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Abstract

Data warehouses are users driven; that is, they allow end-users to be in control of the data. As user satisfaction is commonly

acknowledged as the most useful measurement of system success, we identify the underlying factors of end-user satisfaction

with data warehouses and develop an instrument to measure these factors. The study demonstrates that most of the items in

classic end-user satisfaction measure are still valid in the data warehouse environment, and that end-user satisfaction with data

warehouses depends heavily on the roles and performance of organizational information centers. # 2000 Elsevier Science

B.V. All rights reserved.
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1. Introduction

Over the past 17 years, many surveys have been

conducted to determine the critical issues facing

information systems (IS) executives. Making effective

use of data resources was always in the top-ten list

[5,9,10,36]. The results re¯ect the high value of data

resources and the importance of managing them effec-

tively. In recent years, businesses have captured a

wealth of data and the volume continues to grow at

a phenomenal rate [19,31]. The movement from cen-

tralized to decentralized data processing and end-user

computing (EUC) in the 1980s has enormously

increased the organization's overall productivity

[8,39]. At the same time, EUC resulted in a large

number of databases throughout the organization;

these are often, however, stored in incompatible for-

mats [7]. As a result, there is a need to control the

storage, access, and processing of data. This will make

more effective use of data. Consequently, data ware-

housing becomes a viable option for many organiza-

tions. Mayers [34] indicates that the environments that

should consider data warehouses as a solution are

those that have low-quality data, heavy analysis, real

time needs, and massive volumes of data.

William Inmon de®ned a data warehouse as `̀ a

subject-oriented, integrated, nonvolatile, time-variant

collection of data organized to support management

needs'' [6]. Its purpose, as stated in the de®nition, is to

facilitate corporate decision-making. Data warehous-

ing provides end-users with decision-making tools

that create a competitive advantage. Moreover, it

positions the organization to meet the demands of
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electronic commerce [45]. Data warehouses differ

from operational databases and management informa-

tion systems (MIS): the ®rst supports daily business

transactions, while the second supplies information to

managers, in the form of periodic reports. A data

warehouse collects information from multiple systems

and stores it in a fashion that allows end-users to have

faster, easier, and more ¯exible access to key informa-

tion [16,44].

Data warehousing environment is a discovery-dri-

ven process of extracting meaningful information,

and, hopefully, knowledge, from a large store of

detailed data. It serves as the infrastructure that col-

lects data centrally and then supplies cleaner, more

accurate, and detailed data for analysis [17]. System

input consists of raw data. The sources of raw data are

corporate transactional systems, archive systems, and

any other relevant systems.

Users interact with the data warehouse through user

friendly data mining tools. The Gartner Group de®ned

data mining as `̀ the process of discovering meaningful

new correlation, patterns, and trends by sifting through

large amounts of data stored in repositories and by

using pattern recognition technologies as well as

statistical and mathematical techniques'' [27]. Data

warehousing and data mining are highly inter-depen-

dent. While data warehouses are the bases for the

analysis performed by data mining, they depend on

data mining to enhance their value. By adding such

components to a data warehouse, companies are

achieving payback of 10±70 times their original

investment [40].

Although structured queries are allowed in data

warehouses, their true usefulness lies in their ability

to answer vague queries. In traditional database sys-

tems, users, rather than systems, do the discovery;

structured queries on speci®c subjects must be con-

structed prior to the search. In other words, a database

system can answer only those questions that users

know how to ask. Users of data warehouses are often

managerial end-users, with little or no programming

and statistical expertise [3]. Discovery-driven data

warehousing automates the analysis of data and helps

in answering the questions the users do not know how

to ask.

Vague questions can be asked to obtain a wide range

of possibilities from the data warehousing system.

Therefore, data warehouses often uncover previously

unknown and unexpected, but ultimately comprehen-

sible information [35], as trends and patterns within

massive volumes of data are often invisible to the

human eye. However, the use of powerful hardware

and software tools can unveil these trends and pat-

terns.

