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framework for evaluating the quality of data models and
choosing between alternative representations of
requirements. The framework has been developed in
practice, and has been applied successfully in a wide
range of organisational con texts.
Key Words and Phrases: data model, conceptual
schema, information model, corporate data model, Total
Quality Management, Entity Relationship Model, quality
assurance, software quality, systems development.

1 INTRODUCTION
Data Modelling
Data modelling is the process of defining the structure of
information independently of how it will be physically stored
(Hull and King, 1987). Equivalent terms used in the literature
are conceptual data modelling (Olle, 1993), conceptual schema
analysis (Halpin, 1995), logical data modelling (Veryard,
1984), semantic data modelling (Peckham and Maryanski,
1988) and information modelling (Olle, 1993).
There is a great deal of terminological confusion in the data
modelling literature. The term “data model” is often used for
different purposes, sometimes referring to representational
formalisms and at other times to specific deliverables of the
systems development lifecycle (Olle, 1993). To avoid confu
sion, we use the following definitions:

—A Data Modelling Technique is a notation used to represent

GG Shanks
School of Information Management and Systems,
Monash University,
PO Box 197, Caulfield East, Melbourne, Australia 3145
email: graeme.shanks@is.monash.edu.au

The choice of an appropriate representation of data is one
of the most crucial tasks in the entire systems development
process. However in practice, there are few generally
accepted guidelines for evaluating alternative models, and
little agreement even among experts as to what makes a
“good” data model. In the absence of agreed criteria, the
choice of an appropriate representation is usually made in
an ad hoc way, based on common sense and experience.
As a result, data modelling has more of the characteristics
of an art than an engineering discipline, and the quality
of models produced is almost entirely dependent on the
competence of the designer. This paper develops a

Copyright© 1998, Australian Computer Society hie. General permission
to republish, but not for profit, all or part of this material is granted,
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Society Inc.
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information requirements. Examples of data modelling
techniques are the Entity Relationship Model (Chen, 1976),
the Extended Entity Relationship Model (Batini, Ceri and
Navathe, 1992), NIAM (Halpin, 1995) and MERISE
(Avison and Fitzgerald, 1995).
—A Data Model refers to the end product of the data model
ling process — a representation of a set of information
requirements using a particular data modelling technique.
This terminology reflects current usage in practice. The
distinction between these terms is illustrated in Figure 1.
oOi."'
Business
Users

input to
ENTITY

RELATIONSHIP
MODa

Data
Modelling
Process

used in

|
«

[ Entity
Ot

Relationship

< d> Attribute: .,

results in

' I

'Subtype

Data
Modelling
Technique

'

Data Model

Figure 1: Terminological Distinctions.
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The relative merit of different data modelling techniques
has proved to be a somewhat emotive topic among researchers
and practitioners, and particular techniques are energetically
promoted by different research groups (Bubenko, 1986; Olle,
1993). In this paper, we investigate the question of quality of
data models at a general level, independent of the data mod
elling technique used. The Entity Relationship Model, which
is the most widely used data modelling technique in practice,
is used in the examples in this paper, but the framework is
equally applicable to other data modelling techniques.

The Importance of Data Model Quality
Although the data modelling phase represents only a small
proportion of the total systems development effort, its impact
on the final result is probably greater than any other phase
(Simsion, 1991). The data model is a major determinant of
system development costs (ASMA, 1996), system flexibility
(Gartner, 1992), integration with other systems (Moody and
Simsion, 1995) and'lhe ability of the system to meet user
requirements (Batini et al, 1992). For this reason, effort
expended on improving the quality of data models is likely to
pay off many times over in later phases.
The traditional thrust of software quality assurance has been
to use “brute force” testing at the end of development, often
taking up an entire phase of the project to do so (van Vliet, 1993).
However, Total Quality Management (TQM) approaches sug
gest that it is faster and cheaper to concentrate effort during the
early development phases of a product, and detect and correct
defects as early as possible in the product lifecycle (Denting,
1986). The reason for this is that the cost of errors increases
exponentially over the development lifecycle. According to
Boehm (1981), a change costing $ 1 at the requirements defini
tion phase will cost $ 10 during design, $ 100 in construction and
$ 1,000 in implementation. In this way, a relatively minor error
in the data model can lead to months of work in later stages.
This means that in systems development, substantially
more effort should be spent during analysis and design to
catch defects when they occur, or to prevent them from
occurring altogether (Zultner, 1992b). Studies in practice
have shown that by moving quality assurance effort up to the
early phases of development, defect detection can be 33 times
more cost effective than testing done at the end of develop
ment (Walrad and Moss, 1993). However, it is during require
ments analysis that the notion of software development as a
craft rather than an engineering discipline is strongest, and
quality is therefore most difficult to assess.

The Need for a Quality Evaluation Framework
In practice, the choice of an appropriate data model is usually
made in an ad hoc way, based on common sense and experi
ence. There are few generally accepted guidelines for evalu
ating alternative 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. For data
98

modelling to progress from a “craft” to an engineering disci
pline, the desirable characteristics of data models need to be
explicitly defined.
The lack of agreed guidelines for evaluating data models
can lead to protracted debates about which model is best, with
no objective way of choosing between them. Surprisingly
often, the modelling process is brought to a standstill by
arguments of this nature (Simsion, 1994). Alternatively, the
first model proposed may be adopted and a reasonable range
of alternatives will not be considered (Flood and Carson,
1988). Usually the first and most obvious model is the one that
most closely reflects the concepts of the existing system, and
a valuable opportunity to re-engineer the business may be lost
(Moody, 1996b; Simsion, 1991).
What is needed is an evaluation framework which will allow
any two data models, no matter how different they may be, to be
compared precisely, objectively andcomprehensively. Ofcourse,
the idea ofreducing the problem ofevaluating data models to the
level of mathematical formulae is not reasonable, and is not the
purpose of this paper. Design problems will always contain
some creative element, and human judgement will always be a
critical element of the evaluation process (Alexander, 1964;
Klir, 1985). However the use of a formal evaluation framework
in place of intuitive notions of design quality acts as an “intuition
safeguard” and “intuition amplifier”. It forces the discipline of
considering all criteria rather than just focusing on a few
obvious ones, and to question instincts about what is the best
model, which can often be wrong (Alexander, 1964; Flood and
Carson, 1988).

The Need for Pragmatism
The need for rigour in developing a framework for data model
evaluation must be balanced with the requirement for it to be
practical and useable. Any attempt to be too rigorous is likely
to be rejected by practitioners, who choose methods based on
whether they are useful rather than if they are theoretically
sound (Flood and Carson, 1988; Kent, 1978). The scientific
merit of the framework is ultimately an empirical question,
and should be based on its practical value rather than its
mathematical formality (Ivari, 1986).
The method described in this paper was originally developed
for a large organisation which had a small number of expert data
modellers and a large number of inexperienced ones — this is
quite a common situation in practice. As a result, data models
produced as part of development projects were highly variable
in quality. The major quality problem identified was that
different project teams were defining the same data over and
over again in different ways (see Section 3—Integration). This
was happening despite the fact that the organisation had imple
mented a central corporate data repository and data naming
standards. An audit of the repository found that one attribute had
been defined sixty times. The framework was used as a basis for
implementing formal quality assurance procedures in the or
ganisation, resulting in a significant increase in the consistency
of data models produced.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998
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Outline of the Paper
Section 2 describes a conceptual framework for evaluating
and improving the quality of data models. Section 3 proposes
a set of quality factors and measures which may be used to
evaluate the quality of data models in practice. Finally,
Section 4 looks at the benefits of the evaluation approach in
practice and opportunities for further research.

2 A FRAMEWORK FOR DATA MODEL
EVALUATION
What is Quality?
Quality can be defined as “the totality of features and char
acteristics of a product or service that bears on its ability to
satisfy given needs” (IEEE, 1983). For example, in architecture,
the quality of a building may be considered to be a combination
of its aesthetic appeal, structural strength, fitness for use and
durability. These features taken together determine its overall
quality. Different characteristics may be more important in
different situations—for example, in the design of a warehouse,
aesthetic considerations are unlikely to be important, while in
the design of an art gallery, they will be paramount.
Our framework for data model evaluation and improve
ment is represented by the Entity Relationship model shown
in Figure 2. This provides a concise yet comprehensive
summary of the framework, showing the major constructs
and the relationships between them.
The framework consists of five major constructs (shown
as entities in Figure 2):
1 Quality factors define the characteristics of a data model
that determine its quality. Quality factors answer the
question: “What makes a good data model?” A particular
quality factor may have positive or negative effects on
other quality factors — these represent trade-offs implicit
in the modelling process.
2 Stakeholders represent people who need to use the data
model, and have an interest in its quality. Different
stakeholders will be interested in different quality factors,
based on what they are trying to achieve.

Stakeholder

interacts with

concerned
with

defines
importance of

Quality
Factor

evaluated by

Quality
Measure

used to improve

Improvement
Strategy
Figure 2: Quality Evaluation Framework.
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3 Quality measures are methods for evaluating particular
quality factors. Each quality factor may be evaluated by
multiple measures.
4 Weightings define the relative importance of different
quality factors in a problem situation. These are used to
make trade-offs between different quality factors.
5 Improvement strategies are techniques for improving the
quality of data models. In general, an improvement strat
egy will have a positive impact on some qualities and a
negative effect on others

Quality Factors
Quality factors define the desirable characteristics of a data
model. Quality factors form the cornerstone of any quality
evaluation process, and are used as criteria for assessing the
quality of individual models and for comparison between
alternatives (McCall, Richards and Walters, 1977; van Vliet,
1993). Different quality factors represent different “dimen
sions” of the quality of a data model — these factors taken
together determine its overall quality.
While it is important to separate out the various quality
factors for the purposes of analysis, it is also important to
consider the inter-relationships between them (Alexander,
1964; Simon, 1982). In general, some objectives will inter
fere with each other or conflict; others will have common
implications, or concur; and others will not interact at all
(Alexander, 1964). To a large extent, the modelling process
is about achieving an optimal trade-off between different
quality factors.

Stakeholders
The design of effective systems depends on the participation
and satisfaction of all relevant stakeholders in the design
process (Mumford, 1983). This includes both upstream par
ticipants (people who provide inputs to the data modelling
process) and downstream participants (people who use the
data model). The major stakeholders in the data modelling
process are shown in Figure 3.
— Business users provide the major input to the data model
in the form of their business requirements, and are also
involved in verifying that it meets their requirements.
— The analyst is responsible for developing an application
data model (or logical data model) which meets user
requirements.
— The application developer is responsible for implementing
the data model (transforming it into a physical database
design) once it has been completed.
— The data administrator is responsible for ensuring that the
data model is integrated with the rest of the organisation’s
data. The primary mechanism for ensuring the integration
of data models is the corporate data model. The data
administrator is concerned with integration and sharing of
data across the organisation, rather than the needs of
specific applications.
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Figure 3: Stakeholders in the Data Modelling Process.

Each stakeholder rale may be filled by multiple people —
for example, there may be many business users involved.
Also an individual may perform more than one role — for
example, the same person may both produce the data model
and implement it.
Different stakeholders will have different perspectives on
the quality of a data model based on their role in the process.
For example, an application developer may view quality as
“ease of implementation”, whereas a user may view it as
“satisfaction of requirements”. Part of the confusion about
which is the best model and how models should be evaluated
is caused by differences between stakeholder perspectives.
However all of these perspectives are valid and need to be
taken into consideration during the evaluation process
(Zachman, 1987; Zultner, 1992b).

Quality Measures
Quality factors are not enough on their own to ensure quality
in practice, because different people will have different
interpretations of the same concept. An important part of
any quality evaluation process therefore is to define a
consistent way of evaluating each quality factor. The aim
is to replace intuitive notions of design “quality” with
formal, quantitative measures to reduce subjectivity and
bias in the evaluation process.
In most cases, it is difficult if not impossible to find any
objective measure for the quality factors proposed. This is a
problem in software engineering generally: there are very few
software quality factors for which sufficiently sound numeri
cal measures exist (van Vliet, 1993). For this reason, we are
forced to rely on expert judgement to rate models. While such
ratings will always have a subjective element, their validity,
reliability and precision can be improved in a number of ways:
— By defining the quality factor clearly enough so that a
group of experts can agree about how to classify a particu
lar data model. The more specific and detailed the defini
tion, the less open it is to interpretation (Alexander, 1964).
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— By using multiple reviewers. Because of the many possible
causes of bias in individual experts, it is preferable to
obtain ratings from multiple experts (Boehm, 1981). Dif
ferent reviewers can be selected to evaluate the data model
independently and the results combined into a single rat
ing. Convergence between reviewers can be achieved by
holding a group review meeting or by using methods such
as the Wide Band Delphi technique (Boehm, 1981).
— By getting the right people to carry out the assessment. The
quality of any rating will be largely dependent on the
reviewer’s expertise and experience. Different quality fac
tors will require different types of expertise. For example,
to assess the ability of a data model to cope with future
business changes, it is better to ask a member of senior
management rather than an operational level user or an
application developer.
— By using independent reviewers. It is important to use
reviewers from outside the project or even outside of the
organisation to ensure the independence of the review pro
cess, and avoid “inspection by collusion” (Zultner, 1992a).
The reliability of quality measures may be improved
over time by looking at consistency among reviewers.
This ensures that the review process itself is in statistical
control (Zultner, 1991b).

