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Abstract: This paper presents a competency-based decision support system for supporting corporate strategic 

information systems planning (SISP), which is based on a prescriptive group decision making method showing 

how to aggregate experts’ incomplete preference judgments. The system is suggested on the competency leverage 

concept for selecting technical or organizational enablers to attain organizational business objectives. We put the 

competencies between the objectives and enablers, measure the importance rates of competencies on the 

objectives, and derive target enablers for the company.  
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1   Introduction 
The purpose of this paper is to address a model to 

suggest a set of To-Be enablers for planning strategic 

information systems. One feature of the model is the 

incorporation of measuring incomplete preferences in 

IT and process competency of experts. We put the 

competency between the objectives and To-Be 

enablers, measure the importance rates of 

competencies on the objectives, and derive target 

enablers for the company. The importance of a 

competency is calculated using experts’  incomplete 

preference judgments regarding relationships of 

importance rates between competencies on each 

objective. Relaxation of such precise preference 

judgments that have been used in many information 

systems planning methods is advantageous and a way 

to reduce gap between theoretical research and 

practical needs. Anandalingam and Olsson [1] state 

that the presence of incomplete information is a result 

of the fact that the experts have limited attention and 

information processing capabilities to exact value 

judgments, and/or many of the criteria are intangible 

or nonmonetary because they reflect social and 

environmental impacts. The model is applied to the 

real-world problem of selecting strategic information 

systems for a customer service affiliate of a Korean 

manufacturing company. The real-world example 

demonstrates the feasibility of our proposed model. 

Through the survey of selection criteria for planning 

strategic information systems in the field of 

manufacturing industry, we have identified some of 

the important requirements such as strategic 

competency and To-Be enablers. 

 

2. Prior Research on SISP  
A number of methods have been applied to IS 

selection including scoring, ranking, mathematical 

optimization, and multi-criteria decision analysis [15]. 

The AHP method, introduced by Saaty [12], directs 

how to determine the priority of a set of alternatives 

and the relative importance of attributes in a multiple 

criteria decision-making problem, and has been 

widely discussed in various aspects [5, 6]. The need 

for alignment between IT applications and strategy is 

well established in the literature. Pant et al. [8] 

suggested a framework for Web-based information 

systems planning. The premise of their panning 

framework is that Web-based systems should be 

driven by the push view of information technology, 

which will substantially enhance their effectiveness 

and efficiency. In a ‘push view,’ new information 

technology pushes the scope of a company’s business 

as well as its strategy. The methodology is suitable for 

for-profit organizations that change their business 

strategy through new information technology. 

Today, a number of researchers are conducting a 

rigorous study on the process of SISP, and the 

processes includes largely identifying objectives, 

aligning IS with them and suggesting the direction of 

IS. Pepparda and Ward [9] defined organizational IS 

capability, developed a model linking resources with 

this IS capability, and illustrated how it effects 

business performance. It then moves on to introduce 

resource-based theory, suggesting that it is a 
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theoretical construct that is suited to explaining the 

basis of sustainable competitive advantage through IT. 

The model includes formulating strategy, defining the 

IS contribution, defining the IT capability, 

exploitation, and delivering solutions. Salmelaa and 

Spilb [13] suggested the four-cycles method which 

attempted to combine the strengths of both the 

comprehensive and incremental planning to be able to 

recognize emerging trends and to make an e-business 

strategy. They considered IS planning as a continuous 

process that was periodically adjusted to the 

expectations of the participating managers. The cycles 

consist of agreeing on planning objectives and 

stakeholders, alignment of business objectives and 

information objectives, analyzing IS resources and IT 

infrastructure, and authorizing actions. Avison et al. 

[2] suggested that incorporating vision into an 

organization’s business strategy was an important part 

of the strategic process. The process of developing and 

implementing a business vision comprises a series of 

stages; conception, intention, synthesis, integration 

and implementation. The examples of the techniques 

were matched with these requirements to produce an 

informal mapping of the technique onto the stage.  

 

3. A System Framework 
The premise of our framework is that information 

systems or enablers should be driven by the pull view 

as it is best suited to information-supportive 

businesses such as manufacturing organizations. It is, 

however, very difficult to directly connect business 

objectives and information systems because there are 

so many enablers for each objective and so many 

associations among them. So, we put the competencies 

(octagon) between objectives (triangle) and enablers 

(arrow) and measure the importance rates of 

competencies calculated from the SISP experts’ 

preference information about importance relationships 

between competencies with respect to objectives. The 

main idea of the proposed framework is to align 

business objectives with technical or organizational 

enablers through organizational competencies, as 

shown in Fig. 1. The dotted line and solid line 

represent the As-Is level and To-Be level of each of 

objectives and competencies respectively.  

