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Abstract: 

 Despite the possibility of short term financial losses and concerns by 

executive management of potential failure, Enterprise Information 

Technologies (EITs) are being implemented by a growing number of 

Fortune 100 and midsize corporations in the hope of acquiring long term 

benefits. EITs, expensive and risky information technology assets, must be 

evaluated on the basis of both their productivity gains and their support for 

corporate reengineering through integration of business processes. In this 

paper, we propose a two stage methodology AHP and ANP to conduct a 

high level evaluation of an interdependent set of tangible, intangible, 

strategic and operational factors that should be considered in EIT 

evaluation. We perform sensitivity analyses and conduct tests with real 

world data to show the robustness of our methodology and the resulting 

managerial implications. 

 

Index Terms—Analytical hierarchical process (AHP), analytical network 

process (ANP), enterprise information technologies (EITs), enterprise 

resource planning (ERP), integer programming (IP). 

 

 

I. INTRODUCTION 

 

As information technologies (ITs) become increasingly expensive to 

purchase and maintain, organizations are facing critical questions from 

stakeholders, and are requiring their managers to provide better justification 

of their systems this concern is particularly true of enterprise information 

technologies (EITs). EIT systems often cost millions of dollars and take 
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years to implement. Thus, they must be evaluated from a strategic 

perspective. However, an EIT system also has wide scale operational-level 

usage, and the lack of effective use at this level can sometimes result in 

organization wide difficulties [5], [9]. Therefore, a project manager 

evaluating an EIT system must consider operational issues as well, albeit at 

a high level of abstraction. Unfortunately, research work on such a 

comprehensive evaluation is scarce. 

This paper provides a two-stage methodology for a high level assessment 

of EIT systems. Our first stage is an application of the analytical network 

process (ANP) method, which produces utility weights for the EIT 

alternatives, based on decision maker preferences. ANP is similar to the 

analytical hier-archical process (AHP) technique, and it is particularly 

suited for EIT evaluation, because of its ability to handle interdepen-dencies 

among factors. Moreover, ANP has seen limited use as a decision making 

tool.  

 

We test the ANP model using data from Texas Instruments (TI). In the 

second stage, the utility weights from ANP are then considered in an integer 

programming (IP) model that selects a set of alternative(s), subject to 

managerial and budget constraints. Significant managerial insights can be 

gained from sensitivity analyses with both of these models. The 

methodology supports a hierarchical relationship, linking upper 

management with a critical overview of operational issues. It incorporates 

tangible and intangible factors, taking into consideration strategic and 

operational requirements. 

 

We begin with a brief review of the literature on evaluation of IT and other 

relevant technologies. Section III overviews factors that are needed in an 

EIT evaluation and briefly describe the proposed approach to deal with 

these factors. Details of the ANP methodology and of its testing on TI are 

provided in Sections IV and V, respectively, while Section VI presents an 

IP model that incorporates the ANP information. We complete the paper 

with a summary and review of some managerial and research issues. 
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II. BACKGROUND 

 

A. EIT Systems 

EIT systems are packaged software systems that include embedded business 

models of industries “best practices” [9]. In this sense, they represent a 

hybrid approach between costly cus-tomized software, and inflexible 

packaged software. 

 

An EIT typically includes a number of systems which “bolt-on” to an 

enterprise resource planning (ERP) system. These systems may offer 

advanced supply-chain planning capabilities that enable global 

optimization, manage transporta-tion, sales-force, warehousing and 

customer-related activities, conduct automated business-to-business (B2B) 

e-commerce transactions with customers and suppliers, and support virtual 

enterprise activities [11]. 

 

Because of these interconnections, a single entry into an EIT system 

triggers a whole set of processes that help with both macro- and microlevel 

decision making. TI manages complex global and multiorganizational 

customer needs through a suite of three tightly integrated systems: SAP’s 

ERP system, i2’s advanced planning optimizer, and a shop floor scheduling 

system. 

 

All orders are entered into SAP. Further, the orders in SAP and inventory 

available in global warehouses are visible to the other software tools. This 

enables the i2 planning software to conduct macrolevel planning that seeks 

to optimize global operations. This information is communicated to the 

shop floor system that conducts microlevel planning to optimize the 

throughput of the manufacturing site; previously, this microlevel planning is 

com-pleted in the absence of optimizing organizational resources. 

 

Such examples help envisage how an EIT system can provide a number of 

intangible (e.g., standardization and improvement of business processes) as 

well as tangible benefits (e.g., inventory reduction). There are 
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implementation issues arising from the EITs goal of organization-wide 

integration. This integration involves not only software systems, but also 

people, processes, technologies, data, knowledge and management 

strategies. Different integration options are possible including point-to-point 

or open interfacing standards [11]. In addition to intraorganizational uses, 

these standards can also enable B2B electronic commerce. B2B integration 

can facilitate an organizations purchase processes reducing procurement 

costs. More advanced B2B integration may coordinate backend planning 

(e.g., order planning) of supply chain partners. This coordination has the 

potential to provide great inventory cost savings through global 

optimization.  

