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Guest Editorial
The Ninth Australasian Conference on Information Systems (ACIS98) was held at the University of New South Wales from
30th September to 2nd October 1998. The purpose of the conference is to promote a strong and growing information sys
tems discipline by providing a forum for communication between information systems researchers in Australasia.
The papers in this special edition were selected from those nominated as outstanding by the panel of reviewers. The
papers are:
•

Understanding Data Quality in a Data Warehouse
Graeme Shanks and Peta Darke

•

Improving the Quality of Entity Relationship Models: An Action Research Programme
Daniel Moody and Graeme Shanks

•

Using Cognitive Mapping to Achieve Shared Understanding in Information Requirements Determination
Judy McKay

•

Recording and Analysing Business Processes: An Activity Theory Based Approach
Martin Ellison and Michael McGrath.

Shanks and Darke propose a framework for understanding data and metadata quality in a data warehouse. The frame
work, grounded in semiotic theory, includes both intrinsic and extrinsic quality dimensions and separates data quality goals
from the means to achieve them. This paper establishes a sound, theoretically-based set of quality goals, means and mea
sures for data quality researchers and practitioners.
Moody and Shanks report on an action research programme to quality assure entity relationship models and to review
entity relationship development processes in order to build quality into the data modelling process. This paper shows that the
data model quality evaluation framework has the potential to significantly improve the practice of data modelling.
McKay reports on an action research study which uses cognitive mapping to achieve shared understanding between key
stakeholders in application development projects in order to improve the practice of information requirements determina
tion. This paper clearly demonstrates that apparent shared understanding between stakeholders is often an illusion with little
substantive understanding beneath the surface and suggests that facilitated group sessions using cognitive maps can assist
stakeholders in achieving a meaningful shared understanding of the issues and requirements of an application system.
Ellison and McGrath propose a conceptual framework for business process modelling based on activity theory and report
on a collaborative research project to validate the framework. This paper provides a proven technique for describing and
understanding business processes as an aid to the successful implementation of technology-based change in organisations.
Associate Professor Bob Edmundson
University of New South Wales
David Wilson
University of Technology, Sydney
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Understanding
Data Quality in a
Data Warehouse
Graeme Shanks and Peta Darke
School of Information Management and Systems
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Email: graeme.shanks@sims.monash.edu.au

Data quality has long been recognised as a key factor in
the success of data warehousing. Attempts to define data
quality typically provide lists of quality dimensions that
are vaguely defined, overlapping and not based in sound
underlying theory. One promising approach is to define
quality dimensions in ontological foundations. This paper
presents an alternative approach that uses semiotic theory
to develop a framework for understanding data (the con
tent) and metadata (the structure) quality in a data ware
house. Goals of data and metadata quality are separated
from the means of achieving them and ways of measuring
them. Existing data and metadata quality dimensions are
analysed and placed within the framework. The framework
provides researchers and practitioners with a sound, theo
retically-based set of quality goals, means and measures
which will support further work in the development of
data and metadata quality guidelines, evaluation
procedures and empirical studies of data and metadata
quality in practice.
Keywords: Quality, data management, data
warehousing

Copyright© 1998, Australian Computer Society Inc. General permission
to republish, but not for profit, all or part of this material is granted, pro
vided that the ACJ’s copyright notice is given and that reference is made
to the publication, to its date of issue, and to the fact that reprint
ing privileges were granted by permission of the Australian Computer
Society Inc.
Manuscript received: June 1998
122

INTRODUCTION
Data warehousing is an important contemporary issue
in information systems practice. A data warehouse is a
database intended to provide the data infrastructure for
management support systems, including executive
information systems and decision support systems
(Shanks et al, 1997). An important motivation for data
warehousing is to improve the process and outcomes of
decision making within an organisation. Data quality is
a key factor in the success of data warehousing
(Kimball, 1996; Wang 1998). Clearly, it is critical to
organisations that data quality is understood and that
procedures are in place to assure the quality of data in
data warehouses.
There is strong evidence that data quality problems are
becoming increasingly prevalent in practice (Redman,
1998, Wand and Wang, 1996) and have significant social
and economic impacts (Strong et al, 1997). Much of the
existing work in data quality focuses on the intrinsic
quality of data in databases and provides lists of desir
able data quality dimensions. These lists are often vague
ly defined, overlapping and not based in sound underly
ing theory. One exception is the framework of Wand and
Wang (1996) which provides definitions of intrinsic data
quality dimensions according to ontological foundations
(Weber, 1997).
In this paper we propose a framework for understand
ing data quality in a data warehouse including both
intrinsic and extrinsic data quality dimensions for both
data (the content of a data warehouse) and metadata (the
structure of a data warehouse). The framework devel
oped is grounded in semiotic theory, the study of the use
of symbols to convey knowledge (Krogstie et al, 1995;
Lindland et al 1994; Shanks and Darke, 1997; Wand et
al, 1995). A key feature of the framework is the separa
tion of data quality goals from the means to achieve them
(Lindland et al. 1994). The framework provides
researchers and practitioners with a sound, theoreticallybased set of quality goals and means, which will support
further work in the development of data and metadata
quality guidelines, evaluation procedures and empirical
studies of data quality in practice.
The paper first defines data quality in the context of
data warehousing, and critically reviews existing work
in data quality. The paper then establishes the philosoph
ical and theoretical foundations on which the framework
is based and describes the framework and its compo
nents, before using the framework to understand data
warehouse structure (metadata) quality and analysing
existing metadata quality dimensions. The framework is
then applied to data warehouse content (data) quality
and existing data quality dimensions are analysed. The
paper concludes with a discussion of the potential use of
the framework in both data quality practice and
research.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998
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DATA QUALITY IN DATA WAREHOUSING
A data warehouse is a “subject-oriented, integrated, timevariant, and non-volatile collection of data in support of
management’s decisions” (Inmon and Hackathom, 1994).
Subject-oriented and integrated indicates that the data
warehouse is designed to span the functional boundaries of
legacy systems in order to provide management with an
integrated view of the data. Time-variant concerns the his
torical or time-series nature of the data in a data ware
house, which enables trends to be analysed. Non-volatile
indicates that the data warehouse is not continuously
updated like an OLTP (on-line, transaction processing)
database. Rather, it is uploaded periodically, say daily,
with data from internal and external data sources. The data
warehouse is specifically designed for retrieval rather than
for update integrity and transaction throughput. The idea
of data warehousing is not new, it has been one of the aims
of management support since the 1960s (Martin, 1982).
Although the goal proved to be elusive, recent develop
ments in technology have prompted many current data
warehousing projects.
Quality is defined as “fitness for purpose” and
should include not only the intrinsic characteristics of
the data itself but also assessments of users of the data
(Strong et al, 1997). This means that data in the data
warehouse must be useable and useful to the consumers
of the data and support their effective work practices.
Within data warehousing there are two different levels
of data quality: structure (metadata) and content (data).
The quality of the structure of a data warehouse is defined
as the quality of the conceptual model which is the basis
for the design of the data warehouse. Metadata quality is
important for all stakeholders in the data warehousing
process so that they understand what the data warehouse
contains and how to access data in the data warehouse.
Data quality is important so that users of the data ware
house can readily assess and understand data in the data
warehouse and use the data effectively in their decision
making activities.

Previous Work in Metadata Quality
Much of the work in metadata quality consists of lists and
taxonomies of desirable dimensions or properties of con
ceptual models (see Batini et al, 1992; Levitin and
Redman, 1995; Simsion, 1994). These lists typically
include dimensions such as correctness, formality, com
pleteness, stability, executability, precision, consistency
and implementability. However, many of the dimensions
are vaguely defined and overlap plus different authors
define the same quality dimensions in different ways caus
ing further confusion. In addition, some of the dimensions
concern goals (correctness, for example) while other
dimensions concern ways of achieving those goals (a for
mal language, for example, is one means of achieving a
correct model (Lindland et al 1994)). Few of the dimen
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998

sions are based in theory; they are mostly the expert opin
ions of the authors.
Other approaches to metadata quality are more com
prehensive and define frameworks that organise and
structure key concepts in conceptual modelling. The
framework of Moody and Shanks (1998a) for example
consists of quality dimensions, stakeholders, improve
ment strategies, measures, weightings, review check
points and their interrelationships. This framework has
been successfully used in practice to improve both con
ceptual data models and the process of conceptual data
modelling (Moody et al, 1998b).
One approach to metadata quality which is soundly
based in theory is that of Lindland et al (1994) (extended
by Krogstie et al, 1995). Their framework is based in
semiotic theory and separates quality goals from the
means of achieving them. However, the framework is at a
high level of abstraction and is not readily applicable in
practice (Krogstie et al, 1995). Shanks and Darke (1997)
have shown how Lindland et a/’s framework can be inte
grated with the Moody and Shanks framework to produce
a framework which is both soundly based in theory and
readily applicable in practice. The framework developed
in this paper is based on Lindland et a/’s framework and
extends and modifies it for data warehousing.

Previous Work in Data Quality
Much of the work in data quality also consists of lists of
desirable data quality dimensions (see Wand and Wang,
1996) for a useful summary of data quality dimensions in
the literature). These lists typically include dimensions
such as accuracy, reliability, importance, consistency, pre
cision, timeliness, understandability, conciseness and use
fulness. As with metadata quality dimensions, these
dimensions are frequently overlapping, vaguely defined,
ambiguous and not soundly based in theory.
Some frameworks have also been developed which
organise and structure important concepts in data quality.
Wang and Strong (1996) organise data quality dimensions
into four categories: intrinsic, contextual, accessibility,
and representational. The intrinsic category contains
dimensions that define the quality of data in its own right.
The contextual category contains dimensions that define
data quality within the context of the task at hand. The
accessibility and representational categories contain
dimensions that define data quality in terms of the infor
mation systems which store and deliver the data. This cat
egorisation is useful as it explicitly highlights the separa
tion of intrinsic data qualities from other categories of
data quality. Kahn et al (1997) developed a framework
based on the total quality management literature and cate
gorised data quality dimensions as either sound, useful,
useable or effective. This framework is potentially useful
in that it emphasises both the product and service nature
of data quality and provides a means of determining the
123
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level of sophistication of data quality management within
organisations. However, with both these frameworks,
many of the underlying quality dimensions remain over
lapping, vaguely defined, ambiguous and not soundly
based in theory.
Wand and Wang (1996) have developed a framework
that anchors data quality dimensions in the ontological
foundations defined by Bunge (see Weber (1997) for a
detailed discussion of Bunge’s ontology applied to infor
mation systems modelling). The framework is soundly
based in theory but is limited to intrinsic (or system orient
ed) data quality dimensions. Wand et al (1995) suggest the
use of semiotics as an alternative theoretical basis to
Bunge’s ontology.

A FRAMEWORK FOR UNDERSTANDING DATA
QUALITY
In developing the framework for understanding data
quality we draw on'fwo bodies of theory. First, we define
an information system as an abstraction or representation
of some domain of interest, which is intended to facili
tate communication between users of an information sys
tem. The philosophical position we take is constructivist
(rather than objectivist or subjectivist) (Stamper, 1992).
Second, we use semiotic theory to define various levels
of use of symbols as a means of conveying knowledge in
order to define quality goals and means for both metada
ta (data warehouse structure) and data (data warehouse
content).
The constructivist philosophical position is that the
domain of interest exists independently of any stakehold
er, but that the cultural background and knowledge of the
stakeholder influence the perception and subsequent rep
resentation of that domain. Therefore representations of a
domain (that is, data or metadata) may be interpreted dif
ferently by stakeholders and are subject to negotiation
among communities of stakeholders. This contrasts with
both the objectivist and subjectivist philosophical posi
tions. The objectivist philosophical position assumes that
the domain of interest exists independently of any stake
holder and that mappings between that domain and its
representations are obvious and trivial. Differences in
interpretations of data or metadata are the result of
human error. The subjectivist philosophical position
assumes that an objective domain as such does not exist
but is created by stakeholders using their mental con
structs, and differences in interpretations of data or meta
data are to be expected.
The constructivist philosophical position is shown
below in Figure 1. Stakeholders involved in designing the
structure of the data warehouse perceive a domain of inter
est and form mental models using conceptualisation. They
subsequently represent the design or structure of the data
warehouse using some language and load data into the
data warehouse using some set of symbols. Similarly,
124

stakeholders who use the data warehouse must interpret
both the language used to represent the design or structure
of the data warehouse and the symbols used to represent
the data in, or content of, the data warehouse.

0
STAKEHOLDER
DOMAIN MODEL

representation

conceptualisation

DOMAIN
OF
INTEREST

perception

interpretation

DATA
WAREHOUSE

STAKEHOLDERS

Figure 1: The Constructivist Philosophical Position.

Semiotic theory involves the use of symbols to convey
knowledge. In using semiotic theory we interpret the data
warehouse structure and content as linguistic constructs.
The data warehouse structure is defined using a set of
statements in some language (for example the entity rela
tionship notation or the star schema notation (Kimball,
1996)). The data warehouse content is defined as the sym
bolic representation of values of the elements defined in
the data warehouse structure. Stakeholders experience and
use data at several semiotic levels. The semiotic levels are
defined separately for analytical convenience, but they
should be seen as tightly interwoven. The four semiotic
levels that are of interest in discussing data quality are the
syntactic, semantic, pragmatic and social levels (Stamper,
1992). These may be defined as follows:
Syntactic

Semantic

Concerns the structure of symbols and focus
es on form rather than content. The syntax
consists of the valid syntactic categories and
the rules that govern their form. At the meta
data level we are concerned with the use of
modelling constructs in a language (for exam
ple, entity relationship notation) and at the
data level we are concerned with the symbols
used to represent data values (for example,
data values in a field representing locations).
Concerns the meanings, validity and truthful
ness of the data warehouse representation in
relation to the stakeholder conceptualisations
of reality. At the metadata level we are con
cerned with the mapping of the data ware
house structure onto concepts in stakeholder
conceptualisations (for example, the mapping
of entity types in the data warehouse structure
to concepts in stakeholder domain models).
At the data level we are concerned with how
well the symbols used to represent data val
ues map on to actual values in the stakeholder
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Pragmatic

Social

conceptualisations (for example, the mapping
of data values for location in the data ware
house to the location values as conceptualised
by stakeholders).
Concerns usage and understanding of the data
warehouse by stakeholders. At the metadata
level we are concerned with how well each
stakeholder group understands the structure
of the part of the data warehouse relevant to
them. At the data level we are concerned with
how well each stakeholder group is able to
understand and use the content of the part of
the data warehouse relevant to them.
Concerns the level of agreement between dif
ferent stakeholder groups about the meaning
of the structure and content of the data ware
house. Clearly, for the data warehouse to be
useful within an organisational context, it is
desirable to have the highest possible agree
ment between stakeholders.

