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Abstract
Data warehousing has been touted to be the "solveall" for the decision making managers. This is an
exaggeration, as the problem of lack of data quality in
data is one of the fundamental obstacles in the current
data warehousing environment. The erroneous data can
significantly affect an organisation, not to mention the
frustration of the users of the data warehouse. In this
paper, the researchers present some user perceptions of
data quality and their satisfaction rating in using a data
warehouse. These findings were accumulated from a
survey conducted at a large organisation in Australia..

1. Introduction
Data warehousing is one of the hottest topics of today
in the information systems industry. And, judging from
the number of papers presented at different conferences
and other forums, data warehousing seems to be a
discipline that is going to be around for a while (Mattison,
1996). Inmon (1994), the father of the term, defines it to
be a subject-oriented, integrated, time-variant, nonvolatile collection of data in support of management's
decision making process to make timely, accurate
decisions (Cobb, 1996; McClanahan, 1996).
In
comparison to an operational database, a data warehouse
is managed data situated after and outside the operational
systems (Gupta, 1997). Since a data warehouse contains
historical data to supply a time-related view (e.g. for trend
analysis), it is mainly intended for analytical applications
such as decision support systems and executive
information systems (Gallagher, 1995).
Lately, its
development has received a great boost due to the Internet
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and the fact that information is now almost entirely
captured electronically (Raden, 1996; Gupta, 1997;
George, 1996). The data warehouse allows both simple
and complex queries to the database, and provides the
tools and procedures that let users manipulate the data to
get only the pieces they need in the most useful form to
support decision making (Lais, 1996). When modeled
multidimensionally, it allows different combinations
(commonly called data cubes) of results into reports for
efficient query processing (Bussert, 1997; Chaudhuri and
Dayal, 1997).
Recently, there has been a rise in expectations about
what the data warehouse can do for the organisation
(Marshall, 1996). However, a great problem in the way is
the issue of data quality. One of main reasons for lack of
data quality is the use or rather non-use of data (Orr,
1998). Orr (1998), in one of his rules of data quality,
points out "if data is not used it cannot be correct for very
long". It is therefore of interest to know not only how
users access data in the data warehouse, but also, whether
they find it useful and relevant at all. This research study
aims to provide a real-world analysis of data warehousing
from the user's point of view. It explores how some of the
users of a large government organisation in Western
Australia view or perceive system quality and information
quality in a data warehousing environment. It also
analyses their satisfaction with the system. It is expected
that organisations considering implementing a data
warehouse may benefit from the findings of this study.
Moreover, quality issues and the organisation's role in
achieving data quality may persuade the whole
organisation to participate and take particular note of the
users' views into account in the development of a data
warehouse.
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2. Research Study Objectives
Early research into data warehousing focused on the
changing culture of corporate decision making which
reflected the need and justification of data warehousing.
However, the issues of user perceptions of information
quality in data warehousing have not been fully explored.
Current literature focuses on maintaining data quality in the
area of general awareness and the usage of new tools to
automate processes. For example, English (1996) and
Strehlo (1996) both discuss data quality, but their focus
was on tools to sustain the data warehouse. Some articles
like Little and Gibson(1999) are on identifying factors that
affect the implementation of data warehousing.
Furthermore, English (1998a) considers the costs of low
quality data and how it could affect the organisation. In
other articles, he has formulated a self-assessment test on
quality issues and advocates training as the solution to data
quality problems (English, 1998b; English, 1998c).
Nonetheless, most authors such as English (1998a), Strehlo
(1996) and Cipriano (1995) have not fully covered the
important point of how users view the quality aspect of
data in a data warehouse.. A related study (Rudra and Yeo,
1999) looked at the key issues in achieving data quality and
consistency in data warehousing among large organisations
in Australia, but this was done from the perspective of the
data administrators and not users of the data warehouse,
therefore, our research aims to look into this problem. We
found that even though the users have various views of data
quality they all found accessing a data warehouse useful. In
the next few sections we discuss these findings. However,
we would like to first discuss some terms, like data quality,
used in our research.

