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Abstract 
 
The study investigates the practice of 

data warehouse system selection decisions 
for small and medium-sized enterprises 
(SMEs) and large enterprises (LEs) in 
Taiwan. The increasing number of 
companies looking for data warehousing 
solutions to gain a significant business 
advantage has created a need for systematic 
method for choosing appropriate data 
warehouse system. The aim of this study is to 
determine the significant factors that 
influenced data warehouse system selection 
of LEs and SMEs. In this paper, both 
technical and managerial factors are 
considered to structure an evaluation 
hierarchy based on the Analytic Hierarchy 
Process (AHP). The AHP is used to examine 
the relative importance of data warehouse 
system selection criteria and subcriteria. 
The results indicate that SMEs selecting 
data warehouse systems mainly concentrate 
on cost and vendor criteria, and LEs focus 
on technical criteria. 

 
Keywords: Multiple Criteria Decision Aid, 
Analytic Hierarchy Process (AHP), Data 
Warehouse System, Software Selection, 
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1. Introduction 
 
The continuously growing competition 

on the global market has forced many 
companies to adopt and use information 
systems and technologies. Information 
systems (IS) can extremely transform 
business processes to achieve major 
improvements in quality, performance and 
productivity through the optimal use of 
information technologies (IT). The 
continuing improvements and the rising use 
of advanced information systems help 
enterprises to improve operating efficiency 
and reduce costs. Information systems have 
long been used by large enterprises (LEs) to 
automate business processes. In recent years, 
there are more and more small and 
medium-sized enterprises (SMEs) 
implemented enterprise-wide software 
systems such as ERP systems to obtain 
potential benefits [52, 75, 86]. 

Owing to the complexity and diversity 
of software systems, selecting the best or 
most appropriate software package to satisfy 
an organization’s requirements is a 
particularly difficult problem. The demand 
for high-quality and reliable software 
conforming to international standards, and 
integrated with existing information systems 
and infrastructure is increasing continuously. 
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Because of the popularity of implementing 
different information systems within 
companies, the number of information 
system applications available on the market 
is also increasing exponentially. However, 
the total cost of information systems, 
including acquisition cost, operation cost, 
training cost and maintenance cost, is also 
rising dramatically. 

With the implementation of business 
processes automation software in enterprises, 
data are piled up quickly enterprise-wide. To 
organize the data and help companies make 
sensible business decision, data warehousing 
implementation is expected to grow quickly 
[49, 71, 89]. When implemented correctly, a 
data warehouse (DW) system enables 
companies to enjoy benefits and obtaining 
timely information for decision-making [22]. 
However, due to the complicated and variety 
of functionality of available data warehouse 
systems, it has been a burdensome task for 
many companies to evaluate and select data 
warehouse system that fit into their 
requirements within the given budget 
constraints and limited time. Although the 
concept of data warehousing has been 
around for more than one decade, it has 
largely remained the domain of the large 
enterprises. In spite of large enterprises had 
higher adoption rate of data warehouse 
systems in Taiwan [28], the data warehouse 
system still remains an illusive information 
system for most small and medium-sized 
enterprises. 

The literature revealed that there is a 
relationship between firm size and 
information system implementation [29, 61]. 
The previous research argued that research 
findings based on large enterprises cannot be 
generalized to small enterprises as the 
inherent differences between small and large 
businesses [7, 14]. Due to their limited 
sources, IT adoptions of SMEs differ from 
large enterprises [19, 81]. The limited 
knowledge and experiences with IT may 
influence the ability to adopt information 

systems effectively for SMEs. According to 
the research conducted by Chau [11], SMEs 
tended to focus on selecting of software 
packages provided by vendors rather than 
developing information systems in-house, 
and SMEs relied more on packaged software 
than large enterprises do [26]. This has 
caused SMEs depend more extensively than 
large businesses on external support. 

Software selection is not a technical 
task, but instead a subjective and uncertain 
decision process [73]. Selecting the 
optimum software system among many 
products available depends on the 
assessment of their objective, measurable 
criteria (e.g., acquisition cost and training 
cost) and subjective criteria (e.g., 
compatibility, vendor selection and technical 
factors). The software selection decision 
involves not only simultaneously 
considering multiple criteria, but also 
considering multiple tangible and intangible 
factors affecting software selection, and 
making priorities among those factors can be 
hard. Kimball et al. [36] suggested some 
evaluation areas, process and criteria for 
data warehouse products selection. The two 
key components that drive the selection of 
products are business and technical 
requirements. But it lacks a systematic 
decision-aid method for choosing 
appropriate data warehouse system. Given 
the differences of organizational, decisional, 
psycho-sociological, informational and 
technological between LEs and SMEs [1, 7], 
this study makes an assumption that the 
selection decisions of data warehouse 
systems will differ between LEs and SMEs. 

The analytic hierarchy process (AHP) is 
one widely used multi-criteria 
decision-making method introduced by 
Saaty [64]. The AHP structures a decision 
problem into a hierarchy and evaluate 
multi-criteria tangible and intangible factors 
systematically. AHP has been applied in 
numerous fields [20, 87, 93], including 
many software selection decisions. The 
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objective of this paper is to propose a 
framework of decision criteria for evaluating 
and selecting data warehouse systems 
enterprises in Taiwan based on the analytic 
hierarchy process, and finds the decision 
differences between LEs and SMEs. 

