F((X0, X3, X6) | X1=1, X2=1, 
X4=0, X5=0) achieved similar supermodular returns in the strategic dimension of ITBV. Their 
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supermodular values were 2.557 and 2.822 respectively. Note that all three complementary resources 
are different, indicating that there could be different set of possible resource combinations to attain the 
same objectives. 

Multifinality. The concept of multifinality in the systems thinking approach depicts that many 
alternative objectives could be attained from the same set of inputs. This is the concept divergence. 
For example, the same configuration marked with (***) in Table 8 {F((X1, X2, X6) | X0=1, X3=0, 
X4=0, X5=0)} achieved supermodularity for both strategic and informational business values.  

 
 Configuration: (3-complement | Contingent) Supermodular (Q) 
Strategic 
ITBV 

 F((X0, X1, X3)|X2=1,X4=0,X5=1,X6=1) 2.253 
 F((X0, X4, X5)|X1=1,X2=1,X3=0,X6=1) 2.274 
 F((X3, X4, X6)|X0=1,X1=1,X2=1,X5=0) 2.501 
 F((X2, X4, X5)|X0=1,X1=1,X3=0,X6=1) 2.724 
 F((X1, X4, X6)|X0=1,X2=1,X3=1,X5=1) 2.913 
 F((X0, X1, X2)|X3=0,X4=0,X5=0,X6=1) 3.025 
 F((X0, X1, X5)|X2=1,X3=1,X4=1,X6=1) 3.252 
 F((X1, X2, X6)|X0=1,X3=0,X4=0,X5=0) 3.314 *** 
 F((X0, X3, X6)|X1=1,X2=1,X4=0,X5=0) 3.647 
 F((X1, X3, X5)|X0=1,X2=1,X4=0,X6=1) 4.17 
 F((X0, X1, X4)|X2=0,X3=0,X5=0,X6=1) 6.16 

Informational 
ITBV 

 F((X2, X4, X6)|X0=1,X1=1,X3=0,X5=0) 2.418 
 F((X1, X3, X5)|X0=0,X2=1,X4=0,X6=1) 2.455 
 F((X1, X2, X4)|X0=1,X3=0,X5=1,X6=1) 2.462 
 F((X0, X2, X3)|X1=1,X4=0,X5=0,X6=1) 2.541 
 F((X1, X2, X5)|X0=1,X3=0,X4=0,X6=1) 2.583 
 F((X0, X3, X5)|X1=0,X2=1,X4=0,X6=1) 3.190 
 F((X0, X1, X5)|X2=1,X3=0,X4=0,X6=1) 3.301 
 F((X1, X2, X6)|X0=0,X3=0,X4=0,X5=0) 3.584 *** 
 F((X0, X2, X3)|X1=1,X4=1,X5=1,X6=1) 3.996 
 F((X0, X1, X3)|X2=1,X4=0,X5=0,X6=1) 4.232 
 F((X0, X3, X6)|X1=1,X2=1,X4=0,X5=0) 5.562 

Transactional 
ITBV 

 F((X3, X5, X6)|X0=1,X1=1,X2=1,X4=0) 1.424 
 F((X0, X2, X3)|X1=1,X4=1,X5=1,X6=1) 1.467 
 F((X0, X1, X4)|X2=0,X3=0,X5=0,X6=1) 1.502 
 F((X0, X1, X3)|X2=1,X4=0,X5=1,X6=1) 1.503 
 F((X0, X1, X4)|X2=1,X3=1,X5=1,X6=1) 1.877 
 F((X1, X4, X6)|X0=1,X2=1,X3=1,X5=1) 1.979 
 F((X4, X5, X6)|X0=1,X1=1,X2=1,X3=0) 2.076 
 F((X2, X5, X6)|X0=1,X1=1,X3=0,X4=1) 2.152 
 F((X1, X4, X5)|X0=1,X2=1,X3=1,X6=1) 2.557 +++ 
 F((X0, X3, X6)|X1=1,X2=1,X4=0,X5=0) 2.822 +++ 
 F((X0, X2, X3)|X1=1,X4=0,X5=0,X6=1) 2.897 
 F((X3, X4, X5)|X0=1,X1=1,X2=1,X6=0) 4.160 
 F((X3, X4, X6)|X0=1,X1=1,X2=1,X5=0) 5.282 

Table 8.  Supermodular configurations with 3-complement 

The aim of the CIF Framework is to help identify various configurations that will satisfy the 
organizational resources and yet will deliver a high business value. The remaining and important 
issues for an organization are to first understand the hierarchy of sub-systems with the organization 
and to be aware of the complex interactions amongst the organizational resources; and secondly, to 
work out the best configurations for achieving the best supermodular returns.  
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5 CONCLUSION & FUTURE RESEARCH 

This study has identified and discussed important issues in IT business value research by examining 
complementarities of various resources within an organization. One important conclusion that can be 
drawn from the study is that many IT resources only have a considerable positive impact on IT 
business value when applied in combination with other IT resources. 

The complementary analysis has provided substantial evidence on how important the understanding of 
those complex relationship structures among organizational practices really is to maximizing business 
value. Acknowledging and accepting a complex web-like relationship between each of the IT 
resources allow an organization to effectively manage and use such synergistic relationships in order 
to drastically increase their return on IT investments. The introduction of the interestingness measures 
defined by the CIF Framework was to assist the decision making in resources allocation. By utilizing 
the interestingness measures of combining correlation and supermodularity, valuable configurations 
that have hitherto been overlooked by organizations could be identified. Furthermore, the use of the 
analysis on configurations would provide the contingent perspective in nurturing the synergistic 
process for the complements. This framework provides a valuable approach to better understand and 
re-configure organizational resources in maximizing returns. 

The limitation of this framework is that it is computationally intensive, and complexity grows 
exponentially with the number of factors being considered. Further efforts are needed to address such 
scalability challenge. We are currently extending this research by incorporating statistical testing 
procedures into this framework. Furthermore, detailed investigation of certain configurations would be 
useful for servicing the inner-working of the relationships amongst the practices. 
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