Weightings
Freund (1985) notes that quality is a relative concept, in that
the importance of different features varies from situation to
situation. For this reason, it is impossible to say in any absolute
sense that one data model is better than another — the “best”
model in one situation may not be the best in another. For
example, if the system being developed is in an area of
strategic importance and constant change (for example, a
product development system), then flexibility will be para
mount. On the other hand, if the system is one which is used
internally and the requirements are very stable (for example,
a payroll system), then flexibility will be less important.
A weighting is a value assigned to each quality factor
which defines its relative importance in the context of the
project. Finding the best representation generally involves
trade-offs between different quality factors, and an under
standing of their relative importance is essential to make
trade-offs in a rational manner.
Weightings also provide the means for explicitly incorpo
rating business priorities into the evaluation process. The set
of weightings assigned to qualities effectively defines the
“value system” for a particular project. Analysts can then
focus their efforts towards improving the model in the areas
of most value to the customer. Depending on user needs, the
importance of different quality factors will vary greatly from
one project to another (Zultner, 1992a).

Improvement Strategies
As well as identifying what is wrong with a model, the evaluation
framework should also provide guidance on how to improve the
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998
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model. While it is not possible to reduce the task of improving
data models to a mechanical process — this requires creativity
and insight — it is possible to identify general strategies which
can be used to improve the quality of data models. These can be
used as a “tool kit” for improving models by both novices and
experienced data modellers. An improvement strategy is a
method which can be used to increase the value of a data model
with respect to a particular quality factor. In general, an improve
ment strategy may improve a data model on more than one
quality factor. However, because of the interactions between
quality factors, increasing the value of a model on one factor may
decrease its value on other factors. For example, increasing the
flexibility of a model may make it more difficult to implement.

3 DATA MODEL QUALITY FACTORS AND
MEASURES
Overview
In this section, we identify a set of quality factors and
measures which may be used to evaluate the quality of data
models in practice. Our objectives in producing this set of
quality factors were
— To be as complete as possible. However, the set of quality
factors can never properly be called complete. It is the task
of continuing research to extend and empirically validate
this set of quality factors (see Section 4 — Further Re
search).
— To incorporate the perspectives of all stakeholders. Expe
rience shows that if the views of all stakeholders are not
taken into account, the model is unlikely to be successful
(Moody, Simsion, Shanks, Olson and Venable, 1995).
— To keep the total number of quality factors to a manageable
size. This is important from the point of view of usability
of the framework. The “magical number, seven, plus or
minus two” defines the number of concepts that humans
can effectively deal with at one time (Miller, 1956). This
provides a guide for the number of quality factors which is
conceptionally manageable.

Completeness

Simplicity

In developing our set of quality factors, we have drawn on
practical experience as well as a number ofpublished taxonomies
of quality factors in software engineering, architecture and data
modelling (McCall etal, 1977; Klir, 1985; ISO, 1987; von Halle,
1991; Simsion, 1994; Batini et al, 1994). The set of quality
factors is summarised in Figure 4. Together these quality factors
incorporate the needs of all stakeholders, and represent a com
plete picture of data model quality.
In the rest of this section, each quality factor will be
defined in detail, in terms of what it means, why it is important
and how it may be evaluated (quality measures).

Correctness
Correctness refers to whether the model conforms to the rules
and conventions of the data modelling technique being used.
Rules of correctness include:
— Diagramming conventions
— Naming rules
— Definition rules: for example, attributes must be defined by
their data type, length and allowed values
— Rules of composition: for example, each entity must have
a primary key.
An important part of correctness is to ensure that all
elements of the data model (entities, relationships, attributes)
are completely defined. Incomplete definitions cause prob
lems in later stages, because the application developer will
have to either make assumptions or ask the user directly.
Another important aspect of correctness, and a major focus of
data modelling in practice, is to ensure that the model contains
no redundancy — that each fact is represented in only one
place (Simsion, 1994). Redundancy leads to wasted space,
data integrity problems and additional programming or manual
effort to keep data consistent. Techniques such as normalisa
tion may be used to both identify and remove redundancy
from a data model (Codd, 1970).
Correctness is concerned only with whether the data
modelling technique has been used correctly — it is therefore

Flexibility

DATA
MODEL
QUALITY

Integration

U ndersta ndabi li ty

Implementability

Figure 4: Data Model Quality Factors.
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“correctness” defined in a purely technical sense. In particu
lar, it says nothing about whether the model accurately defines
user requirements (see completeness). Checking correctness is
really only a “syntax check” of the data model and is a relatively
small part of ensuring data model quality. However, in practice,
this is often the only thing that is addressed in quality reviews.

Evaluating Correctness
Correctness is the easiest of all the quality factors to evaluate,
because there is very little subjectivity involved, and no
degrees of quality — the model either obeys the rules or it
does not. Also, the model can be evaluated in isolation,
without reference to user requirements.
The result of correctness reviews will be a list of defects,
defining where the data model does not conform to the rules
of the data modelling technique.

CASE Tool Evaluation. Modem CASE tools can carry
out many correctnes$„checks automatically, which reduces
the manual effort involved in quality assuring data models
(Martin, 1989).
Data Administrator/Peer Review. The most effective
way to evaluate correctness is to have another analyst, pref
erably one who is not associated with the project, to check the
data model for conformance to data modelling standards.
Data administrators perform this role in many organisations,
as they are often the custodians of data modelling standards
(Moody and Simsion, 1995).
Application Developer Review. The application developer
should perform a check on the data model to ensure that all of
the information they require to implement it has been included.
Completeness
Completeness refers to whether the data model contains all
information required to meet user requirements. This corre
sponds to the 100% principle (ISO, 1987). Completeness is
the most fundamental requirement because if it is not satis
fied, then none of the other quality factors matter. If the
requirements as expressed in the data model are inaccurate or
incomplete, the system that is delivered will not satisfy users,
no matter how well designed or implemented it is. Also, the
cost of adding to or changing requirements increases
exponentially over the development lifecycle. As a result,
errors or omissions in the data model can lead to very
expensive changes in later phases, which will add substan
tially to the overall development costs of the system.
An important aspect of completeness is the representation of
business rules or integrity constraints. Business rules are neces
sary to maintain the consistency and integrity of data stored, as
well as to enforce business policies (Date, 1989; Loffman and
Rush, 1991). All rules which apply to the data should be
documented in the data model to ensure they are enforced
consistently across all application programs (ISO, 1987).
A major problem in practice is that the Entity Relationship
Model only allows a limited number of types of business rules
to be defined: for example, primary key constraints, domain
102

constraints and relationship cardinality rules. For this reason,
researchers have proposed alternative data modelling tech
niques which enable a much wider range of integrity con
straints to be defined (e.g. Halpin, 1995). However the effect
of these is to make data models much more complex and
difficult to understand. Probably the simplest and most effec
tive way to define business rules is to use natural language
sentences, although research is currently in progress to de
velop better methods for doing this (von Halle and Conkey,
1997; Ross, 1996).

Evaluating Completeness
Ensuring completeness of the data model is a crucial prereq
uisite for success but is something that is done very poorly in
practice. More than half the errors which occur during devel
opment are the result of inaccurate or incomplete require
ments (Martin, 1989). Improving the completeness of data
models will therefore be a major step towards improving the
productivity of the development process.
In principle, completeness can be checked by checking that
each user requirement is represented somewhere in the model,
and that each element of the model corresponds to a user
requirement (Batini et al, 1992). However the major difficulty
with checking completeness is that there is no external source of
user requirements — they exist only in people’s minds. As a
result, completeness can only be evaluated with close participa
tion of business users. Another problem is that different users
will have different perceptions of what the business require
ments are. Consolidating these perceptions into a model which
is acceptable to all parties is a complex and time consuming task.
The result of completeness reviews will be a list of elements
(entities, relationships, attributes, business rales) that are either
missing, not required or incorrectly defined.

User Reviews. Users from all relevant business areas and all
levels should be involved in reviewing the data model for
completeness. In practice, development teams often verify
requirements with a limited number of users, who may not have
a complete understanding of requirements (Butler Cox, 1987).
Operational staff need to be involved to verify requirements at
a detailed level; however if senior management are not also
involved, key elements of the business strategy may be missed.
An important consideration is to get the right people to evaluate
the model rather than those who are most available.
Scenario Analysis. Scenarios are fictitious or actual busi
ness examples, expressed in the form of a story, which are
used to test whether the data model can support operational
requirements (Moriarty, 1993). Scenarios perform a similar
role to test cases in system testing. A wide range of scenarios,
covering simple to complex cases, should be used to test the
data model. Users should be encouraged to find or invent
scenarios which will test the boundaries of the model. Sce
nario analysis is often more effective than traditional user
reviews because it requires no familiarity with data modelling
techniques. Scenarios are referred to as “use cases” in the
Object Oriented literature (Jacobsen, 1995).
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998

WHAT MAKES A GOOD DATA MODEL? A FRAMEWORK FOR EVALUATING AND IMPROVING THE QUALITY OF ENTITY RELATIONSHIP MODELS

Business Rule Verification. The rules represented by the
data model may be verified by translating them into natural
language sentences. Users can then verify whether each rule
is true or false. This is useful as a check on the integrity of the
data model because business users often have difficulty
understanding the constraints defined in data models, particu
larly cardinality rules on relationships (Batini et al, 1992).
Many CASE tools can automatically translate relationship
cardinality rules into natural language sentences, provided
relationships have been named correctly.
Process Mapping. An essential task in verifying the complete
ness ofthe data model is to map theprocesses which the systemneeds
to support against the data model. This ensures that all functional
requirements can be met by the model. The result ofthis analysis can
be presented in the form of a CRUD (Create, Read, Update, Delete)
matrix. Analysis of the CRUD matrix can be used to identify gaps
in the data model as well as to “prune away” unnecessary data from
the model (Martin, 1989).
Package Comparison. Software packages represent an
excellent source of potential requirements information because
they are built to meet the needs of a wide variety of organisations
(Butler Cox, 1987). As a result, they represent a “superset” of
requirements for any particular organisation. The information
requirements of the package can be used as a checklist to clarify
user requirements and ensure that nothing has been missed.
Simplicity
Simplicity means that the data model contains the minimum
possible entities and relationships. Simplicity is not determined
by whether the terms in which the model is expressed are well
known or understandable, only by the number of different
constructs required (Dubin, 1978). In the same way that an
expert programmer can solve a problem in a fraction of the
number of lines of code required by an average programmer, an
expert data modeller can represent the same requirements using
fewer concepts (Moody, 1996b). Most breakthroughs in data
modelling are the result of simplifying a model.
Simplicity is based on the principle known as Ockham’s
Razor, which has become one of the cornerstones of the
scientific method. This says that if there are two theories
which explain the same observations, the one with the fewer
constructs should be preferred. The extension of this to data
modelling is if there are two data models which meet the same
requirements, the simpler one should be preferred.
In almost all cases, the simplestmodel is the best. Simplermodels
are more flexible (Meyer, 1988), easier to implement (Simsion,
1991), and easier to understand (Moody, 1997). The Australian
Software Metrics Association (ASMA) found as a result of analys
ing over200 projects, that the number of entities was one of the best
predictors of overall development effort (ASMA, 1996). In general,
they found that one entity translates into around 40 function points
of effort. Symons (1988,1991) also found that in sizing ofbusiness
(“data rich”) applications, the major determinant of software size
(and effort) was the number ofentities. In this way, dramatic savings
are possible as a result of simplifying a data model.
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Evaluating Simplicity
Simplicity is the only quality factor in the framework with an
objectively observable measure. However, since this is a
measure of the complexity of the data model, the objective is
to minimise this measure.

Data Model Complexity Measure. The complexity of a
data model is measured by the number of entities (E) plus the
number of relationships (R) in the data model. This measure is
derived from complexity theory, which says that the complexity
of any system is defined by the number of components in the
system and the number of relationships between them (Klir,
1985; Pippenger, 1978). Subtypes should not be included in the
calculation of the number of entities because these are not
separate constmcts, but subcategories within a single construct.
In addition, many to many relationships should be counted as
three constructs, since when they are resolved, they will form
one entity and two relationships (Shanks, 1997). This helps to
standardise differences between different modelling styles.
In the example showninFigure5,two alternative data models are
used to represent the same requirements (family tree details), hi the
first, people are partitioned into males and females, while in the
second a single entity (Person) is used to represent both sexes. This
is an example of the use of generalisation. Both models are correct
(satisfy syntax rules) and complete (meet user requirements). How
ever DataModelAhasacomplexitymeasureof9, while DataModel
B has a complexity measure of 6. Therefore, applying Ockham’s
Razor, Data Model B is preferable.
father of

mother of
father of

Femole
mother of
husband

Marriage

Data Model A
mother of

father of

Person

husband

Marriage

Data Model B
Figure 5: Simplicity Example.
103

WHAT MAKES A GOOD DATA MODEL? A FRAMEWORK FOR EVALUATING AND IMPROVING THE QUALITY OF ENTITY RELATIONSHIP MODELS

Data Model B is also more flexible than Data Model A. For
example, if legislation changed to allow same-sex marriages,
no change would be required to Data Model B, while Data
Model A would require extensive change.