Taiwan has mainly relied on its small 
and medium-sized enterprises to compete in 
international markets since the 1970s. In 
Taiwan, there were 1,130,525 SMEs in 2002 
which accounted for 97.72% of all 
enterprises. In terms of numbers, persons 
employed by SMEs was 7,361 thousand 
(77.86% of the total) and total sales for all 
SMEs in 2002 came to 7495.3 billion New 
Taiwan Dollar (29.51% of the total) [27]. 
There is no generally accepted definition of 
a SME. The commonly used criterion for 
defining a SME is number of employees; 
however this number varies from country to 
country [16, 21, 29, 46]. The definition of a 
SME for this study is in accord with 
Taiwanese legislation. The Ministry of 
Economic Affairs defines SMEs as 
companies employing fewer than 200 
people. 

The rest of the paper is organized as 
follows: Section 2 gives an overview of the 
AHP methodology and its applications on 
software selection. Section 3 describes the 
selection criteria for data warehouse systems. 
The applying of the AHP for evaluation data 
warehouse systems for LEs and SMEs is 
presented in Section 4. Finally, Section 5 
concludes the study and proposes for further 
research. 

 
2. Literature Review 
 
2.1 The Analytic Hierarchy Process 

 
AHP first developed by Saaty [64] 

resolves decision-making problems by 
structuring each problem into a hierarchy 
with different levels of criteria. Pairwise 
comparisons are performed with the criteria 
in a hierarchy by means of scale of 

measurement. The scale of relative 
importance measurement consists of 
judgments ranging from equal importance to 
extreme importance (equal, moderate, 
essential or strong, demonstrated, extreme) 
corresponding to the numerical judgments (1, 
3, 5, 7, 9) and compromises (2, 4, 6, 8) 
between these values [65, 67]. The 
decision-maker needs to judge the relative 
importance of each criterion and then 
specify a preference on each criterion for 
decision alternatives. 

The AHP method involves four steps to 
solve a decision problem [44, 77, 93]: 

Step 1: Structuring the decision problem 
The first step involves developing a 

hierarchical structure of the problem. The 
number of levels in the hierarchy depends 
on the complexity of the decision problem. 
The typical hierarchy of the AHP model 
consists of focus, criteria, subcriteria and 
alternatives [66, 68]. The highest level of the 
hierarchy is the overall goal or focus. The 
intermediate levels consist of the criteria and 
subcriteria for judging the alternatives. The 
need of intermediate levels depends on the 
decision problem and experiences of the 
AHP and domain knowledge for decision 
makers. The bottom level of the hierarchy 
contains alternatives from which the choice 
is to be made. There should not include too 
many criteria in a hierarchy [66]. 

Step 2: Creating pairwise comparison 
matrix 

Creating a pairwise comparison matrix 
is an attempt to find the relative importance 
among the criteria. The nine-point scale is 
used to obtain a concise pairwise 
comparison of all criteria at each level of the 
hierarchy [56, 67]. The pairwise comparison 
judgments are made with respect to elements 
of one level of hierarchy given the element 
of the next higher level of hierarchy, starting 
from the top level down to the bottom level. 
For a group decision setting, every team 
member assigns his or her own pairwise 
comparison. Four methods can combine the 
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individual pairwise comparison matrix to 
obtain the consensus pairwise comparison 
matrix for the entire team: consensus; vote 
or compromise; geometric mean approach, 
and separate models or players [17]. 

Step 3: Determining normalized weights 
The eigenvector derived from the 

matrix created in Step 2 measures of relative 
importance among the criteria and is used to 
determine the normalized and unique 
priority weights for each criterion. In order 
to check the consistency in setting priorities 
for pairwise comparison with respect to 
criteria, the AHP uses a consistency ratio to 
measure the consistency of judgments. Saaty 
[66] suggested the consistency ratio should 
be 0.1 or less. 

Step 4: Synthesize the priorities 
The final step is to synthesize the 

solution for the decision problem - to obtain 
the set of overall priorities for alternatives. 
The normalized local priority weights of 
criteria and subcriteria obtained from Step 3 
are aggregated to produce global composite 
weights which used to evaluate decision 
alternatives. 

 
2.2 Software Selection by Using AHP 

 
Decision-making in software selection 

has become more complex due to a large 
number of software products in the market, 
ongoing improvements information 
technology, and multiple and sometimes 
conflicting objectives. Decision-makers in 
diverse sectors have made software selection 
decisions. The literature reviewed was 
limited to software selection applications of 
AHP. The review of software selection cases 
cannot be claimed as comprehensive; 
however it demonstrates the diversity of 
software selection applications where AHP 
is used. 

All software selection decision 
problems involved an optimal choice from a 
set of alternatives. All most software 
decisions included alternatives of different 

software systems or packages for selection. 
The only exception was the selection of 
workflow management systems [33]. The 
evaluation was performed for eleven 
industries in South Korean, but not for 
different workflow management software 
packages. The types of software system for 
decision making are office automation 
software [5, 69], accounting information 
system [70], database management system 
[92], computer operating systems [63], 
expert systems [34, 94], logistics software 
[47], automated manufacturing systems 
(AMS) [48], manufacturing simulation 
software [42], workflow management 
systems [33], AHP software [54], Enterprise 
Resource Planning (ERP) systems [78] and 
multimedia authoring systems (MAS) [39, 
40].  