2.1. Data Quality
One of the critical success factors in data warehousing
is the quality of data that is there in the data warehouse
(Perkins, 1998; Chittenden, 1998). Decisions based on
information derived from the data warehouse are only as
good as the data quality of the data warehouse. It's
therefore, important to provide a definition to this
important term. Data quality refers to how relevant,
precise, useful, in context, understandable and timely data
is (Firth, 1997; Barry and Parasuraman, 1997; Miller,
1996). Perkins (1998) states very emphatically a data
warehouse that contains "trusted, strategic information
becomes a valuable enterprise resource for the decision
makers at all organisational levels. If its users discover
that it contains bad data, the data warehouse will be
ignored and will fail". From the research of Delone and
McLean (1992), the seven most important items that
emerged were -- information accuracy, output timeliness,

reliability, completeness, relevance, precision, and
accuracy. As information quality holds the same qualities
as data quality, many authors have used the terms
interchangeably (Firth, 1997; Barry and Parasuraman,
1997). To minimise integrity errors and improve
information quality, there must be quality control
(Clements, 1990).
It has been found that often, many end users, including
managers are unaware of the quality of data they use in a
data warehouse (Lambert, 1996). Data quality in the data
warehouse is generally poor and there are many
foreseeable setbacks (such as - economic failure,
ineffective planning of business strategies). There have
been some surveys of data quality in last few years. For
example, Cipriano (1995) found that there is a correlation
between quality management practices and quality
information flows. Information flows and technologies
also contribute toward obtaining high quality
performances. In another research conducted by Forza
(1995), quality information can be obtained with quality
management practices, quality information systems and
quality performance.
Thus, the issue of data quality in a data warehouse is
of great importance. Its success depends on two important
processes namely, data cleansing and data-quality
improvement (English, 1996).

2.2. Data Inconsistency
One of the fundamental obstacles in the current data
warehousing environment concerns the existence of
inconsistent data. Data inconsistency occurs when there
are different versions of the same data in the database
(Awad and Gotterer, 1992). This can be caused by
various stages of update or when a change has been made
in one file and not in the remaining files. Inconsistencies
in stored data are one of the most common sources of
errors in a computer application (McFadden and Hoffer,
1999). They lead to inconsistent documents and reports as
well as cause poor integrity of the system (Brathwaite,
1985). There is a negative relationship between data
consistency and data redundancy. This means that at low
levels of data redundancy, data consistency is high. On
the other hand, there is a direct relationship between data
consistency and data integrity. As Awad and Gotterer
(1992:15) suggest, "data which is logically inconsistent
lacks integrity because it cannot be depended upon". We
can achieve data consistency by controlling or eliminating
data redundancy. Coupled with good data administration
this will promote a high level of data integrity.
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3. Research Methodology
Since there has been little research (in what was being
done) in regard to the issue of data quality in data
warehousing, our aim was to find out how users of
organisational data warehouse perceive data quality.
Cipriano’s (1995) survey research was about data quality in
the United States. Therefore, the researchers thought it to
be useful to conduct research on data quality in an
Australian perspective. The survey (Appendix A) consisted
of both close-ended and partially open-ended (where users
could provide comments if needed) questions. The
respondents were asked to rank, on a seven-point scale
(whether they strongly agree to strongly disagree regarding
system quality issues; never and always for information
quality issues; adequate to inadequate for overall
satisfaction issues), some of the issues concerning system
quality, information quality and overall satisfaction. They
were also asked whether they perceived the relationship
between data consistency and data quality (yes or no).
Quantitative analysis was used to analyse the data received
(using SPSS for Windows).

3.1. The Sample
A large government organisation was targeted (due to
confidentiality reasons, the name and other details of the
organisation are not revealed). The prospective 16
respondents were handed the questionnaire in person and
the replies were received by mail. Respondents were
assured of confidentiality and they included persons of
various roles (from technical to managerial). The final
replies received included 10 users or prospective users of
the organisational data warehouse.
Limitation of the survey: As the survey was conducted
in a limited way, e.g. in one organisation with not many
users of the data warehouse, the researches would like to
point out that the conclusions drawn for the survey is
typical of the surveyed organisation. There may or may
not be much resemblance with users of another
organisation. Nevertheless, it still offers us a number of
interesting observations.