Flexibility
Flexibility is defined as the ease with which the data model
can cope with business change. The objective is for additions
and/or changes in requirements to be handled with minimal
change to the data model. The flexibility of a system is widely
considered as one of its most important characteristics (Simon,
1982; Wand and Weber, 1989). However, in practice, flex
ibility is often given relatively little attention in the interests
of completing development projects “on time on budget”
(Moody et al, 1995). The result of this is that systems are
sometimes obsolete before they are delivered.
One reason that flexibility is important is to minimise
maintenance costs, .which in business mainframe environ
ments represent two thirds of the total lifetime cost of a
system (van Genuchten, Brethouwer, van den Boomen and
Heemstra, 1992). Experience shows that the most expensive
maintenance changes of all are those which require changes
to the database structure (Simsion, 1993). This is because
each such change has a “ripple effect” on all the programs that
use it — in this way, even a change to a single attribute can
translate into months of effort in later stages. Research shows
that around 17% of maintenance changes are the result of
changes in data formats (Lientz and Swanson, 1980).
Another reason that flexibility is important is that it can
lead to competitive advantage for an organisation by reducing
the time required to respond to market opportunities (Goodhue,
Kirsch and Wybo, 1992). Often the major constraint on
introducing business change (for example, bringing a new
product to market) is the need to modify the computer systems
that support it (Simsion, 1988). The data model is a key
contributor to the flexibility of the system as a whole (Gartner,
1992; Simsion, 1994).

often helpful assessing the flexibility of the model. An indus
try expert will be able to identify areas of potential market or
regulatory change, as well as the probability of such changes
occurring. Involvement of such a person is essential in devel
opments of strategic importance to the organisation.
Technical Expert Review. An experienced data modeller
(not directly involved with the project) can make an assess
ment of the flexibility of the data model based on the types of
structures used. This can often be done without a detailed
knowledge of the underlying requirements, although some
familiarity with the business area is useful.
In the example shown in Figure 6, Data Model C represents
husband-wife, mother-child and father-child relationships as
three separate relationships, while Data Model D represents
them using a single entity (Person Relationship). Both models
are correct and complete, and have the same level of complexity
(complexity measure = 6). However Data Model D is more
flexible because if the system was expanded in the future to
include additional relationships (e.g. adopted parent, guardian),
these could be recorded via the Person Relationship entity. Data
Model C would require additional relationships and/or entities
to be added to the model to meet this requirement.
mother of

Person

husband

Marriage

Data Model C

Person

Evaluating Flexibility
Flexibility is a particularly difficult quality factor to assess
mainly because it is difficult to predict what might happen in
the future. Evaluating flexibility requires identifying what
requirements might change in the future, their probability of
occurrence and their effect on the data model.

Management Review. Senior management in the busi
ness area being studied should be the primary stakeholders
involved in assessing the flexibility of the data model. While
operational level users play a key role in verifying the
completeness of the model, they are less likely to be aware of
the strategic directions of the organisation and future require
ments (Butler Cox, 1987).
Industry Expert Review. The use of an industry expert
(e.g. an external consultant or academic), who has a broad
understanding of industry trends and future directions, is
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father of

involved in

involved in

Person
Relationship

Relationship
Type

(Values:
parent-child
marriage)

Data Model D
Figure 6: Flexibility Example.

Data Model E, shown in Figure 7, is even more flexible than
Data Model D (although slightly more complex — complexity
measure = 9), in that it provides the ability to record other types
of events (births, deaths, divorces) as well as other people
involved in these events (e.g. the registrar for a marriage).
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Person

Person Role in
Event

Role Type

(Values:
mother
father
child
husband
wife
deceased)

Event Type

(Values:
marriage
birth
death)

Figure 7: Data Model E.

Integration
Integration is defined as the consistency of the data model
with the rest of the organisation’s data. In many organisa
tions, application systems are built in relative isolation to
each other, leading to the same data being implemented over
and over again in different ways. This leads to duplication of
data, complex interfaces between systems, and problems
comparing and consolidating data from different systems
(Moody and Simsion, 1995). Empirical studies show that
there are an average of ten different physical definitions for
each primary data item in medium to large organisations
(O’Brien and O’Brien, 1994).
The primary mechanism for achieving corporate-wide
data integration is a corporate data model (Goodhue et al,
1992). The corporate data model provides an enterprise view
of data which is used to co-ordinate the activities of applica
tion development teams so that separately developed systems
work together. The corporate data model allows opportuni
ties for sharing of data to be identified, and ensures that
different systems use consistent data definitions (Martin,
1989). The data administrator is responsible for maintaining
the corporate data model, and reviewing application data
models for conformance with the corporate model.
There are three aspects to integration:

Data Sharing-Reuse. Applications should reuse existing
data sources rather than creating and maintaining their own
copies of data (Due, 1992). If required, existing data struc
tures should be extended or generalised to meet new applica
tion requirements.
Consistent Definitions. Applications should use corporate
data standards for representing data — that is, they should use
consistent names and formats for data items. This facilitates
comparability and consolidation of data across applications.
Corporate View of Data. When new data is defined by an
application, it should be defined in a way that is useable across
the organisation (von Halle, 1991). In many cases, data is
defined in a very narrow, application specific way, making it
unusable by other applications.
Reuse of existing data can drastically reduce the develop
ment effort required for a project. Once there is a critical mass
of data in the corporate data model, new projects will require
minimal new development work, and will tend to just reuse
and refine existing data structures (Moody and Simsion,
1995). As an example of what can be achieved, the First
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Boston National Bank found that after two years of using a
Corporate Data Model, new development projects required an
average of only 25 percent new data — this represents 75
percent reuse (Banker and Kauffman, 1991). This led to dra
matic savings in development costs — in general, it was found
that 1% reuse led to a 1.9% saving in development costs. Over
a two year period, this resulted in productivity gains of over
300% across all projects. Most attempts to improve application
development productivity focus on the level of individual
projects. However, in most large organisations, the greatest
productivity gains can be achieved by simply eliminating the
high levels of duplication and overlap between projects.
Data integration also reduces the cost of building inter
faces between systems. Savings of up to 85% in interface
development costs have been reported in practice (Hufford,
1993). Finally, corporate-wide standardisation of data sim
plifies the consolidation of data across systems for manage
ment reporting (Goodhue et al, 1992). It is estimated that 90%
of the cost of building MIS and EIS is in building interfaces
to extract data from operational systems and convert it to a
common format (Inmon, 1992).

Evaluating Integration

Comparison to Corporate Data Model. Integration is as
sessed by the data administrator as a result of comparing the
application data model with the corporate data model (Batini,
Lenzerini and Navathe, 1986). The result of this will be a list
of conflicts between the project data model and the corporate
data model:
— Entities which potentially duplicate or overlap with enti
ties in the corporate data model.
— Key conflicts: Entities with different identifiers to those in
the corporate data model.
— Domain conflicts: Attributes with different domains (data
formats or coding schemes) to attributes in the corporate
data model.
— Naming conflicts: Entities or attributes with the same
business meaning but different names to objects in the
corporate data model (synonyms). Also entities or at
tributes with the same name but different meaning to
objects in the corporate data model (homonyms).
— Structural conflicts: Differences in cardinality of relation
ships, attributes represented as entities, relationships rep
resented as entities etc.

Mapping to Existing Data Sources. Data items in the
data model should be mapped against existing systems or
other projects to identify opportunities for data sharing and
reuse. A corporate data repository or data dictionary can help
significantly with this task.
Review By Other Business Areas. User representatives
from business areas which are not directly involved in the
project should review the data model to ensure that data is
defined in a way which meets corporate needs rather than the
requirements of a single application. Because all data is
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potentially shareable, all views of the data should be consid
ered when the data is first defined (Thompson, 1993; von
Halle, 1991).

Understandability
Understandability is defined as the ease with which the
concepts and structures in the data model can be understood.
The communication properties of the data model are critical
to the success of the modelling effort. Business users must be
able to understand the model in order to verify that it is a
complete and accurate representation of their requirements
(Feldman and Miller, 1986; Moody, 1996b). Understandability
is also important in terms of the usability of the system. If
users have trouble understanding the concepts in the data
model, they will also have difficulty understanding the sys
tem which is produced as a result.
This is an area where considerable research effort is still
required. Empirical studies show that in practice data models
are poorly understood- by users, and in most cases are not
developed with direct user involvement (Hitchman, 1995).
While data modelling has proven very effective as a tech
nique for database design, it has been far less effective for
communication with users (Moody, 1996a).
Understandability is also important from the point of view of
the other stakeholders in the process. In particular, the applica
tion developer is responsible for implementing the model, and
relies on it as the complete specification of user information
requirements. If the developer does not fully understand the
model, there is a possibility of misinterpretation in later stages,
or of using the data model in an incorrect way.

Implementability
Implementability is defined as the ease with which the data
model can be implemented within the time, budget and
technology constraints of the project. While it is important
that a data model does not contain any assumptions about the
implementation (ISO, 1987), it is also important that it does
not ignore all practical considerations. After all, there is little
point developing a model which cannot be implemented or
that the user cannot afford.

Evaluating Implementability
The implementability of the data model is assessed by the
application developer, who is responsible for implementing
the data model once it has been completed.
Application Developer Review. The most direct way to
evaluate the implementability of the data model is to conduct
a walkthrough of the model with the application developer.
This can be used to highlight any potential implementation
problems with the model. The application developer provides
an important “reality check” on what is technically possible
and/or economically feasible.
Development Cost Estimate. A more formal and quanti
tative measure of the implementability of the model is to get
an estimate from the application developer as to how much
the system will cost to implement, based on the data model.
Such an estimate will necessarily be approximate but will be
useful as a guide for making cost/quality trade-offs between
alternative models proposed. If the quote is too high, the
model may need to be simplified or reduced in scope.

Interactions Between Quality Factors
Evaluating Understandability

User Reviews. Reviews of the data model with business users
are the most commonly used means to evaluate the
understandability of the data model. A danger with this
technique is that it is common for users to grasp familiar
business terms without appreciating the meaning represented
in the model. As a result, they may think they understand the
model while not understanding its full implications.
Scenario Analysis. A more effective way to test whether
users can understand the model is to get them to use it. That
is, to get them to produce business examples (scenarios) and
represent them using the concepts in the model. This tests
directly whether users understand the concepts in the model
and can apply them correctly.
Application Developer Review. A walkthrough of the data
model with the application developer can be useful in identify
ing where the model is unclear or ambiguous. This is because the
application developer will generally be less familiar with the
business requirements than the analyst or business user. Many
things that seem obvious to someone involved in developing the
model may not be to someone seeing it for the first time. The
review process also allows the application developer to gain
familiarity with the model prior to the design stage, to ensure a
smooth transition (see Implementability).
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An understanding of the interactions between different qual
ity factors is necessary for trade-offs to be made in an
informed manner (Alexander, 1964; van Vliet, 1993). Figure
8 shows the major interactions between the various quality
factors, with positive interactions shown by plus signs (+) and
negative interactions shown by minus signs (-). These are
general relationships only, and do not apply in all cases—for
example, simplifying a data model beyond a certain point will
make it less understandable.

Understandability

Correctness

Completeness

Simplicity

Implementability

Integration

Flexibility

Figure 8: Interactions between Quality Factors.
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Positive Interactions
1 Correctness increases understandability. If all required
elements of the data model are not defined (e.g. relation
ships not named, attributes not defined), the data model
will be more difficult to understand (Shanks, 1997).
2 Correctness increases implementability. If all the informa
tion required to implement the model is not included (e.g.
data types and formats), the application developer will
either have to make assumptions or ask the user directly.
3 Simplicity increases understandability. Because of the
limitations ofhuman information processing (Miller, 1956),
the fewer concepts there are in the model, the easier it will
be to understand (Simon, 1982).
4 Simplicity increases flexibility. The complexity of the
data model is a major determinant of overall system
complexity. The more complex a system, the harder it will
be to adapt to change (Alexander, 1964; Meyer, 1988).
5 Simplicity increases implementability. Reducing the size
of the data model reduces design and construction effort
(ASMA, 1996).
6 Understandability increases completeness. If users cannot
understand the model, they will be unable to verify whether
it meets their requirements (Feldman and Miller, 1986;
Shanks, 1997).
7 Understandability increases implementability. The easier
a data model is to understand, the more likely it will be
implemented correctly (Moody et al, 1995).
8 Integration increases implementability. Development ef
fort may be reduced drastically through reuse of data
(Banker and Kauffman, 1991).
9 Flexibility increases integration: Flexible models can be
easily expanded in the future to incorporate requirements
of other business areas (Simsion, 1993).

5 Implementability reduces completeness. Sometimes user
requirements may need to be compromised in order to
implement the model within time, cost and performance
constraints (Brooks, 1975).

5 CONCLUSION
Summary of the Evaluation Framework
This paper has proposed a framework for evaluating and
improving the quality of data models, consisting of five
components: stakeholders, quality factors, quality measures,
weightings and improvement strategies. Seven quality fac
tors were defined as criteria for evaluating data models, with
measures identified for each. These quality factors define an
overall picture of data model quality, and incorporate the
perspectives of all stakeholders. The quality factors and
measures are summarised in Table 1.
Table 1: Data Model Quality Factors.
Quality Factor

Definition

Quality Measures

Correctness

Does the model
conform to the rules
of the data modelling
technique being
used?

CASE Tool Evaluation
Data Administrator/Peer
Review
Application Developer
Review

Completeness

Does the model
contain all informa
tion required to meet
user requirements?
Are all business rules
which apply to the
data defined?

User Reviews
Business Rule
Verification
Scenario Analysis
Process Mapping
Package Comparison

Simplicity

Could the require
ments be represented
using fewer entities
and/or relationships?

Data Model Complexity
Metric

Flexibility

How well can the
model cope with
future changes in
business require
ments?

Management Review
Industry Expert Review
Technical Expert Review

Integration

Is the data model
consistent with the
rest of the organisa
tions’s data?

Corporate Data Model
Comparison
Mapping to Existing Data
Sources
Review by other business
areas

Understandability

How easily can the
model be understood?

User Reviews
Scenario Analysis
Application Developer
Review

Implementability

Can the data model
be implemented
within the time,
budget and perform
ance constraints of
the project?