A further important aspect of the framework is the suit
ability of the languages used to represent the structure and
content of the data warehouse. For a data warehouse, the
language used for the data warehouse structure must be
able to represent structural properties of data in stakehold
er domain models. Languages such as entity relationship
notation (Inmon and Hackathom, 1994), object-role nota
tion (Halpin, 1995) and dimensional modelling notation
(Kimbal, 1996) are likely candidates. Weber (1997) pre
sents a means of analysing the appropriateness of repre
sentation languages based on the ontology of Bunge. The
suitability of languages used for stakeholders depends
very much on the ability of stakeholders to understand the
languages. For example, there is a strong argument for
dimensional modelling of data warehouse structure due to
its inherent simplicity and relative ease of understanding
by business users (Kimball, 1996). Figure 2 below shows
the semiotic basis for the framework for understanding
data quality in a data warehouse.
suitability of language

SEMANTIC
QUALITY

PRAGMATIC
QUALITY

SOCIAL
QUALITY

Figure 2: Semiotic Basis of Framework for Understanding Data and
Metadata Quality in a Data Warehouse (based on Krogstie etal, 1995)
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Components of the Framework
The framework for understanding data quality in a data
warehouse consists of a number of components and their
interrelationships. The key component of the framework is
a set of data quality goals. These goals are defined for
each of the four semiotic levels. The means to achieve
each of the goals are defined. To support evaluation of
data quality, measures for each of the goals are defined.
The final component of the framework is stakeholders:
those responsible for producing, maintaining, and consum
ing data. Figure 3 shows the components of the framework
and their interrelationships.
stakeholder

MI- \NS

MEASURE

SEMIOTIC
LEVEL

Figure 3: Components of Framework for Understanding Data and
Metadata Quality in a Data Warehouse

METADATA QUALITY
The framework for understanding data quality in a data
warehouse may be readily applied to data warehouse
structure (metadata) by defining goals, means and mea
sures for each of the four semiotic levels. The goal for
syntactic quality is correctness where the data ware
house structure adheres to the syntax rules of the lan
guage used (Lindland et al, 1994). The means to achieve
correctness is to apply syntax checking which is enabled
by having a well-defined (formal) syntax for the lan
guage. A measure for correctness is to express the error
rate as the ratio of the number of incorrect constructs to
the number of correct constructs in the data warehouse
structure (Shanks, 1997).
The goals for semantic quality are completeness and
validity (Lindland et al, 1994). Completeness is defined as
the degree to which the data warehouse structure repre
sents each of the concepts in the stakeholder’s conceptual
isations of the domain of interest. Each stakeholder may
therefore have a different view of how complete the data
warehouse structure is. A valid data warehouse structure
does not include any elements that are not in the stake
holder’s conceptualisations of the domain of interest. The
means to achieve completeness include correctness, stake
holder training in the domain of interest and the language,
joint modelling sessions involving active stakeholder par
ticipation, and prototype development. Measures for com125
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pleteness and validity include expert rating of the data
warehouse structure and comparison of the data ware
house structure with generic domain models (Moody and
Shanks, 1998a).
The goal for pragmatic quality is understanding
(Lindland et al, 1994). Understanding is defined as the
degree to which each stakeholder group understands the
structure of the part of the data warehouse relevant to
them. It is important to note that understanding is not
intrinsic to the data warehouse structure; it is concerned
with the stakeholders’ interpretations of the structure. The
means to achieve understanding include correctness, com
pleteness, validity, visualisation, simplicity, animation,
explanation and simulation (Shanks and Darke, 1998).
Measures for understanding are inherently subjective and
include stakeholder ratings and external reviewer ratings
(Moody and Shanks, 1998).
The goal for social quality is agreement (Krogstie et al,
1995). Agreement is fmportant for effective use of the data
warehouse by various stakeholder groups in an organisa
tion. It is especially important in a data warehouse where
data is sourced from many different legacy systems and
the structure must represent a shared, common view
(Inmon and Hackathorn, 1994). The means to achieve
agreement are correctness, completeness, validity, under
standing, viewpoint analysis and conflict resolution
(Darke and Shanks, 1997). Measures for agreement
include the ratio of the number of constructs about which
there is conflict to the total number of constructs in the
data warehouse structure.
Table 1: Quality in Data Warehouse Structure (Metadata)
Semiotic
Level

Goal

Means

Measures

Syntactic

Correctness

Syntax Checking,
Well-defined (formal)
language

Syntax error
ratio

Semantic

Expert rating,
Completeness, Training,
Validity
Stakeholder participation, Comparison with
generic models
Prototyping

Pragmatic Understanding Visualisation,
Simplicity,
Animation, Explanation,
Simulation

Social

Agreement

Viewpoint analysis,
Conflict resolution

Stakeholder
rating,
External
reviewer rating
Conflict ratio

Many of the quality dimensions from other approaches
to metadata quality may be placed within the framework
described in this paper. For example, formality is a means
to achieve correctness, flexibility is completeness over
time as requirements change, simplicity is a means to
achieve understanding, executability supports simulation,
and implementability is a means to resolving conflict
between the stakeholders who build the. data warehouse
and other stakeholders.
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DATA QUALITY
The framework for understanding data quality in a data
warehouse may also be readily applied to data warehouse
content (data) by defining goals, means and measures for
each of the four semiotic levels. The goal for syntactic
quality is consistency where data values for particular ele
ments in the data warehouse use the same symbolic repre
sentation. This means that to achieve consistency, well
defined rules for data types need to be established and
enforced, most likely in the data loading and cleansing
procedures for the data warehouse. A corporate data
model, which provides organisation-wide data definitions
and facilitates data sourcing and consolidation from other
legacy systems is another means to achieve consistency. A
measure for consistency is to express a ratio of the number
of inconsistent data values to the total number of data val
ues for each data element in the data warehouse.
The goals for semantic quality are completeness and
accuracy (Kahn et al, 1997; Tayi and Ballou, 1998).
Completeness is defined as the degree to which the data
warehouse content represents each of the data values in
the stakeholder’s conceptualisations of the domain of
interest. Each stakeholder may therefore have a different
view of how complete the data warehouse content is.
Accuracy is defined as the degree to which values of data
elements in the data warehouse map on to data values in
the stakeholder’s conceptualisations of the domain of
interest. When anchoring data quality dimensions in onto
logical foundations, Wand and Wang (1996) provide rigor
ous definitions for completeness and also offer definitions
for accuracy, non-ambiguity and correctness which can be
subsumed within accuracy. The means to achieve a com
plete and accurate data warehouse include consistency,
stakeholder training in the modelling language and domain
of interest, and reducing the number of transformations
and transcriptions of data from when it is first captured to
when it is stored in the data warehouse. Measures for com
pleteness and accuracy include surveying samples of the
population of data elements and comparing actual values
to values in the data warehouse.
The goal for pragmatic quality is useability (Kahn et
al, 1997). Useability is defined as the degree to which
each stakeholder group is able to effectively understand
and use the content of the part of the data warehouse rel
evant to them. Useability will vary between different
stakeholders due to their different interpretations of the
meaning of data values, the timeliness or currency of the
data values, and the different nature of their tasks. The
means to achieve useability include consistency, com
pleteness, accuracy, timely data, ease of understanding,
conciseness, and ease of access. Measures for useability
include frequency of access, length of time from last
update (for time sensitive data), and subjective stake
holder rating.
The goal for social quality is usefulness (Kahn et al,
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998
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1997). For decision makers to make effective use of data
in a data warehouse within an organisation, they should
agree on the meaning of the data values and the data must
add value to their decision-making processes. Data in the
data warehouse should be perceived as being of high qual
ity and value. The means to achieve usefulness include
consistency, completeness, accuracy, useability, reputation
of data source, freedom from bias, and relevance.
Measures for usefulness are highly subjective and include
surveys of stakeholder beliefs about data in the data ware
house and the effectiveness of their decision making.
Table 2 Quality in Data Warehouse Content (Data)
Semiotic
Level

Goal

Means

Measures

Syntactic

Consistency

Data Type Checking,
Corporate data model

Data loading and
cleansing
procedures

Semantic

Completeness, Domain and language
training,
Accuracy
Reduction in data
transcriptions

Pragmatic Useability

Social

Usefulness

Timely data,
Ease of understanding,
Conciseness,
Ease of access

Reputation of data
source,
Freedom from bias,
Relevance

Population
sampling and
comparison

Stakeholder
rating,
Frequency of
access,
Length of time
from last update
Surveys of
stakeholder
beliefs and
effectiveness of
decision making

Many of the quality dimensions from other approaches
to data quality may be placed within the framework
described in this paper. For example, reliability (of the
data storage and delivery systems) could be added as
another means to achieve useability, clarity is a means to
achieve useability (possibly subsumed by ease of under
standing and conciseness), and importance is a means of
achieving usefulness.

CONCLUSION
This paper has proposed a framework for understanding
data quality in a data warehouse that is soundly based in
semiotic theory. The framework includes both intrinsic
and extrinsic quality dimensions for both the structure
(metadata) and content (data) of a data warehouse, and
separates data quality goals from the means to achieve
them. The framework extends other approaches to data
quality which provide lists of data quality dimensions that
are frequently overlapping, vaguely defined, ambiguous,
not soundly based in theory, and mostly the expert opin
ions of the authors. The framework also extends the work
of Wand and Wang (1996), who anchored intrinsic data
quality dimensions in ontological foundations, by also
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998

including extrinsic data quality dimensions.
The framework forms the basis of a number of current
research projects, including:
—Refinement of the definitions of goals and means for
each of the semiotic levels. More precise definitions are
required to enable improved measures and better analy
sis of data quality dimensions from other sources;
—Extending the concept of metadata beyond simply the
structure of the data warehouse to include data quality
tagging information (for example, information that the
data values in a particular field are on average 70%
accurate). In this way, information about data quality
can be incorporated into the metadata. Empirical stud
ies of the effect of data quality tagging on decision
making processes and outcomes are also planned;
—Use of the framework as a means of analysing case
study data from empirical studies of the practice of data
quality management. This will develop an understand
ing of the level of sophistication of data quality man
agement in organisations;
—Use of the framework components to develop
methodologies for improving the process of data
quality management within organisations;
—development of automated tools to support the mea
surement of data quality in data warehouses. The tools
should include importance weightings of quality
dimensions by the various stakeholders involved in
the data warehousing process and measures of quality
for data elements. This information should support
decisions about where to focus effort in data quality
management.
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INTRODUCTION
Difficulties and inadequacies in requirements analysis
have been identified as a major factor in information
systems failures (Boehm, 1981; Martin, 1989). A key
activity during requirements analysis is the develop
ment of the conceptual or logical data model. Although
data modelling represents only a very small proportion
of the overall development effort, it has a profound
impact on the final result. The data model is a major
determinant of system development costs (ASMA,
1996), flexibility (Gartner, 1992), integration with
other systems (Moody and Simsion, 1995) and ability
to meet user requirements (Batini et al, 1992).
Improving the quality of data modelling will therefore
be a major step towards improving the quality of sys
tems development.
The traditional thrust of software quality assurance
has been to use “brute force” testing at the end of devel
opment (van Vliet, 1993). However Total Quality
Management (TQM) approaches suggest that it is faster
and cheaper to concentrate effort during the early devel
opment phases of a product, in order to detect and cor
rect defects as early as possible (Deming, 1986). Studies
in practice have shown that quality assurance during the
early phases of systems development can be thirty-three
times more cost effective than testing done at the end
(Walrad and Moss, 1993).
In practice, the quality of data models is evaluated in an
ad hoc way, based on common sense and experience
(Moody and Shanks, 1994). There are few guidelines for
evaluating the quality of data models, and little agreement
even among experts as to what makes a “good” data
model. As a result, the quality of data models produced in
practice is almost entirely dependent on the competence of
the data modeller.
In the TQM literature, the distinction is frequently
made between product quality, which focuses on the
characteristics of the product itself, and process quality,
which focuses on the process used to build the product
(Deming, 1986; Zultner, 1992). The product quality
approach is to carry out inspections of the finished prod
uct and to identify and correct defects. Process quality
instead looks at building quality into the process - to
prevent defects occurring in the first place rather than
correcting them after the event. Process quality focuses
on defect prevention rather than detection and aims to
reduce reliance on mass inspections as a way of achiev
ing quality (Deming, 1996). In the context of data mod
elling, product quality refers to the desirable qualities of
data models, while process quality refers to how data
modelling can be carried out in a way which produces a
high quality result.

Action Research
There is a growing realisation that information sys129
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terns is an applied discipline, and that research needs
to be relevant to practice (Keen, 1991; Bubenko,
1986; Shanks et al, 1993). It is essential for ideas, princi
ples and methods developed in a research environment to
be tested in practice. A major barrier to such empirical
validation of methods is that it is very difficult to get new
approaches accepted and used in practice. Practitioners
who have developed familiarity and expertise with exist
ing techniques are reluctant to adopt approaches which
are theoretically sound but unproven in practice
(Bubenko, 1986).
This paper uses action research to bridge the gap
between theory and practice in data model quality.
Action research (Checkland and Scholes, 1990) is a
research method in which practitioners and researchers
work together to test and refine principles, tools, tech
niques and methodologies that have been developed to
address real world problems. It provides the ability to
test out new methods in practice for mutual benefit of
researchers and practitioners.
Action research is often confused with case study
research. Case study research examines phenomena in its
natural setting, but the researcher is an independent
observer (Benbasat et al, 1987). In action research, the
researcher is an active participant. A major advantage of
action research is that it can help to overcome the problem
of persuading practitioners to adopt new techniques, and
overcome the cultural divide that exists between informa
tion systems academics and practitioners. The action
research cycle is illustrated in Figure 1.

Develop
method

3. Refine
method

2. Apply
method in
practice

Figure 1. The Action Research Cycle

The paper is structured as follows. The next section
reviews previous literature in data model quality. The
following section presents the quality evaluation frame
work which forms the theoretical basis for this research.
The fourth section describes how the framework has
been used to evaluate the quality of a data model as part
of an action research study in a large application devel
opment project (product quality). The fifth section
describes how the framework has been used to re-engi
neer the data modelling process in an organisation as part
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of an ongoing action research study (process quality).
The paper concludes with a discussion of implications of
the two studies and suggestions for further research.

PREVIOUS RESEARCH IN DATA MODEL
QUALITY
Most of the research on quality in conceptual data models
has focused on product quality. Quality is defined as a list
of desirable properties of a data model. These properties
are usually selected based on experience in practice, intu
itive understanding and reviews of relevant literature.
Although these lists provide a useful starting point for
understanding and improving quality in data modelling,
they are mostly unstructured and use imprecise definitions,
often overlap, and properties of models are often confused
with language and method properties (Lindland, Sindre
and Solveberg, 1994). In many cases they are simply the
expert opinion of the author.
A more comprehensive approach to quality is to
define frameworks that organise and structure the key
concepts and features in data modelling. Moody and
Shanks (1994) propose a framework comprising a num
ber of interrelated concepts for the evaluation and
improvement of data models: quality factors, quality
measures, stakeholders, weightings and improvement
strategies. This framework is both comprehensive and
readily usable by practitioners (see the next section of
this paper for a detailed discussion of the framework).
Krogstie, Lindland and Sindre (1995) and Lindland,
Sindre and Solveberg (1994) define a theoretical
framework based in semiotic theory which defines a
conceptual model as a set of statements made in a lan
guage. For each semiotic level (syntactic, semantic,
pragmatic) the framework defines quality goals and the
means to achieve them. Finally, Kesh (1995) develops
a framework for evaluating data models based on
ontology. This framework defines quality criteria and
metrics for evaluating the quality of data models.
Although these last three frameworks are soundly
based in theory, they are at a high level of abstraction
and not readily applicable in practice (Shanks and
Darke, 1997).
A summary of approaches to quality in data modelling
is shown in Table 1 below. The two most serious defi
ciencies in the existing literature are that none of the
approaches has been tested systematically in practice,
and none of the approaches adequately address the ques
tion of process quality. Both of these issues are addressed
in this paper.

A FRAMEWORK FOR EVALUATING AND
IMPROVING THE QUALITY OF DATA MODELS
Our framework for data model evaluation and improvement
is represented by the Entity Relationship model shown in
Figure 2 (Moody and Shanks, 1994; 1998).
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Table 1. Approaches to Quality in Data Modelling.
PURPOSE

FEATURES

TYPE

Batini et al
(1992)

Improving the quality of a database
schema

Quality features of a good schema,
schema transformations

List

Simsion (1994)

Defining quality features in entity
relationship models

Design and evaluation of alternative
ER models

List

Levitin and Redman
(1995)

Defining quality features in entity
relationship models

Quality dimensions, reinforcements
and trade-offs

List

Moody and Shanks
(1994)

Evaluating and improving quality in
conceptual data models

Defines a comprehensive and interrelated
set of concepts

Framework

Lindland et al
(1994)

Understanding quality in conceptual
modelling

Based in semiotic theory, separation of
quality goals from mqans

Framework
(semiotics)

Kesh (1995)

Evaluating the quality of entity
relationship models

Separates ontology from behaviour.
Defines metrics.