Inmon et al. [23] stated that a data warehouse is user

driven. It allows end-users to be in control of the data

and to create the reports that they need freely. There-

fore, data warehouses provide users with much greater

¯exibility in using data than traditional IS. As orga-

nizations move from centralized data warehousing and

mining, which require the support of specialists in a

mainframe-centered environment, to client/server data

warehousing and mining, which allow end-users to

operate directly from their desktop computers, even

greater ¯exibility and more possibilities are demon-

strated.

This article discusses end-users' satisfaction with

data warehouses. Using a survey of 42 business man-

agers, the researchers conducted an exploratory factor

analysis to establish the instrument. The ®ndings and

implications of the study are discussed. The article

will conclude with some potential research questions,

which can be used to strike the development of a more

general measurement for end-users' satisfaction with

data warehouses.

2. Objectives

Academicians and practitioners have considered

data warehousing to be a valuable decision support

tool; however, little systematic research has been

undertaken to measure its success in organizations.

Much of the literature to date discusses its popularity

[1], rapid growth [11], and the critical issues [41], but

without an accurate measure of success, organizations

cannot evaluate the success of their costly data ware-

house projects. Therefore, the development of such a

measurement should be of top priority for people

interested in the data warehousing phenomenon.

DeLone and McLean [12] identi®ed six major

categories of IS success: system quality, information

quality, use, user satisfaction, individual impact, and

organizational impact. Since data warehouse is a

special type of IS, these categories are applicable.

As studying such a wide range of issues for an emer-
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ging technology is dif®cult, our research focuses only

on user satisfaction.

User satisfaction has been acknowledged as the

most useful measurement of system success [20].

DeLone and McLean identi®ed three reasons why

user satisfaction has been widely used as the single

measure of IS success: (1) high degree of face validity,

(2) development of reliable tools for measure, and (3)

conceptual weakness and unavailability of other mea-

sures.

3. Research methodology

Since 1980, much research has concentrated on

®nding a valid measure for user satisfaction. Among

this research, Bailey and Pearson [4] developed a

semantic differential instrument, with 39 items mea-

suring overall computer user satisfaction. This was

later revised by Ives et. al. [24] to a 13-item instru-

ment. Based on the instrument of Ives et al., Doll and

Torkzadeh [13] developed a 12-item instrument,

which consisted of ®ve factors of end-user computing

satisfaction: information content, accuracy, format,

ease of use, and timeliness. It was later con®rmed

by them [14] to be valid and reliable as a standardized

measure of user satisfaction with a speci®c applica-

tion. This research uses their 12-item instrument for

the following reasons: ®rst, the instrument has been

well validated and used widely; second, the instrument

was developed particularly for end-user computing

applications, and the major users of data warehouses

are non-IS professionals; and, third, we found the 12

items employed in the instrument are applicable.

Recent advancements in information technology

have made users more conscious of the speed and

connectivity of IS. Large volumes of data and com-

putationally intensive analyses are putting enormous

pressure on the choices of hardware and software for

an organization's data warehousing applications [25].

The recent recovery of mainframe sales has been

ascribed to data warehouses' need for large and

powerful computing equipment [2]. Therefore, our

research includes these aspects.

A large number of recent studies emphasize the

effect of support groups on user satisfaction [43].

Information centers (ICs) that provide adequate train-

ing and support, as well as develop policies for con-

trol, are factors consistently affecting the success of

EUC [37]. Since data warehousing is still a relatively

new concept, training and support from ICs are neces-

sary for end-users to operate their system more ef®-

ciently and effectively.

4. Research design

A literature review was conducted on related topics.

It resulted in the identi®cation of 35 potential research

items. These items were incorporated into a prelimin-

ary questionnaire, which was sent out for review by a

number of academicians and practitioners. The pre-

test respondents were asked to rate the relevance of the

items in terms of end-user satisfaction with data ware-

houses.

The questionnaire was re®ned, based on the results

from the pre-test and other comments of the respon-

dents (see Appendix A). The respondents were asked

to answer the questions on a ®ve-point Likert scale,

where 1 � almost never, 2 � some of the time,

3 � about half of the time, 4 � most of the time,

and 5 � almost always. A number of major mid-south

US metropolitan corporations known to have imple-

mented data warehouses were selected as the subjects

of the survey. First, the person in charge of the data

warehouse from each of the corporations was con-

tacted. That person provided a list of their end-users.