 

3.1 Competency and enabler 
There are two kinds of alignments. One is the 

alignment between business objectives and 

competencies. The business objectives are related with 

a set of the organization’s competencies Ci, i = 1,...,N. 

The degree of association between competencies is 

different from objectives. It is very difficult to enter a 

degree of association with scaled numerical values, so 

the information is given by SISP experts in the 

incomplete form of preference relationships. This 

association concept of objectives and competencies is 

based on the new six ’S’ framework for the 

relationship between the role of information systems 

and the competencies in IS management [10]. 

 

 
Fig. 1. System framework. 

 

In our framework, the competencies are classified 

as either IT-related or process-related. IT-related 

competencies are further classified as IT management, 

IT architecture (i.e., software, hardware, and network), 

organizational application, and information 

management areas, such as application data, 

information, and knowledge. Process-related 

competencies are related with an interconnected chain 

of primary activities, such as those involved with 

producing, selling, and servicing products, as 

suggested by Porter and Millar [11]. These 

competencies can be specified by extended processes 

such as product data management (PDM), customer 

relationship management (CRM), supply chain 

management (SCM), and so on. The process 

competencies can be specified in various ways and are 

differentiated by types of products or industries. In our 

framework, K SISP experts specify the competencies 

suitable to specific industry situations.  

The second kind of alignment is that between 

competencies and enablers. Every industry has many 

organizational and technical enablers for securing 

competencies. It is desirable for each company to 

select enablers that can improve the values of business 
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objectives. However, it is very difficult to directly 

connect business objectives and enablers because 

there are so many enablers for each objective and so 

many associations among them. So, we put the 

competencies between objectives and enablers and 

evaluate the competencies based on objectives. Then 

the important competencies are extracted and used to 

find the set of enablers having the closest relations to 

them.  

The enablers can be classified by relating 

competencies and are selected by industry experts. 

Venkatraman [14] and Handerson and Venkatraman 

[3] suggested a framework of IT-enabled business 

transformation, illustrated it with a wide array of 

examples, and derived implications and guidelines for 

management. The major categories of 

technical/organizational enablers and inhibitors were 

suggested. Min et al. [7] put more emphasis on IT 

opportunities to perform SISP. In this methodology, 

information systems were used not only for assisting 

business strategies, but also for the creation of new 

strategies. We define to-be enablers (TBEs) as 

IT-related enablers that improve business objectives 

through IT and process competencies. In summary, 

our framework is based on top-down planning in 

which the importance rate of business objectives is 

considered in terms of competency areas, and the 

priority of TBEs is determined by their degree of 

association with the competencies. 

 

3.2 Mathematical background for calculating 

the importance rates of competencies  
In order to evaluate the importance rates of 

competencies with respect to business objectives, we 

utilize incomplete information-based MAGDM 

methodology [4], which is applied to this problem 

because the analysis deals with situations in which 

decision alternatives, such as competencies, are 

evaluated on a finite number of attributes, such as 

business objectives. One of the best known and most 

widely used ways to evaluate alternatives, or 

competencies, c = (c1, ..., ci, ..., cN), is to utilize the 

weighted additive value decomposition  

∑
=

=
M

o

ioioi cvwcv
1

)()(  (1)  

of a value function v. Here, voi is the marginal value 

function of the i-th competency with respect to 

objective o such that voi : ci→[0, 1] and wo is the 

importance rate of the o-th objective that is given by 

the experts. If the decision parameters voi(ㆍ) are all 

exactly or numerically assessed by the expert group, 

finding the most important competencies is achieved 

by a simple calculation, as in formula (1). In some 

situations, however, it is no simple matter to 

accurately measure the exact values of competencies. 

Rather, decision makers can give only certain linear 

relations that express incomplete information about 

the association relation between competencies on each 

objective. Examples of incomplete information are in 

the form of bounded descriptions: weak preference 

(voi≥voj), strict preference (voi-voj≥ε), preference with a 

multiple (voi≥αijvoj), interval preference (loi≤voi≤uoi) 

and preference difference (voi-voj≤vol-vom) [4]. A 

motivation of this research is to suggest a way to 

determine the importance rate of competencies based 

on the incomplete information of associations between 

competencies on each of the objectives. 