 
3. Criteria for Selecting Data Warehouse  

System 
 
Due to the fact that software selection is 

an important issue for many organizations; 
previous studies stated their preferred AHP 
hierarchies of criteria and subcriteria for 
software selections. Appendix A shows 
details of criteria and subcriteria for 
software selections in the major literature 
reviewed. For the literature reviewed of 15 
published papers between 1981 and 2002, a 
proposed list of criteria can generally be 
grouped into several evaluation categories. 
This study groups the reviewed criteria into 
the following four major evaluation 
categories: 

 Technical: These criteria are limited 
to the capabilities and technical 
requirements of the software system 
to improve diversity of operations, 
and the integration capability and 
flexibility of software systems. 

 Managerial: These criteria are 
concerned with the administration 
features of software systems which 
satisfy the goals of decision makers. 
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 Cost: The different costs associated 
with the software acquisition, 
maintenance and use. 

 Vendor: The issues that needed to 
be addressed in evaluating software 
vendors include vendor reputation, 
confidence and stability; and 
support of system installation, 
training services and maintenance. 

Table 1 lists the evaluation categories of 
criteria and sub-criteria, and the authors who 
have introduced them. As showed in Table 1, 
the technical, managerial, cost and vendor 
criteria have been adopted by many software 

selection decisions. Hence, in this study, we 
adapt Lai et al. [39, 40] suggestions and 
classify the decision criteria into two 
categories, namely technical and managerial 
issues. Technical issues examine if system 
features fit companies needs and how 
effective it can be integrated with existing 
systems. Managerial criteria consider the 
issues of cost and vendor quality which are 
not part of technical factors but will 
nevertheless greatly affect the adoption and 
success of the software systems. In the 
following sections, we briefly discuss these 
criteria and related subcriteria. 

 
 
Table 1: Categories of criteria introduced by author(s) in the major literature reviewed 
 

Author(s) Software system 
Beck & Lin (1981) Automated office system 
Seidmann & Arbel (1983) Office automation software 
Seidmann & Arbel (1984) Accounting information system 
Zahedi (1985) Database management system 
Roper-Lowe & Sharp (1990) Computer operating system 
Zahedi (1990) Expert system 
Kim & Yoon (1992) Expert system shell 
Min (1992) Logistics software 
Mohanty & Venkataraman (1993) Automated manufacturing system 
Lesley & Glyn (1994) Manufacturing simulation software 
Kim & Moon (1997) Workflow management system 
Lai et al. (1999) Multimedia authoring system 
Ossadnik & Lange (1999) AHP software 
Teltumbde (2000) ERP system 
Lai et al. (2002) Multimedia authoring system 

Note: T: Technical, M: Managerial, C: Cost, V: Vendor. 
The shadowed boxes denote that the authors have introduced the criteria in the related 
categories. 

 
 

3.1 Technical Features 
 
Technical features determine how well 

the software system can satisfy the 
company’s requirements and how effectively 
it can fit in with the existing information 
systems and infrastructure. The technical 

aspects for data warehouse system selection 
include front-end utilities and back-end 
utilities [12, 36]. 
(1) Front-end Utilities 

The front-end utilities are the part 
responsible for presenting and 
accessing data to the user community. 
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The front-end services should 
provide users with diverse needs that 
are commonly required of browsing, 
querying and reporting warehouse 
data. The front-end utilities include 
display interface [8, 23, 84], analysis 
tools [85] and query functionality 
[50, 58, 85]. 

 Display interface: Display interfaces 
are usually supported by two types of 
software, namely, spreadsheet 
programs such as Microsoft Excel or 
Internet browsers. 

 Analysis tools: Analysis tools 
provide interfaces for end users to 
analyze data stored in the data 
warehouse system. The analysis 
tools consist of periodic access tools, 
query and reporting tools, and 
advanced analysis tools. 

 Query functionality: Due to the 
characteristics of queries performed 
on data warehouses, the systems 
should at least support five types of 
functionality, namely, slice and dice, 
drill down and roll up, drill across, 
ranking, and rotating. 

 
(2) Back-end Utilities 

The back-end utilities are part of the 
warehouses responsible for gathering, 
preparing, and storing the data, and 
managing the data warehouse system. It also 
stresses the compatibility and integration 
capability of software systems. Therefore, 
the back-end utilities consist of 
compatibility [5, 47], integration [8, 23, 25, 
51, 56], database [8, 12, 56], ETL 
functionality [8, 13, 37, 55], data quality 
checks [4, 80, 88], metadata management 
[13, 31, 85] and DW administration [12, 85]. 

 Compatibility: The fundamental 
technique of data warehouse 
software should be compatible with 
the existing IT infrastructure of the 
companies. 

 Integration: The integration issue 

examines if the data warehouse 
system can be integrated with 
heterogeneous source systems, other 
decision support systems and third 
party tools. 