Framework
(ontology)

Krogstie et al
(1995)

Understanding quality in
conceptual modelling

Extends Lindland et al. framework with
agreement goal and social construction
theory

Framework
(semiotics)

APPROACH

—Weightings define the relative importance of different
quality factors in a problem situation. These are used to
make trade-offs between different quality factors.

Stakeholder

Weighting
defines
importance of

—Improvement strategies are techniques for improving
the quality of data models with respect to a particular
quality factor.

interacts wit

concerned

Quality
Factor
evaluated by

Quality
Metric

used to improve

Improvement
Strategy
Figure 2. Data Model Quality Evaluation Framework.

The quality factors proposed and the primary stakeholders
involved in evaluating them are shown in Figure 3. These
quality factors may be used as criteria for evaluating the quali
ty of individual data models or comparing alternative repre
sentations of requirements. Together they incorporate the
needs of all stakeholders, and represent a complete picture of
data model quality. A number of metrics were also identified
for evaluating each of these quality factors (Moody and
Shanks, 1994; 1998).
Business User

The framework consists of five major constructs, each
shown as entities in Figure 2.
—Quality factors define the characteristics of a data
model that determine its quality. These answer the
question: “What makes a good data model?”. A particu
lar quality factor will have positive or negative interac
tions with other quality factors - these represent the
trade-offs implicit in the modelling process.

Completeness

— Quality metrics are methods for evaluating particular
quality factors. There may be multiple metrics for each
quality factor.
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Simplicity

Business User

Flexibility

DATA

Integration

Data Administrator

—Stakeholders represent people who need to use the data
model, and therefore have an interest in its quality.
Different stakeholders will generally be interested in
different quality factors. Key stakeholders include busi
ness users, data analysts, data administrators, and appli
cation developers.

Data Analyst

Undersiandability

Business User

implemeniability

Application Developer

Figure 3. Data Model Quality Factors.

ACTION RESEARCH STUDY: IMPROVING
PRODUCT QUALITY
Background to the Study
This section describes how the framework has been used
to improve product quality as part of an application devel
opment project.
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The organisation involved in this study was a telecom
munications company, one of the largest commercial
organisations in Australia. They had embarked on a major
application development project to replace the core system
in their national telemarketing centre. This project was
regarded as mission critical, and as a result, an indepen
dent quality review was commissioned to confirm that the
data model would meet their current and future require
ments. The consultancy was offered as part of a competi
tive quotation process.

Development Cost Savings
A number of major flaws were identified by the review
which resulted in significant benefits or cost savings for
the project (and the organisation):

The framework described earlier was used to conduct a
quality review of the data model. The review was conduct
ed over ten working days (elapsed time one month), and
involved review sessions with the project team, inspection
of the model as well as interviews with business represen
tatives, application development staff and Corporate Data
Management staff. A report was produced with separate
sections discussing findings and recommendations for
each quality factor. Numerical ratings on a scale of one to
five were assigned for each quality factor. Over one hun
dred individual quality issues were identified as a result of
the review process.

—A number of important user requirements were identified
that were missing from the model - the cost of adding
these in later stages would have been many times higher.
According to Boehm (1981), the cost of adding to or
changing requirements after the analysis stage is on aver
age 3.5 times more during design, 50 times more at the
testing stage, and 170 times more after delivery.
—A number of requirements were identified in the model
that were not required by users. Removing these
requirements reduced the development effort required.
—A high level of overlap was found between the data
model and existing systems-removal of this data
reduced the model by almost half. This dramatically
reduced development effort and avoided ongoing busi
ness costs of data duplication (data entry, storage, main
tenance and reconciliation).
—A number of inconsistencies were identified between
data definitions in the data model and in source sys
tems. Resolving these differences significantly reduced
the cost of building interfaces.

Benefits of Using the Framework

Lessons Learned about the Framework

The major benefits found as a result of using the evalua
tion framework were:

Validation of Quality Factors
The three questions that need to be addressed in validating
the proposed quality factors are:

The Intervention

Systematic Approach
The framework was found to be an excellent tool for
organising and structuring the evaluation task. Use of for
mal evaluation criteria, stakeholders and evaluation meth
ods helped the reviewer to focus the task and carry out a
comprehensive analysis in a very limited timeframe. Use
of a formally defined and published framework also gave
the review more credibility in the client’s eyes - it provid
ed evidence, of a “scientific” approach rather than relying
on experience of reviewers alone. This proved to be the
deciding factor in winning the contract in the first place none of the other bidders had a formal quality assurance
framework.
Global Perspective of Quality
The framework forced the discipline of considering the full
range of quality factors. In the absence of the framework,
the review would have been much more ad hoc, and many
issues would have been overlooked. Interestingly, one of
the most important quality factors in the context of this
study - integration - does not appear in most other frame
works. Most approaches to data model quality evaluate
data models as if they were standalone products, whereas
in practice, they generally form a small part of a much big
ger picture - the organisation’s total data resources.
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Completeness: how can we be sure that we have not left
something out of our list of quality factors? Is the set of
quality factors sufficient for evaluating the quality of
data models?
Relevance: how do we know that all the factors are rele
vant to the problem? Are all the quality factors necessaiy for evaluating the quality of data models?
Independence: do the definitions of the quality factors
overlap?
In terms of completeness, the framework was found to
be missing an important quality factor - correctness. This
was added to the framework as part of the review process.
Correctness is defined as whether the model conforms to
the rules of the data modelling technique (i.e. whether it is
a valid data model). This includes diagramming conven
tions, naming standards, definition rules, rules of composi
tion and non-redundancy.
The set of quality factors passed the relevance test
because all of the quality factors had at least one related
quality issue identified. There was also general agree
ment among the project team that all of the quality fac
tors were important.
The final question is one of overlap between quality
factors - can a particular quality issue fit into multiple
quality factors? A number of ambiguities were identified:
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—Redundancy could have been included as part of cor
rectness (since non-redundancy is a fundamental
requirement of technical correctness) or simplicity
(since inclusion of redundancy makes the model more
complex). The resolution was to include it as part of
correctness.
—The size and complexity of the model was considered
as an understandability issue because of the way it was
presented. However it could have equally have been
considered a simplicity issue. The resolution was to
refine the definition of simplicity to specifically address
where requirements could be represented using fewer
entities, rather than presenting it in a simpler way. This
separates presentation issues from complexity per se.
—A number of cases were identified where requirements
were modelled to a level of sophistication not required
by business users. This was originally considered as
part of simplicity, since it unnecessarily complicated
the model. However, it was resolved to extend the defi
nition of completeness to cover all mismatches with
user requirements, both overspecification and underspecification.
The definitions of all quality factors were refined to
make these distinctions clear.
Usefulness of Quality Ratings
Numerical ratings were produced for each quality factor as
part of the review process. However, these were not percieved to be useful by the project team. They were much
more interested in qualitative descriptions of individual
quality issues than overall ratings of the quality of the
model. The ratings were seen as being overly subjective
(“average compared to what?”) and in some cases reflect
ed negatively on the project team. For this reason, the rat
ings were removed from the final report.
However, it is believed that such ratings would become
useful when used as part of a standard review process
rather than a one off review - their value lies in compari
son over time and across projects rather than a single pro
ject in isolation. Another issue was that this was an exter
nal review situation - the ratings may have been accepted
more readily if they had come from inside the organisa
tion. Scoring of models would also be useful in choosing
between alternative representations of requirements.
Importance of Process Quality
Interestingly, while the review was focused on issues of
product quality, most of the flaws in the model could be
traced back to problems in the process used to develop it
rather than the lack of skills of the people involved. The data
modellers involved were very technically competent (the
model scored a perfect “5” on correctness); however, their
major failing was in not involving the other stakeholders in
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998

the process. This was the primary cause of the problems in
the areas where the model was found to be most deficient:
completeness, flexibility, integration and implementability.
For this reason, a major recommendation of the review was
to explicitly involve all stakeholders in the data modelling
process - this was identified as the single most important
success factor in the process. This also underlined the impor
tance of stakeholders as a component of the framework.
This also identified a weakness in the framework while it addresses product quality (how to evaluate the
quality of a completed data model or compare alterna
tives), it says very little about process quality (how to
develop high quality data models). The next study
addresses this issue.

ACTION RESEARCH STUDY: IMPROVING
PROCESS QUALITY
Background to the Study
This section describes how the evaluation framework has
been used to improve process quality as part of a longitu
dinal study in a single organisation. One of the major prin
ciples of Total Quality Management (TQM) is that the best
way to improve the quality of a product or service is to
improve the process by which it is delivered (Deming,
1986). The rationale for this is that it is better to prevent
errors occurring than to set up procedures for defecting
and correcting them after the event.
The organisation which participated in this study was a
large Australian financial institution, with over 25,000
staff. A central Data Administration group was responsible
for developing and/or reviewing (depending on availabili
ty of resources) data models as part of application devel
opment projects. The group was also responsible for over
all data coordination, the corporate repository and data
modelling and naming standards.
The organisation had a standard systems development
methodology consisting of five major stages: Business
Case Analysis, Requirements Definition, Logical Design,
Physical Design and Implementation. The central Data
Administration group was required to “sign off’ all data
models at the end of the Requirements Definition stage
(see Figure 4). Sign-off was required before application
development projects could progress to the Logical Design
stage. This is a fairly typical arrangement in practice
(Horrocks and Moss, 1994; Moody, 1996).
A number of problems were found with this process:
Duplicate Definitions of Data
By far the most serious quality problem identified was
that different project teams were defining the same
data over and over again in different ways. This was
happening despite the fact that the organisation had
implemented a central corporate data repository and
developed data naming standards specifically to
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The Intervention
The data model evaluation framework was used as the
basis for developing quality assurance procedures for data
models as part of the systems development methodology.
The objective of this was to build quality into the process
(process quality), rather than just using the framework to
evaluate quality at the end (product quality). The new
process is shown in Figure 5.
The major components of the new quality assurance
process were:

Business Case
Analysis

Requirements
Definition

Data Model
Signoff

Logical Design

Database
Design Signoff

Physical Design

Implementation

Figure 4. Existing Quality Assurance Process.

address this. An audit of the corporate repository found
that a single attribute (Branch Code) had been defined
over sixty times.
Inconsistent Quality of Models
The central Data Administration group had a small num
ber of expert data modellers and a large number of rela
tively inexperienced ones. This is quite a common situa
tion in practice. As a result, data models produced were
highly variable in quality. While the policy was to have
experienced data modellers paired with inexperienced
ones, lack of resources often prevented this. Where data
models were developed by non-Data Administration staff,
the situation was even worse - sometimes analysts who
developed data models had no data modelling experience
at all.
Need for Rework
In a number of cases, project teams submitted data models for
Data Administration sign-off, expecting this to be a formality,
only for major quality problems to be found. This frequently
led to significant rework and missed deadlines. A major part
of the problem was that project teams did not realise what the
sign-off involved - most thought that it was simply a check
for conformance to data modelling standards (correctness).
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Preventative Reviews
Traditional quality systems take a “big bang” approach to
quality assurance, with an inspection carried out at the end
of each phase to ensure conformance to specifications.
This is the situation in the current quality assurance
process (Figure 4), and resulted in a “no win” situation for
both parties: projects were often delayed and the Data
Administration group was blamed for it. The concept of
preventative reviews in TQM suggests that reviews should
be carried out iteratively at specific checkpoints in the
development process. By having regular reviews, the
model never gets too far away from where it should be,
thus minimising rework at the end. It also allows the
reviewer to have input into the model while it is being
developed, rather than pointing out errors after the process
is complete.
Three review checkpoints were defined as part of the
requirements definition phase (see Figure 5):
Preview: This review takes place before any modelling
has been done, but after the scope of the project has been
defined. The objective is to identify all opportunities for
reuse and sharing of data. The primary quality factor con
sidered at this stage is integration. This is also when
weightings are defined for each quality factor.
Mid-point review: this review is carried out at around
the midpoint of the phase, when a first cut model has
been produced and all requirements gathering activities
(interviews, workshops etc.) have been completed. The
major focus of this review is to explore alternative solu
tions, using the first cut model as a starting point. The
quality factors considered in this review are complete
ness, flexibility, understandability, simplicity and implementability. Errors of detail (correctness) are ignored at
this stage.
Final review (sign-off): this is the stage of final
approval, and if the earlier reviews have been carried out,
should be more or less a formality. The major focus of this
review is correctness.
Conduct of Reviews
The participants involved in each review were the project
manager, the data analyst who developed the model, user
representative, information architect, application developer,
a data analyst from outside the project, chosen on the basis
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of specialist knowledge in the area or because they are
working on a related project
Each review participant independently inspects the data
model prior to the review and scores it according to the
quality criteria. The review session then serves as a forum
for reaching agreement on evaluations, looking for ways
to improve the model and exploring alternatives.

Business Case
Analysis

Preview
"(integration)

Midpoint

Requirements

Creation of Information Architect Role
A major problem in the existing situation was the lack
of coordination between separately developed data
models. Even though the organisation had a corporate
wide repository, this was not enough to ensure consis
tency of data definitions in practice - this underlines
the fact that data sharing is a “people” issue rather than
a technical issue (Davenport, 1994). Reuse of data took
place largely as a matter of chance because there was
no-one with a view of the “big picture” - individual
data analysts were not aware that data had been mod
elled before unless they had worked on that project
themselves. To address this problem, an Information
Architect role was created within the Data
Administration group, with responsibility for overall
coordination of all data models developed across the
organisation. The Information Architect was not
involved in developing data models, only in reviewing
them for consistency and overlap. The Information
Architect’s primary focus was on integration.

.

Definition

Review

(alternatives)
Signoff
(correctness)

Logical Design

Approval
of variations

Signoff
(defects)

Physical Design

Implementation

Figure 5. Revised Quality Assurance Process.

Data Model Quality Guidelines
A set of data model quality guidelines were developed,
based on the quality factors defined as part of the frame
work and incorporated into the organisation’s development
methodology. The quality factors were summarised on one
page to form a “Quick Reference Sheet”, and were given
out to projects in advance, so they knew what would be
covered in each review.

Benefits of Using the Framework
The quality assurance process described above was used to
quality assure over 40 data models over a two year period.
The major benefits identified were:
Improved Reuse of Data
By far the most useful change to the quality assurance
process was the “preview” review. While it seems unusual
(even contradictory) to have a quality review before any
work has been done, this was where most benefits were
found. By meeting with project teams before they had
begun analysis, the Data Administration group was able to
save them work (rather than creating extra work as in the
existing process) by providing corporate data standards
and identifying opportunities for reuse of data. This
addressed one of the major problems with the existing
process - duplicate definition of data.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998

Reduced Requirements Errors
Errors or omissions in the data model lead to change
requests in later development stages. Change requests
result in rework and added cost for projects and were a
major source of project overruns and missed deadlines in
the organisation. Data model change requests submitted
after the end of the Requirements Definition stage were
reduced by almost thirty per cent over the two year period.
The reduction in change requests translated into millions of
dollars in development cost savings for individual projects
and significant development productivity improvement
across the organisation.
Exploration ofAlternatives
Use of the framework helped to change the focus of
reviews from just looking for errors (negative quality) to
improving models (positive quality) and exploring alter
native solutions. In the existing process, it was too late to
explore alternatives by the time the model was reviewed.
The involvement of review participants external to the
project team helped to introduce different points of views
and alternative approaches to modelling user require
ments. This resulted in some innovative solutions to
problems.
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Involvement ofApplication Developers
In the existing process, application developers did not see
the data model until after it had been signed off.
Involvement of application developers in the review
process was found to be beneficial for several reasons.
—It allowed the application developer to gain familiarity
with the model prior to the design stage to ensure a
smooth transition
— It gave them the opportunity to provide input into the
process of developing the model and to raise any poten
tial implementation issues. Any such issues could be
flagged early and resolved prior to the handover stage.
—The application developer provides an important “reali
ty check” on what is technically possible and/or eco
nomically feasible.
This is something that has been largely ignored in the
literature. Involvement of users is widely recognised as a
critical success factor in the modelling process, but
involvement of application developers is equally impor
tant, because they are responsible for implementing the
data model (Moody et al, 1995). No matter how good a
data model is, if it is not implemented correctly, all the
effort spent getting it “right” will be wasted. TQM (Total
Quality Management) recommends that both upstream and
downstream participants should be involved in each
design stage, to highlight potential problems as early as
possible in the lifecycle.
Improved Practices
Use of the framework led to improved practices within the
Data Administration group:
— Significantly improved the quality and consistency of
models produced - quality of models was no longer
dependent only on the competence of the data analyst
responsible
— Allowed inexperienced data modellers to learn from the
more experienced members of the group (skills transfer)
— Use of a common evaluation framework led to more
consensus within the group as what was “good prac
tice” rather than everyone having their own modelling
style

Lessons Learned about the Framework
A great deal was learned about the application of the
framework as part of this study. Some of the more impor
tant lessons learned were:
Extension of the Framework
The most important result of this study was the extension
of the framework to include the process dimension.
Previously, the framework was primarily focused on prod
uct quality - evaluation of a model at a point in time. As a
result of this study, the framework was augmented to
define a process for building quality data models. This
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required the addition of a new construct, Review
Checkpoint, which defines WHO (stakeholders involved),
WHAT (quality factors considered) and WHEN (where in
the development process each review takes place). The
revised evaluation framework is shown in Figure 6.
involves
Review

Stakeholder

Checkpoint

concerned wit

considers

interact
|wit

Quality
Factor

Weighting
defines
importance of

evaluated by

Quality
Metric

used to improve

Improvement
Strategy
Figure 6. Revised Data Model Quality Evaluation Framework.