 

3.3 Interactive procedure  
The framework is implemented in practice via a 

detailed three-stage methodology. It focuses on the 

suggestion of IS direction based on the experts’ 

evaluation of the competencies for target companies 

and excludes the suggestion of action plan. The three 

stages are: defining the strategic direction, analyzing 

the competencies, and suggesting To-Be enablers 

(TBEs)  

The first step is to identify strategic directions for 

the target company. The SISP expert group defines the 

business objectives, competencies, and enablers of the 

target company, with the help of the SISP library 

which contains business directions of the target 

company and of other companies in the same industry. 

An expert group is composed of department managers 

and external industry experts. We assume that the 

weight of the k-th expert is given by w
k
, k = 1, ..., K. 

The group assigns the importance rate, wo, to o-th 

objective, where ∑owo = 1, 0 ≤ wo ≤ 1 and o=1,...,O. 

The second step is to evaluate the current status of 

the company on the basis of the defined competencies 

and suggests competencies that could be improved. 

Experts individually evaluate the current (As-Is) levels 

and the desired (To-Be) levels of the competences. 

After getting the level scores of competencies from all 

experts, aggregated As-Is and To-Be levels of the 

competences are computed by the weighted sum of 

level scores of all experts, as shown in the following 

formula (2),  

  vAS(ci) = ∑kw
k
v

k
AS(ci) and vTB(ci) = ∑kw

k
v

k
TB(ci) (2).  

We can get the gap of the i-th competency by 

computing the value of vTB(ci)-vAS(ci). And, the degree 
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of associations between competencies with respect to 

business objectives is evaluated by the shared opinions 

of the expert group regarding association relationships 

between competencies within each objective. We can 

then get the utility range of the i-th competency, 

[vmin(ci), vmax(ci)], by solving formula (3).  

   vmin(ci) = minimize ∑owovoi(ci) subject to Φo and  

   vmax(ci) = maximize ∑owovoi(ci) subject to Φo     (3)  

The final step is to extract the most important 

enablers based on values of gap and the importance of 

competencies. The expert group defines thresholds of 

importance rates and gap as δ1 and δ2, respectively, and 

selects the target competencies having P[v(ci) > δ2] ≥ 

0.5 or gap values equal to or larger than δ1. To evaluate 

the importance rates of enablers on each of the target 

competencies, the group members assign importance 

rates by a 3-scale measurement to the corresponding 

enablers on each of the competencies. The importance 

rate, v
k
i(Ej), means a score that the k-th group member 

assigns to the j-th enabler Ej in light of the i-th 

competency. The value of the j-th element, v(Ej), is 

calculated by ∑kw
k
v

k
i(Ej). We can represent the value 

of the j-th element by ranges [vmin(Ej), vmax(Ej)] 

because the importance rates of the competencies are 

calculated by range values.  

    vmin(Ej) = ∑k∑ivmin(ci)·v
k
i(Ej)  

    and vmax(Ej) = ∑k∑ivmax(ci)·v
k
i(Ej)               (4)  

The average values of the range are determined by 

computing (vmin(Ej) + vmax(Ej))/2. Finally, we select the 

most important J TBEs in the order of their average 

values.  

 

4. Case Study  

The procedures are coded by using the visual basic 

for application (VBA), which is built-in program 

language in the Excel spreadsheet. The Excel 

spreadsheet, coupled with the VBA, have unlimited 

capabilities in dealing with subjects on management 

science. The organization selected in this case study 

was a Korean manufacturing company. A SISP team 

that consisted of 5 department managers and 5 

consultants performed SISP tasks. The team had 

manually performed a SISP task using a consulting 

framework which was very similar to that of the 

system, but differed in its methods of information 

collection and evaluation. We explain the system 

using a case study based on tasks conducted by the 

system supporting team. 

 

Step 1. Defining the strategic direction of the 

Company 

The team entered a set of strategic objectives, 

competencies, and TBEs into the spreadsheet. In this 

case, the affiliate was focusing on seven kinds of 

specific objectives within speed, cost, and quality 

categories. The group assigned the importance rate to 

the objectives. The weight values signified that the 

cost category was an objective of great importance to 

the affiliate. In this situation, the affiliate’s TBEs 

should be driven by the pull view, as it is most suitable 

to information-supportive businesses such as 

manufacturing organizations. The group specified IT 

competencies by IT management, IT architecture, 

application, and information management. Also, the 

group selected process competencies such as new 

business development, R&D, manufacturing, and 

logistics support. The experts defined the 16 enablers 

to significantly impact their IT competencies, as 

shown in Table 1. 