 

B. Justification Models for EIT 

 

EITs face justification issues that overlap two topical areas: strategic 

systems justification (strategic systems have long-term and functionally 

broad implications within the organization), and justification of IT systems. 

 

There is an extant body of literature pertaining to justification of strategic 

systems such as computer-integrated manufac-turing and flexible 

manufacturing systems. It has been argued that the sole reliance on 

traditional financial capital budgeting techniques such as payback and 

return on investment (ROI) is inadequate for strategic justification purposes. 

Decisions on these projects usually require expertise and knowledge from a 

number of functional areas as well as inputs from varying levels of 

management. These decisions must be based on an integrated evaluation of 

managerial and organizational perceptions along with tangible quantifiable 

factors. Scores of models have been researched and developed to address 

the strategic justification of advanced manufacturing technology. Models 

for strategic justification have ranged from simple weighted scoring 

approaches to advanced expert and decision support systems.  
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In the IT area, for example, provide a review of various approaches that can 

be used for the evaluation of operational level issues.  

 

In the last few decades, since IT systems have been making strategic and 

operational impacts on an organization, researchers suggest that IT be 

evaluated from multiple perspectives [10]. 

 

One perspective concerns firm level analysis of IT payoffs. Past firm level 

studies on IT payoff include: impact of IT on production time per unit.  The 

measure of IT payoffs by productivity, business profitability and customer 

value [9], measures such as return on investment, return on sales and market 

to book value and integration of the latter two approaches. In addition to the 

different definitions of IT payoffs, there is also the complication of the time 

horizon involved in the analysis. 

 

Another viewpoint concerning IT payoffs is from the indi-vidual level such 

as the impact of IT on an individual’s perfor-mance, as measured by task 

productivity, task innovation, customer satisfaction and management 

control. Others discussed how IT adoption (measured by usage) is impacted 

by the perceived usefulness and perceived ease of use of the system [2] and 

the currency of the system [3]. 

 

A limitation of these investigations is their application to rel-atively “small” 

IT systems, which do not consider the specific aspects of EITs. Since an 

EIT seeks to dovetail different func-tional domains of an organization 

unlike relatively “small” IT systems, its evaluation must explicitly consider 

a number of functional domain independent issues including: integration 

within and between enterprise components; coordi-nation and 

synchronization; visibility of information across the entire value chain; and 

global optimization. Domain specific issues must also be considered where 

the number of such issues in EIT can be relatively large when compared to 

general IT systems. For example, internal and external supply chain 

integration issues could include supply contracts, customer value, 
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distribution strategies, distribution network configuration and inventory 

control. 

 

A thorough and systematic examination of above EIT issues is largely 

absent in the literature, and is just emerging. For ex-ample, to address this 

issue, real options analysis for EIT selec-tion decisions have been applied. 

Other researchers contend that practitioners would have difficulty in 

obtaining costs and revenues of IT assets, especially because of the 

intangibility of IT payoffs. In addition to quantitative approaches such as 

options analysis, return on investment, and discounted cash flow models, it 

is important to employ models that can con-duct an intangible evaluation of 

EITs. This paper introduces one such comprehensive approach. 

 

 

III. FACTORS FOR STRATEGIC EVALUATION 

 

As discussed in Section II-B, given the nature of EITs, a wide array of 

factors, many of them intangible, will need to be considered in order to 

conduct a proper evaluation of EITs. These intangible factors may have 

greater influence than tangible ones. Research and practitioner literature 

have stated that sole reliance on traditional tangible evaluation could be 

counterproductive.  

 

A. Factors Considered 

 

Since the financial outlay and implementation schedules of EITs are both 

demanding, the upper-echelons of an organization must be closely involved 

in the EIT appraisal process while evaluating numerous strategic issues. 

Hence, we consider the following clusters of factors: Strategic Performance 

Metrics; Planning Horizon; and Value chain processes. Unlike other 

strategic systems such as executive support systems that are only used by 

upper level management, EITs are primarily operational systems, and 

failure at the operational level could sometimes lead to a disproportionate 

negative impact on the organization. The senior manager’s evaluation must 
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critically consider the extent to which the EIT system scales and coordinates 

op-erational-level usage. Our treatment of operational factors is at a level 

that is sufficiently abstracted for the project manager. 

 

The remainder of this section provides supporting literature for the 

following clusters of factors: strategic performance metrics; planning 

horizons; value chain processes; EIT functionality; and it requirements. 

These factors reflect the extent to which the EIT system addresses: 1) 

organizational interactions within and between functions/echelons; 2) 

coordination issues across organization; and 3) applications in specific 

functional areas. 

 

1) Strategic Performance Metrics (SPM): There are four major metrics 

organizations use to evaluate their strategic ob-jectives and goals [24]: cost, 

quality, flexibility, and time-based metrics. Skinners [61] “focused” factory 

paradigm states that a plant or company may choose to emphasize a subset 

of these metrics (e.g., a medical equipment manufacturer may prioritize 

quality over cost). 