Application Developer
Review
Development Cost
Estimate

Negative Interactions
1 Flexibility reduces implementability. Building flexibility
into a system can be expensive, both in terms of develop
ment effort and performance (Inmon, 1991; Land, 1982).
2 Flexibility reduces understandability. Modelling data in a
highly flexible and generalised way may make the model
less understandable to business users (Moriarty, 1993;
Simsion, 1993). Users are generally more comfortable
with specific models than highly generalised ones.
3 Flexibility reduces completeness (really integrity). There
is often a trade-off between the representation of business
rules in a data model and flexibility (Simsion, 1994). If
rules are represented in the structure of the model (e.g. by
explicit relationships) and if the rules change, the model
will also have to be changed.
4 Integration reduces completeness. The need for corporate
standardisation of data may involve compromise to re
quirements of individual business areas (Goodhue et al,
1992). Business areas may be required to adopt a common
data format rather than using their own purpose-built
definitions.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998

107

WHAT MAKES A GOOD DATA MODEL? A FRAMEWORK FOR EVALUATING AND IMPROVING THE QUALITY OF ENTITY RELATIONSHIP MODELS

The overall quality of a data model is determined by its
value for each quality factor and the relative importance of
each quality factor in the problem situation (weighting).

Benefits in Practice
The frameworkhas been used both to evaluate individual models as
part of application development projects and to implement data
model quality assurance procedures in organisations. The benefits
found as a result of using the framework are:
— The existence of clearly defined and pre-agreed evaluation
criteria leads to faster convergence about which is the best
model when a number of alternatives exist. This helps to
prevent long and unproductive arguments about which
model is best.
— It helps direct the search for alternative solutions by
highlighting areas where the model could be improved.
Alternative modelling possibilities are encouraged, rather
than just adopting the first and most obvious solution.
Weightings help to direct the search for alternatives in the
most productive directions.
— It leads to a common discipline among different data
modellers in the organisation, leading to a higher consist
ency of results. When there are multiple data modellers
involved in a project, this improves the conceptual integ
rity of the result. Conceptual integrity is considered to be
one of the most important determinants of the overall
quality of a system (Brooks, 1975).
— Perhaps the most important benefit of all, and one which
was not originally anticipated, is that the evaluation proc
ess builds commitment to the model by involving all
stakeholders. 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 have to carry the model through to
implementation (Moody et al, 1995). For the model to be
implemented successfully, it is important that the applica
tion developer both understands the model and is commit
ted to it. This is far more likely if they are involved in
developing it. Total Quality Management recommends
that both upstream and downstream participants should be
involved in each phase of development, in order to high
light potential problems as early as possible in the devel
opment lifecycle (Deming, 1986; Zultner, 1992b).
— While there is obvious value in evaluating the data
model once it is complete, or in comparing two or more
alternative solutions, the quality framework can be
used from the beginning of a modelling effort to guide
its development. Having defined the quality factors
and weightings applicable to a project, the model can
then evolve based on those criteria.

Further Research
The evaluation framework is the basis for further research in
a number of areas including:
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Empirical Studies of the Framework in Use
The framework is being used in a number of organisations as the
basis for action research into the data modelling process and for
reviewing the quality of data models. The outcomes of this work
will be a validated and refined framework, and further refine
ment of the population of elements of the framework. The action
research is also a means of transferring knowledge about the
framework to data modelling practitioners.

Validation of the Framework Element Population
A Delphi study designed to achieve convergence on an agreed
set of quality factors and their measures is currently underway.
This will involve expert data modellers from around the
world and is an important step towards codifying the experi
ence of data modelling practitioners and establishing an
international code of practice.

Identifying Improvement Strategies
Further research is needed to define strategies for improving
the quality of data models. Two areas of current research
include the use of visualisation and explanation to improve
the understanding of data models. Graphical icons and sce
narios have been successfully used to visualise and explain
concepts in data models (Moody, 1996a). Design rationale
has been used to explain the design decisions taken during the
development of data models (Shanks, 1996).

Automated Support for the Framework
The framework has been used as the basis for the develop
ment of a hypertext tool to support the evaluation and com
parison of quality of data models (Shanks and Darke, 1997).
The hypertext tool is used to explain the concepts in the
framework and provides examples of its use. It enables users
to enter weightings and ratings for each quality factor, and
produces a summary report for each alternative data model.

Using the Framework in Other Empirical Research
The framework was used in an empirical study to examine the
difference in quality of data models produced by expert and
novice data modellers (Shanks, 1997). The models were
evaluated by three independent raters, and significant differ
ences were found in terms of correctness, completeness,
simplicity and flexibility (integration and implementability
were not evaluated as part of the study).

Application to Other Design Problems
Because the concepts of stakeholders, quality factors,
quality measures, weightings, and improvement strate
gies are applicable to most design problems, the evalua
tion framework defined in this paper could be usefully
applied in other problem domains. Potential applications
would be in the areas of database design, communications
network design or systems design. In each case, the
concepts of the framework itself would be same, but the
actual stakeholders, quality factors, quality measures and
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improvement strategies (the population of the framework)
would be unique to each design problem. The framework thus
provides a means for defining a methodological paradigm for
a particular design problem (Klir, 1985).

REFERENCES
ALEXANDER, C. (1964): Notes on the Synthesis ofForm, Harvard Univer
sity Press, Boston.
AUSTRALIAN SOFTWARE METRICS ASSOCIATION (ASMA) (1996):
ASMA Project Database, Release 7, November, P.O. Box 1287, Box
Hill, Victoria, Australia, 3128.
AVISON, D.E. andFITZERALD, G. (1995): Information Systems Develop
ment: Methodologies, Techniques and Tools, 2nd Edition, Blackwell
Scientific, Oxford.
BANKER, R.D. and KAUFFMAN, R.J. (1991): Reuse and Productivity in
Integrated Computer Aided Software Engineering: An Empirical Study,
MIS Quarterly, 15(3), September: 375-401.
BATINI, C., CERI, S. and NAVATHE, S.B. (1992): Conceptual Database
Design: An Entity Relationship Approach, Benjamin Cummings, Red
wood City, California.
BATINI, C., LENZERINI, M. and NAVATHE, S. (1986): A Comparative
Analysis of Methodologies for Database Schema Integration, ACM
Computing Surveys, 18(4), December: 323-364.
BOEHM, B.W. (1981): Software Engineering Economics, Prentice-Hall
Inc., Englewood Cliffs, New Jersey.
BROOKS, F.P. (1975): The Mythical Man-Month: Essays on Software
Engineering, Addison-Wesley, New York.
BUBENKO, J.A. (1986): Information Systems Methodologies: A Research
View, in OLLE, T.W., SOL, H.G., VERRIJN-STUART, A.A. (eds.),
Information Systems Design Methodologies: Improving the Practice,
North-Holland, Amsterdam: 289-318.
BUTLER COX FOUNDATION (1987): Requirements Definition: The Key
to Systems Development Productivity, Position Paper No. 4, Butler Cox
and Partners Limited, November, London.
CHEN, P.P. (1976): The Entity Relationship Model: Towards an Integrated
View ofData, ACM Transactions on Database Systems, 1(1), March: 9-36.
CODD, E.F. (1970) A Relational Model of Data for Large Shared Data
Banks, Communications of the ACM, 13 (6), June: 377-387.
DATE, C.J. (1989): Introduction to Database Systems (4th Edition), Addison
Wesley.
DEMING, W.E. (1986): Out of the Crisis, MIT Center for Advanced
Engineering, Cambridge, MA.
DUBIN, R. (1978): Theory Building, The Free Press, New York.
DUE, R. (1992): Enterprise Modelling: Still in Pursuit, Database Program
ming and Design, 5(11), November: 24-32.
FELDMAN, P. and MILLER, D. (1986): Entity Model Clustering: Structuring
a Data Model by Abstraction, The Computer Journal, 29(4): 348-360.
FLOOD, R.L. and CARSON, E.R. (1988): Dealing With Complexity: An
Introduction to the Theory and Application of Systems Science, Plenum
Press, New York.
FREUND, R. A. (1985): Definitions and Basic Quality Concepts, in SEPEHRI,
M. (ed.), Quest for Quality: Managing the Total System, Industrial
Engineering and Management Press, Atlanta, Georgia.
GARTNER RESEARCH GROUP (1992): Sometimes You Gotta Break the
Rules, Gartner Group Strategic Management Series Key Issues, Novem
ber 23.
GOODHUE, D.L., KIRSCH, L.J. and WYBO, M.D. (1992): The Impact of
Data Integration on the Costs and Benefits of Information Systems, MIS
Quarterly, 16(3), September: 293-311.
HALPIN, T. (1995): Conceptual Schema and Relational Database Design:
A Fact Oriented Approach, Prentice Hall, Sydney.
HITCHMAN, S. (1995): Practitioner Perceptions On The Use Of Some
Semantic Concepts In The Entity Relationship Model, European Journal
of Information Systems, 4:31-40.
HUFFORD, D. (1993): Data Administration Support for Business Process
Improvement, Database Newsletter, September/October: 1-4.
HULL, R. and KING, R. (1987): Semantic Data Models, ACM Computing
Surveys, 19(3), September: 201-260.
INMON, W.H. (1991): Don’t Forget to Stretch, Database Programming and
Design, 4(3), March: 24-26.
INMON, W.H. (1992): EIS and the Data Warehouse, Database Program
ming and Design, 5 (11), November: 36-38.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998

INSTITUTE OF ELECTRONICS AND ELECTRICAL ENGINEERS
(IEEE) (1983): IEEE Standard Glossary ofSoftware Engineering Termi
nology, IEEE Standard 729.
INTERNATIONAL STANDARDS ORGANISATION (ISO) (1987): Infor
mation Processing Systems — Concepts and Terminologyfor the Concep
tual Schema and the Infonnation Base, ISO Technical Report 9007.
IVARI, J. (1986): Dimensions Of Information Systems Design: A Frame
work For A Long Range Research Program. Information Systems, June:
39-42.
JACOBSON, I. (1995): The Object Advantage, Addison-Wesley, New York.
KENT, W. (1978): Data and Reality, North-Holland, Amsterdam.
KLIR, G.J. (1985): Architecture ofSystems Problem Solving, Plenum Press,
New York.
LAND, F.F. (1982): Adapting to Changing User Requirements, Information
and Management, 5(2):59-75.
LIENTZ, B.P. and SWANSON, E.B. (1980): Software Maintenance Man
agement: A Study ofthe Maintenance ofComputer Application Software
in 487 Data Processing Organisations, Addison-Wesley, Reading.
LOFFMAN, R.S. and RUSH, R.M (1991): Improving Data Quality, Data
base Programming and Design, 4(4), April: 17-19.
MARTIN, J. (1989): Strategic Data Planning Methodologies, Prentice Hall,
New Jersey.
McCALL, J.A., RICHARDS, P.K. and WALTERS, G.F. (1977): Factors in
Software Quality, U.S. Department of Commerce.
MEYER, B. (1988): Object Oriented Software Construction, Prentice Hall,
New York.
MILLER, G. (1956): The Magical Number Seven, Plus or Minus Two: Some
Limits on our Capacity for Processing Information, The Psychological
Review, 63, March: 81-97.
MOODY, D.L. (1996a): Graphical Entity Relationship Models: Towards A
More User Understandable Representation of Data, in B. THALHEIM
(ed.) Proceedings of the Fourteenth International Conference on the
Entity Relationship Approach, Cottbus, Germany, October7-9:227-244.
MOODY, D.L. (1996b): The Seven Habits of Highly Effective Data Mod
ellers, Database Programming and Design, October: 21-30.
MOODY, D.L. (1997): A Multi-Level Architecture for Representing Enter
prise Data Models, Proceedings of the Sixteenth International Confer
ence on the Entity Relationship Approach, Los Angeles, November 1-3.
MOODY, D.L. and’SHANKS, G.G. (1994): What Makes A Good Data
Model? Evaluating the Quality of Entity Relationship Models, in P.
LOUCOPOLIS (ed.) Proceedings of the Thirteenth International Con
ference on the Entity Relationship Approach, Manchester, December 1417,94-111.
MOODY, D.L. and SIMSION, G.C. (1995): Justifying Investment in Infor
mation Resource Management, Australian Journal of Infonnation Sys
tems, 3(1), September: 25-37.
MOODY, D.L., SIMSION, G.C., SHANKS, G.G., OLSON, N.G. and
VENABLE, J. (1995): Stakeholder Perceptions in Conceptual Model
ling, Proceedings of the Sixth Australian Conference on Information
Systems, Curtin University, Perth, Australia, September 26-28,187-206.
MORIARTY, T. (1993): Testing from the Top, Database Programming and
Design, 6(8), August: 65-67.
MUMFORD, E. (1983): Designing Human Systems, Manchester Business
School, Manchester, UK.
O’BRIEN, C. and O’BRIEN, S. (1994): Mining Your Legacy Systems: A
Data-Based Approach, Asia Pacific DB2 User Group Conference, Mel
bourne, Australia, November 21-23.
OLLE, T.W. (1993): Data Modelling and Data modelling: A Comparative
Analysis of Functionality and Roles, Australian Journal ofInformation
Systems, 1(1), September: 46-57.
PECKHAM, J. and MARYANSKI, F. (1988): Semantic Database Model
ling: Survey, Application and Research Issues, ACM Computing Sur
veys, 20(3), September: 153-189.
PIPPENGER, N. (1978): Complexity Theory, Scientific American,
238(6): 1-15.
ROSS, R.G. (1996): The Business Rule Book, Database Research Group,
Boston, MA, 2nd edition.
SHANKS, G. (1996): Building and Using Corporate Data Models, Unpub
lished PhD Thesis, Department of Information Systems, Monash Uni
versity, Melbourne, Australia.
SHANKS, G. (1997): Conceptual Data Modelling: An Empirical Study of
Expert and Novice Data Modellers, Australian Journal of Information
Systems, 4(2):63-73.
109