 Database: The physical design of 
data warehouse converts logical data 
design into physical database. Data 
warehouse might be implemented on 
standard or extended relational 
database system (ROLAP), or 
multidimensional database 
(MOLAP). 

 ETL functionality: The data staging 
process collects operational source 
data and integrates the data into data 
warehouse. It consists of three major 
steps: extraction, transformation and 
load (ETL). The ETL tools can help 
the extraction, transformation and 
load processes automatically. 

 Data quality checks: Since data 
quality will impact on the credibility 
of data warehouse. When 
implementing a data warehouse 
system, maintaining data quality is a 
major concern. The quality factors in 
data warehouse design include data 
currency, data consistency and data 
completeness. 

 Metadata management: Metadata 
maintenance is an important issue, 
because it has influence on the entire 
warehouse from initial model 
through data extraction and load 
processes to the exploration and 
access of users. 

 DW administration: Data warehouse 
administrating tools can help system 
administrators to manage the 
operations of data warehouse 
throughout its operational life cycle. 

 
For more detail descriptions and related 

references for technical features, please refer 
to Appendix B. 
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3.2 Managerial Decision Criteria 
 
The managerial criteria are concerned 

with the administration features of software 
systems which satisfy the goals of decision 
makers. For the managerial factors, cost and 
vendor characteristics are two important 
elements [39, 40, 74]. 

The cost factors have also been 
considered for a diversity of software system 
decision problems [39, 40, 42, 47, 48, 54, 78, 
92]. Data warehouse systems have 
differential expenditures, some are 
considered more expensive than others. The 
concept of total cost of ownership (TCO) 
not only includes the price of purchase but 
also many other purchase-related costs [6]. 
The TCO consists of all costs associated 
with the acquisition, use and maintenance of 
products or services [15, 18]. 

One important IT management function 
of supply side factor is the procurement of 
IT products to satisfy the requirements of a 
company [76]. Vendors play a key role in 
the acquisition of IT products and 
computerization of an organization [2, 24]. 
Hence, selection of suitable vendor should 
be taken into account when implemented 
data warehouse system. Vendor can provide 
related products, technological capability 
and knowledge and experiences to help 
implement data warehouse system [35]. The 
vendor criteria have been applied to many 
software selection problems [5, 39, 40, 42, 
47, 78]. 

 
(1) Total Cost of Ownership 

From the TCO viewpoint, the costs of 
software system should include costs 
associated with the software acquisition, 
maintenance and use. The TCO comprises 
many items, including direct cost and 
indirect cost [53]. Love and Irani [46] also 
identified IT costs as direct cost and indirect 
cost. The direct cost consists of the purchase 
of software packages that including license 
fee, the hardware cost for installing and 

running software systems, and the external 
consultant fee to assist implement the 
systems. The indirect cost comprises users 
in learning the hardware and software 
systems - training cost, the maintenance cost 
for systems operate normally, system 
upgrade cost for system scalability and 
advanced functionality in the future, along 
with the labor cost of support personnel. 

 
(2) Vendor Characteristics 

Some researches discussed the vendor 
selection problems by using the AHP [57, 60, 
77]. The AHP approach was suggested due 
to its inherent capability to operate 
qualitative and quantitative criteria used in 
vendor selection. It is important for vendor 
to provide ongoing supports for system 
installation and maintenance after 
purchasing software. Therefore, enterprises 
desire to purchase the software packages 
from more credible and stable vendors. The 
issues that needed to be addressed in 
evaluating software vendors include vendor 
reputation [9, 38, 47, 77, 78], vendor 
stability [47, 78], vendor support [5, 9, 39, 
40, 77, 78] and vendor experience [30, 59, 
77]. 

 
 Vendor reputation: The commitments 

of vendors to the products and 
continuous improvement affect the 
longevity of data warehouse products. 
The vendor’s reputation is a good 
benchmark for evaluating the 
credibility, goodwill and reliability 
of vendor. 

 Vendor stability: The data warehouse 
implementation and ongoing 
operations will continue with many 
years. The vendor stability may 
affect the service supports from 
vendor afterward. 

 Vendor support: In view of the 
operations of data warehouse system 
after implementation, the ongoing 
supports from vendor constitute 
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crucial factor. The value of system 
would increase with vendor 
supporting long-term technical 
assistance and sustained services. 

 Vendor experience: The external 
support can contribute to the data 
warehouse implementation process. 
The vendors can provide experiences 
with all aspects during system 
implementation. 

 
For more detail descriptions and related 

references for vendor characteristics, please 
refer to Appendix B. 

 
4. Applying the AHP 

 
The AHP modeling process involves 

four steps as described in previous literature 
review, namely, structuring the decision 
problem, creating pairwise comparison 
matrix, determining normalized weights and 
synthesize the priorities. 