 

Table 1. TBEs for IT competencies 
IT competency To Be enablers 

IT 

Management 

An e-business vision 

Periodic IT planning 

Effective training for employee 

Supportive organization 

IT 

Architecture 

Infrastructure for manufacturing  

Protected and secure systems  

Infrastructure for sharing information  

Customer & supplier communications  

Application 

Supplier collaboration system 

Manufacturing monitoring system 

Material management system 

Workflow Support system 

E-Biz enabling system 

Information 

Management 

Information to agreed standards  

Integrated Customer Database 

Decision support & key performance 

management 

 

Step 2. Analyzing competencies  

Now, each of the group members evaluated the 

current and desired levels of the eight competencies 

defined at the previous step. They could refer to the 

description information for the levels of competencies 

as shown in Table 2. 

  

Table 2. Level description of competencies 
Compe- 

tency 
Level 1 Level 2 Level 3 Level 4 Level 5 

Manage- 
ment 

No plan 

Isolated 

from 
Objective 

Strategic 
Planning 

Verified 
Intermittent 

Compatible 

with 
Objective 
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Architec- 

ture 
Standalone Local Wide External Virtual 

Applica- 
tion 

Local 
Optimized 

Partial 
Interaction  

Internal 
Support 

Full Support 
Core 

Competency 

Infor- 

mation 
Paper based 

Partial 

Electronic 

Structured 

Electronic  

Shared 

Electronic  

Shared 

Knowledge 

Win New 

Business 

Unplanned 
and 

Reactive 

Limited  
Selective 

and 

Consistent 

Competi- 

tive 

Systematic  
Plan and 

Competitive 

R&D Passive  Timely  Affecting  
Information 

based  
Proactive & 

Virtual  

Manufac- 

turing 
Manual 

Partial 

monitor 

Status 

monitoring 

Inventory 

monitoring 

Systematic 

material 
management 

Logistics Manual 
Partial 

monitor 
Status 

monitoring 
Warehouse 

management 
Systematic 
monitoring 

 

The system calculated the aggregated current and 

the desired levels of competencies as shown in Fig. 2.  

 

Fig. 2. As-Is & To-Be levels of competencies 

 

Then, gap value between the current and desired 

levels on each of the eight competencies was 

calculated by the aggregated vales. The group 

provided a unanimous opinion regarding association 

relations between competencies on each of the 

objectives. For example, each of the four 

competencies, including IT management (C1), IT 

architecture (C2), and logistics competency (C8), is 

more important than new business development (C5), 

at least in terms of the cost objective; that is, C1, C2, 

C8 > C5. After obtaining all the relationship 

information between competencies, the system 

calculated the lower and upper bounds of importance 

rates of competencies by solving formula (3). The 

incomplete relationship information is denoted as 

constraints of formula (3). Finally, they determined 

the lower and upper bounds of the importance rates of 

the competencies as follows:  

[vmin(Ci), vmax(Ci)]= [(0.25, 0.92), (0.43, 0.92), (0.37, 

0.71), (0.57, 0.91), (0.22, 0.44), (0.53, 0.91), (0.22, 

0.65), (0.42, 0.71)]. 

 

Step 3. Suggesting To-Be enablers  

The group selected the target competencies in 

which values of gap and the importance rate were 

greater than their thresholds. The group predefined 

thresholds of gap and the importance rate as 0.9 and 

0.4, respectively. In this case, the group selected six 

target competencies above thresholds; IT architecture, 

application, information management, R&D, 

manufacturing, and logistics. Next, group members 

evaluated the importance rates of TBEs with respect to 

each of the target competencies using a 3-scale 

measurement, such as H(igh), M(iddle), and L(ow). 

The TBEs to be evaluated are related with the target IT 

competencies. For example, one of the experts 

evaluated the importance rates of the first TBE of 

‘infrastructure for manufacturing’ by H, L, L, H, M, 

and M with respect to each of the six target 

competencies. In the perspective of IT architecture 

and R&D competencies, the expert’s evaluation of 

that infrastructure for manufacturing was extremely 

important. 

Then the analysis controller calculated the lower 

and upper bounds of the importance rates of TBEs by 

the weighted sum of the lower and upper bounds of the 

importance rates of competencies and the importance 

rates of TBEs. For example, the lower and upper 

bounds of the first TBE, infrastructure for 

manufacturing, are calculated by: [vmin(E1), vmax(E1)] = 

[5.56, 10.35] where, vmin(E1) = 0.43·3 + 0.37·1 + 

0.57·1 + 0.53·3 + 0.45·2 + 0.42·2 = 5.56 and vmax(E1) 

= 0.92·3 + 0.71·1 + 0.91·1 + 0.91·3 + 0.91·2 + 0.71·2 = 

10.35. The average value of the TBE is 7.96. The 

system normalized the average values in proportion to 

the total score, 18, of competencies and then got 44.19 

as the final value score of the competency. Finally, the 

group got the value scores of all TBEs in the same way 

and enumerates TBEs in the order of their scores. 