WHAT MAKES A GOOD DATA MODEL? A FRAMEWORK FOR EVALUATING AND IMPROVING THE QUALITY OF ENTITY RELATIONSHIP MODELS

SHANKS, G. and DARKE, P. (1997): Quality in Conceptual Modelling:
Linking Theory and Practice, Proc Pacific Asia Conference on Informa
tion Systems, Brisbane, (May), Queensland University of Technology,
805-814.
SIMON, H.A. (1982): Sciences of the Artificial, MIT Press, MA.
SIMSION, G.C. (1988): Data Planning in a Volatile Business Environment,
Australian Computer Society Conference on Strategic Planning for
Information Technology, Ballarat, March: 88-92.
SIMSION, G.C. (1991): Creative Data Modelling, Proceedings ofthe Tenth
International Entity Relationship Conference, San Francisco, 112-123.
SIMSION, G.C. (1993): The Implementation of Very Generalised Data
Structures, Proceedings ofAustralian Database Conference, Brisbane,
Australia, December: 18-27.
SIMSION, G.C. (1994): Data Modelling Essentials, Van Nostrand Reinhold,
New York.
SYMONS, C.R. (1988): Function Point Analysis: Difficulties and Improve
ments, IEEE Transactions on Software Engineering, 14(1), January.
SYMONS, C.R. (1991): Software Sizing and Estimating: Mkll Function
Point Analysis, J. Wiley and Sons.
THOMPSON, C. (1993): Living with an Enterprise Model, Database
Programming and Design, 6(12), March: 32-38.
VAN GENUCHTEN, M„ BRETHOUWER, G„ VAN DEN BOOMEN, T.
and HEEMSTRA, F, (1992): Empirical Study of Software Maintenance,
Information and Software Technology, 34(8), August: 22-35.
VAN VLIET, J.C. (1993): Software Engineering: Principles and Practice,
John Wiley and Sons, Chichester, England.
VERYARD, R. (1984): Pragmatic Data Analysis, Blackwell Scientific
Publications, Oxford.
VON HALLE, B. (1991): Data: Asset or Liability?, Database Programming
and Design, 4(7), July: 13-15.
VON HALLE, B. and CONKEY, J. (1997): Rewiring the Business, Data
base Programming and Design, 10(1), January: 11-15
WALRAD, C. and MOSS, E. (1993): Measurement: The Key to Application
Development Quality, IBM Systems Journal, 32(3):445-460.
WAND, Y. and WEBER, R. (1989): A Model for Systems Decomposition,
Proceedings of the AAANZ Conference, Canberra, Australia.
ZACHMAN, J. A. (1987): A Framework for Information Systems Architec
ture, IBM Systems Journal, 26(3):276-292.

110

ZULTNER, R.E. (1992a): QFD for Software: Satisfying Customers, Ameri
can Programmer, February: 1-14.
ZULTNER, R.E. (1992b): The Deming Way: Total Quality Management for
Software, Proceedings of Total Quality Managementfor Software Con
ference, April, Washington, DC, April: 134-145.

BIOGRAPHICAL NOTES
Daniel Moody is a Senior Consultant with Simsion Bowles
and Associates, an Australian based information systems
consultancy. He has over ten years industry experience in
data modelling and data management. Prior tojoining Simsion
Bowles, he performed the role of data architect in two of
Australia’s largestprivate organisations: the Commonwealth
Bank and Ansett Australia. He has also lectured at a number
of Australia’s leading universities, including Queensland
University ofTechnology, the University ofNew South Wales,
Monash University and Swinburne University. Daniel is the
current President ofDAMA (Data Management Association)
in Melbourne and is a World Wide Representative for IRMA
(Information Resource Management Association).
Graeme Shanks is a Senior Lecturer in the School of
Information Management and Systems at Monash Univer
sity. He holds a PhD in Information Systems from Monash
University. Prior to joining Monash University, Graeme
worked as a systems analyst and project manager for a
number of government and private organisations. His main
research interests are in the acquisition and modelling of
information requirements, and understanding and improving
the quality of corporate data.

THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998

INFORMATION TECHNOLOGY

Computer and
Network
Installation,
Maintenance and
Management —
A Proposed New
Curriculum for
Undergraduates
and Postgraduates
SP Maj, G Robbins, D Shaw and KW Duiey
Department of Computer Science,
Edith Cowan University,
Perth, Western Australia

Edith Cowan University (ECU) was recently granted
level 1 accreditation of its Computer Science Degree
by the Australian Computer Society. Preliminary
investigations, however, clearly indicated that, on
completion of their studies, graduates could not perform
first line maintenance on a Personal Computer (PC) to
a professional standard with due regard to safety, both
to themselves and the equipment. Nor could they install
communication cards, cables and network operating
system or manage a population of networked PCs to an
acceptable commercial standard. Further, it was noted
that the degree provides few options to study health &
safety, ethical, legal or human resource management —
issues that a graduate must address in preparation for
a professional career in computer and network
management. It appears that this may also be the case
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with computer science courses at other universities in
Australia. Accordingly, this paper presents the case
for a portfolio of units in Computer and Network
Installation, Maintenance and Management both as an
integrated stream within a computer science degree and
as an articulated professional award structure to meet
this market opportunity.
Keywords and phrases: computer and network
installation, maintenance and management, IT skills,
Technology Management.

1 INTRODUCTION
Computer Science is a relatively new discipline with well
rehearsed debate concerning curriculum. The 1989 Report of

the ACM Task Force on the Core of Computer Science
proposed a new teaching paradigm and presented an example
of an introductory course sequence that included computer
architecture (Denning, 1989). The Carnegie Mellon Software
Engineering Institute investigated undergraduate education
and recommended fourteen courses (Ford, 1990) that in
cluded Computer Systems 1 (Computer organisation, memory
systems and assembly language) and Computer Systems 2
(Digital logic, interrupt handling, I/O and interfaces). The
1991 ACM/IEEE report Computing Curricula encouraged
curriculum innovation especially at the introductory level
(Computing curricula, 1991).
The computer science degree at Edith Cowan University
(ECU) follows a standard pattern for the discipline and was
recently given a level 1 accreditation by the Australian
Computer Society (ACS). ECU has a selection of specialist
streams including one of national significance in Computer
Security. Level 1 accreditation, the highest, is defined by the
ACS as ‘A university degree with at least 30% information
technology content or a graduate diploma with at least 80%
information technology content. A Level 1 course comprises
a significant major in information technology designed pri
marily for information technology professionals, and in
cludes advanced computing topics’. Significantly the ACS
recognises that diversity is ‘not only inevitable, but desir
able’ (Maynard, 1992).
Computer science is subject to rapid technological changes
that influences the curriculum and affects the employment
prospects of students. Following from a departmental Strengths,

Phraseology:
“First line maintenance” may be taken to mean on-site, in-situ problem
identification and correction — the faulty module is identified and
replaced.
“Second line maintenance” may be taken to mean repair of faulty modules
requiring expensive test equipment and highly skilled test technicians.
‘Articulated’ may be taken to mean a consecutive series of progressively
more advanced award attracting courses in which full exemption is
awarded to prior courses.
‘Lifelong learning’ may be taken to mean flexible course articulation, with
different study modes to suit different circumstances, thereby
encouraging participation in university based professional develop
ment courses.
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Weakness, Opportunity, Threat (SWOT) analysis, the princi
pal author established a design team. We defined our team
mission statement to be ‘learningfor life ’ thereby identifying
our core personality and purpose. One aspect of learning for
life is the open access to all, irrespective of age or circum
stances — undergraduates, graduates, non-graduates and
practising professionals from all disciplines.
We adopted a market based philosophy rather than the
more traditional asset based methods. Accordingly an ex
ploratory market audit was conducted with the associated
identification and profiling of market segments in order to
achieve, if possible, a ‘unique selling position ’ thereby posi
tioning ECU in an increasingly difficult market place.
The principal author was granted a reduction in duties
allowing a range of industrial and commercial sites to be
visited. There were subsequent visits to Westrail (West Aus
tralian Railways) and detailed discussions with Mr L Burke,
Computer Services Manager (Acting), which resulted in a set
of guidelines for the" type of skills expected of computer
science graduates entering the field of computer and network
support. Two major themes were identified: ‘first line main
tenance’ skills and PC network skills that could be used
immediately with little further training. It was further noted in
the Westrail study that staff recruitment was a problem. Even
a casual survey of the local press revealed, on one day alone,
eleven j obs in computer and network management (The West
Australian, 1995). An opportunity perhaps for universities,
students and the computing industry?
Using the criteria developed in conjunction with Westrail
a random selection of ten, final year ECU computer science
undergraduates were interviewed from a graduating popula
tion of approximately one hundred. It was found that none of
these students could perform first line maintenance on a
Personal Computer (PC) to a professional standard with due
regard to safety, both to themselves and the equipment.
Neither could they install communication cards, cables and
network operating system or manage a population of net
worked PCs to an acceptable commercial standard without
further extensive training. It is noteworthy that none of the
students interviewed had ever opened a PC. It is significant
that all those interviewed for this study had successfully
completed all the units on computer architecture and commu
nication engineering. According to Ramsden (1992) ‘Many
students can juggle formulae and reproduce memorised text
book knowledge while not understanding their subjects in a
way that is helpful for solving real problems’. Interviews
conducted with five ECU graduates employed in computer
and network support clearly indicated that they were, to a
large degree, self taught in many of the skills they needed to
perform their job. Further, it was noted that the existing
Computer Science degree course provides few options to
study health & safety, ethical, legal or human resource
management — issues that a graduate needs to progress
rapidly from computer and network maintenance to a profes
sional career in computer and network management.
112

Preliminary investigations indicated a similar situation with
computer science graduates from other universities within
Western Australia. According to the Directory of Higher Edu
cation Courses (Lord, 1992), and received literature from
advertised courses, there appeared to be no undergraduate
specialist studies in computer and network installation, mainte
nance and management in Australia. It should be noted that only
the received literature was analysed — no further details were
obtained. A search was made of the Australian Tertiary Hand
books Computer Output on Microfiche (ATHCOM). The Uni
versity of Central Queensland offer PC Systems (1996) and
significantly the University of Ballarat offer Novell Networks
1 and 2 (1995) in which students are given the option of Novell
Certification. A literature search of the main journals concerned
with computer science education failed to find any develop
ments in this specific field.
The 1996 ECU Orientation Student Survey (Faculty of
Science, Technology and Engineering) rated job prospects as
the most important factor in choosing to study at ECU (Orien
tation student survey, 1996). We therefore pose the following
questions: Can your computer science graduates disassemble a
PC, upgrade it and perform first line maintenance to a profes
sional standard? Can your computer science graduates design,
install and manage a population of networked PC’s? In this
context management is taken to mean the ability and knowledge
to control not only technology but also people and the associated
financial, ethical and legal issues. Indeed, should computer
science graduates be able to perform these tasks? Our investiga
tions to date indicate these are important issues for employers.
What, therefore, do students expect?
Expressions of interest in two proposed units (Computer
Installation & Maintenance—CIM and Network Installation &
Maintenance — NIM) resulted in a list of over 250 ECU
students. Significantly, even though this exercise was publi
cised only within ECU, approximately 20 students from other
universities expressed interest. This paper presents the case for
a distinct portfolio of units in computer & network installation,
maintenance & management as part of a computer science
degree to address this market opportunity. It should be stressed
that this is an exploratory study and presents our findings to date.
The authors welcome any critical comment.

2 CURRICULUM DESIGN STRATEGY
Using the results from the market analysis and a perceived
need for a new curriculum with a substantial practical compo
nent using ‘real equipment’, we proposed the inclusion of
management issues in order to clearly differentiate any pro
posed new units and courses from non-university, paraprofessional training. TAFE courses are specifically aimed at
producing technicians. The Advanced Manufacturing Train
ing Centre (AMTC) in Western Australia offers a Certificate
IV of Technology (Computer Systems Engineering) and
Diploma of Technology (Computer Systems Engineering).
These courses prepare students with ‘the necessary technical

andpractical skills in both hardware and software at technician
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level for the installation, commissioning and maintenance of
computer based systems and networks ’ (Advanced Manufac
turing Centre, 1996). As such there is a strong emphasis on
topics that include: electrical principles, digital electronics,
amplifiers, hand soldering, printed circuit board design and
advanced computer test equipment. These are clearly skills
associated with second line maintenance which demands
technical expertise at the component level.
Our market analysis indicated that computer support
facilities typically require only first line maintenance. First
line maintenance requires no knowledge of electronics (dig
ital or analogue), soldering or printed circuit board design
and production. Further, it is anticipated that computer
science graduates would gravitate to managerial status rather
than remain in junior technical support positions. According
to Collins et al (1991)