 
4.1 Structuring the Data Warehouse 

System Selection Problem 
 
The survey was pre-tested with four 

consultants from three data warehousing 
vendors to ensure that all the criteria were 
well formulated and properly understood. 
These respondents have an average of 5.3 
years experiences in data warehousing 
projects. The respondents in the pre-test 
were interviewed to discuss the selection 
criteria in more detail and reformulate the 
AHP hierarchy. The first respondent is the 
Taiwan sales director of the world’s second 
biggest e-business software vendor. She 
suggested moving the data quality checks 
feature one level higher from DW 
administration, due to her practical 
experiences showed that data quality affects 
the accuracy of analytic data. The second 
respondent is a vice general manager of the 
world largest e-business software vendor. He 
agreed with the opinion of first respondent, 

and clarified some wording of elements at 
bottom level. The third respondent is the 
director of a DW department, and fourth 
respondent is a project manager of a DW 
vendor. The third and fourth respondents did 
not suggest any revision of the AHP model 
and wording of criteria and subcriteria, 
hence the pre-test process was concluded. 

This first step involves formulating an 
appropriate hierarchy of the AHP model 
consisting of the goal, criteria and 
subcriteria according to the results of 
pre-test. Figure 1 shows the structuring of 
the data warehouse system selection 
decision into a hierarchy of four levels. The 
top level of hierarchy presents the overall 
goal or focus of the problem. The general 
criteria are usually considered important in 
determining the appropriateness of data 
warehouse software which forms the second 
level of the hierarchy. The two major criteria 
are technical features and managerial factors 
[39, 40]. At the third and fourth levels, these 
criteria are decomposed into more detailed 
elements that may affect the system 
selection. The third level of the hierarchy 
places the subcriteria defining the four 
subcriteria for the second level criteria. The 
technical capabilities can be divided into 
two major areas: front-end and back-end 
utilities [12, 36]. For the managerial factors, 
cost and vendor characteristics are two 
important elements [39, 40, 74]. There are 
three fourth level subcriteria related to 
front-end utilities, namely, display interface, 
analysis tools and query functionality. The 
back-end utilities include seven subcriteria: 
compatibility, integration, ETL functionality, 
database, data quality checks, metadata 
management, and DW administration. On 
the other hand, the subcriteria associated 
with total cost of ownership are direct cost 
and indirect cost. The vendor characteristics 
consist of vendor reputation, vendor stability, 
vendor support and vendor experience. 
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utilities
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Total cost of
ownership

Vendor
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Managerial factors

Technical factors

Level 1 Level 2 Level 3 Level 4

  
 

Figure 1: AHP model for data warehouse system selection 
 
4.2 Creating Pairwise Comparison Matrix 

 
Owing to a shortage of professional IT 

experts, it is not easy to find SMEs that 
could respond to our questions in an 
interview. Therefore, we chose experienced 
consultants from leading DW vendors which 
including international and local companies. 
Using market research of Market 
Intelligence Center (MIC), Information 
Industry Institute (III) in Taiwan, we found 
that there are only six international vendors 
active in Taiwan’s DW market; only three 
leading companies in the global DW market 
were willing to participate on this project. 
Also, all three e-business software 
companies listed on the Taiwan Stock 
Market participated. In total, both 
international and local vendors had roughly 
two hundred and sixty customers in Taiwan; 
more than one hundred of which are SMEs. 

A questionnaire including all criteria 

and subcriteria of the four levels AHP 
hierarchy was designed to collect the 
pairwise comparison matrices. The 
questionnaire was composed of three 
sections. The first section gathered experts’ 
background information, which included 
factors such as respondent’s position, years 
of data warehouse experiences, and contact 
information. The second section included 
seven pairwise AHP comparison matrices to 
identify the importance of criteria. A 
supplementary which described the 
hierarchy, detail explanation of each 
criterion and a sample questionnaire was 
also provided. Each evaluator is requested to 
fill in two sets of pairwise comparison 
matrices, one for SMEs and another for LEs. 
Before filling out the matrix, all experts 
were given a briefing in how to create 
pairwise comparison matrices. The collected 
data were then analyzed and normalized. 
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4.3 Determining Normalized Weights 
 
The pairwise comparison matrices 

obtained from six experts are combined 
using the geometric mean approach. Table 2 
and Table 3 present the normalized matrices 
of the result for SMEs and LEs separately. 
The consistency ratio (CR) of each pairwise 
comparison matrix is also shown. It can be 

found that the CR values are far less than 0.1, 
the value suggested by Saaty [66]. This 
indicates that the experts’ opinions are 
consistent in measuring the pairwise 
comparison judgments. Besides, the CR 
values between matrices filled out by the 
same experts are also less than 0.1. This 
implies that the data in each questionnaire 
are consistent. 

 
Table 2: Normalized matrices of pairwise comparison judgment for SMEs 
 

 

 

 

 
 

 

 

Software Package Selection A B Priority 
A Technical factors 1 0.47 0.321 
B Managerial factors 2.12 1 0.679 
   CR=0.0 

A Technical factors A1 A2 Priority 
A1 Front-end utilities 1 0.87 0.465 
A2 Back-end utilities 1.15 1 0.535 
   CR=0.0 

B Managerial factors B1 B2 Priority 
B1 Total Cost of ownership 1 1.31 0.567 
B2 Vendor characteristics 0.76 1 0.433 
   CR=0.0 

A1 Front-end utilities A11 A12 A13 Priority 
A11 Display interface 1 1.06 1.14 0.354 
A12 Analysis tools 0.94 1 1.28 0.354 
A13 Query functionality 0.88 0.78 1 0.293 
    CR=0.003 