We compared this result with that from the manual 

SISP task, which had been based on a manual 

consulting framework. The group selected eight TBEs 

in the order of their scores. Suggestions regarding 

TBE’s ‘material managemnt system’ and ‘workflow 

support’ were added and ‘information to agreed 

standard’ and ‘decision support & key performance 

management’ were excluded from the TBE list of the 
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manual SISP result, although the rest were the same in 

both manual and s supporting tasks.  

 

5. Conclusion  
An effective and efficient SISP requires three 

things.  First, it is necessary for a competitive 

company to drive the related enablers according to the 

importance rates of its business objectives. Second, 

planning should be performed in step with changes to 

the industrial environment surrounding the company 

in order to extract suitable competencies to the relating 

industry. Third, the kind of information the company 

gets and how it aggregates the industry experts’ 

opinion must be considered.  To reflect these 

considerations, we suggest a competency-based 

framework for SISP to determine the TBEs based on 

the importance rates of competencies. This framework 

is based on the concept of having an industry library 

available to derive competencies and enablers that 

reflect the company’s situation. It will be necessary for 

the company to revise the library according to current 

business and IT trends.  To effectively collect the 

opinions of the experts, we used incomplete 

information about association relations between 

competencies on each of the objectives, and used a 

3-scale measurement for the importance rates of TBEs 

on competencies.  

 

References  
 

1. Anandalingam G and Olsson CE. A multi-stage 

multi-attribute decision model for project selection, 

European Journal of Operational Research 1989; 

43: 271-283. 

2. Avison DE, Eardley WA and Powell P. 

Suggestions for Capturing Corporate Vision in 

Strategic Information Systems. Omega 1998; 

26(4): 443-459. 

3. Henderson JC and Venkatraman N. Strategic 

alignment: leveraging information technology for 

transforming organizations. IBM Systems Journal 

1999; 38(2–3): 472-484. 

4. Kim JK and Choi SH. An Utility Range Based 

Interactive Group Support System for 

Multiattribute Decision Making. Computers and 

Operations Research 2001; 28(5): 485-503.  

5. Lai VS, Trueblood and Wong BK. Software 

selection: A case study of the application of the 

analytical hierarchical process to the selection of a 

multimedia authoring system. Information & 

Management 1999; 36: 221-232. 

6. Lederer AL and Sethi V. The implementation of 

SISP methodology. MIS Quarterly 1988; 12(3): 

455-461.  

7. Min SK, Suh EH and Kim SY. An integrated 

approach toward strategic information systems 

planning. The Journal of Strategic Information 

Systems 1999; 8: 373-394. 

8. Pant S, Sim HT and Hsu C. A framework for 

developing web information systems plans: 

illustration with Samsung heavy industries Co., 

Ltd. Information & Management 2001; 38: 

385-408. 

9. Pepparda J and Ward J. Beyond strategic 

information systems: towards an IS capability. 

Journal of Strategic Information Systems 2004; 13: 

167-194. 

10. Philip G and Booth ME. A new six S framework 

on the relationship between the role of information 

systems (IS) and competencies in ‘IS’ 

management. Journal of Business Research 2001; 

51: 233-247.  

11. Porter ME and Millar VE. How information gives 

you competitive advantage. Harvard Business 

Review 1985; 63(4): 149-174. 

12. Saaty TL. The Analytic Hierarchy Process. New 

York: McGraw-Hill, 1980. 

13. Salmelaa H and Spilb TAM. Dynamic and 

emergent information systems strategy 

formulation and implementation. International 

Journal of Information Management 2002; 22: 

441-460. 

14. Venkatraman N. IT-enabled business 

transformation: from automation to business scope 

redefinition. Sloan Management Review 1994; 

35(2): 73-87.  

15. Wei CC, Chien CF, Wang MJJ. An AHP-based 

approach to ERP system selection. International 

Journal of Production Economics 2005; 96: 47-62. 

 

Acknowledgements 

This research was financially supported by 

Ministry of Education, Science and Technology and 

Korea Institute for Advancement of Technology 

through the Human Resource Training Projecr for 

Regional Innovation. This work was also financially 

supported by the Ministry of Education , Science and 

Technology(MEST), the Ministry of Knowledge 

Economy(MKE) through the fostering project of the 

Industrial-Academic Cooperation Centered 

University. 

RECENT ADVANCES in ARTIFICIAL INTELLIGENCE, KNOWLEDGE ENGINEERING and DATA BASES

ISSN: 1790-5109 130 ISBN: 978-960-474-154-0