Validation of Quality Factors
As a result of use over time, the definitions of quality fac
tors were gradually refined to improve their completeness,
relevance and independence. One new quality factor was
suggested for inclusion in the framework - integrity. This
was defined as the extent to which business rules (or
integrity constraints) were enforced by the model.
Integrity rules are particularly important in a banking envi
ronment, because of the need to guarantee data business
rules as a requirements gathering technique in its own
right (von Halle and Conkey, 1997; Ross, 1996). This was
originally included as part of the definition of complete
ness (Moody and Shanks, 1994). In terms of the one hun
dred per cent principle (ISO, 1987), this separates static
aspects (completeness) and dynamic aspects (integrity).
The final set of quality factors, together with the primary
stakeholder responsible for each, is shown in Figure 7.
One new quality factor (correctness) was included as a
result of the first action research study, and one new quali
ty factor (integrity) was included as a result of the second
action research study.
Business User

Completeness

Business User

Business User

Integrity

Business User

Understandability

/-------------------- /
DATA
MODEL
QUALITY

Simpicity
Data Analyst

Data Analyst

Integration

tmptementabiSty

Data Administrator Application Developer

Figure 7. Revised Quality Factors.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998

S

IMPROVING THE QUALITY OF ENTITY RELATIONSHIP MODELS: AN ACTION RESEARCH PROGRAMME

How Much Quality Is Enough?
Since all projects have time and budgetary constraints, an
important issue is knowing when to stop. Previous studies
on the economics of quality assurance in the software
development process have found diminishing returns as
quality assurance expenditures extend beyond 10-15% of
the overall development effort (Boehm, 1981; AbdelHamid, 1988). However Total Quality Management rec
ommends that substantially more quality assurance effort
should be spent in early development phases to detect and
correct defects as early as possible in the product lifecycle
(Deming, 1986). For this reason, 20-25% was used as the
level for quality assuring data models. This was originally
perceived by many people to be excessive, but the addi
tional review costs were justified many times over by the
reduction in requirements errors and change requests over
the development lifecycle.

Evaluation of Completeness
In practice, user sign-off is often considered to be the de
facto measure for completeness. That is, if users agree that
the data model meets their requirements, then it is, by defi
nition, complete. This was found to be almost universally
untrue in practice. One problem is that users generally do
not understand data models (Hitchman, 1995; Shanks,
1997). Another problem is that they are often not sure
what their requirements are. The best way to ensure com
pleteness in practice is by rigorous testing - mapping
against functional requirements, use of test cases (scenar
ios) and development of prototypes. A key requirement is
to get business users to test out the model in practice
rather than passively reviewing it — this tests whether the
model is understood rather than whether it is understand
able (Lindland et al, 1994).

Usefulness of Quality Ratings
As a result of the review process, the review team came
up with agreed ratings for each quality factor on a one to
five scale. A score of four on all quality factors was con
sidered to be the minimum standard for sign-off of the
model. However, unlike the previous study, where ratings
were viewed negatively by staff, this was not found to be
the case. This may be explained by the fact that it
became the responsibility of the entire review team
(rather than just the analyst involved) to get the model to
an acceptable standard. This creates a collaborative
approach to improvement of the model. The overall rat
ings of quality factors were found to more useful than
individual quality metrics, because they gave a broad
understanding of where improvement was most needed.
Ratings of the overall quality of the model by producing
a weighted sum (X weighting * quality rating) were seen
to be of no value, except perhaps in comparing alterna
tive models.

This paper has described how the data model quality evalu
ation framework proposed by Moody and Shanks (1994)
has been applied in practice. In particular, it describes how
the framework has been used to quality assure individual
data models as part of application development projects
(product quality) and to reengineer application development
procedures to build quality into the data modelling process
(process quality). The experiences gained in practice have
been used to further develop and refine the framework.
The results show that use of the framework has the
potential to improve the practice of data modelling. A
major finding of the research is that the most significant
gains in quality are made as a result of improving the
process of data modelling (process quality) rather than
quality assuring the final result (product quality). This
supports the findings of the Total Quality Management lit
erature, which argues that sustainable improvements in
quality can only be achieved by improving processes.
However, almost all of the previous research in this area
has concentrated on process quality.
The framework has now been successfully applied in a
wide variety of organisations, including a number of years
in one organisation. We can now be reasonably sure that
the components of the framework are stable and that the
quality factors defined are complete, relevant and indepen
dent. However, further work is required to clarify the role
of weightings.

CONCLUSION

Use of Weightings
The major purpose of including weightings as part of the
framework was to provide guidance in making trade-offs
between different quality factors. However, in practice,
the weightings did not play a major role in such deci
sions - trade - offs tended to be handled on a case by
case basis. One reason for this may be that the impor
tance of quality factors is generally not homogeneous
throughout the model - for example, flexibility may be
important in some areas and not in others. Therefore
assigning an overall weighting was seen as meaningless.
However, the process of initially assigning the ratings
was considered to be useful in clarifying project priori
ties at the beginning of the project, and guiding the
development of the model. Further investigation is
required to clarify the role of weightings in the evalua
tion process.
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INTRODUCTION
As investment in computer technologies today represents
a very substantial sum for most organisations (Weill and
Olson, 1989), it might seem reasonable to assume that
the process of developing computer-based information
would be a common and important one in contemporary
organisations, and hence, one at which proficiency and
skill are exhibited. However, the IS academic and profes
sional literature is littered with evidence of failure and dis
satisfaction stemming from information systems develop
ment initiatives. Careful analysis of the literature examin
ing the causes of information systems development fail
ures reveals a number of recurrent themes of relevance to
this paper:
—The IS basically addressed the ‘wrong’ problem. A
thorough understanding of the problem context was not
reached before systems solutions (usually computerbased) were proffered (Keider, 1984: Flynn, 1992:
Goldkuhl and Rostlinger, 1993; Gamer 1995).
—Errors were made in identifying user information
requirements. Despite user sign-offs of specifications
and so on, difficulties and inconsistencies occurred in
attempting to correctly, completely, and accurately
identify the information requirements of the prospective
system users (Bostrom and Thomas, 1983; Keider,
1984; Leifer et al, 1994; Ewusi-Mensah and
Przasynski, 1994).
— Communication difficulties existed between and
amongst groups of users and analysts. Different mental
models, different and often conflicting perspectives,
worldviews, objectives and interests frequently resulted
in communication breakdowns and misunderstandings
which ultimately contributed to the failure of the sys
tem (Bostrom and Thomas, 1983; Shand, 1994; Dos
Santos and Hawk, 1988; Lederer and Nath, 1991; Tan,
1993; Shah et al, 1994).
—The information and systems requirements actually
changed during the process of information systems
development, rendering the delivered product inappro
priate to meet current needs. A failure to recognise
and cater for the dynamic nature of contemporary
business environments, an overly static, rational and
rigid approach to systems development, and a lack of
recognition of organisational learning that occurred as
a result of the information systems development
process, were all seen as contributing to needs chang
ing without these changes being reflected in the final
delivered product. The systems developed ultimately
failed to meet user expectations and requirements
(Curtis et al, 1988; Flynn, 1992; Korac-Boisvert and
Kouzmin, 1995; Siddiqi and Shekaran, 1996).
—Broader organisational issues, such as the culture and
political climate affecting the information systems
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development project tended to be ignored or overlooked.
Purely technical, rather than socio-technical solutions
were sought, with little emphasis given to the human
and social dimensions of the systems under develop
ment other than to suggest that the human elements
could be expected to adapt to the technical (Bostrom and
Heinen, 1977; Hirschheim, 1985; Flynn, 1992).
—User expectations of the system were unrealistic.
Perhaps as a result of communication problems, failure
to understand the problem context, and limited under
standing of technological capability, unrealistically high
expectations were held, contributing to perceptions of
failure and inadequacy of the system developed (Shand,
1994; King, 1995).
Thus, it can be concluded that adequately specifying
information requirements prior to developing an informa
tion system has proved notoriously challenging over the
years. Indeed problems associated with information
requirements determination (inadequately determining
user information requirements, inaccurately assessing the
scope and nature of the problem, broader organisational
issues, and communication difficulties) have been attrib
uted as contributing ultimately to systems failures (Shand,
1994). These difficulties would seem to imply that it is of
vital importance to the process of information require
ments determination, and thus also to the process of infor
mation systems development, for systems analysts and
users to come to a shared understanding on the nature and
scope of the problem of concern, and on those aspects of
the problem which may be ameliorated through the devel
opment of an information system.

COGNITIVE MAPPING FOR INFORMATION
REQUIREMENTS DETERMINATION
Inspiration to help improve the practice of information
requirements determination, and specifically to support the
achievement of a shared understanding, has been drawn
from soft. Management Science. A number of benefits
have been cited as flowing from the application of soft
Management Science methodologies to the complex, illstructured problem types that are typically encountered
during information requirements determination. Amongst
other things, these include:
(McKay et al, 1994a, 1994b)
—the ability to deal with multiple, often conflicting, per
spectives and objectives with regard to the perceived
problem of interest;
— the emphasis on widespread participation in the prob
lem solving process, argued to lead to a much greater
shared understanding of the nature and scope of the
problem, and of possible solutions, and greater commit
ment to implement actions believed helpful in amelio
rating the perceived problem.
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Cognitive mapping is a technique developed to support
the Strategic Options Development and Analysis (SODA)
methodology, one example of the soft Management Science
approaches mentioned above. SODA is an approach
designed to support decision makers in dealing with the
complexity and interdependency inherent in many organisa
tional problem situations (Eden, 1989). It could be viewed
as consisting of essentially two phases. During the first
phase, an analyst works with individuals concerned with the
problem situation. In one-to-one interviews with problem
stakeholders, the analyst seeks to elicit the relevant under
standings, beliefs, values and expertise of the individual, in
relation to the problem of concern. This elicited knowledge
is used to construct a cognitive map for the individual
which is subsequently discussed, explored and verified with
that person. The second phase of the methodology revolves
around a series of group workshops. In this phase, the indi
vidual cognitive maps are aggregated to form a group map,
a single model representing the group’s definition of the
perceived problem (Eden 1988; Marshall et al, 1993).
During the SODA workshop, the group of problem stake
holders meet to discuss and negotiate with one another,
using the group map to facilitate increased levels of intersubjective understanding through reconstructing meanings
of the problem situation (Eden, 1995). In this way, the
group is assisted in working towards new levels of insight
and understanding, with the aim of reaching a consensus
and commitment to action, as a result of the dialogue based
on the individual and group maps (Eden, 1988).
The heavy reliance on the technique of cognitive map
ping is arguably one of the distinctive features of SODA.
Cognitive maps are in essence a language-based model
representing an individual’s or group’s understanding of a
particular problematic situation. They capture, in a series
of appropriately linked text fragments, the meanings that
individuals attribute to concepts forming part of that situa
tion. In other words, cognitive maps are a means of repre
senting the way in which an individual defines and con
ceptualises a situation (Eden, 1989). Cognitive maps serve
an important function for a number of reasons. Firstly,
they serve to help each individual clarify and structure
their thinking, and to gain a deeper appreciation of their
own understanding of the problem context. Secondly, the
maps act as negotiative devices between and amongst ana
lyst and participants, with the aim of gaining shared under
standing, increased creative thinking, and moving the
group towards a consensus (Eden, 1995).
Even from this very brief overview of the SODA
methodology, a number of arguments can be put forward
as to why SODA (and its accompanying technique of
cognitive mapping) may prove helpful when applied to
the information requirements determination process and
may help in developing shared understanding between
the key players:
(McKay etal, 1994b)
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problem, with a range of possible solutions put forward by
different exponents:

—SODA has a proven track record in dealing with com
plexity and other aspects of organisational problem
contexts such as social, cultural, political and behav
ioural factors. These are all important features of the
information requirements determination process
(Dumdum and Klein, 1986). It was previously argued
that ignoring such aspects was one of the contributing
factors to information systems development failures.

—dramatically increase parking fees and fines
—improve local bus services
—build multi-storey car parking facilities on campus
—lobby government to construct a rapid, light rail system
to the university

—SODA acknowledges the existence of multiple, often
conflicting mental models and provides a framework in
which the assumptions underlying these models can be
explored and improved. Difficulties in communication
and developing shared mental models was also earlier
argued to contribute to systems failures.

At a certain level of generality, there may be total
understanding and agreement on what the problem is.
However, the more specific the expression of the problem
and possible resolutions, the less it seems likely that
shared understanding can be said to exist (see Figure 1).

— SODA supports the emergence of a negotiated group
view of information requirements, leading to much
greater involvement and feelings of ownership and
commitment. Not only should this enhance acceptance
of the developed system, but it should also support the
process of eliciting user information requirements.
— Cognitive maps rely on natural language to represent
individual and group meanings and understandings. This
system of representation is equally accessible to users
and business analysts, helping to overcome the commu
nication problems earlier identified. Thus, SODA typi
cally results in improved communication and under
standing between and amongst analysts and users.

SHARED UNDERSTANDING IN INFORMATION
REQUIREMENTS DETERMINATION
Shared understanding of information requirements is
argued to lead to greater confidence that the requirements
are ‘right’, leading ultimately to ‘better’ information sys
tems being developed (Nosek and Sherr, 1984). However,
in the case that is to be reported in a subsequent section of
this paper, the participants all asserted at the beginning
that they all understood one another on this issue, and that
they all knew one another’s requirements. Thus I was
directed to speak only to Participant One (PI) who “knew
it all”, and who could supposedly articulate all their
requirements. Our research demonstrated that their confi
dence was misplaced, and that the semblance of there
being a shared understanding was somewhat illusory. In
some senses, this situation appears not dissimilar to that
described by Goldkuhl and Rostlinger (1993) who
describe a case which illustrates what they describe as a
“shift in problem attention” during the early stages of
requirements determination.
In assessing the degree of shared understanding that
exists within a group, it appears that some notion of
degrees of generality is relevant. An example may serve to
clarify this point. Imagine at a typical Australian universi
ty, there is a widely-perceived, chronic problem with car
parking. Arguments rage as to how best to manage this
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998
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Figure 1: Levels of Generality

To some extent, the reverse to the situation illustrated is
also possible (see Figure 2).
Improve customer
satisfaction

Desired Objective

Reduce time to produce
Registration Certificate
'Develop mechanisms'
to respond to
^customer complaints,

Improve training
of staff

Develop computer system
Jo process applications ,

Figure 2: An inappropriate focus

Focus

Too ready agreement at quite specific levels can lead to
systems development activities which superficially appear
to be solving a perceived problem, but which may also
‘blind’ users to broader, more general objectives which are
the desired outcomes of a particular intervention.
So, how does this impact the systems analyst at work
determining user information requirements? If the user
group appears to be in total or majority agreement, then the
question that needs to be asked is where in this spectrum of
abstraction is the agreement ‘taking place’? Have users real
ly resolved differences in viewpoint at an appropriately spe
cific or general level (and how do you know when you are
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at an appropriate level?), or does a shared understanding
exist at a level such that underlying differences in require
ments have not yet surfaced, for any number of reasons?
The section which follows briefly describes an action
research study which clearly revealed that comparatively
little shared understanding of requirements for a proposed
new information system existed despite the widespread
belief amongst participants that almost a complete under
standing had occurred. This clearly has important conse
quences for systems analysts in similar situations.

pants (see Figure 3). Concepts on the cognitive map in
Figure 3 concerned with thoughts about the need to gather
information and trends about safety issues at the agency,
the need for relevant employees to be working from an
informed position with regards to safety, and the commit
ment to make the work place environment safer for
employees, were all taken to be indicative of the concern
for safety throughout the organisation, as opposed to pure
requirements for the new Workers’ Compensation System.
The remainder of this paper will focus on initiatives in the
safety area.