Prior to distribution of the survey, the authors con-

tacted those managers to obtain verbal consent for

participation in the study. Surveys were mailed or

faxed to 53 managerial end-users. In general, these

people had been using data warehousing for a year.

They were considered as experienced users. Most of

those surveyed used the data warehouse on a daily

basis. The data warehouse activities include risk ana-

lysis, forecasting, performance analysis, and fraud

detection. The demographic information obtained

from the surveys indicate that all respondents have

earned at least a bachelor's degree. In all the compa-

nies surveyed, ICs or their equivalents are responsible

for the training and support of data warehousing

activities. Among all the returned questionnaires, 42

were found to be complete and usable. The response

rate, therefore, was 79 percent, and the relatively high

response rate was attributed to the agreement to

participate prior to the actual study.
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5. Criterion-related validity of the questionnaire

A criterion-related validity shows how closely the

measure relates to some relevant criterion behavior

external to the measuring instrument. A global item of

end-users' satisfaction with data warehousing was

included in the questionnaire; thus, the extent to which

each item correlates to the global item is indicative of

its criterion-related validity. Correlation between the

overall users' satisfaction and individual item scores

were calculated using Pearson's correlation coef®-

cients. Items were retained if the signi®cance level

of correlation with the overall satisfaction was less

than 0.05 (p < 0.05). The results showed that ®ve out

of 21 items failed to meet the requirement. The

eliminated items were up-to-date information, avail-

ability, response time, ease of use, and accessibility.

The deletion of the question regarding up-to-date

information, which was one of the original items in the

Doll and Torkzadeh instrument, may result from

users' understanding that a data warehouse is a collec-

tion of, in most cases, historical business data [22]. Its

primary purpose is to supply information to managers

to discover trends and forecast the future. Therefore,

the focus of the data collection of a data warehouse is

the breadth and depth of the data.

The time requirement for business decision making

is usually lower than that for transactional processing.

While transactional systems require split-second

response time, decision supporting data warehouses

usually do not. Users often assume that it will take

some time before their inquiries are answered. Given

the nature of a data warehouse in supporting strategic

decision making, the requirement on the response time

is thus not as critical as quality of the results.

The deletion of the questions on availability and

accessibility of data warehouses suggested that data

warehouses support a part, not all, of managers' work,

and the availability and accessibility are not required

for everybody in the company. They are hardly useful

in making routine decisions. Moreover, processing

large amounts of data in data warehouses puts enor-

mous pressure on the system's performance [29].

Ease of use was also one of the items in the Doll and

Torkzadeh instrument. A possible explanation could

be that the users of data warehouses are mainly

business managers with a reasonable amount of busi-

ness training and a higher educational background

than the majority of end-users; so, the ease of use of IS

seemed to carry less weight. However, ease of use has

always been a good indicator of user satisfaction with

IS. Thus, the authors suspect that its deletion in our

study may be due to the small sample size.

6. Factor analysis

Exploratory factor analysis was conducted both to

assess the construct validity of the measure and to

determine the underlying factors of end-user satisfac-

tion with data warehouses. It is suggested that, for

factor analysis, there should be four to ®ve times as

many observations as there are items to be studied.

However, Hair et al. [21] pointed out that factor

analysis has been used in several studies when the

ratio of number of observations to items was about 2.

In this study, the ratio is 2. Nevertheless, it is suggested

that the results be interpreted with caution. The sig-

ni®cance level of the results tends to suffer from the

small sample size as well [6]. In this study, Bartlett's

Fig. 1. Factor loadings.
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test of sphericity (p � 0.00) indicates that correlation

among items exists, and the Kaiser±Meyer±Olkin

measure (0.73) showed middling sampling adequacy,

according to Dziuban and Shirkey [15].

The factor analysis was conducted on the 16

retained items using principal components analysis

as the extraction technique and varimax as the method

of rotation. Without specifying the number of factors,

three factors with eigenvalues greater than 1 emerged.

The factor matrix is presented in Fig. 1. All of the

primary factor loadings are greater than 0.5, which

demonstrates a good match between the factor and the

items.