 

2) Planning Horizons (PlH): Research literature suggests that the 

strategic metrics of an organization often are, and need to be, dynamic [1]. 

This view is also supported by our practical experience where the 

importance of various factors changes over time. For a given time period, 

different factors may have different levels of importance. Thus, we include 

short- and long-term planning horizon as factors for consideration. It should 

be pointed out that planning horizons for a volatile industry (e.g., computer) 

are not the same as those in a stable one (e.g., steel). 

 

3) Value Chain Processes (VCP): The value adding processes comprise a 

number of functions and processes within the organization. The value chain 

model contains five major processes, namely, engineering and design, 

manufacturing, in-bound logistics, services, and outbound logistics. 

Although there are a number of subtle differences between them, both 

inbound and outbound logistics pertain to movement of goods or services, 
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and hence we have coalesced them to facilitate the implementation of the 

methodology  

 

 4) EIT Factors: A typical set of business functions provided by them can 

be given as follows, Business Planning (BP) includes the vision, mission 

and performance measurement systems of the organization. Marketing and 

Sales (M&S) includes sales analysis and product demand forecasting. 

Manufacturing (MFG) includes traditional manufacturing resources 

planning. Finance and Accounting (F&A) includes payroll, product costing, 

accounts payable/receivables and general ledger. Engineering (ENG) 

includes changes in design, version management and in routings. 

 

 5) IT Requirements (ITR): This cluster relates to technical factor pertaining to the 

EIT system. Adaptability (Adp) refers to how the EIT accommodates with the 

system with which it is interacting. Openness (Opn) indicates the extent to which 

the system operates on different platforms and interacts with other systems built 

for different platforms. Scalability (Scl) of a system implies the alteration of the 

scope of its methods and processes, so that it can operate, without wear, and on any 

volume of data [9], Scalability entails both scaling-up and scaling-down, and is 

important to a business, because the lack of scalability can lead to organizational 

failure. Customer Support (Sup) is a post implementation issue and it is important 

to managing user’s expectations of a system during maintenance and upgrading 

activities, which have been found to occupy a huge proportion of the IT budget. 

Ease of use (EOU) is defined as the degree to which a prospective user expects the 

system to be free of effort. Perceived Value (PV) is the user perception of the value 

of the system and may be viewed from the individual or firm level. 

 

6) Cost: There are many components to the tangible factor of cost, 

important ones include initial investment and operational costs, which may 

be aggregated to one measure and which may be evaluated from a 

budgetary perspective in a capital-ra-tioning model. 
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B. Relationships Among Factors 

 

Fig. 1 gives the relationships among the clusters of intangible factors 

(DEC in this figure stands for decision, ALT is the alter-natives cluster that 

is evaluated). The hierarchical relationships between the SPM, VCP, and 

EIT clusters, as given in Fig. 1, are easy to substantiate. Since the ITR 

cluster is not related to the business hierarchy, we depict it as an 

independent cluster that is directly related to the decision. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. High-level relationships among the ANP clusters. 

 

This relationship is justified, because the level of importance of a certain 

strategic measure may vary over time (i.e., strategic factors might play a 

minor role in the short term, but may increase in importance in the long 

run). Conversely, in a given time period, the relative importance of the 

strategic factors can vary from one another. Our second interre-lationship is 

between VCP and SPM clusters. Each VCP factor may have varying import 

on each SPM factor; in addition, each factor of SPM may have varying 



 

 

 
Analytical network process using enterprise information technologies…..             J.N. Rajesh Kumar,D.Satish 

& M.Riyazabegum 

 

 

 AMET International Journal of Management                  74                 ISSN 2231-6779 / Jan – June 2018 

import among the VCP factors. Finally, to understand the third 

interdependency we observe that organizations do not necessarily rely on 

just one EIT vendor. Some companies may require the use of more than one 

vendor due to legacy, geographical, and systems requirements. Thus, an 

issue that plays a large role in this decision network is intersystem 

compatibility.  

 

C. Overview of the Evaluation Methodology 

 

The above mentioned criteria can be evaluated through a number of 

modeling techniques that fall within the scope of multiple criteria decision 

making. Included among these techniques are: the AHP, data envelopment 

analysis (DEA), expert systems, goal programming, multiattribute utility 

theory (MAUT), outranking, simulation, and scoring models. These 

methods can be compared based on a number of attributes. In addition, 

there is the ANP approach, which is a general form of the AHP method. 

 

The AHP/ANP approach offers several advantages over the other 

techniques, despite certain drawbacks such as rank re-versal and the number 

of judgment elicitations that are needed first, as compared to other 

multicriteria decision making approaches, AHP/ANP is not relatively 

complex, and this helps improve management understanding and 

transparency of the modeling technique.  