THE ACTION RESEARCH PROJECT
The research to be described in this paper was conducted at a
semi-autonomous government agency in Western Australia.
The action research project in which the researchers were
involved was originally concerned with the Workers’
Compensation System at the agency. Ostensibly, employees
involved in Workers’ Compensation claims processing and
management were dissatisfied with the existing system and
the research project involved determining their information
requirements which were to be provided in a new system. A
series of individual interviews and group workshops, guided
by the SODA methodology and supported by use of cogni
tive mapping were planned and conducted.
Quite early in the exercise, however, cognitive maps
revealed that the concerns of the employees were not sim
ply to do with perceived deficiencies in the existing
Workers’ Compensation system. At least one other signifi
cant area of concern, that of safety throughout the organi
sation, emerged as being of major concern to the partici

Details of the Intervention
With the help of the project sponsor (PI), key stakehold
ers throughout the organisation were identified, and
approached to participate in the project. In addition to PI,
who was the Occupational Health and Safety Coordinator,
the project involved the Planning Manager (P2), the
Director of Corporate Development (P3), and the
Operations Manager (P4). All four participants frequently
worked collaboratively with one another, and thought
they were well acquainted with the ideas and needs of the
others. There was, therefore, some reluctance to partici
pate in individual interviews, as PI was deemed suitable
to articulate the requirements on all their behalves.
Nonetheless, individual interviews lasting between 1 and
1.5 hours were conducted with each of the participants
independently, and a cognitive map drawn to capture the
essence of the ideas expressed.
A shorter, follow-up interview with each of the partici-
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to workforce

need to keep
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Figure 3: Emergence of the ‘safety’ issue
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Findings of the Research

Table 1: Summary of shared themes.
Distinct Themes

PI

P2

P3

P4

Total

Theme 1: Improve the reporting
of incidents

Yes

Yes

Yes

Yes

4

Theme 2: Implement actions to
prevent losses

Yes

Yes

Yes

Yes

2

Theme 3: Investigation of incidents

Yes

Yes

No

No

2

Theme 4: Development of policies
and procedures

No

Yes

Yes

No

2

Theme 5: Feedback and follow-up
procedures

Yes

No

No

No

1

Theme 6: Improve worker and
management understanding

No

No

No

Yes

1

Theme 7: Improve project
co-ordination

No

No

No

Yes

1

Theme 8: FPA Goals

No

No

Yes

No

1

Theme 9: Improve general
reporting capabilities

Yes

No

No

No

1

5

4

4

4

17

Total Themes

pants was scheduled approximately one week later, where
each of the participants was “walked through” their map.
All the participants clarified concepts on their map, and
all seemed to find their thinking further stimulated by dis
cussion of the map, taking the opportunity to add in addi
tional concepts and to expand on existing ones. The maps
were changed to reflect this second interview. At this
stage, all participants expressed their satisfaction that
their individual maps accurately captured their thoughts
on the safety issue at the organisation. A group workshop
was thus scheduled.
Prior to the group workshop, the individual maps were
examined and divided into sections, according to the
“theme” or issue which seemed to be being discussed.
This was again checked with the individuals to ensure
that no change in their essential meaning had inadver
tently occurred. A group map for each theme was built,
combining all the concepts from the various individual
maps that related to that issue. The final series of group
“theme” maps formed the basis of the group workshops
that were conducted.

Data Collection and Analysis
All the cognitive maps were gathered and retained for
analysis. Individual maps were divided into themes and
maps compared as to their similarity with respect to
themes (results are discussed below in the following sec
tion). Similar themes in the individual maps were then
combined to form a group theme map. For each theme
map, a record was kept of the number of participants who
had commented on that theme.
At the end of the group workshops, all participants
were interviewed as to their satisfaction with the process,
especially with respect to their perceptions as to the
change in shared understanding. The interviews were tran
scribed, and subjected to a qualitative content analysis.
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A total of nine themes emerged from the four individual
cognitive maps. Table 1 below provides details of the
themes, and of the number of participants who contributed
concepts to each theme. Thus, it can be seen that all partic
ipants contributed concepts on Theme 1 (improve the
reporting of incidents), whereas for Themes 5 to 9, only a
single participant contributed any ideas.
A tentative conclusion might be, therefore, that a high
level of shared understanding existed on Themes 1 and 2
where all participants contributed concepts. A more mod
erate level of shared understanding might be implied by
Themes 3 and 4, for example, where in each case, only
two of the four participants contributed concepts. As the
remaining themes represented the ideas of only a single
participant, it might be concluded that a low level of
shared understanding existed on those issues.
Interestingly however, despite the apparent level of
shared understanding demonstrated at this broad level of
analysis of the shared themes (Themes 1 to 4), further
investigation revealed that arguably, almost no shared
understanding existed at all. A further level of analysis
was carried out on these four themes, which involved
looking at the separate concepts that together formed the
theme map. Checks of the individual maps were made to
see how many participants had articulated each of the con
cepts. The results are summarised in Table 2 below.
Table 2: Number of concepts derived from multiple viewpoints.
Theme

4 Participants 3 Participants 2 Participants 1 Participant Total

Theme 1

2

2

12

13

29

Theme 2

2

4

4

16

26

Theme 3

3

5

8

Theme 4

3

7

10

22

41

73

Total

4

6

This further analysis revealed, for example, that in
Theme 1, only two concepts were articulated by all partici
pants, and that the overwhelming majority of concepts
were articulated by only one or two of the participants. A
similar pattern of lack of overlap of specific ideas emerged
in Themes 2 to 4. This more detailed analysis of Themes 1
to 4 demonstrated, therefore, that there was, in fact, com
paratively little shared understanding of the issues repre
sented by the themes. Arguably, this provides a much bet
ter assessment of the degree of shared understanding
which was minimal prior to the group workshops. While
participants were, at a broad level, often talking about the
same theme, closer inspection revealed that they were in
the main, saying quite different things about that theme.
The initial reaction of participants to the theme maps at
the group workshop can only be described as one of aston
ishment. The participants were close and cooperative col
leagues and the issue of safety had often been debated
amongst them. They had thought that they were largely in
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agreement and thinking about the same ideas with respect
to the problem of concern. Participants were, quite literal
ly, astonished when they were graphically presented with
evidence in the cognitive maps that demonstrated clearly
that, despite their superficial and assumed level of agree
ment, the views and needs of others were often vastly dif
ferent to their own. Through a facilitated discussion based
on the cognitive maps, participants were surprised as they
realised that they really had not fully appreciated the men
tal models which their close colleagues were using to
understand the relevant work context.
The purpose of the group workshops was to examine
and discuss the concepts contained in each of the theme
maps, and to reach some sort of final shared understanding
of the problem context, the scope of the proposed system,
and the whole gamut of views and information require
ments with respect to the proposed system. During the
course of the workshops, a number of concepts were added
to the theme maps -and some were removed. In addition,
participants finally concluded that Theme 7 (Improve
Project Coordination) was beyond the scope of the project.
It was, therefore, deleted and excluded from further consid
eration. The combination of the theme maps discussed
within a facilitated group workshop seemed important ele
ments in helping the group to move beyond their somewhat
superficial, “pseudo” shared understanding at the thematic
level to a much deeper and more specific analysis of the
issues. This deeper analysis enabled participants to take on
board new perspectives and considerations and, from this,
to reach a much more meaningful shared understanding.
At the end of the workshops, participants were inter
viewed individually for a number of purposes. P4 had not
been available to attend the group workshops (due to a cri
sis in the organisation), and was therefore not included in
the final interviews. The interviews were helpful in con
firming that each of the participants felt confident that they
understood, agreed with and accepted all the concepts on
the different theme maps. In addition, the interviews were
essential in determining whether the participants them
selves perceived any improvement in shared understand
ing. Some of their comments are transcribed below:

On their agreement over the scope of problem and
requirements for the new system:
PI: Yes, there was definite agreement ... I think it (the
agreement) will help the development of the Safety
Management System.
P2: Yeah, I think so. I think there was good agreement.
We all recognised we had the right objectives and
goals...
P3: The three of us that turned up, I think are in agree
ment. But P4, 1 don’t know because he wasn’t part of
the final process.
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On whether shared understanding had increased:
PI: At the end, I thought they thought the same as me. P4
...I would question whether he would be as comfort
able as we are.
P2: It probably has ... it almost certainly has. I think it
has clarified a lot of areas too.
P3: Yes, to an extent. I think it will come even more from
this (the final theme maps).

On whether a deeper, broader perspective was gained:
PI: I don’t know if it was any deeper for me. For the oth
ers, particularly P3,1 think it will be very beneficial.
P2: Yeah, oh yeah ... Everyone got a better understand
ing of it all.
P3: Yes, definitely. You can certainly see that others had
different viewpoints to your own.

CONCLUSION
Amongst other things, this action research project has
enabled the researchers to clearly demonstrate that appar
ent shared understanding between group members in the
early stages of an information requirements determination
process can be just that: apparent, without too much sub
stantive understanding lying beneath the surface.
Facilitated group sessions, supported by a powerful,
graphic device in the technique of cognitive mapping,
were important elements in helping the group to move to a
more meaningful understanding of the issues and require
ments of the proposed safety system. Furthermore, the
maps seemed to act as useful negotiative tools, supporting
individuals in understanding different viewpoints and thus
being able to accommodate a much broader perspective of
the problem context.
It is possible to envisage a scenario where a systems
analyst might feel confident that a shared understanding
had been achieved in terms of requirements, detailed
specifications drawn up and the system developed, but
when implemented, cries are heard across the organisa
tion, “But it doesn’t do X, and I need that... !” The read
er is referred back to Figures 1 and 2 to work out what
might have gone awry.
It would seem relatively easy for this so-called shared
understanding to have been something akin to a mirage, the
implication being that even when amicable agreement
appears to exist on information requirements, it may well be
a worthwhile exercise for a systems analyst to probe that
understanding further. This action research project demon
strated clearly how easy it was for all participants to believe
that they ‘knew’ each other’s ideas and needs, but closer
scrutiny suggested that no such knowledge existed at all. A
perceived shared understanding amongst group members
may still warrant further probing to establish whether
understanding at an appropriate level of specificity can be
demonstrated. Furthermore, it would appear that the
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research project has implications for any shared understand
ing that is perceived to exist between systems analysts and
users. While not specifically investigated in this research
project, it could be argued that an analyst’s understanding of
user requirements may be occurring at an insufficiently
deep level of specificity for it to define a relevant and help
ful information system for the targeted population of users.
In the context of this research, cognitive mapping
proved to be an extremely helpful technique to support the
process of articulation, clarification, discussion and learn
ing that seems integral to developing a truly shared under
standing of the issues and requirements associated with the
development of an information system. Modifications to
the SODA process, in categorising the group map into
themes and dealing with each theme separately, was also
an extremely powerful device in helping both users and
analyst to deal with the volume of detail and complexity
that emerged through the individual mapping sessions.
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INTRODUCTION
It is now generally accepted in software and systems engi
neering that the successful implementation of technologybased change depends on understanding the underlying
business process. This carries with it the need to examine
and model the business process, which is facilitated and
enabled by the use of automated tools for recording and
analysing the data concerning the business process.
Business process modelling (Curtis et al, 1992) has so far
focussed on the ‘hard’ factors of the process being mod
elled, such as who is performing the process, what arte
facts are used and produced by the process, and when,
where and whether a process step is carried out in particu
lar circumstances. What is less understood is that the con
tent of the business process extends also to ‘soft’ factors,
such as the motives, norms and beliefs of the groups and
individuals who carry out the process and how these influ
ence the process. These soft factors also need to be record
ed and analysed. An approach to addressing these ques
tions using a psychology-derived approach known as
activity theory forms the nucleus of this paper.
ASTRA (Advanced Socio-technical Research
Application) is a collaborative research project (McGrath
et al, 1998) being undertaken with a very-large, rapidlychanging, high-tech service organisation (given the pseu
donym Gigante in this paper). From our (research-orient
ed) perspective, the overall aim of the project is to investi
gate business process modelling initiatives in service
industry sector organisations that are:
1 critically dependent on advanced technology;
2 operate within rapidly-changing and highly-competitive
business environments; and,
3 rely critically on people to mediate customer interac
tion within this complex environment.
Gigante’s expectations are that the project, through its
research findings, will lead to concrete business process
improvements, methods and tools and that this, in turn,
will facilitate understanding of (and some improved
degree of control over) threats to its competitive position.
Gigante is suffering loss of revenue due to mistakes
being made by its customer service officers (CSOs).
Previous research had indicated that the root cause was a
lack of training, combined with a high rate of introduc
tion of new products. The situation is also exacerbated
by downsizing, multi-skilling and high turn-over within
Gigante, which have lead to a smaller number of staff
who are required to know an increased number of prod
ucts with decreased time for training. This has led to a
‘knowledge gap’ and increased error rates, which, by
increasing the amount of rework, have further augmented
the problems. This has in turn led to a reduction in staff
motivation and morale. Thus it can be seen that ‘soft’
factors are crucial to an understanding and resolution of
Gigante’s problems.
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As a result of discussions between Gigante and the
CSIRO-Macquarie University Joint Research Centre for
Advanced Systems Engineering, it was agreed that
ASTRA would undertake a detailed analysis of the rele
vant business processes. We have had some success in
modelling these factors using systems dynamics (McGrath
et al, 1998) but, although this has given us a good under
standing of the key high-level aspects of the problem,
especially the reinforcing loops, it has not enabled us to
represent the details of the situation. It is for this reason
that we have adopted the approach, based on activity theo
ry, described in this paper.

ACTIVITY THEORY: A BRIEF INTRODUCTION
USING ASTRA
Activity theory begins with the notion of an activity. An
activity is seen as a system of “doing”, whereby a subject
works on an object in order to obtain a desired outcome
(see Figure 1). In order to do this, the subject employs
tools, which may be external or internal. An example of an
ASTRA activity is process order, where the subject is the
CSO and the object is the customer need. The desired out
come is successful order completion (meaning that the
customer receives the service requested within the request
ed time-frame). Tools used to realise this outcome include
SOPs (standard operating procedures) and the computer
system, GCPS (Gigante’s customer provisioning system).

Subject

—► Outcome

-Communii

Division of
labour

Figure 1: Components of an activity.