The three factors and items within the factors are

presented in Fig. 2. Most of the items from the Doll

and Torkzadeh instrument were loaded on factors 2

and 3. This suggests that these items are still valid in

measuring user satisfaction with data warehousing.

Factor 1 (Support provided to end-users) consists of

six items regarding the support provided by ICs to

end-users of data warehouses, which were not in Doll

and Torkzadeh's instrument.

7. Discussion of findings

Our ®ndings suggest that end-users' satisfaction is

dependent on the support provided by ICs, which is

considered to span four stages: initiation, expansion,

formalization, and maturity [33].

Fig. 2. Items loaded.
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Considering the fact that data warehousing is

fairly new to many organizations, it is safe to assume

that their ICs, when dealing with the data warehous-

ing project, are in the initialization stage. Thus, the

end-users' performance and satisfaction is highly

dependent on the training and support provided by

the ICs.

However, the success of the data warehouse project

depends on both the IC and the end-users. On the ICs'

side, its success depends on IC's ability to deliver

adequate training and support to the end-users. On

the end-users' side, the end-users have to understand

the meaning of the data included in the data ware-

house [26]. Accordingly, it is the ICs' responsibility

to increase the awareness among the end-users

regarding the data in the warehouses. The lesson for

ICs' managers here is that the successful manage-

ment of end-users requires extensive and careful

planning [28].

ICs know that there is more to excellent service than

near-perfect uptime [42]. Speci®cally, ICs must under-

stand the differences among the end-users: their abil-

ity, functions, and needs. In their study, Ford et al. [18]

discovered that demographic factors, prior computer

training, and experience had signi®cant impacts on the

participants' use of computers. Rivard [38] found that

support provided to end-users had the highest correla-

tion with user satisfaction among the six factors that

contribute to user satisfaction, and experiences have

shown that higher user satisfaction can be achieved

when ICs provided the kind of support preferred by

end-users. Therefore, the support offered by the ICs

needs to assess those differences in order to provide

adequate service [32].

8. Conclusion

In this paper, we have discussed the important role

played by the ICs in enhancing end-users' satisfaction

in dealing with a data warehousing environment. Data

warehousing applications usually take time to develop

and perfect. IC's interaction with end-users during the

development and improvement phases will increase

satisfaction with the system. Communication with

end-users is the most important success factor for

ICs [30]. This study has found that the support pro-

vided by ICs should be valued as a crucial part of

evaluating end-users' satisfaction with data ware-

houses.
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Appendix A. Twenty-one items used in the survey

1. Do you think that data warehouses provide the

precise information you need?

2. Do you think that the information content of data

warehouse meet your needs?

3. Do you think that data warehouse provides

reports that seem to be just about exactly what

you need?

4. Do you think that data warehouse provides

sufficient information for your decision making?

5. Do you think that data in data warehouse is

accurate?

6. Do you think that you are satisfied with the

accuracy of data in the data warehouse?

7. Do you think that the output of data warehouse is

presented in a useful format?

8. Do you think that the information extracted from

data warehouse is clear?

9. Do you think that data warehouse is user

friendly?

10. Do you think that data warehouse is easy to use?a

11. Do you think that you get the information you

need in time from data warehouse?

12. Do you think that data warehouse provides up-to-

date information (the time lag between data

warehouses and operation is minimal)?a

13. Do you think that data warehouse will be

available to you if it exists in your organization?a

14. Do you think that data warehouse has an

acceptable response time?a

15. Do you think that data warehouse is accessible

whenever you want to use them and wherever

you are?a

16. Do you think that IS department provides

satisfactory support to users using data ware-

house?

17. Do you think that your suggestions for future
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enhancement of data warehouses will be re-

sponded by IS department cooperatively?

18. Do you think that data warehouse applications

provides proper level of on-line assistance and

explanation?

19. Do you think that data warehouse applications

provides users with adequate error-control facil-

ities, including error prevention, error detection,

error correction and error recovery.

20. Do you think that IS department provides users

with adequate level of training on using data

warehouses?

21. Do you think that data warehouse developers

interact with users extensively during the devel-

opment of data warehouse?

(Items having superscript `a' were eliminated due to

insigni®cant correlation with user satisfaction.)
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