‘Technology of itself does not produce commercial
results — this comes from its application. Successful
applications derive from the marriage of the technol
ogy with a range of other activities, particularly those
concerned with human behaviour, organisational and
management issues, marketing, economic and finan
cial considerations, legislation, regulations and other
government issues’
Our team mission statement, ‘learningfor life ’, was there
fore refined to include the strategy of ‘Technology Manage
ment — Computer & Network Management’ which clearly
defined our focus, direction and goals (i.e. technical speciali
sation in Computers and Networks with the associated mana
gerial issues).
We identified the core management skills to be: Health &
Safety, Principles of Management, Law & Technology, Fi
nance and also Human Resource Management. Standard MBA
courses may not be appropriate. In 1986, the Jupiter Consortium
set up a group to develop a curriculum in technology manage
ment in the UK. The group, working with several academic
institutions, the Department of Trade and Industry (DTI) and
several professional bodies, put together a multidisciplinary,
multi-university set of modules, the Technology Management
Program, to cover the needs of managers working in technol
ogy-based industries (Wilson, 1995). The Deakin University
MBA (Technology Management), and Graduate Diploma of
Management (Technology Management) developed in con
junction with the Association of Professional Engineers, Scien
tists and Managers, Australia, is now one of the largest post
graduate management programs in Australia. This program is
particularly suited to science and engineering based profession
als. Accordingly, it was decided to customise ECU MBA units
by means of case studies specific to the needs of computer and
network support.
We proposed:
1 a specialist stream within the Computer Science degree, an
MBA in Technology Management and two fully articu
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998

lated award streams in Computer & Network Management
(Figure 1).
2 each award stream to consist of a Certificate (four units)
that is fully articulated both to a Diploma (a further four
units) and the MBA in Technology Management.
3 an Executive Certificate/Diploma award stream specifi
cally designed for professionals. The units are offered in
‘fast track’ mode and charged at full economic cost. It is
possible to complete the units Computer Installation &
Maintenance and Network Installation & Maintenance
each in two weeks by full time study. Furthermore, it is
possible to study the business units by means of distance
learning in which all materials are supplied and communi
cated to tutors via electronic mail.
4 a Graduate Certificate/Diploma award stream designed
for the standard semester based mode of study with the
normal university fee structure. Non-graduates are awarded
a University Certificate and Diploma accordingly.
Pending successful implementation of the Graduate Cer
tificate we hope to progressively offer the proposed Diploma
and associated MBA.
MBA Technology Management - Computers & Networks
Student quota and full fee paying

'Break point’

■>

<■

Graduate Diploma
Computer & Network Management
- Law & Technology (MBA)
- Human Resource Management (MBA)
- Network Management 2
or CIM 2
- Network Management 1

Executive Diploma
Computer & Network Management
- law & Technology (MBA)
- Human Resource Management (MBA)
- Network Management 2
or CIM 2
• Network Management 1

Student quota
4 unit MBA exemption

Full fee paying
4 unit MBA exemption

A\

■>

'Break point’

Graduate Certificate
Computer & Network Management
- Computer Installation & Maintenance
- Network Installation & Maintenance
- Management (MBA)
- Finance (MBA)

Executive Certificate
Computer & Network Management
- Computer Installation & Maintenance
- Network Installation & Maintenance
- Management (MBA)
- Finance (MBA)

Student quota
2 unit MBA exemption

Full fee paying
2 unit MBA exemption

t
Graduates • any discipline

T
Graduates/Non-graduates
- any discipline__________

Figure 1: Proposed courses in Computer & Network Management.

It should be noted that use of customised MBA units as
part of this award structure ensures a two-unit and four-unit
exemption from the MBA for the Certificate and Diploma
courses respectively. For mature students with industrial or
commercial experience there is scope for unit substitution.
On completion of the Diploma it is possible, therefore, to have
completed nearly one third of the MBA. For a part-time
student a 16 unit MBA is a non-trivial consideration; this
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articulation allows incremental progression without undue
penalty for any unforeseen change in personal circumstances
— these are convenient award attracting break-points.
The units in the proposed undergraduate elective stream
are: Computer Installation & Maintenance (CIM), Computer
Installation & Maintenance 2 (CIM 2), Network Installation
& Maintenance (NIM), Network Management 1 (NM 1),
Network Management 2 (NM 2) and Computer & Network
Management (CNM). The relationship between these units is
illustrated in Figure 2.
Computer & Network Management (CNM)

T

t

T
Computer Installation
& Maintenance 2
(CIM 2)

T

T t
T
T

Network Management 2
(NM 2)

Computer Installation
& Maintenance 3
(CIM 3)

..

Computer Installation
& Maintenance
(CIM)

Network Management 1
(NM 1)

Network Installation
& Maintenance
(NIM)

Figure 2: Proposed undergraduate units and elective streams in Compu
ter & Network Management.

Essential design features of this portfolio of units and
courses include :
— full articulation between the certificate, diploma and MBA
— graduate and non-graduate entry
— provisions for ‘distance learning’
— ‘fast track’, full fee paying option
— convenient ‘breakpoints’
All these new units are ‘demand driven ’ with considerable
emphasis being placed on providing practical, generic and
marketable skills. A student population is typically heteroge
neous; students have different and changing circumstances. It
is suggested that this flexible articulation, with different study
modes to suit different circumstances, will more readily
encourage participation in university-based professional de
velopment courses i.e. learning for life.

3 ALTERNATIVE APPROACHES TO COMPUTER
SYSTEMS 1 AND 2
Units in microcomputer systems are fundamentally impor
tant to both computer science and engineering students (Ewing,
1993). These address issues that include: computer organisa
tion, memory systems, assembly language, digital logic, inter
rupt handling, I/O and interfaces. Mainstream computer science
education is well supported by journal articles on various
aspects of re-programmable hardware for educational purposes
(Gschwind, 1994) and assembly language (Coey, 1993).
Simulation has proved to be a very useful tool (Magagnosc,
1994; Searls, 1993; Bergmann, 1993). Reid (1992) used
laboratory work-stations to allow undergraduate students to
‘build a complete, functioning computer — in simulation’.
The simulation is so complete that it
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‘... extends down to the gate and signal levels, with
effective modelling of delays and transitions, so rea
sonable assurance of the validity of the designs can be
achieved. The computers constructed in this laboratory
are complete with peripheral equipment including tapes
and discs, and the students furnish a rudimentary
operating system ’.
Valuable though this type of exercise may be, simulation
provides no experience of practical problems such as insert
ing a new input/output card into a PC and the associated skills
that are needed.
Pilgrim (1993) took an alternative approach in which a
very small computer was designed in class and bread-boarded
in the laboratory by students using small and medium scale
TTL integrated circuits. Thereby, according to Pilgrim, pro
viding students with the ‘knowledge and experience in the
design, testing and integration of hardware and software for
a small computer system’. Again, valuable though this may
be, a typical PC support environment demands further knowl
edge and skills that include: fault identification and correc
tion procedures, safety, ability to recognise different system
architectures etc.
It is submitted that while standard units such as the above
are of value they do not provide the necessary skills in the
field of computer and network installation, maintenance and
management. It is suggested that the main problem is that
engineering units are too detailed and technical to be of value
to Computer Science (CS) students. CS students often see
themselves as ‘users’ of computer systems and networks
rather than ‘builders’ of them and consequently have differ
ent requirements of a course from those of an engineer. In the
proposed new units there is no requirement to know about:
digital design (combinatorial and sequential logic); detailed
microprocessor architecture; use of advanced test equipment
e.g. oscilloscope. On the other hand, traditional computer
science is not sufficiently practical — few students have, on
enrolment in the CIM course, been aware of electro-static
discharge procedures or could identify the different types of
controller (IDE, EIDE, SCSI) and then install them. This
despite the fact that the students saw these skills as directly
relevant to ‘real world’ and the job market. In this context,
what therefore is this ‘real world’?

Trends in PC Development
PC design and manufacture has changed dramatically in the
last decade. IBM dominance has been replaced by clone
manufacturers. Accordingly, clone manufacturers compete
primarily on price and therefore contract to specialty manu
facturers. Today, few if any, PC makers design and manufac
ture entire PCs. This trend towards Assembly Level Manu
facturing (ALM) allows substantial manufacturing cost ben
efits. However, successful component-level maintenance (i.e.
second line maintenance) depends upon the ready availability
of replacement components and the associated detailed techni
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cal specifications. Due to ALM many manufacturers are in
direct competition and technical details are difficult to obtain.
Service data information hardly exists today.
Furthermore, the use of specialised chip sets and Applica
tion Specific Integrated Circuits (ASICs) has replaced the use
of discrete logic components. Such specialised circuits are
not readily available. The use of geographically distributed
ALM exacerbates this. Integrated circuits are typically
mounted using Surface Mounted Technology (SMT) replac
ing the traditional ‘through hole’ printed circuit assembly of
components. SMT uses smaller parts thereby allowing a
greater circuit density or a smaller board footprint. There is
also the possibility of populating both sides of the circuit
board. The replacement of SMT integrated circuits requires
specially designed de-soldering tools and considerable skill.
These rapid developments in integrated circuit fabrication
technology allied to ever decreasing unit price have resulted
in low cost PCs with a standard architecture and modular
construction.
Accordingly, PC support is typically first line mainte
nance only. Second line maintenance, in which modules are
repaired, does not offer a good cost/benefit ratio — the faulty
module is often discarded. Second line maintenance, if appro
priate, is clearly the responsibility of technicians. It should be
stressed that first line maintenance requires no knowledge of
electronics (analogue, digital) and minimal knowledge of
assembly language. Further, unlike TAFE courses, there is no
requirement for: soldering, use of complex test equipment,
cable assembly etc. However, a unique collection of skills of
a substantial and non-trivial nature is needed. The require
ment is for a systems engineering approach to both hardware
and software along with the use of a small support kit
(diagnostic software and a selection of simple tools such as
screw drivers, anti-static strap and needle nose pliers). It
should be noted that the majority of problems can be solved
by first line maintenance. There are however major consid
erations with respect to the necessary practical skills and the
associated health and safety issues.
It is submitted that changes in technology have re
sulted in a skills profile, required by the computer support
industry, that is not met by traditional computer science
courses. It is submitted that graduates should be given the
opportunity to develop skills specific to computer and
network installation & maintenance within the frame
work of technology management.

4 COMPUTER INSTALLATION & MAINTENANCE
(CIM)
The unit Computer Installation & Maintenance (CIM) at
tempts to address the above problems by use of a practical,
inter-disciplinary, problem oriented approach. Rather then
lowering academic standards Professor Lowe argues, ‘the
complexity of the real world is more intellectually taxing than
living in imaginary worlds of friction-less planes, perfectly
free markets or rational policy analysis’ (Armitage, 1995).
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Accordingly, our objective is that on completion of this unit
students will be able to :

‘Install, maintain and manage a population of PCs to
a professional standard using safe, systematic, generic
and vendor independent skills
Rather than consider the technical detail of one particular
type of PC architecture, a range of PC architectures are used
thereby ensuring vendor independent and generic mainte
nance skills. The principles of computer operation along
with an emphasis on the skills associated with installation,
fault diagnosis etc. provides skills that are readily portable
between different PC architectures. Given the rapid changes
in technology this emphasis on generic skills is a non-trivial
issue. For example, the new Video Electronic Standards
Association Local Bus Architecture is already an obsolete
architecture. There are no unit pre-requisites for the CIM
unit, hence one of the main problems is to control complexity
as PC architecture can become complex very quickly. Ac
cordingly a systems engineering approach is employed i.e. a
top down, hierarchical, modular analysis. According to Scragg
(1991) ‘most (perhaps all) first courses in computer hard
ware are created” upside down” — both pedagogically and
pragmatically ’. This has the consequence that ‘Pedagogically,
this approach provides no “cognitive hooks”, which might
enable students to relate new material to that of previous
courses — until the semester is almost complete’. Accord
ingly Scragg recommends a top down approach starting with
material already familiar to students and then working to
wards less familiar models. In contrast to traditional units in
computer architecture/technology the unit CIM does not
include digital techniques (combinatorial and sequential
logic), details of processor architecture at register level or
assembly language programming.
The PC is considered as a set of inter-related modules each
of which is then addressed in detail appropriate to a first level
unit. In particular, the PC is treated as a ‘whole’ with detail
carefully controlled on a ‘need to know’ basis. The more
advanced units progressively expanding the detail. Accord
ing to Ramsden (1992), ‘Material should preferably be or
dered in such a way that it proceeds from common-sense and
everyday experiences to abstractions and then back again to
the application of theoretical knowledge in practice’. For
example, the lectures on memory devices address the princi
ples of operation of primary and secondary memory. Disc
drive operation is considered along with typical performance
figures and the advantages/disadvantages of the different
types of controller (IDE, EIDE, SCSI). This is complemented
by associated workshops with a working demonstration of a
disassembled but operational hard disc drive. Furthermore, in
the workshops students are required to perform experiments
that include: installation of a second floppy disc drive; addi
tion of a second (slave) Integrated Drive Electronics (IDE)
hard disc drive; upgrading from an Industry Standard Archi
tecture (ISA) input/output card to a Video Electronics Standard
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(VESA) Local Bus; upgrading from an Industry Standard
Architecture (ISA) input/output card to a Peripheral Compo
nents Interface (PCI) input/output card. This is comple
mented by experiments in fault diagnosis, correction and
management. All operations are at the module rather than the
component level. The underlying theme is the management
of a population of PCs and accordingly the emphasis is on
providing full life-cycle technical support for a large/small,
homogeneous/heterogeneous, decentralised installed base
of PCs by means of a managed pro-active approach in a costeffective manner. Consideration is also give to the demands
of different application areas that includes mission-critical
industrial applications.
Furthermore, it is anticipated that on completion of CIM
and related units, computer science students will be able to
manage a computer and network systems support team. The
underlying theme of Technology Management therefore de
fines that not only technology but also management issues
must be addressed (Health & Safety, Principles of Manage
ment, Law & Technology, Finance and Human Resource
Management). The objective being that on completion of the
course of study students will be able to:

‘Manage a computer support environment to a profes
sional standard with due regard to appropriate health
& safety, legal, financial and human resource manage
ment issues ’
Relevant case studies are used as a vehicle to teach the key
management principles. Given the amount of material cov
ered it was necessary to make all the lecture notes (diagrams
and text) available on the university network. One lecture on
Computer Security was given by Professor AC Watson, an
internationally recognised authority in this field.
The unit CIM, piloted in the first semester of 1996, is a pre
requisite for the unit CIM 2 which adds a further level of
detail. For example, the unit CIM 2 builds upon CIM 1 by
addressing issues such as recording formats (FM, MFM,
RLL), hard disc drive interfacing (IDE, SCSI) and floppy disc
interfacing along with more complex management issues.
We suggest that even with the higher level units there is no
requirement to teach electronics or digital techniques.
An essential aspect of the unit CIM and related units is the
practical workshops and the necessity to use ‘real life’ equip
ment and address the associated health and safety issues.