A2 Back-end utilities A2 A22 A23 A24 A25 A26 A27 Priority
A21 Compatibility 1 1.41 2.881.8 1.59 1.62 1.99 0.96 0.212 
A22 Integration 0.7 1 1.31 0.81 0.79 0.66 0.76 0.116 
A23 Database 0.3 0.76 1 0.47 0.64 0.55 0.5 0.078 
A24 ETL functionality 0.6 1.23 2.14 1 1.67 1.67 1.28 0.177 
A25 Data quality checks 0.6 1.27 1.56 0.6 1 0.89 0.82 0.124 
A26 Metadata management 0.5 1.52 1.82 0.6 1.12 1 0.92 0.134 
A27 DW administration 1.0 1.32 2.0 0.78 1.22 1.09 1 0.159 
        CR=0.01 
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Table 3: Normalized matrices of pairwise comparison judgment for LEs 

 

 

 

 

 

B1 Total cost of ownership B11 B12 Priority 
B11 Direct cost 1 3.47 0.776 
B12 Indirect cost 0.29 1 0.224 
   CR=0.0 

B2 Vendor characteristics B21 B22 B23 B24 Priority 
B21 Vendor reputation 1 0.89 0.49 0.37 0.145 
B22 Vendor stability 1.12 1 0.46 0.42 0.156 
B23 Vendor support 2.04 2.17 1 1.28 0.355 
B24 Vendor experience 2.7 2.38 0.78 1 0.344 
     CR=0.01 

Software Package Selection A B Priority 
A Technical factors 1 3.22 0.763 
B Managerial factors 0.31 1 0.237 
   CR=0.0 

A Technical factors A1 A2 Priority 
A1 Front-end utilities 1 0.74 0.426 
A2 Back-end utilities 1.35 1 0.574 
   CR=0.0 

B Managerial factors B1 B2 Priority 
B1 Total Cost of ownership 1 0.76 0.433 
B2 Vendor characteristics 1.31 1 0.567 
   CR=0.0 

A1 Front-end utilities A11 A12 A13 Priority 
A11 Display interface 1 1.06 1.26 0.362 
A12 Analysis tools 0.94 1 1.62 0.379 
A13 Query functionality 0.79 0.62 1 0.259 
    CR=0.01 

A2 Back-end utilities A21 A22 A23 A24 A25 A26 A27 Priority
A21 Compatibility 1 0.72 1.16 0.64 0.89 0.88 0.58 0.113 
A22 Integration 1.39 1 1.47 1.66 1.07 0.76 0.6 0.153 
A23 Database 0.86 0.68 1 0.88 1.05 0.74 0.55 0.112 
A24 ETL functionality 1.56 0.6 1.14 1 1.51 1.17 0.85 0.151 
A25 Data quality checks 1.12 0.94 0.95 0.66 1 0.68 0.62 0.116 
A26 Metadata management 1.14 1.32 1.35 0.86 1.47 1 0.68 0.151 
A27 DW administration 1.72 1.67 1.82 1.18 1.61 1.47 1 0.204 
        CR=0.01 
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4.4 Synthesize the Priorities 

 
After calculating the normalized 

priority weights for each pairwise 
comparison matrix of the AHP hierarchy, 
the next step is to synthesize the local 
priority weights of criteria and subcriteria 
for obtaining the set of global composite 
priorities. Table 4 and Table 5 show the local 
and global priority weights of AHP model 
for SMEs and LEs separately. After 
computing the global priority weights of 
each subcriterion of level four, Table 6 
shows the importance of sixteen subcriteria 
in influencing data warehouse system 

selection between SMEs and LEs. The direct 
cost factor is the most important subcriterion 
in influencing data warehouse system 
selection following with vendor support and 
vendor experience for SMEs. For LEs, the 
front-end utilities play critical factor. Two of 
the front-end utilities subcriteria, namely, 
analysis tools and display interface are in the 
top rankings. From viewpoint of back-end 
utilities, DW administration and integration 
are two significant factors for LEs. Among 
four vendor characteristics, vendor support 
and vendor experience are more important 
than vendor reputation and vendor stability 
for both SMEs and LEs. 

 
Table 4: Composite priority weights of DW system selection for SMEs 

Second 
level 

Local 
weights 

Third 
level 

Local 
weights 

Fourth 
level 

Local 
weights 

Global 
weights 

Technical 0.321 Front-end utilities 0.465 Display interface 0.354 0.053 
    Analysis tools 0.354 0.053 
    Query functionality 0.293 0.044 
       
  Back-end utilities 0.535 Compatibility 0.212 0.036 
    Integration 0.116 0.020 
    Database 0.078 0.013 
    ETL functionality 0.177 0.031 
    Data quality checks 0.124 0.021 
    Metadata management 0.134 0.023 
    DW administration 0.159 0.027 
       
Managerial 0.679 TCO 0.567 Direct cost 0.776 0.299 
    Indirect cost 0.224 0.086 

B1 Total cost of ownership B11 B12 Priority 
B11 Direct cost 1 0.6 0.373 
B12 Indirect cost 1.68 1 0.627 
   CR=0.0 