 

Second, they have the additional strength of being able to mix quantitative 

and qualitative factors into a decision. Third, this approach can be 

dovetailed with other solution approach such as optimization, DEA and goal 

programming. Fourth, AHP/ANP may use a hierarchical structuring of the 

factors involved. Simon writes that the hierarchical structuring is universal 

to the composition of virtually all complex systems, and is a natural 

problem solving paradigm in the face of complexity. Fifth, in AHP/ANP, 

judgment elicitations are completed using a decompositional approach, 

which has been shown in experimental studies to reduce decision-making 

errors. Sixth, AHP has also been validated from the decision maker’s 
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perspective as well in recent experimental investigations. Seventh, 

AHP/ANP is a technique that can prove valuable in helping multiple parties 

(stakeholders) arrive at an agreeable solution due to its structure, and if 

implemented appropriately can be used as a consensus-building tool. 

 

The ANP method also offers two advantages over basic AHP. First, AHP 

requires a strict hierarchical relationship among factors. This simplistic 

assumption does not allow for the possibility of having two-way 

interdependent relationships among groups of factors, or for intradependent 

relationships within a cluster of factors. As we can see from Fig. 1, these 

relationships are important to the evaluation of EITs. Second, research has 

shown that this rank reversal problem is mitigated with the ANP 

methodology thereby making it more accurate and useful (than AHP) as a 

decision support tool for complex environments. 

 

Due to these advantages, we propose using ANP for our evaluation task. 

While ANP and AHP are based on user-supplied preferences among the 

factors and provide utility weights for the alternatives, they differ from each 

other in the number and types of pairwise comparisons, and also in the 

manner by which utility weights are actually computed. The calculations of 

ANP involve four steps, 

 

1) Elicit pairwise comparisons among the factors influencing the 

decision. 

2) Calculate relative-importance weight vectors of the factors. 

3) Form a super matrix (i.e., a two dimensional matrix composed from 

the relative importance weight vectors) and normalize this supermatrix, 

so that the numbers in every column sum to one. 

4) Calculate converged (“stable”) weights for the alterna-tives from the 

normalized supermatrix. 
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IV. DESCRIPTION AND APPLICATION OF ANP 

 

This section describes how the ANP model is applied to pro-duce a set of 

utility weights for each alternative using the deci-sion-makers interfactor 

preference inputs. In Section IV-A, we discuss the details concerning the 

steps of ANP. Sections IV-B and IV-C, respectively, describe how ANP can 

be applied for our evaluation problem, as well as sensitivity analysis  

 

of the ANP method with respect to user-supplied preferences. Later in 

Section V, the ANP method is applied using data from a major 

organization. 

 

A. Description of ANP 

 

As mentioned earlier, ANP involves four steps: elicitation of preferences, 

computation of relative importance weights, formation of supermatrix, and 

determination of final stable weights. These steps will be executed once the 

decision net-work is formed. This network consists of a number of clusters. 

The user identifies a set of factors in each cluster, as well as the relationship 

among the clusters themselves where set of     clusters (j, j , and j  are 

cluster indices); set of factors in cluster for all  (  is the index for factor 

 in cluster ); 

For each  that is one, cluster  shall be called the controlling cluster and 

cluster  the controlled cluster; in turn, the factors in a controlling 

(controlled) cluster are called controlling (controlled) factors. Thus,  

above represents the set of all clusters controlled by cluster . With these 

definitions, the details of ANP can be given as follows. 

 

1) Elicit Preferences. Two types of pair wise comparisons (PWCs) are 

elicited from decision makers. The first type involves intercluster 

comparisons: for each cluster , all cluster pairs ,  are compared 

with respect to . The next type is interfactor comparisons: factors 

within each controlled cluster are pairwise-compared with re-spect to 
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every factor in every one of its controlling cluster. Thus, the number of 

PWCs can be given by expression (1) 

 

 

 

 

2) Obtain relative importance weights. From each PWC matrix formed in 

Step 1, we compute the relative weight of each factor with respect to its 

controlling cluster. This calculation is completed by solving the 

following eigenvalue problems: 

 

 

 

 

 

 

 

Where   represents the PWC matrix of the comparisons of the 

clusters in   with respect to controlling cluster j , and  is the PWC 

matrix of the factors in cluster j with respect to the controlling factor  

. The ’s are the corresponding weight vectors (eigenvectors) and ’s 

are the corresponding largest Eigen values. 

 

3) Form the super matrix and normalize. ANP re-quires that relative 

weights obtained in Step 2 be aggregated into a supermatrix. This super 

matrix, denoted by  and defined as  , consists of a sub matrix 

corresponding to each cluster pair ,  for which . Each column 

vector,  , of this supermatrix can then be normalized by multiplying 

it by the element corresponding to cluster  in  , which itself was 

obtained from the first part of (2) above. 

 

4) Determine final relative weights. Raise the super matrix obtained in 

Step 3 to a high power. That is, determine 
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 Limit                                 (3) 

 

Where  and  represent the final and initial super matrices, 

respectively. 