5 PROFESSIONAL PRACTICE —
WORKSHOPS AND PRACTICAL SKILLS
It is submitted that technical expertise is an enhancement of
theoretical knowledge. According to Cervero (1992), ‘the
popular wisdom among practising professionals is that the
knowledge they acquire from practice is far more useful than
what they acquire from more formal types of education’.
Cervero further argues (1992) that the ‘goal of professional
practice is wise action’ and that ‘knowledge acquired from
practice is necessary to achieve this goal’. Both declarative
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and procedural knowledge are necessary for professional
practice. Declarative knowledge is knowledge that some
thing is the case; procedural knowledge is knowledge how to
do something. Cervero clearly makes the point that ‘A major
difference between experts and non-experts in any field is that
experts have far more procedural knowledge. That is, they
know how to perform their craft’. According to Goldsworthy
(1993) skill ‘refers to a person’s ability to do something well.
It relates to expertness, a practised ability, a dexterity in
performing a task. It is an outcome that flows from knowl
edge, practice, inherent abilities and an understanding of the
task to be performed’. The associated competency debate
within Australia is an emerging and important issue, but not
one that will be considered in this paper.
First line maintenance demands declarative and proce
dural knowledge. An essential aspect of this unit is therefore
the workshops in which students disassemble PCs. It is
submitted that the necessary practical skills associated with
procedural knowledge cannot be taught in any other way. For
any currency or relevance ‘real’ PCs have to be used rather
than simulations or ‘breadboard’ computers. The main prob
lems are therefore safety to both students and equipment.
Twenty-five IBM model 50z PCs were selected for two
reasons. Firstly cost, they were decommissioned and ob
tained at minimum cost. Secondly, even though they are
about 10 years old, they are highly modularised with only two
connecting wires in the entire machine—it is difficult to plug
modules in the wrong way. They have, to date, proved to be
an ideal ‘trauma free’ PC for this introductory unit thereby
allowing complexity to be introduced in a safe and controlled
manner. A further reason for using these PCs is to provide a
concrete experience for the enhancement of the procedural
and declarative abstract knowledge to be learnt by the student.
This is necessary because, according to Piaget (1952) it is
quite possible that large numbers of the younger students may
not be able to reason abstractly. It is essential to be systematic
with respect to workshop procedures; for example, always
use an ‘earth’ strap and only change one variable at a time.
Observation skills are needed; for example, never disassem
ble a device that you cannot reassemble and if necessary take
notes. Safe working practices are mandatory; for example,
never earth yourself to a ‘live’ machine. Accordingly a simple
mnemonic was devised—Systematic Observation and Safety
(SOS). Experience to date has shown that all students could
disassemble an IBM 50z, however about one third of all
workshop groups could not initially successfully reassemble
a PC. Quite simply they did not understand the principles of
systematic observation. In this case they failed to ensure the
edge connectors were properly seated. Furthermore, nearly
all of the students had no knowledge of safe working prac
tices. Also, when presented with a faulty PC very few students
could approach the problem in a safe and systematic manner.
It should also be noted that the students who claimed to
have prior experience in this field damaged more equipment
than the novices. Clearly ‘self evaluation’ of skills is inad
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equate. It was found that students must be given the opportu
nity to repeat many of the tasks in order to acquire the
necessary skills. According to Cervero (1992) ‘procedural
knowledge underlies skilled performance, and that proce
dural knowledge is acquired through practice’.
Commercial equipment is not designed for repeated disas
sembly and reassembly. For example the Single In-Line
Memory Modules (SIMMs) are not only sensitive to electro
static discharge but are also held in a slim and fragile mount
ing. Experience to date has shown that it is necessary to
supervise all operations involving SIMM replacement. Even
with the most rigorous workshop practices, equipment was
damaged. We submit that this can only be accepted as a
natural consequence and budgeted for accordingly. The use
of decommissioned equipment significantly minimises this
expense. Furthermore, experience to date indicates that con
siderable technical support is needed to maintain equipment
between workshops. After satisfactorily completing the ba
sics, students were then required to work on a range of
different and more complex PC’s with extensive and complex
cabling prior to using new equipment. A range of PC
architectures were used: Intel (286, 386, 486) based Micro
Channel Architecture (MCA), Industry Standard Architec
ture (ISA), Video Electronic Standards Association (VESA)
Local Bus and Peripheral Components Interface (PCI). Ref
erence was also made to Apple Mac computers.
An essential feature of the workshops is that not only are the
PCs disassembled but also some experiments employ ‘live’
testing. It should be noted that even though two earth leakage
detection circuits were installed (10 and 20mA) in the workshop
such circuits may afford no protection to the individual when a
PC is mistreated. Hence, throughout the workshops tire PC was
treated as a potentially dangerous device. In the final analysis no
one can ensure that an open PC is not in a dangerous condition
and the potential for fatal accidents by electrocution must
always be considered. Accordingly, high tension devices, the
VDU and power supply, are never opened.
One of the main problems that we have faced is that students
are accustomed to ‘soft systems’ in which it is always possible
to re-compile or use the ‘undo’ button in order to correct a
mistake. This type of work is, however, very unforgiving and
accordingly a fundamentally different approach was needed
and must be taught. We adopted a mastery learning approach
where students had to learn the basic skills to a 100% level. One
wrong connection made during a live experiment can destroy a
motherboard. It should be noted that all workshops were super
vised and accordingly we endeavoured to ensure that the
slowest students were able to complete experiments in a given
workshop period. Once students completed the experiments
they were required to leave the workshop.
All the IBM model 50zPC’s were modified with ‘switchable
faults’, designed and constructed in house, thereby allowing the
controlled selection and de-selection of known fault conditions.
Using these switches, discretely placed on the motherboard, it
was possible to selectively enable a variety of fault conditions
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 30, No 3, AUGUST 1998

affecting: individual VDU guns (red, green and blue), horizon
tal and vertical synchronisation, BIOS, keyboard, fan, floppy
disc drive motor and index pulse.
The unit was concluded by a series of lectures and work
shops given by an experienced computer support technician
with 20 years experience in maintaining a large population of
PCs. This corpus of knowledge is simply not available in any
text book. Accordingly we examined ‘real world’ problems
not normally addressed in the standard academic environ
ment. According to Professor Lowe (Armitage, 1995) ‘aca
demics are reluctant to leave their ‘pedestals of unquestioned
authority’ because ‘they have to undertake complex tasks
which have usually been left to undergraduates when they
move out into the world of work, such as integrating knowl
edge and skills from different disciplines’.

6 HEALTH & SAFETY
Arguably the most important theme in the CIM unit is Health
and Safety — employees and employers have non-delegable
legal responsibilities. Accordingly, the initial lecture was
given by Mike Gavin (ECU Occupational Health & Safety).
The principles of Health & Safety were introduced not only
from a regional but also an international perspective. Particu
lar attention was given to the Western Australian Occupa
tional Safety and Health Act 1984 (Reprinted as at 16 Novem
ber, 1995). The first workshop was concerned entirely with
workshop practice and students were required to read both the
university and workshop regulations — it was emphasised
that misconduct would not be tolerated. Misconduct is taken
to include failure to observe good workshop practice. Com
pulsory attendance at the first lecture and workshop were
verified by a signed declaration. Failure to comply was an
automatic disqualification from continuing the unit.
Many students have little or no knowledge of legal issues.
The unit therefore included a lecture on law and technology
in order to fully appreciate the significance and importance of
Health & Safety legislation. After a brief overview of the
legal system, the tort of negligence was addressed with
reference to negligent misstatement. However, particular
emphasis was placed on negligent acts and the associated
Duty of Care (foreseeability and proximity) and Standard of
Care (gravity and practicality of precaution) of both em
ployee and employer. Extensive use was made of appropriate
benchmark case citations relevant to this application area.
The examination had a compulsory question on health and
safety. Kay (1992) describes a course for computer scientists
that covers legal issues relevant to computing that includes:
intellectual property rights in software, contracting computer
systems, computer crime and abuse, privacy and liability for
malfunction. However, Kay makes no explicit reference to
Health and Safety legislation. The MBA Law & Technology
unit has been written to address all of these issues. For
undergraduate students the proposed unit Computer and
Network Management fully explores management issues
including an in-depth study of health and safety legislation.
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7 NETWORK INSTALLATION AND MAINTE
NANCE (NIM)
There are number of network operating systems providers
(Novell, Microsoft, IBM, Digital etc). However, the domi
nant Network Operating System (NOS) for Local Area Net
works (LAN’s) is Novell Netware (The Economist, 1995).
Our preliminary market analysis indicates that employers
require graduates to have a working knowledge of networks,
in particular Novell. Novell have internationally recognised
professional development programs — the Novell Certified
Network Engineer (CNE) and Master CNE. Candidates must
earn and maintain 19 credits in a selected area of technical
specialisation — Netware 3, Netware 4, UnixWare or
GroupWare. Additional CNE certifications may be earned by
passing non-redundant examinations in any of the other CNE
specialisations. Two credits are common to all four specialist
streams. The Master CNE builds on the CNE allowing spe
cialisation in Network Management, Infrastructure and Ad
vanced Access or GroupWare Integration.
The unit NIM was designed according to the objective that
on completion of this unit students will be able to :

‘Install, maintain and manage a networked population
of PC’s to a professional standard using safe, system
atic, vendor independent, generic skills’.
The primary reference for the unit NIM was Novell Netware
4. The Netware 4 operating system specialisation stream con
sists of the following courses: Administration (3 credits), Ad
vanced Administration (2 credits), Install & Configure (2 cred
its), Design & Implementation (2 credits), Networking Tech
nologies (3 credits), Service & Support (5 credits) and two
electives. The unit NIM made extensive reference to the courses
‘Administration’ and ‘Networking Technologies’. The course
‘Netware 4 Administration’ is ‘intended for NetWare systems
administrators responsible for the day-to-day operational man
agement of the network’. Key topics include: basic network
services, login scripts, file system management etc. The course
‘Networking Technologies’ provides the basic concepts of
network computing as the basis for network administration
and certification. Key topics include: network services,
transmission media and the OSI model. This was however
complemented by detailed reference to alternative platforms
such as Windows NT. In addition to this, there are extensive
practical workshops that include: network card installation,
cable testing, NOS installation, network security, first line
maintenance and trouble shooting. The unit CIM is a recom
mended prerequisite to NIM. Many students elected to study
CIM and NIM concurrently.
The proposed new complementary units Network Man
agement 1 and 2, at ECU, track the other units in the CNE
syllabus (Netware 4 Advanced Administration, Netware 4
Install & Configure, Netware 4 Design & Implementation,
Service & Support). However, extensive reference is made to
Microsoft Windows NT and other NOS platforms along with
the associated practical exercises.
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8 RESULTS
The units CIM and NIM were piloted in semester 1,1996. The
majority of students who attended the unit CIM had never taken
apart a PC — quite simply they were too intimidated by the
complexity a PC and were concerned about the consequences of
making a mistake. Typical comments were ‘I have never
opened a PC before. I always wanted to but I was too frightened’.
The minority who had did so without knowledge of and
due regard to good workshop practice to ensure safety both to
themselves and the equipment. The majority of students were
‘computer illiterate’ in that they could not recognise the basic
architectural features of a PC. Students could not: identify the
different types of bus structure (MCA, ISA, VESA Local
Bus, MCI); the different types of drive controllers (IDE,
EIDE, SCSI); the different types of connectors. Experience to
date has shown that given a PC with one of the simplest
constructions (IBM 50z) about one third of all workshop
groups could not initially reassemble a working PC. Further
more, when presented with a faulty PC very few students
could approach the problem is a safe and systematic manner.
At the conclusion of the unit CIM students had the confi
dence and ability to disassemble, upgrade and perform first line
maintenance on a PC to a professionally acceptable standard —
they knew how to approach the problem, what you must always
do and what you must never do. Whilst lacking in experience
that comes with time, they could operate with safety in the role
of computer support and solve the many of the more common
problems. Furthermore a number of students reported obtaining
full time and part time positions in computer support directly as
a result of completing this unit. One computer support depart
ment at ECU requested applications from CIM students for part
time positions that became available.
The majority of students who attended the unit NIM had
never installed a Local Area Network before. At the conclu
sion of this unit students were able to install and manage a
simple network.

9 FURTHER DEVELOPMENTS
The units CIM and NIM are essential foundations to other
proposed units in this field. The units CIM 2 and Computer &
Network Management have been written with further devel
opment needed for the associated workshops. The standard
MBA units Management and Finance have been customised
by special case study material relevant to this field of interest.
The MBA unit Law & Technology has been specifically
written as no other suitable legal studies unit was available. It
is anticipated that on completion of the computer and network
units, students would be in a position to readily obtain a
Novell Certified Network Engineer (CNE) award.