into client data, evaluating performance, analysing
business processes, and, ad-hoc queries for parliamentary
questions, finances and auditors' requests. The data also
helps the users to make informed decisions. The data
retrieved from the warehouse will eventually be presented
to senior management and other strategically oriented
sections of the ministry in the form of reports, for
example annual and quarterly reports. However, at present
there are more users (60%) who find the system difficult
to use as they are unfamiliar with this new technology.
Various reasons that have been attributed to this are:
1. Not using the data warehouse enough.
2. Difficult to navigate around the warehouse.
3. Inadequate training.
One particular user found that the data warehouse was
overwhelming, as training was not user friendly to her as
a beginner.
There has been mixed reactions to whether the data
warehouse provides easy retrieval of data. This is shown
by the high standard deviation of 1.54. The warehouse’s
cubes have been criticised as unreliable. According to the
respondents, the cubes have not been tested and they do
not know of the actual intended purpose as originally
specified. Two respondents commented that it is
necessary to have a good understanding of the system to
ensure that the data is what you want. Another user
suggested that there needs to be considerable amount of
work done to the data warehouse in order to achieve
business needs. Responding to the question of whether the
data warehouse is a failure, 9 of the respondents gave
rankings of 6 and 7 (Disagree and Strongly Disagree
respectively) to show their support for it. This is a
remarkable finding as even though they find the system
difficult to use they do not consider it to be a failure.
Using the binomial test this factor was found to be
significant. Moreover, some users mentioned that
although the data warehouse has limited use due to the
semi-implemented state of some systems, it would change
in the next few years when the data warehouse becomes
invaluable.
In the following sections the findings are presented in
detail.

4. Findings
The 10 reponses received (response rate of 62%) were
analysed. There were a significantly large number of users
(60%) with limited or no usage (or are anticipating usage in
future) of the data warehouse. According to various users,
the data warehouse is generally used for statistical research
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Table 2.
quality

4.1. Perceptions of System Quality
Here the respondents were asked to rank, on a sevenpoint scale (strongly agree to strongly disagree), how they
perceived using the data warehousing system itself. Table 1
shows the findings.
Table 1. Ranking of user perceptions of system quality

Factors
I find that data warehousing
system is a failure
The data warehousing system
does not meet my needs
It is easy to learn how to use it
The data warehousing system is
easy to use
It is easy to retrieve data from
the system
Using the system is frustrating
Using the system requires a lot
of mental work

Mean
Score
6.29

Std.
Dev.
1.11

4.63

1.85

4.44
4.11

1.01
1.27

3.89

1.54

3.63
3.13

1.77
1.55

As discussed earlier, the users definitely do not see the
data warehousing system itself as a failure. This is shown
by the high mean of 6.29. Upon performing a significance
test (binomial) this value was significant. This is an
important finding, i.e. even though the users are divided on
all other factors of usage of the data warehousing system
(for example, they do not necessarily consider that the
system meets their needs or is easy to use or learn to use it),
they still find that it serves them well and is not a failure.
The users commented that with additional training and
documentation, they foresee that the mental work involved
in using the warehouse would significantly decrease.
55.5% of the respondents polled that the data warehouse
was not easy to learn and another 66.6% voted that the data
warehouse was not easy to use. A further 62.5% polled that
using the system was frustrating. This could be due to a
lack of a proper interface designed for the users.

4.2. Perceptions of Information Quality
In this question the respondents were asked to rank on a
seven-point scale (never to always) how they perceived the
quality of information provided by the data warehousing
system. Table 2 shows the findings. As can be observed
from the mean scores and standard deviation, the users are
well divided in their opinion here.

Ranking of user perceptions of information

Factors
Do you think the output is
useful
Is the information clear
Does the information content
meet your needs
Do your get the information you
need in time
Does the system provide up-todate information
Is the system accurate
Does the system provide the
precise information you need
Does the system provide
sufficient information
Are you satisfied with the
accuracy of the system

Mean
Score
4.86

Std.
Dev.
1.46

4.33
3.86

1.22
1.68

3.83

2.14

3.67

2.35

3.63
3.57

1.60
1.72

3.43

1.40

3.38

1.69

The two factors that score above the rest are the
usefulness of the information provided by the data
warehouse and the clarity of the information provided.
This has relevance with what was found in the previous
section (section 4.1) viz. that most of the respondents
perceived the system to be useful and not a failure.
However, upon significance test (binomial), no factor was
found to be significantly high enough.
There have been mixed reactions to users being
satisfied with the accuracy of the system (standard
deviation 1.69). One user noted the lack of complete
source data in the system. The issue of cubes being
untested has led to unsatisfied respondents. User 9
indicated that data integrity on operational systems is
unsatisfactory and that quality systems need to be
developed. User 10’s perception was that because
business areas do not update the information in the data
warehouse, the retrieved information would be inaccurate.
Also, user 8 commented that some users might not know
if the data was accurate and some guidance from the data
warehousing team may be needed to ensure confidence.
Many users have stated that additional help and
documentation is needed to help users get the sort of data
they are looking for.
Under “clarity of information”, due to the lack of
familiarity with the systems, some users find the
abbreviations of the field names bothersome. In the
opinion of the researchers, for the data warehouse to
provide up-to-date information, it is subject to the time the
source data was last refreshed. In the instance of
providing sufficient information, users feels that more
relevant cubes need to be developed as the current data in
the warehouse does not provide the information needed
for performance indicators. Moreover, user 9 stated that
the data warehouse does not meet the needs of the
ministry.
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As for effectiveness of the data warehouse, users feel
that they are limited by their own effectiveness. The need
for further training is again exemplified. Additional
training according to the users could be, for example, in
areas of how best to apply the data warehouse to one's
needs.