B2 Vendor characteristics B21 B22 B23 B24 Priority 
B21 Vendor reputation 1 2.12 0.42 0.38 0.168 
B22 Vendor stability 0.47 1 0.29 0.37 0.104 
B23 Vendor support 2.38 3.44 1 1.16 0.382 
B24 Vendor experience 2.63 2.7 0.86 1 0.346 
     CR=0.02 
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  Vendor  0.433 Vendor reputation 0.145 0.043 
    Vendor stability 0.156 0.046 
    Vendor support 0.355 0.104 
    Vendor experience 0.344 0.101 
       
     Total 1.000 

 
Table 5: Composite priority weights of DW system selection for LEs 

Second 
level 

Local 
weights 

Third 
level 

Local 
weights 

Fourth 
level 

Local 
weights 

Global 
weights 

Technical 0.763 Front-end utilities 0.426 Display interface 0.362 0.118  

    Analysis tools 0.379 0.123  

    Query functionality 0.259 0.084  

       
  Back-end utilities 0.574 Compatibility 0.113 0.049  

    Integration 0.153 0.067  

    Database 0.112 0.049  

    ETL functionality 0.151 0.066  

    Data quality checks 0.116 0.051  

    Metadata management 0.151 0.066  

    DW administration 0.204 0.089  

       
Managerial 0.237 TCO 0.433 Direct cost 0.373 0.038  

    Indirect cost 0.627 0.064  

       
  Vendor  0.567 Vendor reputation 0.168 0.023  

    Vendor stability 0.104 0.014  

    Vendor support 0.382 0.051  

    Vendor experience 0.346 0.046  

       
     Total 1.000 

 
Table 6: Importance of subcriteria in influencing DW system selection 
between SMEs and LEs. 

Subcriteria 
(Level 4) 

Global weights 
(SMEs) 

Rank 
(SMEs) 

Global weights 
(LEs) 

Rank 
(LEs) 

Display interface 0.053† 5 0.118 2 
Analysis tools 0.053† 5 0.123 1 
Query functionality 0.044 8 0.084 4 
Compatibility 0.036 10 0.049‡ 11 
Integration 0.020 15 0.067 5 
Database 0.013 16 0.049‡ 12 
ETL functionality 0.030 11 0.066† 6 
Data quality checks 0.021 14 0.051‡ 10 
Metadata management 0.023 13 0.066† 6 



Hua-Yang Lin and Ping-Yu Hsu 
 

 86

DW administration 0.027 12 0.089 3 
Direct cost 0.299 1 0.038 14 
Indirect cost 0.086 4 0.064 8 
Vendor reputation 0.043 9 0.023 15 
Vendor stability 0.046 7 0.014 16 
Vendor support 0.104 2 0.051‡ 9 
Vendor experience 0.101 3 0.046 13 

† The values are exact equal. 
‡ The values are rounded. 
 
 

4.5 Discussion of Results 
 
Generally, a shortage of necessary 

resources and professional expertise of 
SMEs have been identified which 
corresponds to the findings of Welsh and 
White [90], and Blili and Raymond [7]. For 
SMEs, the limited financial resources should 
be considered for developing information 
systems strategies [43]. The limited access 
to capital resources leads to weaknesses in 
planning, control and training of information 
systems for SMEs [7], thus results in a lack 
of feedback on information system 
investments. As the importance of external 
IT expertise for information systems 
implementation within SMEs has been 
emphasized in the literature [3, 10, 19, 82, 
83, 91], this implicates that SMEs are 
largely dependent on external sources 
including consultant assist and vendor 
support for advices on information systems 
implementation. 

The main concerns anticipated by SMEs 
are cost and technical expertise. These 
obstacles also presumably explain why the 
cost and vendor characteristics are the most 
important criteria for data warehouse system 
selection in SMEs. This research supports 
what other studies on information 
technology in small and medium-sized 
enterprises: the lack of capital resources and 
IT expertise. However, the reasons for the 
focus on cost and vendor may be hard to 
overcome, especially as SMEs are likely to 
be due to a lack of financial, IT personnel 

and time resources. 
In contrast with SMEs, LEs have 

sufficient resources on financial and IT 
expertise. This is why large enterprises do 
not consider the cost and vendor criteria as 
significant factors for DW systems selection. 
There are diversity kinds of information 
systems implemented in large enterprises. 
These enterprises use a diversity of 
information systems such as legacy systems, 
e-business solutions and ERP to automate 
and integrate business processes [79]. 
Usually, these information systems have 
diverse data formats, heterogeneous 
computing platforms and installed in 
different regions. The integration of different 
data sources into DW and management of 
the system are difficult and complicated. 
Large enterprises have more users spread 
enterprise wide utilized DW systems to 
assist reliable decision-making than SMEs. 
The DW system should provide ease to use 
and flexible interfaces for users accessing 
and analyzing mass of data. These tools are 
also needed to satisfy different requirements 
for diversity of users [32]. Hence, LEs tend 
to focus on technical factors when selecting 
DW systems. LEs pay more attention on 
indirect cost rather than direct cost which 
SMEs focused. This corresponds to the 
survey, the typical support cost (indirect cost) 
are about four times of the original purchase 
price (direct cost) for IT investments [62]. 