Activity theory further argues that subjects are grouped
into communities, with rules mediating between subject
and community and a division of labour mediating
between object and community. A subject may be part of
several communities and a community, itself, may be part
of other communities. In our example, CSOs belong to
service centres (they might, for example, also belong to a
labour union) which, in turn, are part of the wider corpora
tion, Gigante. The object of our activity is the customer
order, and, within the service centre, there are well-defined
procedures documenting the relationships between orders
and responsibilities associated with each service centre
(community) role.
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According to Kuutti (1996), “Rules cover both explicit
and implicit norms, conventions and social relations with
in a community. ” Examples of explicit Gigante, organisa
tional-level rules include: “Our staff are our greatest
asset; ” and “We will endeavour to develop our staff to
their full potential. ” The evidence suggests, though, that
an implicit organisational level norm is: “Our staff are too
expensive and error-prone — let’s automate as much as
possible. ” Small wonder then that, at the CSO level, one
implicit norm is: “Management are out to nail us and
can’t be trusted! ”

Activity theory is in origin a psychological theory
which was initially developed in Russia by Vygotsky
(1978) and Leontiev (1947) and subsequently developed
by western researchers (Nardi, 1996).
The above examples are indicative of precisely the sort
of factors which are the key to Gigante resolving its cus
tomer interface difficulties. As noted previously, tradition
al process modelling approaches do not permit us to cap
ture these factors. As demonstrated above, activity theory
does. The issue now is: how might we best capture this
“softer” data, such that it is represented and stored in a
form amenable to meaningful analysis by field practition
ers? In the remainder of this paper, we turn our attention to
this critical issue.

SATBPA: A BRIEF INTRODUCTION
A principal problem with ‘soft’ factor analysis is codifying
information in a concrete form that is amenable to subse
quent analysis by an automated system. To do so requires
a schema that is sufficiently general and flexible to record
the great range of human variables likely to be encoun
tered in real-world situations, yet also sufficiently definite
and specific to formulate and record all information that is
considered useful. Although there are general epistemic
problems that can never be completely resolved, it should
be noted that the purpose of the exercise is considered to
be the recording of an analyst’s understanding and percep
tions of a business process, rather than an apperception of
the ‘truth’ of the process ‘in itself’. To meet these needs,
an approach based on activity theory is suggested, generat
ing a data model formulated in accordance with the princi
ples of data modelling.
SATBPA is an automated tool currently under construc
tion at the CSIRO/Macquarie University Joint Research
Centre for Advanced Systems Engineering (JRCASE).
SATBPA will provide an automated interface to a database
that will record business processes in a form derived from
activity theory. This work has been described in an earlier
form in (Ellison and McGrath, 1997), where we remarked
that SATBPA is intended to be a first step towards a method
ology for the structured application of activity theory in busi
ness process modelling. This addresses a major problem cur
rently confronting potential activity theory practitioners —
namely a distinct lack of any clear, prescriptive guidelines.
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Our work here builds on and extends previous
research by McGrath (1997) into the development of
more formal models of Organisation and Management
Theory (OMT). OMT typically derives much of its
foundations from other disciplines (not unreasonably),
and many models are represented very informally,
often as text with, perhaps, the occasional loosely
structured diagram employed for illustrative purposes.
Most of the activity theory literature produced to date
fits into this category.
Therefore, in SATBPA (and with reference to Figure 1)
the following particular changes have been made:
—The concepts of subject and community have been com
bined into a single notion of subject, which is divided
into individual and group (or collective subject).
—Tools and objects are combined into one notion of arte
fact. This recognises that the same thing is often an out
put from one process and used as a tool in another
process. In other words, ‘tool’ is a role that an artefact
can play.
—Outcomes (motives, goals and conditions) and rules are
combined into a larger concept of subjective elements,
which are tentatively called understandings. Hence
‘understandings’ are the central entity in the representa
tion of soft factors.
— A concept of restriction has been introduced in order to
represent the time information and modal information.
A restriction can apply to any relationship between the
entities of the data model and is of the form of a condi
tion (e.g. after a specific date, or if the activity is car
ried out at a particular location). A restriction has in
some ways the function in grammar of an adverbial
phrase or clause.
A useful starting point when describing the SATBPA
system is the data model, which is represented relationally as a series of tables. Because the data model has
regularities in its structure, it was possible to define a
meta-model such that the original model could then be
expressed in terms of the meta-model (including spe
cific ‘control values’ in some ‘control tables’ in the
meta-model). For instance, the data model contains
(among others) entities Process and Artefact and the
relationship Process-Artefact Involvement. In the
meta-model, there are Entity, Involvement, Entity Type
and Involvement Type. Of these, Entity Type and
Involvement Type are control tables and contain con
trol values ‘process’ and ‘artefact’ in Entity Type and
‘process-artefact involvement’ in Involvement Type.
This facilitates the exposition and construction of the
SATBPA data model. The data model and the meta
model are described in greater detail in Ellison and
McGrath (1997).
Figure 2 is an illustrative (but incomplete) example of a
SATBPA data model:
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Process
Process id

Process name

1
2
3

Process order
get customer requirements
enter an order into GPCS

Process type
activity
action
action

Subject
Subject id

Subject type

CSO
Gigante
Service Centre

individual
group
group

Subject-subject involvement (SSI)
SSI id

Subject 1

Subject 2

SSI role

I
2

CSO
Service Centre

Service Centre
Gigante

is member of
is part of

Subject-Process Involvement (SPI)
SPI id
I

I Subject
| CSO

Process

SPI Role

l

is subject of

Understanding
Underst. Id

Subject

Type

1

CSO

motive

Conclusion

Condition

Understanding-Process Involvement (UPI)
UPI id

Understanding

Process

UPI role

1

1

1

is motive for

Figure 2: Example of SATBPA Data Model

BUSINESS PROCESS MODELLING USING
SATBPA
The task of the business process analyst is to enquire into
the process being modelled and then to record the infor
mation collected. The SATBPA system facilitates this
process by providing a graphical user interface that per
mits the analyst to create and manipulate the data stored
within the SATBPA database. In other words, the SATBPA
tool’s interface to the underlying database represents all
the entities of the SATBPA ‘universe’ by graphical objects
that are manipulated by actions such as drag-and-drop.
An overview of a simple business process modelling
exercise will now be presented. This section shows one of
the more important interface layouts in SATBPA. An
extended description of the user interface can be found in
Ellison and McGrath (1998).
This example is drawn from the material presented ear
lier when describing the ASTRA project. In this case, the
analyst is recording the activity ‘process order’. As can be
seen from the screen layout presented in Figure 3, the ana
lyst has constructed a new process ‘process order’, dis
played a work page for this process and created (or selectTHE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998
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ed from existing entities) several other entities: the GCPS,
the customer requirements and the GCPS order record.
The analyst has linked these entities again with the rela
tionships shown on the diagram, thereby entering the
information that the CSO is processing an order, using
GCPS, with the motive of creating an order record in the
system that satisfies the customer’s requirements. The user
interface makes use of visual cues in order to indicate the
underlying structure that is stored in the SATBPA data
base. For instance, each type of entity is represented by a
different shape. As noted previously, tools and objects
have been combined into the notion of ‘artefact’ and are
therefore represented by the same shape. In this example,
there are three artefacts: the customer requirements (an
input), the GCPS order record (an output) and the GCPS
(a tool). Understandings, in order to indicate their ‘soft
ness’, have a dashed border. The understanding here repre
sents the motive for the activity, in other words the desired
resultant quality of the object. The motive is also associat
ed with the CSO as the ‘understander’: the subject of the
motive. Understandings are discussed in more detail in the
next section.
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designed. The example demonstrates that to carry out the
activity of processing an order, we must: (1) get the cus
tomer’s requirements; (2) enter the order into GCPS; and
(3) validate the order. This screen may also be used by the
analyst to change the parent and level of an entity.

Process
order

-j Activity
--------- j.

I.
rder into jl

----------------- 1
Validate
order

._____ Y_____

Action

Figure 4: Level layout.

The automated SATBPA system design is underpinned
by the usual software engineering and computer science
principles. In order to speed the construction of the system,
commercially available components have been employed
where appropriate. The defined implementation architec
ture is Microsoft Visual C++ on Microsoft Windows 95 or
NT (32-bit). A relational database (Microsoft Access)
schema, derived from the meta-model described above, has
been used to define the persistence layer. The drawing
functions are provided by a commercial graphics package.

T.~

jrcrx

Figure 3: Create order (an example of creating an activity).

Figure 3 illustrates the screen layout used to edit the basic
relationships of a single process (activity, action or opera
tion). The layout enables operations such as creating a new
entity, creating an involvement which connects an entity to
another entity, and displaying another dialogue to modify the
attributes of an entity. This diagram can also be used to show
more than one process. Thus it can be used for
process/process involvements (such as process modifies
process) and for displaying the different processes that are
linked to some entity (e.g. all the processes that output an
artefact, input it, or use it as a tool). Action and operation
details are entered using same screen employed for activities.
The relationships “is part of’ and “is at level” can be
applied to subjects and processes. In order to represent
these relationships, the layout illustrated in Figure 4 was
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998

USES OF ORGANISATIONAL DATA COLLECTED
BY THE SATBPA SYSTEM
In Ellison and McGrath (1997), we presented our SATBPA
data meta-model and demonstrated that it has an inherent
ly repetitive structure. We take advantage of that regularity
in building up (and investigating) the understandings
(norms, beliefs, values etc.) that give activity theory much
of its power as a business process modelling tool.
A partial (and generalised) representation of our meta
model is presented in Figure 5. At its core, we have two
entities,1 E, and E2, with Rtr signifying the role the first
entity plays in the relationship. This construct can be rep
resented as the assertion template, Template 1:
RjilEj, E2).
Extending now to the next layer in Figure 5, we have a
compound structure which is of the same basic type as our
core structure. To create the assertion template for this

1

For the sake of brevity, and where there is no possibility of confusion,
we shall henceforth refer to entity and relationship types simply as
entities and relationships respectively.
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Template n:
RnrflEntl. Rn-lrf£n. R*-2f£e-/.___ jJJ

and the (unofficial) employee view may now be repre
sented as:
belief( ‘Org Workforce ’, being._tricked_by( ‘Org
Workforce’, norm(‘Senior Mgnt’, will_benefit_by(‘Org
Workforce ’, ‘Staff Development Program ’)))).

Template 2:
R2r(FX RlrfEI, £2ff

Loose declarative interpretations of the employees’
views presented above are:
(i) Senior management is using the staff development
norm to mislead its workforce; and
(ii) The workforce believe they are being tricked.
Our scheme for representing understandings is con
siderably more complex than might be conveyed by the
examples presented above.2 It is based largely on the
Formal Language for Business Communication (FLBC),

Figure 5: The SATBPA data meta-model (Partial representation).

structure all that is required is: (1) to replace Ej and Rjr in
Template 1 by £j and R^r respectively; and (2) to replace
^2 with Template 1. Thus Template 2 is:

R2r(E3, Rjr(Ej,E2))
This process can be extended indefinitely and may be
used to iteratively build up relationships between our
SATBPA surface-level entities, subject, process, artefact
etc. Consider the example presented earlier where the offi
cial organisation view, that their staff were Gigante’s
greatest asset and had to be developed at all cost, stood in
stark contrast to the common employees’ view that their
management believed them to be highly expendable.
Starting with the official, senior management view, we can
specify (one important aspect of) the need for staff devel
opment as the subject-process involvement:
will_benefit_by('Org Workforce’, ‘Staff Development
Program ’)

and the official organisational norm can now, in turn, be
represented as:
norm(‘SeniorMgnt’, will_benefit_by(‘Org Workforce’,
‘Staff Development Program’)).

Consider now the employees’ perspective. First, the
Gigante workforce were definitely of the view that their
staff development programs amounted to little more than
window dressing. If we consider understandings (or, at
least, their enactments) as another form of (compound)
process, we can express this attitude as another subjectprocess involvement:
beingjtricked_by( ‘Org Workforce’, norm(‘Senior Mgnt’,
will_benefit_by( ‘Org Workforce ’, ‘ Staff Development
Program ’))))
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detailed by Kimbrough and Moore (1997). Their lan
guage has its origins in Speech Act Theory (Austin,
1962) and, in our view, they present convincing argu
ments (at a pragmatic level and within the restricted
work support systems domain under consideration) for
the superiority of FLBC over competing approaches
(notably EDI languages and standards, tagged messages
and natural language understanding).
At the core of FLBC is the F(P) framework. £ is a
proposition and F is described as an illocutionary force.
Essentially, illocutionary forces provide context for
propositions and typical examples quoted by
Kimbrough and Moore (1997) include beliefs, desires
and intentions. (We modify Kimbrough and Moore’s list
of illocutionary forces because we are describing under
standings rather than speech. Thus their list of illocu
tionary points is assertive (statements of fact), commis
sive (promises), directive (commands), declarative (per
formatives) and expressive; we provisionally have
assertive, deontative and intentional). Thus, many con
cepts central to activity theory are provided for in
FLBC. A further feature of FLBC that we have found
particularly useful is that propositions may be nested to
any level. The need for this capability within an activity
theory system should be evident from the examples pre
sented earlier in this section.
A major disadvantage of the FLBC language is that
many users do not feel comfortable interacting directly
with formal logic. As such, our SATBPA graphical inter
face permits users to construct understandings without
necessarily referencing the underlying logic. This is illus
trated in the following example.
Consider again the official Gigante organisational norm
concerning staff development. The first example above
(senior management’s norm that the organisational work2

For example, sets of conditions and conclusions, linked by the usual
logical connectors, are allowed.
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n: the organisational workforce will benefit •
by the staff development program

Org
workforce

( Staff
win benefit by—| Development
Program

2nefit_by(’Org

Workforce', 'Staff

Figure 6: Understanding layout.

force will benefit from the Staff Development Program)
can be entered into SATBPA as shown in Figure 6.
Similarly, the second example above (the organisational
workforce’s belief that they are being tricked by senior
management’s norm that the organisational workforce will
benefit from the Staff Development Program) can be
entered into SATBPA as shown in Figure 7.

'lief; the organisational workforce is being trick
the norm that the organisational workforce w
benefit by the staff development program

Org
workforce

is being
tricked by

j norm: organisatior
: workforce will bent
; by staff developme
;
program

being_tricked_by('Org Workforce'
it', win_benefit_by(’Org WorkforeeVStaff
ogram')))).

Figure 7: Understanding layout (further example).

In particular, note that the analyst is able to roll up the
first understanding (senior management’s norm) and use it
in the second understanding (the organisational work
force’s belief). In other words, the understanding that is
described in the first diagram can be reified and then used
as an entity in subsequent diagrams.
One significant advantage of representing our under
standings more formally is that, using appropriate inferencing tools (e.g. Prolog or SQL products), we may search
our SATBPA knowledge base for interesting combina
tions; particularly, contradictory motives, beliefs, values
and the like. This certainly applies in the example we have
just investigated and, obviously, should be a source of
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 4, NOVEMBER 1998

serious concern for management. Alternatively, another
manager might be more interested in identifying organisa
tion parties with reasonably compatible views. An obvious
example is a change agent, working to a very tight dead
line and interested in forming a coalition of key parties to
push the change through the organisation (a fundamental
political tactic suggested by Pfeffer, 1992).
Several approaches to extracting useful information
from the SATBPA knowledge base are currently under
consideration. One possibility is a back-end tool that could
process the recorded details of an organisational process.
This tool could embody rules in a language such as Prolog
that would enable logical conclusions to be drawn from
the data stored in the SATBPA database.
Perhaps the most interesting opportunity that presents
itself here is to incorporate knowledge or theories about
organisational dynamics into this back-end tool. This will
enable the analyst to leverage the elicited information
into new knowledge about the organisation. For instance,
if the back-end tool contained a model of organisational
power such as set out in McGrath (1997) it would be
possible for the analyst to enter various scenarios of pro
posed organisational change and then receive back
hypotheses about the possible outcomes of those changes
such as sources of resistance.
One interesting possibility that this opens up is an evi
dence-based testing of activity theory. Specifically, it will be
possible to formulate testable hypotheses in terms of activi
ty theory that will, if proven, provide empirical support for
activity theory. The test would be carried out by converting
the hypotheses to rules in accordance with the methods set
out above (together with expected results as predicted by
the hypotheses), applying the rules (using a back-end
knowledge-based system) to data collected from the use of
the SATBPA system in an industrial context, and then
checking the degree to which the hypotheses are confirmed.
Other possibilities include interfacing to knowledgebased agents that could interact with other components of
the organisation to provide intelligent services that took
into account information about the organisational process.
For instance, it might be possible to present information in
different ways in different parts of an organisation,
depending on the different cognitive needs as recorded in
an organisational database. It would, of course, also be
possible to provide more conventional deliverables from
the automated system such as reports and charts.