 

B. Application of the Steps 

 

Applying ANP to the decision network de- 

rived earlier (Fig. 1), we see that 

 

, and each of the 

 

following   s has a value of 1:  ;   ; 

 

 

 

 

 

 

 

 

Table - 1: Example PWC matrix and resulting relative importance weight 

for SPM cluster with respect to decision 

 

1) Elicit preferences. First, three sets of PWCs are needed for the 

intercluster comparisons between: SPM and ITR clusters with respect 

to DEC; PlH and VCP with respect to SPM; and SPM and EIT with 

respect to VCP. These intercluster comparisons do not get completed 

in basic AHP. In addition, elicitation questions are needed for 

comparing the factors of each cluster with respect to each of its 

controlling factors. Table I shows an example PWC matrix for the 

SPM cluster, while Table II provides overall information on pair-wise 

comparisons: it shows all the PWC matrices needed, the number of 

questions in each PWC matrix, and an example question for that PWC 
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matrix. ANP has similarities with AHP in the wording of the 

questions and in the scale ranges. 

 

2) Obtain relative importance weights. Table II also shows the 

eigenvalue problems that need to be solved for each PWC matrix, 

with  repre-senting the PWC matrix of the factors in cluster  with 

respect to the controlling factor , s repre-senting the corresponding 

weight vectors (eigen-vectors) and s representing the corresponding 

largest Eigen values. For the PWC matrix in Table I, the eigen-value 

calculations yield the relative weights  of the factors in SPM 

with respect to the decision (see shaded column of Table I). We see 

that the Time strategic performance metric is most important in our 

decision, followed by Quality, Cost and Flexibility, in that order 

(weights are 0.462, 0.294, 0.156, 0.088). 

 

3) Super matrix formation and its normalization. Table I shows the 

structure of the supermatrix for the ANP network considered thus far. 

Note how the weight vector  gets incorpo-rated into this 

matrix; i.e., numbers in the shaded column of Table I appear in this 

table. Next, to illustrate the normalization process, we let  . 

(These numbers are used only for illustration purposes.) To nor-malize 

the DEC column, we multiplied each element in  by 0.8 and 

each element cluster controlling SPM and EIT), we set importance 

weights (that is each of these column vectors is normalized by 

multiplying by 0.5). 

 

 

C. Sensitivity Analysis 

 

We report on two kinds of sensitivity analysis: 1) sensitivity to changes in 

the weight vector; and 2) sensitivity to changes in the weight vector and in 

the interdependency relationship. An additional sensitivity analysis was 

conducted with  . Our model is robust to such changes. Further, the 
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results obtained are similar to those for weight-vector changes, and hence, 

are not reported herein. 

 

1. Sensitivity to Weight-Vector: We complete the sensitivity analysis of 

weight-vector changes in three steps. First, we choose an appropriate 

vector to modify. Second, we effect perturbations to alter  to 

 (note:  represents the weight vector of cluster  with respect to 

the controlling factor  ).  

 

a) Since the weight-vectors themselves are obtained as shown in Step 

2. The weight of factor  of cluster  in the perturbation vector  

is first fixed at an arbitrary value (between 0 and 1). The weights of 

the remaining factors in cluster  are then adjusted, so that their 

ratios (among themselves) in  are the same as they were in the 

original vector  . Other perturbations can be obtained similarly 

by fixing  s weight to other values. Finally, once the perturbations 

are generated, we re-execute the ANP calculations for each 

perturbation. 

 

 b) To apply the first step of the sensitivity analysis to the decision 

network in Fig. 1, we chose the vector  (weights of the 

Alt cluster with respect to the controlling factor Support). This 

vector was chosen, because cluster ITR has a direct relationship with 

the decision, the factor “Support” has the largest weight in that 

cluster (0.314), and Alt1 has the lowest weight in that cluster 

(0.082). By selecting a controlling factor with a high influence on 

the decision and controlled factor that can change significantly, we 

have provided for a significant amount of potential influence.  

 

c) Next, we obtain the perturbations of  by using the AHP 

sensitivity analysis given by Web Hipre the software used to 

complete Step 2 of our analysis. As shown therein, when Alt1’s 

weight is one, Alt2 through Alt6 have weights of zero, and when 

Alt1s weight is zero, the weights of the other alternatives are 
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normalized to one, but have similar ratios of importance with one 

another, as in the original vector. Finally, to complete the analysis, 

each of these perturbations is introduced in the ANP super matrix; 

the resulting super matrix is normalized, and then raised to a large 

power to obtain the final set of weights. 

 

d) The final results for each of these replacements showed no change 

(to at least three significant digits) from the original set of final 

weights (0.122, 0.124, 0.308, 0.146, 0.177, and 0.123).  

 

2. Sensitivity of Weight Vector and Interdependency: Since 

interdependent relationships within the decision network provide 

multiple paths among the factors, they may offer additional changes 

to the super matrix valuations. To complete this analysis, we first 

altered the  sub matrix, making it equal to the identity 

matrix. 