4.3. Perceptions of Overall Satisfaction
In this question the respondents were asked to rank on a
seven-point scale (adequate to inadequate) how they
perceived the overall satisfaction with the warehousing
system. Table 3 shows the findings.
Table 3. Ranking of user perceptions of satisfaction with
the system

Factors
How effective is the data
warehouse
How adequately do you feel the
data warehouse has met the
information processing needs
Overall are you satisfied with the
data warehouse
How efficient is the data
warehouse

Mean
Score
3.43

Std.
Dev.
1.99

2.40

2.07

2.00

1.81

1.80

0.84

When asked whether the data warehouse has met the
users’ information processing needs, 80% ranked it as
sufficiently adequate. However, in the case of data
warehouse effectiveness, there were mixed reactions viz. 2
and 6 with highs of 28.6% respectively. A wide spread of
opinions on this question were noted from the graph as this
is further supported by its standard deviation of 1.99. The
most probable reason for this is that there are two
categories of users, one group are those who are frequent
users of the warehouse and the other novices of the data
warehouse.
In terms of efficiency, 80% of the respondents agree
that the data warehouse has good performance levels in
delivering the queries to the user in the shortest amount of
response time. In addition, 70.5% of users polled that they
were satisfied with the data warehouse in general but
additional improvements could be made to further enhance
the performance and usage of the data warehouse.
Although there is trend towards the satisfied side of the
voting scale, it is necessary to pay attention to the 14.3% of
users who polled 6 out of 7, voting that they were
unsatisfied with the data warehouse. Again, some reasons
are better documentation of information in the warehouse
and how the users can use the warehouse to its full
potential in their work.

4.4. Perceptions of Data Consistency and Data
Quality
In this section the respondents were asked either a yes
or a no to find out their views regarding data consistency
and data quality in a data warehouse. The frequency
distribution here indicates that most of the users (60%) do
not know the importance of the link between data
consistency and data quality. However, they have noted
the fact that some data in the warehouse is inconsistent.
For example, User 1 commented that the different
departments have a number of different databases with
very different data structures. User 3 acknowledges the
existence of some systems, which have poorer data. He
feels that time and training of users will rectify the
existence of poor data. However, time and training of
users are not the only two factors involved. There needs to
be commitment from all parties involved as well as
ownership of data along with various data quality checks
to ensure that poor data gets rectified into becoming
useful and rich data which users can utilise.
An interesting point brought up by user 6 was that it
could be better to develop people who specialise in using
the data warehouse and use them regularly since, unless
one uses the warehouse regularly, the skills are not
developed. Consultation could then be given to those
people who require information. This in the opinion of the
researchers would irradiate the whole purpose of the data
warehouse, as information can be retrieve at any time
using ad-hoc queries to the database.

5. Conclusion
This research found that a significant portion of the
users in the organisation found the data warehouse to be
useful and not a failure. While they were mixed about
their perceptions regarding quality of information
provided by the warehouse, they did think that it provided
useful information. However, they were not sure if the
data quality provided was good due to inconsistencies in
data structures across various systems. They were overall
satisfied with the system, but were not sure if it was
effective. However, they perceive that it met their needs
to certain extent. The users are however, not sure about
the link between data consistency and data quality.
Data quality in data warehousing is an important field
that is still emerging in the industry and in coming years it
would assume even greater importance. The researchers
believe that this research has highlighted some important
issues regarding the quality of data in a data warehouse
especially, with regard to users of the system and that it
would benefit the practitioners, viz. the data
administrators, to keep in mind some of the factors when
planning to set up a data warehouse. To the academics it
is hoped that the research has sparked some ideas for
future research in this field of study.
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