CONCLUSION AND FURTHER RESEARCH
An approach to process modelling has been presented that:
—Enables the recording of more complete information,
including the modelling of ‘soft’ factors.
—Is sufficiently well defined to enable the storage of defi
nite information, so it is possible to compute over the
data and automatically derive conclusions.
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— Can be implemented in a way that allows a process analyst
to intuitively describe a process using a graphical notation.
One possible direction for further research might be to
develop a tool to facilitate user interviews. Such a tool
would permit process analysts and process users to co
operatively and interactively build a model of a process,
using a tool such as SATBPA to enhance communication
by displaying tentative process models. Such a tool would
require considerable further research into communication
strategies and is beyond the scope of the SATBPA project
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GERLACH, D. (1997): Investor’s Web Guide: Tools and Strategies for
Building Your Portfolio, Lycos Press, USA, 425 pp plus companion
CD-ROM, $59.95.
Investing and building a portfolio are subjects which few people ever
receive proper training in at school or university.
But now, with a personal computer, modem, and an Internet account,
it’s possible to launch yourself on a self-discovery tour, and access the
resources of the Web to learn just about anything connected with investing.
An excellent guide to take with you is Douglas Gerlach’s book,
“Investor’s Web Guide: Tools and Strategies for Building Your
Portfolio”.
The online medium not only offers an inexpensive and convenient
way for novices to get started, it is also an excellent source of investment
data and research facilities for even the most seasoned investor.
The book’s companion CD-ROM makes accessing the Web easy
because it contains a complete hyperlinked version of the text. Once
you’re logged onto the Web, visiting a site simply requires selecting the
desired site’s address from the CD-ROM to make the connection.
And to initiate your own searches, links to the Lycos search engine
are provided as well. One of the appendices discusses tips and techniques
for maximising the use of Lycos, for example, by investigating the sym
bols that can and can’t be used in search queries.
For those without an appropriate Web browser, the CD-ROM contains
a copy of Microsoft’s Internet Explorer for either a PC or Mac machine.
The book has been divided into two parts.
The first section is an extensive directory of investor’s resources on
the Web and the Internet. Each Web entry not only contains the site’s
address (URL) but also a short description of the sort of information
available there. The addresses have been conveniently categorised into
groups such as educational sites; the stock market; mutual funds and
bonds; futures, options, and derivatives; investor tools; international
investing; and so on.
The second part of the book is a comprehensive guide to building a
portfolio. Some of the topics covered here include taking your first steps
in investing; how to choose a broker; understanding financial statements
and annual reports; portfolio record keeping; fraud and scams; and much
more.
Liberally sprinkled throughout the book are icons used to highlight
additional help: practical tips and advice; warnings and potential pitfalls
to watch out for; and answers to commonly asked questions.
So if you’re interested in finding out more about investing, this book
and the World Wide Web represent an excellent jumping off point.

Tony Stevenson
MKD Software Consulting

GREEN, J. (1997): The New Age of Communications, Allen & Unwin,
Australia, 144 pp, $16.95.
If you’re looking for a quick update on the latest advances in communi
cations and computers, plus an absorbing discussion of where technology
is taking us as the decade draws to a close, put aside some time to read
John Green’s “The New Age of Communications”.
And because it’s been well-written, and is less than 150 novel-size
pages in length, it doesn’t take long to read.
Nevertheless, it still packs in a lot of interesting information ranging
from the earliest computer developments through to futuristic scenarios
15 or so years from now. Along the way, it also investigates modern
telecommunications and artificial intelligence research-.
Topics discussed include fiber optics; automatic and continuous
speech recognition systems; intelligent agents; virtual reality; cable tele
vision; satellite systems; natural language processing; interactive digital
multimedia; Web PCs; video on demand; and transacting business over
the Net.
And just some examples of influential people mentioned throughout
the book are Douglas Engelbart (creator of the now ubiquitous mouse);
Alan Kay (co-creator of the Alto computer); John Logie Baird (regarded
by many to be the inventor of television); Ted Nelson (who developed
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the concept of hypertext and hypermedia); Alan Newell and Herbert
Simon (important Artificial Intelligence thinkers and researchers); and
Marshall McLuhan (writer, educator, and early communications theorist).
The book concludes with a fascinating timeline. It consists of entries
stretching from 1450 (Johann Gutenberg’s invention of the printing
press) through 1876 (Alexander Graham Bell’s invention of the tele
phone) to 1993 (a time when there were only 140 odd file servers making
up the World Wide Web).
So read this book if you want to:
- have a glimpse of what the future may hold as regards telecommuni
cations and the new media, and the likely impact on education, business,
medicine, and entertainment;
- recall the people and events which have shaped communications and
computer technologies as we know them today;
- see what effects are likely to emerge from the artificial intelligence
research currently being conducted.
- sort out the reality from the hype with these new technologies.
John Green, the author of the book, sums it up best when he says that
“at the end of the century, the millennium, the personal computer stands
as our gateway and channel to the wired world and all its digital wonders
and bafflements”.

Tony Stevenson
MKD Software Consulting

HAUBEN, M. and HAUBEN, R. (1997): Netizens, IEEE Computer
Society, 344pp., unspecified price.
This book is a fascinating chronicle of the history and impact of Usenet
and the Internet. It explores and examines the technical and social roots
of the Internet, its social aspects, and proposes future directions.
I found this book engrossing, and wonderfuly remniscent. It explores
just what is the essence of the Internet - what makes it “tick”, and espe
cially focuses on those who have helped to make the Internet possible by
pioneering and visionary actions, and who have acted positively by
understanding and contributing to the spirit and essence of the Internet. It
is these people that the Haubens dub “Netizens” - not just anyone who
comes online, but rather those who devote time and energy to make it a
better place; not those who lurk, create vanity Web pages, or strive solely
for material gain - but those who help fashion a regenerative and vibrant
community and resource.
I fully recommend this book. It will bring back many pleasant memo
ries of a tidy online community to anyone who has been involved with
the Internet since early this decade or earlier. For others, it will serve as a
fascinating history. The Haubens have produced a chronicle which is a
very easy read, and both gripping and thought-provoking. The text is
well supplemented with Usenet postings, email messages and pho
tographs concerning pertinent Netizens.

David M. Williams
University of Newcastle

POTTS, A., COPPOLA, C. and JAROL, S. (1997): Visual Basic 5 Web
& Multimedia Adventure Set, Coriolis Group Books, United
States, 646 pp. plus CD-ROM, $US 49.99.
As indicated by its title, the aim of this book is to capitalise on the power
of Visual Basic to write multimedia and Web applications. New features
in Visual Basic 5 include the capability to create ActiveX controls and
the facility to compile native code, therefore making this IDE (Integrated
Development Environment) more powerful and extensible than ever
before.
The authors are assuming readers of the book will already have a basic
understanding of the Windows environment, the World Wide Web, Visual
Basic programming, and the use of custom controls.
The contents cover every aspect of multimedia and Web development
from a Visual Basic perspective. Just some of the many topics are: build
ing a hypermedia engine; an in-depth discussion of the Windows
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Multimedia System; palette animation and raster operations (ROPs);
hyperimaging; animation (including sprite animation); ActiveX technolo
gy; digital audio; MIDI (Musical Instrument Digital Interface); and the
Media Control Interface.
The book concludes with two appendices.
The first is a comprehensive HTML reference guide, and includes a list
of WWW sites which is helpful for retrieving more specific details about
the production of HTML documents.
The second appendix is an invaluable listing of Visual Basic resources
on the Web, for example, Microsoft’s own VB web site, and the popular
Carl & Gary’s home page.
The companion CD-ROM contains the source code for all the projects
developed within the book, along with various multimedia utilities and
several demonstration applications. To use the software on the CD-ROM,
the minimum software and hardware environment required is a PC capa
ble of running Microsoft Visual Basic 5. However, to gain the maximum
benefit from the software, it is recommended using the Enterprise edition
of Visual Basic 5 on a PC with full MPC 2 capabilities, and running
either Windows 95 or Windows NT.
If you are looking for an introduction to Visual Basic, then look else
where - but if you want to focus on multimedia and Web development
using VB, then seriously consider adding this book to your VB reference
library.
But a word of warning''- if your eventual aim is to create professional
multimedia applications, the authors point out that a substantial amount
of additional software and hardware will be required. This includes a
scanner, an image editor, a drawing program, an animation application,
an editor for WAV audio files, a video digitizer, and appropriate equip
ment, like a VCR or camcorder, for producing videos.

Tony Stevenson
MKD Software Consulting

ENGEL, A. (1997): Exploring Mathematics with your Computer.
Cambridge University Press, 301pp. plus a PC floppy disk,
$69.95.
This book is great fun! It is the answer to the prayers of those who wish
to wean their children, who are addicted to computer games, off the
games. Despite the remark in the Preface, the book is in reality a Turbo
Pascal programming manual; which teaches the reader to program in
Pascal using gradually more and more difficult examples drawn from
several branches of mathematics.
There are seven chapters titled
(1) Introductory Problems
(2) Algorithms in number theory
(3) Probability
(4) Statistics
(5) Combinatorial Algorithms
(6) Numerical Algorithms
(7) Miscellaneous Problems.
The list of references is useful and helps the serious student follow-up on
any topic discussed.
In addition to the many examples, which are described and pro
grammed in full, there are numerous “exercises”, most of which are mod
ifications of the examples; nevertheless they provide a real challenge to
the reader. However, over forty pages are devoted to solutions to the
exercises so no-one need be too frustrated by the difficult problems.
A disk is included which contains most of the programs described in
the text. Thus readers, with an IBM compatible PC and Turbo Pascal
compiler, can run and experiment with the programs without having to
laboriously type them into the PC. Since the Reviewer is an Apple
Macintosh fanatic he was unable to run any of the programs. This
reduces the value of the book somewhat so for these people the price is
on the high side.
In summary, this is the sort of book which an intelligent high-school
student should find interesting and certainly challenging. It introduces
readers to aspects of mathematics which are not normally included in a
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standard syllabus. It also provides light reading for the tertiary student
who wishes to use Pascal as their preferred programming language. The
book was initially published in 1993, but was rereleased in 1997.

Godfrey N. Lance
ANU and Bermagui, NSW

PACK, E. (1997): Women’s Wire Web Directory, Que/Lycos Press,
Emeryville, CA, 486pp„ $49.95, (softback + CD-ROM).
In the Women’s Wire Web Directory we have, as the name suggests, yet
another directory to the plethora of offerings on the web. However, rather
than being simply a general guide or one related to a specific area such as
the humanities, this one is aimed towards half of the population - women
who already use or wish to use the internet. The author, Ellen Pack, one
of the founders of the Women’s Wire Web site also credits a rather large
team of researchers and co-writers with its production. In fact, I believe,
use of this large team has lead this book being one of the most compre
hensive and readable guides of its type.
The book contains fifteen chapters, two appendices, one related to the
use of the Lycos search engine and the other to using the CD-ROM, a
short but useful glossary of internet terms and an index (of site names
mentioned in the book only). Chapter 1, Getting Started covers the
expected material such as why should you bother about the web, an
explanation of what it is, and how to obtain access to it. All of these
things are clearly and simply explained without any hint of condescen
sion although, I felt, more space could have been devoted to the use and
configuration of browser software. The next thirteen chapters cover these
broad areas: Mind and Body; Careers and Networking; Entertainment
and Leisure; News, Politics and the Law; Family; Relationships; Fashion
and Beauty; Education; Personal Business and Finance; Habitat;
Technology and the Internet; Shopping; Community and Social Service.
Each chapter begins with a list of ten things to do or sites to visit; these
sites, related to the chapter contents, have been well selected as tempters
giving the reader a picture of the type of material covered in that chapter.
Each broad chapter area is further subdivided into topics. Taking Chapter
11, Habitat, as an example we see that it includes such things as home
improvement, decor, auctions, classifieds and real estate listings, enter
taining, cooking, gardening and horticulture, hobbies and collecting, and
pet care. There are numerous sites listed under each topic each with its
own single paragraph description. The final chapter, Chapter 15, Search
and Reference, contains a veritable mine of reference sites that will help
you track down that bit of hard to find information, or if you need some
latest statistic (regrettably, but predictably, just US sites) and a smattering
of library services.
The overall presentation is informative, often light-hearted, but
always helpful and, I felt, approachable. The grouping of topics within
each chapter seems to have been well thought out though I do feel that
the book would have been all the better for the inclusion of a detailed
index. The CD-ROM contains a hypertext version of the book, Microsoft
Internet Explorer and Earthlink’s internet access software. I often wonder
about the usefulness of directories such as this given the rapidly changing
nature of the internet. Many links will be out of date before the book is
on the shelves of your favourite bookshop. However if you are prepared
to accept this then this is one of the better books of its kind.
Recommended with that caveat.

Andrew Wenn.
Victoria University of Technology (Footscray).

SWARTZFAGER, G. (1997): Visual Basic 5 Object-Oriented
Programming, The Coriolis Group, USA, 611 pp, $US 49.99.
Object-oriented purists will argue that Microsoft Visual Basic 5.0 is a
true object-oriented programming language (OOPL). Nevertheless, there
can be no denying that the language which has revolutionised Windows
programming is certainly now object-based.
The aim of this book is to show readers how to approach, in a practi
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cal sense, the new object-based methodology featured in VB 5.0.
The book starts with a very brief overview and history of object orien
tation (00) from a general viewpoint, but then quickly turns the discus
sion to 00 from a Visual Basic perspective.
As the author points out, Microsoft OOP is based “around the lowlevel abstraction of an ActiveX component (formerly known as an OLE
Automation server) ... an application that exposes programmable
objects and their members for reuse by any application containing an
OLE Automation-compliant programming language”.
To gain the most from this book, it is advisable to have had some
exposure to Visual Basic. This is not the book for novice VB program
mers to read. In fact, it is aimed directly at experienced developers who
want to take advantage of the language’s latest OO features and improve
their productivity.
After an introduction to classes, objects, OLE/ActiveX terminology,
as well as an explanation of how to use Windows API functions from
within VB programs, the book discusses creating procedures, classes and
methods. It then continues with topics like using a form in an ActiveX
component, and the steps involved in creating the public interface of an
ActiveX component.
Other subjects covered in the book include subclassing VB objects,
polymorphic methods, ActiveX components and modeless forms, polling
and callback techniques, and reusable application frameworks.
Swartzfager’s book is comprehensive - more than 600 pages in length
and 21 chapters. Its companion CD-ROM contains its own object-orient
ed class library, a Help file full of additional information about VB’s 00
features, plus examples of ActiveX controls and Add-Ins.
If you have been looking for a programming book with an emphasis
on VB’s new object-oriented features, then Gene Swartzfager’s “Visual
Basic 5 Object-Oriented Programming” could be just what you’ve been
waiting for.