 

 

V. VALIDATING THE ANP APPROACH 

 

Before the methodology in Sections III and IV is applied to a new setting, 

we must validate its applicability. To this end, we select a situation in which 

decisions have already been made, and then gauge the usefulness of the 

methodology in terms of its ability to validate and amplify on those 

decisions. Thus, in this paper, the goals of our testing are to determine: a) 

the appro-priateness of the decision network; b) the appropriateness of the 

survey instrument; (c) the results from ANP; and d) the degree to which the 

results match with, and expand upon, the company’s original decision.  We 

describe, in Section V-A, the elicitation process for the ANP questions. The 

judgment elicitation process can often suffer from biases. We describe our 

de biasing strategies in,  

 

A. Judgment Elicitation, Analysis and Results. We describe our elicitation 

and analysis according to the following framework: 
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• identification of issues; 

• identification of expert; 

• refinement of issues; 

• training for elicitation; 

• elicitation; 

• analysis, aggregation and resolution of disagreements; 

• documentation; 

 

1) Identification of Issues: The issues were identified based on what has 

been proposed in the literature (see Section III for details) 

 

2) Identification of Expert: Mr. Phillip Coup, who was a Vice President 

and Open-Systems Transition Manager at TI was the manager used to help 

elicit information for our model. He was knowledgable about the 

organization and had expertise that aligned well with the goals of the 

organization: First, with an electrical engineering background, he was aware 

of the nuances involved in the design and production of integrated 

circuits—the mainstay of TI. Second, he had over thirty years of experience 

at TI, and during that period had managed worldwide divisions for a variety 

of product types, overseeing not only product de-sign and development, but 

also marketing and manufacturing. Third, one of the divisions that he led 

was becoming a key part of TIs revenue source. Fourth, he was responsible 

for the re-en-gineering process commissioned at TI, and then went on 

further to become the champion of the EIT implementation efforts that 

followed. All of these experiences gave him an in-depth view of the EIT 

implementation and the organizational culture. 

 

We first collected a significant amount of general information about the 

implementation by conducting a number of interviews with the manager 

(during Spring 2000): a face-to-face informal interview, a written interview, 

and an open-ended structured question interview. After these sessions, 

“snowballing” inter-views occurred (with Andersen Consulting personnel) 

using the manager’s recommendations. At a later stage (i.e., when the ANP 
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methodology was final-ized a year later in Spring 2001), we exchanged 

several e-mail messages with him, in order to explain the methodology 

itself and the goal of our study, namely, the validation of a method-ology to 

conduct a strategic- and tactical-level evaluation of EIT systems (Andersen 

personnel were not available for this part). 

 

3) Refinement of Issues: Following his approval to partici-pate, he was e-

mailed the list of factors in Section III, and re-quested to assess that list for 

both completeness and relevance to TI’s situation. This was then succeeded 

by a telephone interview to determine: a) whether the aforementioned 

factors were considered at TI (either explicitly or implicitly) and when they 

were considered; b) whether other factors besides the ones on the list were 

considered; and c) what EIT alternatives was considered. Some adjustments 

were made to the model as discussed below. 

 

In the SPM cluster, he agreed with the relevance of the four metrics to the 

decision. Time and flexibility measures were seen to be especially 

important in the customized product business. He also agreed to the varying 

importance levels of the strategic metrics at a given point in time, and also 

to the changing impor-tance of a particular strategic metric over time. 

Because many of the factory assets involve a large amount of fixed costs, a 

new relevant metric, namely, Utilization was added (utilization measures 

the extent to which factory assets are utilized toward prof-itable outcomes). 

 

The factors in the VCP cluster did not see any changes, al-though the 

relationship from VCP to SPM was dropped because the champion did not 

feel it to be important. In the EIT cluster, the engineering factor, which also 

includes the Design function, was dropped, despite the importance of design 

to TIs business. The reason for this omission is that the design function at 

TI is a highly specialized process, and it requires specialized transfer of 

information. Moreover, it was felt that designers have a unique work 

culture, by which they often have very specific and strong individual 

preferences, which made it difficult to standardize the design process. 
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Finally, standard EIT systems did not possess many of the features required 

by designers. 

 

Another change in the VCP cluster was the separation of manufacturing 

into two parts: enterprise planning and manu-facturing planning. Because 

all inventory was declared to be global (i.e., usable worldwide by any 

customer), TI accorded importance to the optimization of resources across 

manufac-turing plants. Accordingly, the enterprise planning function was to 

decide on the manufacturing location of each order. The effi-ciency of an 

individual plant, on the other hand, was controlled by the manufacturing 

planning function. Finally, the last factor affected was business planning; 

the champion felt that this task was handled using separate reporting 

systems, and hence it was dropped. 

 

In the ITR cluster, there were three changes. First, because the EIT 

system was planned for a large number of users, user-response time was an 

added factor. Likewise, as mentioned earlier, a large number of customers 

and suppliers were to be given visibility to TIs system. This led to adding 

the factor web capability. A factor that was dropped is perceived value. 

Although the re-search literature has used this factor to measure the 

effective-ness of information systems, TI felt that it would be difficult for 

day-to-day users to perceive the value of the enormous changes associated 

with an EIT system. Therefore, this factor was not considered relevant for 

TI. 

 

The alternatives considered were SAP, J.D. Edwards, Oracle, i2, Red 

Pepper and Manugistics, and they were divided into two subclusters (Alt1 

and Alt2). The last three systems specialize in providing supply-chain 

optimization, while the first three focus on the enterprise-wide integration 

of information. The chosen system from the first subset will be integrated 

with the choice from the second subset. 