The Market Intelligence Center (MIC) 
of Information Industry Institute (III) 
conducted a data warehouse adoption survey 
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in 2003. The survey reveals that 29% of 
responded enterprises already implemented 
DW systems, 22% planed to adopt DW 
systems within three years, and 49% did not 
have plan to install DW systems yet. The 
report also estimated that the sale of DW 
systems would grow from a NT$ 1.92 billion 
market in 2001 to a NT$ 6.3 billion market 
in 2005 with 34% compound annual growth 
rate (CAGR). The report also indicated that 
the market has moved from large enterprises 
to SMEs gradually. 

The proposed model and criteria can 
help enterprises to improve the 
decision-making processes and reduce the 
time in evaluating and selecting a data 
warehouse system effectively. For an 
enterprise wants to make decision on DW 
system selection based on the proposed AHP 
model, it can take the following steps: (1) 
Establish a committee of decision makers 
(3-7 persons) which includes members with 
business and IT backgrounds. (2) Choosing 
three DW vendors to demonstrate their 
products. (3) Applying the AHP method 
(four stages as described in Section 4) for 
DW system selection according to vendors’ 
presentation. The product with highest score 
or priority is the final choice to satisfy the 
overall decision goal of company. 

 
5. Conclusions and Further Research 

 
It is important to recognize the AHP 

model’s limitations. It is possible that the 
focus on vendor side for pre-test is a source 
of bias. The pairwise comparison judgments 
may have been influenced by evaluator’s 
subjectivity. The AHP model and pairwise 
comparison matrices were evaluated based 
on experiences and practices of experts. 
Therefore, new empirical studies are 
undoubtedly needed to refine the AHP 
model and related criteria. As this study was 
conducted on enterprises in Taiwan, the 
results may not be generalized to businesses 
in countries with very differing institutional 

and cultural contexts. 
The AHP model developed in this study 

has provided substantially to the 
understanding of the decisions differences 
between SMEs and LEs for selecting data 
warehouse systems. The findings indicate 
that SMEs selecting data warehouse systems 
which mainly concentrate on cost and 
vendor criteria, and LEs focus on technical 
criteria. The decision-making of data 
warehouse system selection takes time and it 
seems likely that the proposed AHP model 
could greatly assist this complex process for 
companies. As data warehousing is still new 
for many companies, they should seek for 
external consulting advice. This would help 
them to better understand the benefits of 
implementing data warehouse systems and 
to improve the decision making quality and 
process. 

Although the evidence shows that the 
information systems are beneficial to 
enterprises, it is not usually easy to make 
decision which software system to procure. 
The choice of a suitable software system can 
lead to productivity improved and costs 
reduced; the selection of an unsatisfactory 
software product can incur the loss of 
acquisition cost and time waste in short-term. 
Hence, the evaluation and selection of such 
software systems play an important role 
before real implementation. The increasing 
demand for timely business information and 
the need to improve the quality of decision 
making are motivating companies to 
consider implementing data warehouse 
system. The proliferation of data warehouse 
software packages has created a difficult, 
complex decision problem of evaluation and 
selection for companies. 

The software selection process requires 
knowledge of the application area and 
understanding of the requirements of users 
or organizations. The work of software 
selection needs expertise in both the areas of 
software system and the specific application 
area. The methodology used for software 
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selection should be practical, flexible, easy 
to understand and use, and inexpensive to 
implement [72]. The AHP satisfies these 
features and it provides as an excellent 
alternative to existing software selection and 
evaluation methodologies. 

In this paper we present the 
appropriateness of the analytic hierarchy 
process to support data warehouse system 
evaluation and selection decision-making. 
The AHP can be applied if the decision 
problem includes multiple criteria and 
immeasurable factors. The AHP hierarchy is 
clearly defined to facilitate evaluation and 
reduce the conflicting viewpoints of 
evaluators. The hierarchy provides 
information about software system from two 
major perspectives: technical and 
managerial as shown in Figure 1. The 
presented taxonomy of data warehouse 
system evaluation criteria will be useful 
guides to those responsible for selecting data 
warehouse software. These criteria can be 
used to determine the relative importance of 
the various capabilities of products and 
vendors. The final global priority weights of 
subcriteria occupying fourth level of the 
hierarchy can be determined as shown in 
Table 6. 

The most important direction of further 
research is to verify the derived AHP 
hierarchy and related criteria in practice. 
Some particular LEs and SMEs which 
planning to evaluate and select data 
warehouse system from a set of alternatives 
should provide an opportunity to test this 
AHP model. For other possible application, 
the AHP approach can combine with 
multiple and conflicting goals programming 
method under resource limitations situation 
[41]. 

With the increasing complexity of 
software selection, this makes AHP a 
decision support approach, which deserves 
the attention of many software selection 
applications. From the previous review, the 
AHP methodology is an excellent techniques 

as it provides a structure and hierarchy 
method of synthesizing software selection 
problems. The evidence of diversity 
software system selections shows that the 
AHP can be applied to the selection of 
software product consistent with the 
maximization of the underlying criteria and 
subcriteria expectations of the decision 
makers. In conclusion, we believe that the 
AHP is a useful technique for 
decision-makers addressing software 
selection problems. 
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