Tony Stevenson
MKD Software Consulting

CLARK, MICHAEL, (1997): Cultural Treasures of the Internet, 2nd
Ed., Prentice Hall, NJ, 343pp„ $61.95, (softback + CD).
The Internet, a vast source of precious information or an immense unnavigable labyrinth of disorganised twaddle - probably better to regard it as
something in between - a difficult to navigate source of data that the
appropriate tools will enable you to turn to your advantage. This is where
“Cultural Treasures of the Internet” comes to your aid especially if you
have an interest in the humanities.
No doubt many readers will be familiar with Ed Krol’s “The Whole
Internet User’s Guide and Catalog”(Krol, 1994) a seminal work on find
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ing ones’ way through the internet maze; well this book is in a similar
vein but adopts a softer, less technical approach that should, I feel, appeal
to those who regard the computer and the internet as a means to an end
rather than an end-in-itself. Focussed mainly on data sources for the
humanities it is readable and informative even if it does tend to describe
more command-line driven Unix-based tools rather than GUI ones; one
could quite reasonably argue that because they are inherently more intu
itive, GUI based tools don’t need the sort of detailed descriptions applied
to the tools discussed here.
This book, now in its second edition, even follows a similar layout to
“The Whole Internet User’s Guide and Catalog” in that it is divided into a
more or less theoretical section, then a mammoth list of resources, fol
lowed by a section on staying current. Part one, titled “The Basics”, cov
ers in appropriate detail topics such as going on-line, correct netiquette,
email, mailing lists, news, gopher, telnet, ftp, archie, veronica, jughead,
the WWW and WWW search engines. Each chapter contains clear con
cise descriptions of the function of the tools, how to use them and sugges
tions for further reading should you need it. Part two contains a large list
of resources for humanities based material most of which are, I guess
unsuprisingly, US based but certainly comprehensive enough should you
be looking for authorative pointers to information. This resource list is
divided into 120 topics and, as could be expected, mentions not only
WWW sources but newsgroups, lists, ftp sites etc. It was quite up to date
given the ephemeral nature of the medium but rather parochial. Part three
is really an attempt to enable users to cope with this ephemerality and to
this end lists 50 meta-sources that should enable users to stay current.
Michael Clark quite rightly recognises the information supplied by these
meta-sources could in itself be overwhelming but urges the user to find
the sources most suited to them that consistently provide the wanted infor
mation and stay with them. One appendix catalogues newslists of interest
to humanists. Another gives a concise guide to the difficult problem of cit
ing electronic resources (problematic because of the unstable nature of the
electronic resource) and encourages the user to include the date when the
document was accessed a recommendation with which I fully concur.
The CD-ROM comes with an HTML page that contains live links to
well over 1000 of the sites mentioned in the text and includes audio tours
of a number of interesting cultural sites on the web. Unfortunately neither
it nor the book explain what needs to be done to get the audio working in
conjunction with your browser.
Easy to read, informative and well researched, this book is recom
mended if you are fairly new to the Internet and interested in locating the
increasingly rich source of humanity material, otherwise persuade your
local library to buy it.
KROL, E., (1994): The Whole Internet User’s Guide and Catalog, 2nd
Ed., O’Reilly & Associates, Sebastopol, CA.

Andrew Wenn.
Victoria University of Technology (Footscray).
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CALL FOR SUBMISSIONS

Australasian Conference on
Information Systems
(ACIS99)
lst-3rd December 1999
Call for Submissions
The Program Copimittee invites submission to the 10th Australasian Conference on Information Systems (ACIS’99)
which will be held at the Victorian University of Wellington, New Zealand from 1st to 3rd December 1999. You are
invited to submit a complete research paper, a case study, a proposal for a panel discussion, a description of research
in progress, or a proposal for a poster. Papers should be submitted in accordance with the forthcoming Instructions to
Authors. Associated activities with the conference include the doctorial consortium, tutorials and workshops and vari
ous informal meetings. Further information is available at http://www.vuw.ac.nz/acis99
Submissions will be accepted electronically only in the format described in the detailed instructions. A hard copy of
the paper must also be submitted. Deadline for submissions is 1st June 1999.
Authors of a selection of the best papers may be offered the option of publication in a leading Australasian Journal.
Topics for the Conference include but are not limited to the following:
National and international roles for IS

IS research issues

IT/IS induced change in organisations

Intelligent IS

Electronic Commerce, Internet and
WWW issues

National IT Infrastructure and Network
Policy

The social impact of IS/IT

DSS, GSS, EIS

Inter-organisational systems

Telecommunication

Collaborative research with industry

IS Modelling, Database

IS Strategy, IS Management

Teleworking and Telecommuting

Systems Methodologies

Workflow management

IS development and implementation

Educational issues

Please submit your contribution to:

ACIS99 Secretariat
School of Communications and Information Management
PO Box 600
Wellington
New Zealand
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NEWS BRIEFS
‘News Briefs" is a regular feature which
covers local and overseas developments in
the computer industry including new prod
ucts and other topical events of interest.
HIGH FLYING DI FLEMMING
Kilvington Baptist Girls Grammar school
principal Di Flemming is the first educator to

receive the prestigious Victorian Telstra
Business Woman of the Year award and the
national Auslndustry Award Private Sector
(Employees under 100).
It is an exciting achievement for Di, and for
the education system as a whole with schools
being recognised as businesses.
Di, an entrepreneur turned educator, took
the top job at Kilvington five years ago when
the school’s enrolment figures and finances
were in decline.
Today, the school is leading the information
technology revolution in education with a
worldwide reputation for its implementation
of mobile computing, the use of the Internet
and the implementation of industry-standard
robotics as part of the curriculum from junior
to senior school. And it is all thanks to the
innovation and direction of Di Flemming.
Di has earned an international reputation as
a business woman through her work with
Microsoft, Toshiba, the International Centre
for Leadership in New York and Simon
Fraser University in BC Canada.
But it’s as an educator where she’s had the
most influence. Her contribution to educa
tion was acknowledged in 1996 when she
was awarded the Hedley Beare Educator of
the Year awarded by the Australian Council
for Educational Administration.
This year as recipient of the Telstra
Business Woman of the Year award for
Victoria and the national Auslndustry Award
Private Sector (Employees under 100), Di
breaks through the barrier that has long sepa
rated educators from entrepreneurs.

With the pen and pencil considered a twodimensional tool, Kilvington has opened the
way for students to discover computer tech
nology through the worldwide net and
Digital Schooling - a program where stu
dents undertake learning via lap top comput
ers. Di’s innovation has attracted the praise
of the man behind Microsoft, Bill Gates.
“The technology, mechanics, and robotics
programs at Kilvington are unique for a
girls’ school,” Mr Gates said. “I can imagine
that the girls at Kilvington will give the businessworld quite a surprise, as their skills pro
ductivity become known. You are to be con
gratulated for taking this initiative.”
Di has carved a career out of adversity and
continues to fly high at Kilvington providing
a form of leadership business leaders envy
and students seek to emulate.
STANDARDS OPEN ALL HOURS

Standards Australia has become the first
national Standards body in the world to pro
vide a complete Standards shopping service
via the Internet.
The service allows business and industry
to purchase on-line any of the full collection
of 6000 Australian Standards 24-hour-a-day,
seven-day-a-week.
The facility is an extension of an existing

service introduced by Standards Australia in
May, under which, for an annual subscription
fee, business can electronically retrieve any
number of Standards required.
Unlike that service, this new facility
allows Internet shoppers to purchase
Standards individually via a range of pay
ment options. Shoppers simply select the
required Standard from an on-line catalogue
at Standards Australia’s Web site www.stan(lards,com.au with the aid of powerful on
line search tools.
After payment has been validated, the
Standard is downloaded as a compressed file
in Adobe Acrobat PDF formal (Adobe
Acrobat reader software is installed free for

In a class of her own: Kilvington Baptist Girls Grammar School principal Di Flemming has earned
an international reputation for her revolutionary approach to computer learning in the classroom.

those who don’t already have it).
Downloading usually takes less than a
minute.
The raeder converts the downloaded file
back into its original format and what
appears on your screen is a facsimile of the
paper Standard. Standards, or part thereof,
can be printed as required.
The new' service also caters for conven
tional self-serve shopping — if the client
doesn’t want an instant Standard, they can
select a mail option, and a printed copy of
the required Standard will be posted to them
within 24 hours.
Howard Paul, General Manager of
Standards Australia Publishing, said the new
Internet service was introduced in direct
response to customer requests.
“With the majority of our customers work
ing in an electronic environment, it’s an eco
nomical and convenient way of delivering
digital documents,” Mr Paul said.
He predicted that, for many customers,
Internet shopping was likely to become the
preferred method of buying Standards.
“And to encourage it, we’re offering an
extra 10 per cent discount on Standards pur
chased electronically,” he said.
NOTEBOOKS SURVIVE ON
ANTARCTIC EXPEDITION

Four Compaq HiNote notebook computers
accompanied the 1997-98 AAP Mawson’s
Hut Foundation Expedition to Antarctica.
The HiNote notebooks survived the bitter
cold and icy wind during the worst condi
tions experienced by communications offi
cer, Allen Rooke.
The expedition to Antarctica was to sta
bilise and begin restoration on the historic
Mawson’s Hut built by Sir Douglas Mawson.
“Temperatures at the Mawson‘s Hut site
averaged 0 degrees Celsius,” said Mr Rooke.
“But the biggest factor was the wind which
averaged 70 knots. We had five calm days in
the seven weeks we were there. I've been to
Antarctica eight times and never experienced
wind like that. It was the harshest conditions
I’ve ever experienced.”
“The HiNote notebooks performed flaw
lessly in all the conditions. We put them
through ice, wind, cold, and heavy seas, and
the notebooks did not have one problem. Not
one,” said Mr Rooke.
The notebooks, connected to an Inmarsat
M portable satellite system, allowed expedi
tion members to communicate daily with
expedition organisers, friends and family in
Australia. It also allowed the expedition jour
nalist, David Killick, to post stories and pho
tos to the Web for immediate distribution.
AAP Mawson’s Huts Foundation was
established to conserve the historic huts built
by Sir Douglas Mawson’s Australasian
Antarctic Expedition of 1911-14.
According to AAP Mawson’s Huts
Foundation chairman. David Jensen,
Mawson’s Huts are more than a historical
site. They arc a monument to Australia’s pre
mier Antarctic explorer, and a link to
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Australia’s leading involvement in
Antarctica exploration.
The expedition’s goal of stabilising the
huts was only the first step in a complicated
procedure towards further restoration. When
the team arrived, the Main Hut was largely
filled with ice. The team broke through the
ice, built a new roof over the workshop sec
tion of the hut, and stabilised the structures of
the three smaller huts built for scientific pur
poses. Expedition archaeologist, Estelle
Lazer, took note of things Mawson left
behind such as books, boots, a darkroom, and
even a sled dog that had died near the site.
The crew slept in tents for the duration of
the expedition and extended a small hut 700
metres from the original site. This housed
their kitchen facilities and a make-shift desk
for journalist David Killick to send his sto
ries and photos home via the internet.
“It was an amazing experience to be on
line from the ‘home of the blizzard’,” said
Mr Killick. “I used a*digital camera to take
photos of the expedition, and then uploaded
them onto AAP’s website. I think the photos
touched a lot of people back home, and we
received emails of encouragement from all
over the world,” he said.
Thirteen members traveled on the 97-98
expedition. In addition to the project leaders,
the crew consisted of three carpenters, an
archeologist, a doctor, an artist, and two
filmmakers. The filmmakers produced a onehour documentary that will be shown on
Channel 9’s Our World segment towards the
end of the year.
The expedition’s departure from Cape
Denison was delayed due to a three-day bliz
zard. When the wind finally died down to 20
knots, the crew quickly loaded as much as
they could onto the ship. Before the wind
picked up again, they were forced to leave
some things behind, including one of the
spare notebooks.
“From what I saw of the HiNote note
books, I would suspect that, when we go
back in another two years, it will still be
working,” said Mr Rooke.

NEW DIGITAL STILL CAMERAS
Panasonic’s two new digital still cameras, the
NV-DCF3 (VGA) and NV-DCF5 (XGA) are
extremely compact. The DCF3 is already avail
able and the DCF5 will be available shortly.
Both models use a CF (compact flash)
memory card to store the digital images.
When one card is full, pictures can be down
loaded to a computer or a new memory card
can be inserted. Images can also be down
loaded directly to a PC and edited. The
DCF3 comes with a two megabyte card and
the DCF5 with an eight megabyte card.
The more advanced DCF5 is XGA format
(1024 x 768 pixels) with a progressive scan
1,079,000 square pixel CCD.
Two image resolutions can be selected fine or normal. In normal mode 152 shots
can be stored on an eight megabyte CF card.

New Panasonic Digital Still Cameras:
NV0DCF5 (front), rear view (back), DCF3
(middle).
It has a 113,580 pixel 5 cm colour LCD
screen plus an optical viewfinder. Nine shots
can be viewed simultaneously on the LCD
screen. The flash on the DCF5 is detachable.
The DCF5 also has a number of advanced
features like nine-shot sequential recording,
wide mode, auto date/time recording and sup
plied edit software. The supplied recharge
able Ni-Cd battery pack charges quickly and
economically in less than two and a half
hours which is significantly quicker than
most other digital still camera batteries.
The DCF3 has VGA picture quality and a
progressive scan 350,000 square pixel CCD
(640 x 480 pixel). Users can choose between
fine, normal and economy for picture quality.
In economy mode 47 pictures can be stored
on a 2 megabyte CF card.
In the 110,000 pixel 5 cm Colour LCD
screen either one shot, four or 16 shots can
be viewed. There is also an optical viewfind
er which can be used with the LCD screen
turned off to save power.
The DCF3 has many advanced features
such as 4-shot sequential recording that
allows the user to take up to four shots auto
matically at an interval of .3 seconds per
shot. Plus manual white balance, automatic
flash with red-eye reduction, auto exposure,
ten second self-timer and many more.
Panasonic has also launched a digital
video printer (MPD 1 ) that can print out the
images from either the DCF3 and DCFS.
The CF card can be inserted directly into the
printer’s card slot for simple reproduction.
The Panasonic digital still cameras are
available from leading electrical retailers for
a recommended retail price of:
NV-DCF3A
$769
NV-DCFSE
$1,099
For further information' contact Panasonic’s
Customer Care Centre on 132 600.

THE FUTURE OF AUSTRALIAN
TELEVISION TO BE ON DISPLAY
The digital future of Australian television
will be on display at the major conference
and exhibition of the Society of Motion
Picture and Television Engineers (SMPTE),
to be held from 13-16 July, 1999, at the
Sydney Convention and Exhibition Centre,
Darling Harbour.

Of particular interest will be the displays
of the new wide-screen digital television
receivers, set-top boxes, transmission and
production hardware that will be the key to
Australia’s new digital television system.
Set to commence in 2001, Australian tele
vision networks will be among the first in the
world to broadcast the new digital, wide
screen, high-definition pictures with multi
channel, CD-quality sound.
The introduction of the new system, which
will enhance image quality as well as the
quality of home reception, will create major
implications for all Australian television sta
tions and the country’s film and television
program producers, who will have to quickly
adapt to a new production environment.
The Australian chapter of the SMPTE
recently hosted a special Section Meeting
where the two rival HDTV transmission sys
tems, the ATSC 8VSB and the DVB
COFDM, were discussed. Over 120 of the
industry’s leading engineers and managers
heard an expert panel discuss both technical
and corporate implications relating to the
introduction of this new technology.
Previous to this discussion, the two pro
posed systems had been extensively trialed
under Australian conditions. It was subse
quently announced that Australia would
adopt the DVB COFDM system.
SMPTE ‘99 Conference Chair, Eric
Hitchen, is planning to make the conference
a key part of this work on the new digital
television system. Much work still needs to
be done and the conference will be the ideal
forum for this to be discussed. More than
half the speakers are expected to travel from
the US, Europe and Japan, representing lead
ing digital technology research and manufac
turing organisations.
The digital future of Australian television
could also see major new opportunities open
up for the television broadcasters, including
the provision of new ancillary services,
including data-casting.
This makes the conference and exhibition
equally as vital to major players in the infor
mation technology (IT) industries, as it paves
the way for the convergence and interactivity
of television receivers and computers.
Also on display at SMPTE ‘99 will be the
latest systems for digital audio broadcasting
(DAB), the digital future for Australia’s
radio broadcasters..
A “Call for Papers” has now been issued
and potential speakers are invited to con
tribute ideas to the conference in topic areas
that include Digital Film, Television and
Radio production, Convergence and the Net,
Virtuality, digital TV and radio Receivers,
computer Graphics and Animation.
For enquiries regarding the SMPIE ‘99
conference program, exhibition, accommo
dation and travel details, please contact: the
SMPTE ‘99 Conference Organiser, Expertise
Events Pty Ltd; Tel: +612 9977 0888
Fax: +612 9977 0336;
e-mail: smptepapers@bigpond.com.
Contact: Lesley Rogan.