 

4) Training for Elicitation: Based on the manager’s feed-back, we sent 

out a modified set of factors and inter cluster relationships, along with a 
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survey instrument. To complete the instrument, the first part of our training 

consisted of written directions along with an illustrative example. Each 

question within a question set asked for the comparison of two factors at a 

time (i.e., pairwise comparisons) with respect to a third factor. The 

respondent was asked to make pairwise comparisons of the fac-tors, based 

on his expertise and judgment as well as on organizational philosophies, 

requirements and policies. The second part of our training process occurred 

a week after the survey was sent out. At that point, we conducted another 

telephone interview and answered any questions from the manager. 

 

B. Debiasing Manipulations 

 

As pointed out earlier, field interviews and survey research often suffer 

from judgmental biases. In this section, we discuss how our study is 

debiased. Table V summarizes the changes made to our initial decision 

network. 

 

1) Non response Bias: Non response to a questionnaire is a common issue 

associated with survey research [8], but since our validation has been based 

on judgment elicitation from a single expert (and he is only one we 

approached), this is not an issue. 

 

2) Availability Bias: Availability bias arises when issues that are not 

mentioned explicitly are not considered as well, and the debiasing strategy 

suggested in the literature is to ask a disconfirming question that is 

motivated to focus the subjects attention on what was left out. Accordingly, 

during the refinement of issues stage, we periodically asked the respondent 

about other factors that must be considered, but are not on our list.  

 

3) Overconfidence Bias: This bias relates to situations in which 

individuals tend to be overconfident in their fallible judg-ment [6]. 

Overconfidence is most extreme with tasks of great difficulty, and gets 

reduced when tasks get easier.  
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As such, a number of researchers suggest a decompositional debiasing 

strategy aimed at reducing information-processing demands as well as 

errors.  

 

5) In our case, the decomposition (and in turn the debiasing) is implicit in 

the choice of our methodology ANP. ANP’s judgment elicitation process 

requires the comparison of only two factors at a time (as opposed to all 

factors), and therefore inherently de compositional in nature. In fact, the 

particular type of decomposition used in ANP (i.e., PWC as opposed to 

holistic comparison) has been found to reduce judgment errors. 

 

6) Management Bias: Management bias can occur when subject’s responses 

are influenced by some kind of reward struc-ture, as in: “Well, if that’s the 

variable the boss wants minimized, we’ll minimize it!” While the champion 

was a Vice President at the time we conducted the interview for eliciting 

general information, he had retired from the organization prior to our 

initiating the ANP validation process. His responses to the pairwise 

question may not be affected by management bias. 

 

7) Anchoring Bias: Anchoring is said to occur when an in-dividual starts 

with an initial estimate and makes insufficient adjustment from that anchor 

[6].  

 

Merkhofer states that organizational frames create strong anchors and only 

those individuals who understand the context of such frames are able to free 

themselves of that anchoring effect. In our case, since the EIT evaluation 

framework that was presented to the manager is completely different from 

what he was familiar with, the anchoring to his organizational frameworks 

would not be a problem. 

 

 

8) Other Interviewer Bias: Sometimes interviewers unwittingly 

communicate information to the respondent (for example, through a 
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comment). This can produce expectations about how the respondent must 

answer the interviewer’s question, and thus bias the response. In our case, 

as far as the ANP pair-wise comparisons are concerned, the responses were 

elicited in a written format (through e-mail).  

 

VI. FURTHER APPLICATION OF THE ANP RESULTS 

 

The ANP model yields the importance levels for each of the decision 

alternatives. These inputs can then be used in a cap-ital-rationing, IP model 

to select a portfolio of systems, from among the alternatives evaluated by 

the ANP methodology.  

 

The IP model uses budgets as a method for explicitly considering the 

costs of the systems. In addition, we have managerially driven restrictions 

on the number of systems that is chosen. Operational limitations such as 

maintenance costs, which form about 75% of the system cost [4], and the 

difficulty of finding the right IT personnel may lead to such a restriction. 

Our final set of constraints stems from systems integration issues.   

 

The evaluation of EITs presents certain unique problems. Un-like 

traditional IT evaluation that is focused on strict financial measures, EIT 

evaluation must consider a number of additional factors, which can be 

interdependent on one another. EIT evaluation also requires effective 

communication among different levels of management. Finally, because 

EITs are planned to be operational for a length of time, their evaluation 

should not be very sensitive to changes in input parameters. 

 

In this context, our paper contributes to the identification of the 

combination of ANP/IP methodologies to meet the a fore mentioned unique 

needs of EIT evaluate on. While the AHP/IP combination has appeared 

periodically in the literature, the combination of ANP and IP has not, and it 

is useful in dealing with the interdependencies among factors that are often 

likely to be present with EIT evaluation. Further, the application context of 
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such an approach strategic evaluation of multimillion-dollar IT systems, 

especially given the lack of models is significant to the research literature. 

  

VII. CONCLUSION AND SUMMARY 

 

EITs are seen as a solution to integrate the data and processes of business 

units that are functionally disparate and geographi-cally dispersed. In this 

paper, we have considered the problem of conducting a high-level 

evaluation of EITs, and have presented.  

 

 

There are implications for management when applying our methodology. 

First, the ANP process facilitates interfunctional and interlevel discussions. 

For example, a project manager evaluating the factors given in this paper 

must consider operational issues as well, although at an abstracted level. 

ANP also provides for a structured decompositional method for addressing 

the wide array of factors, instead of relying purely on intuition to evaluate 

all the intangible factors (for these reasons, the sig-nificant amount of time 

needed in answering the ANP questions can be justified).  

 

Research has shown the effectiveness of de-compositional approaches. 

Third, except for the eigenvector calculations for which tools are freely 

available, all the other ANP calculations can be done on a managerial tool 

such as a spread-sheet. Finally, the IP model can be used by a manager to 

seek the most appropriate amount of funding, considering corporate and 

EIT goals in mind. 

 

There are four avenues of future research. First, even though the ANP 

method was found to be acceptable to the real world setting that we studied; 

more research must be done on the adaptability of the method to 

organizations of different sizes and types. Second, our ANP method 

considered operational issues, but only from an upper-managements 
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perspective, and as such, lacked details. It would, therefore, be important to 

eval-uate details of the operational issues by potential users of the system.  

 

Conceivably, such an evaluation can be done as a sep-arate second-level 

ANP analysis that can provide inputs to the work in this paper. Third, the IP 

model given herein could be enhanced to incorporate multiple time periods 

and geographies. Finally, our sensitivity analyses reveal certain possible 

trends that must be further explored with detailed simulation studies. 

 

REFERENCES 

 

[1]. S. Adams, J. Sarkis, and D. Liles, “The development of strategic perfor-

mance metrics,” Eng. Manage. J., vol. 7, no. 1, pp. 24–32, 2016 

[2]. M. Al-Mashari, A. Al-Mudimigh, and M. Zairi, “Enterprise resource 

planning: a taxonomy of critical factors,” Eur. J. Oper. Res., vol. 146, 

pp. 352–364, 2016 

[3]. J. E. Bailey and S. W. Pearson, “Development of a tool for measuring 

and analyzing computer user satisfaction,” Manage. Sci., vol. 29, no. 5, 

pp. 530–545, 2013 

[4]. R. D. Banker and S. A. Slaughter, “A field study of scale economies in 

software maintenance,” Manag. Sci., vol. 43, no. 12, pp. 1709–1725, 

2001. 

[5]. D. Bartholomew, J. Jesitus, and C. B. Kreitzberg, “Managing the in-

ternetworked corporation: promises versus reality,” Industry Week, vol. 

246, no. 20, pp. 26–36, 2001. 

[6]. M. Bazerman, Judgment in Managerial Decision Making. New York: 

Wiley, 2000. 

 

[7]. D. Beude, “Developing originating requirements: defining the design 

de-cisions,” IEEE Trans. Aerosp. Electron. Syst., vol. 33, no. 2, pp. 

596–609, Feb. 2000. 

[8]. H. Boyd and R. Westfall, “Interviewer bias once more revisited,” J. 

Market. Rese. vol. 7, pp. 249–253, 1970. 



 

 

 
Analytical network process using enterprise information technologies…..             J.N. Rajesh Kumar,D.Satish 

& M.Riyazabegum 

 

 

 AMET International Journal of Management                  90                 ISSN 2231-6779 / Jan – June 2018 

[9]. E. Subramanian and R. Alex Giftson, “Resource Super intendance in 

Cloud Computing” International Conference Proceedings, vol. 1, issue 

3, pp. 108–113, 2014. 

[10]. E. Bryn jolfsson and L. Hitt, “Beyond computation: information 

technology, organizational transformation and business performance,” J. 

Econ. Perspect. vol. 14, no. 4, pp. 23–48, 2000. 

[11]. T. Davenport, Mission Critical: Realizing the Promise of Enterprise 

Systems. Cambridge, MA: Harvard Business School Press, 2000. 

[12]. F. Davis, “Perceived usefulness, perceived ease of use and user ac-

ceptance of information technology,” MIS Quart., vol. 13, no. 3, pp. 

319–342, 1989. 

[13]. T. R. V. Davis, “Information technology and white-collar 

productivity,” Acad. Manage. Exec., vol. 5, no. 1, pp. 55–67, 1991. 

[14]. B. De Finetti, “Probability: interpretations,” in International 

Encyclopedia of the Social Sciences, D. Sills, Ed.   New York: 

Macmillan, 1968, pp. 496–504. 

 

About the authors 

 

J.N. Rajesh Kumar, Associate Professor, Sree Sastha Institute Of 

Engineering & Technology 

D.Satish, Assistant Professor AMET university. E.mail: 

satishds6@gmail.com 

M.Riyazabegum, Assistant Professor, Mohmmaed Sathak Arts& Science

 