10 CONCLUSIONS
According to Clive Reynolds (Wilson, 1995) from the Uni
versity of Warwick’s Manufacturing Group, ‘People’s needs
are so varied that the student must have control over what he
or she learns and at what pace. Universities which are still
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trying to peddle the traditional approach of developing courses
and then persuading people to take them, are beginning to
realise that this just won’t wash any more’.
Success of the CIM and NIM units can be measured using
various metrics. One such metric is student demand. The
response from students was overwhelming. The initial quota
of 100 students for CIM was exceeded with 118 students
enrolling and even then demand exceeding possible places.
The student attrition rate was 8.5% with a subsequent unit
failure rate of less than 10%. An independent unit review of
the unit found: 80% would recommend this unit; 75% found
the practical sessions useful; 70% found the unit relevant to
their needs and 55% think this should be a compulsory unit.
It was remarkable to see students, in the first week, actually
queuing to attend the Friday evening workshop and forcefully
attempting to exceed the quota. The majority of students en
rolled were computer science majors with many in their final
year. Three students were enrolled in an MSc in Computer
Science. There were however students from a wide range of
disciplines (security, psychology, biological and chemical sci
ences) and significantly, some final year B.Eng. (Computer
Systems Engineering) students. There have been numerous
enquiries about the other proposed units within this proposed
stream. One hundred students enrolled in the NIM unit which
was also oversubscribed. There have been enquiries from large
organisations concerning the fee paying certificate.
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BOOK REVIEWS
WOLFRAM, S. (1996): The MATHEMATICA Book, 3rd. ed.,
Cambridge University Press, 1403pp., $95 (hardback), $69.95 (paper
back)
This book is a true magnum opus. It is the definitive operating manual of
the third version of the MATHEMATICA software package, produced by
Wolfram Research. The software sells for about $1495.00 and is avail
able for the Macintosh, PC and UNIX platforms. The manuals for most
software packages are supplied as part of the software itself and many
manuals are not available without the software. This raises the question
of why MATHEMATICA is different.
The main reason is that the MATHEMATICA software is so complete
and comprehensive that it is the sort of package which would satisfy
most Mathematicians, Scientists and Engineers for a life time (how much
easier my Pli.D. thesis would have been had MATHEMATICA been avail
able 45 years ago!). The descriptions provided by the book are complete
and supply all the necessary details needed to use the software.
There is some mathematical background provided but it is not a text
book of mathematics. In fact, my major criticism of the book is the com
plete lack of any references to the mathematical methods which lie
behind the software. True, Appendix 9, “Some Notes on Internal
Implementation”, does mention the underlying procedures which have
been programmed but one cannot find a place where they are described,
e.g. in A9 under elementary transcendental functions we read
“Exponential and trigonometric functions use Taylor series, stable recur
sion by argument doubling, and functional relations.” This is really rather
unhelpful to those who wish to delve more deeply. It is often stated that
software packages can be quite dangerous in the wrong hands because
the user can obtain some result more or less whatever he does. The
MATHEMATICA book does not help even the careful user to satisfy him
self that his results are accurate. Hence I repeat my message that The
MATHEMATICA Book is not a mathematical text. However, it is a com
plete, authoritative and accurate description of the MATHEMATICA soft
ware. One must resist the temptation to review the software and deal
solely with the book. The book is splendid value for money but one
would find little use for it unless one had the software.
There are three major parts —
1 A practical introduction to MATHEMATICA
2 Principles of MATHEMATICA, and
3 Advanced mathematics in MATHEMATICA
These parts are preceded by a 25 page “Tour of MATHEMATICA”
and followed by a 10 page “Formula Gallery”, a 21 page “Graphics
Gallery” and a 355 page Appendix entitled “MATHEMATICA Reference
Guide”. Finally there is an 82 page Index which is totally complete. Most
index entries refer the reader to an entry in the main body of the book
and a second entry relates to the summary material in the Appendix.
There is a list of about 16 Web pages which relate to Wolfram
Research’s activities. I tried just one which purports to give “the latest
updates and corrections to this book”. The Web page contained no entries
and I must say that I found nothing to start this list even after my quite
careful study of several sections of this book. Since this is the third edi
tion this is as it should be. Incidentally the parts of this edition which
have been added or changed are clearly indicated.
Clearly “The MATHEMATICA Book” is an essential tool to have
available if one is to use the MATHEMATICA software correctly but my
feeling is that although it serves little purpose otherwise, it would provide
a very strong incentive to obtain the software! Perhaps this explains why
the third edition has been published about one year before the third ver
sion of the software was released (mid 1997). Maybe this is also why the
book is priced so attractively — a sprat to catch a mackerel!
Godfrey N Lance
ANU and Bermagui, NSW
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KEOGH, J. (1998): COBOL Programmer’s Notebook, Prentice Hall,
347 pp„ $49.95
Who said COBOL was dead? Certainly, I was surprised to receive a
book in 1998 on COBOL, but as things turn out, this is really a
“Y2K” book. In fact, the front cover boldly declares this book is “per
fect for solving the year 2000 problem”, while the back tells me “It
covers all the COBOL concepts and Year 2000 Problem solutions you
need to know”.
This book is an intriguing novelty. It is most readable and clear, with
tidily-formatted source code, keywords in bold, lots of arrowed explana
tions and a big font. Most topics are covered in two, facing, pages with a
blurb on the left page, and sample code to the right. I think it would make
a handy COBOL reference, and its format is ideal for photocopying to
distribute to students.
However, a few details steer me away from recommending it as a
Y2K book. Firstly, page 308 seems to be defining the ubiquitous millen
nial problem as but a subset of what it is. This could perhaps be forgiven
easily, given the book appears to be targeted to gung-ho “Y2K consul
tants” who are going to be boldly fixing massive legacy systems without
knowing a jot of COBOL, which in itself is a frightening thought.
However, if one makes this assumption it is then a little less easy to
understand the need for explaining an editor on page 4, “All COBOL
code is written using an editor. An editor is like a word processor except
most editors don’t have fancy features such as a spelling checker and text
formatting”. Please! Are these people programmers or not?
Use this book as a COBOL reference, by all means. But if anybody
comes to you to fix your computers armed with this book, look elsewhere.
David M Williams
University of Newcastle
ABBOTT, C. (1998): Back in Time, High Technology Publishing Ltd.,
14.99 pounds.
This is possibly the first audio CD to be reviewed in these pages.
However, it is certainly an important work because it captures the charm
of a particular era.
The Commodore 64 was a remarkably successful 8-bit home comput
er produced in the 1980’s. For many of today’s young computing profes
sionals, this was their first computer, and the tool that captivated their
imagination and aspirations.
One of its particularly impressive features, for its time, was a 3-voice
sound chip, that came as a standard component. Professional musicians
wrote high quality tunes that blasted out of one’s monitor during each
frantic gaming session.
Commodore Business Machines has now been liquidated for quite
some years. However, the spirit of the Commodore 64 has lived on
through the Internet. One need not look far to find emulators to run on
most modern machines, or for CD’s that contain literally! thousands and
thousands of games (remember that the largest program could occupy
only at most 64Kb — far less memory than on even a video card today).
Through this wonderful work by Chris Abbott, now the music lives on
too. The original composers, like Rob Hubbard and Martin Galway, have
been brought into a studio to make real remixes of their popular computer
tunes. This really is an anthology of cult classic Commodore 64 anthems.
For those who recognise immediately the name ‘Hubbard’, this CD is
an essential item of memorabilia. Those who perhaps spent their youth
doing things other than playing computer games but enjoy synthesised
music in the style of Jarre or Vangelis will still find this worthwhile.
I recommend it. I enjoyed it, and the juxtaposition of a Commodore
64 and an audio CD was clever. All the details are online at
http://www.c64audio.com/index.htm — take a look.
David M Williams
University of Newcastle
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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 e vents of interest.
TAAATS WILL TAKE AUSTRALIA’S
AIR TRAFFIC CONTROL INTO THE
21ST CENTURY
In the next few months, Airservices
Australia will begin transitioning to one of
the world’s most advanced air traffic control
systems.
Scheduled to be fully commissioned by
mid next year, the system — The Australian
Advanced Air Traffic System (TAAATS) —
is a fully integrated, computer based airspace
management and air traffic control system.
The computer power driving Airservices’
TAAATS project is immense, but at the same
time is based as much as possible on commer
cial off-the-shelf units for optimum reliability,
value for money and ease of maintenance.
TAAATS will replace Australia’s entire
civil air traffic control system with a modern
new system which will take Australia’s air
traffic management into the 21 st century.
Two new major TAAATS centres, in
Melbourne and Brisbane, will replace the
present five Australian air traffic ser
vices centres.
In the Melbourne centre, air traffic con
trollers will separate and control air traffic in
the southern part of Australia and adjoining
oceanic airspace. Controllers in the Brisbane
centre will have similar responsibilities for
the northern part of the continent and adjoin
ing oceanic airspace.
There will be four, smaller, terminal con
trol units in Cairns, Sydney, Adelaide and
Perth, co-ordinating with the major centres
and providing air traffic control for aircraft
within about 45 nautical miles of their
respective airport.
Air traffic controllers employed by
Airservices are now undergoing simulator
training leading to a TAAATS endorsement.
TAAATS is a turnkey project, based on state
of the art technologies and integrated systems.
It unites computer, radar and communi

cations technologies, providing an inte
grated system which is available to all air
traffic controllers.
The new system will provide new stan
dards of service to aviation, facilitating
the best use of airspace for pilots, enhanc
ing safety and allowing more economical
and efficient aviation operations and air
traffic management.
The transition to an operational TAAATS
is scheduled to begin in the second half of
1998 with the Cairns air traffic control tower
and Terminal Control Unit, and some
Brisbane ATC sectors controlling en-route
airspace adjacent to Cairns. It will gradually
progress around Australia according to the
geographical grouping of sectors.
The airspace for which Airservices
Australia has responsibility covers 11 per
cent of the world’s surface — almost the size
of all of Europe.
As well as being responsible for managing
the airspace and for the provision of air traf
fic services within that area, Airservices pro
vides navigation services and the associated
aeronautical information for the domestic
and international aviation industry.
For further information contact: John
Deeth —0417 667 926.
THE AUSTRALIAN FINANCIAL
REVIEW/TELSTRA 1998 INTERNET
AWARDS
The Australian Financial Review and
Telstra third annual Internet Awards are
receiving a huge response from Internet
users Australia-wide. With only one month
to go before nominations under the 19 cate
gories close, the Australian Internet Awards
site at www.webawards.info.au and the
home pages of The Australian Financial
Review (www.afr.com.au) and Telstra
(www.telstra.com.au) are running hot with
Internet browsers having their say.
Reflecting the many uses and users of the
Internet, award categories encompass a
broad spectrum of business, public and
leisure related endeavours and have been
designed to recognise innovation in design,
content, technology, systems integration and
application. Three new categories,

The vast computer equipment room which is the heart of the TAAATS Air Traffic Services
Centres in Melbourne and Brisbane.

Commercial, E-Commerce and Export, have
been included this year.
Since they opened on 8 June 1998, nomi
nations, which can only be made via the
Web, have led many home pages to link
themselves to the awards site.
Nominated sites will be progressively
added to a dedicated section on the awards
site for public viewing. Semi-finalists will be
listed 4 September and finalists, 11
September. The winners will be announced
at a prestigious awards ceremony on 9
November at EventSite, Australian
Technology Park Sydney.
Nominations for Most Popular Australian
Web Site (the only publicly voted category)
are open until 24 September. The Australian
Internet Hall of Fame will be awarded at the
discretion of the Judging panel which com
prises of fifty Internet industry leaders and
experts, headed by panel chairman, Phil
McCrea, Business Development Manager at
CSIRO.
HEARNE JAVA SEARCH ENGINE FOR
DSTO
Hearne Web Publishing has proven to be a
leader in the field of Internet based Information
Tracking Systems (ITS) and on-line reports
management software development.
This is demonstrated by the sophisticated
Boolean search engine recently constructed
for the Defence, Science and Technology
Organisation (DSTO), providing access to
DSTO scientific and technical reports. The
reports database consists of hundreds of
papers on a range of military issues including
munitions control, fracture mechanics, and
many more. Users can utilise the Boolean
engine to search all fields, or restrict their
query to a single field (e.g. title, author, report
number). In addition to the standard Boolean
operators such as AND, NOT and OR, the
search engine is given a sense of context by
its sophisticated proximity operators such as
NEAR, WITHIN, PRE and POST. Initially
written in Java, this product was transported
in a matter of weeks to Perl in order to enable
older Unix systems to communicate more
efficiently with the new database.
Another Web project for the Department
of Defence is the construction of an
advanced information retrieval system. This
system allows both secure internal and exter
nal areas of the DSTO Corporate Reports
database to be searched and reviewed.
Submissions can be lodged or amended, and
verified by management if necessary before
information is finally added to the database.
NameGrabber is also a product that Hearne
Web Publishing has produced internally for
internal information management as well as
for international release. NameGrabber uses
proprietary software written in Perl, Java and
C to analyse each visitor as they come to a
Web site, without necessitating the comple
tion of forms. Information such as previously
viewed pages, date of visit, time of visit, IP
address, e-mail address and name are all
gathered and sent to a database.
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The Administration module allows man
agement to be able to see how many people
have visited a particular page within a cer
tain time frame or by specific date, by name
of visitor, by country of origin or by which
customers have visited competitors’ sites.
Hearne Web Publishing can be reached
by e-mail on webpub@hearne.com.au, via
http://www.webpublishing.com.au/, by tele
phone on (03) 9602 5088, or by fax on (03)
9602 5050. A mirror image of the DSTO
site can be seen in http://www.webpublishing.com.au/DSTO/.
PROPOSED NEW STANDARDS
Standards Australia is seeking comment on
the following Draft Standards.
DR93811 Geographic information —
Data dictionary Part Y: Cadastre (To be
AS/NZS 4721.Y). Proposes terms and defin
itions for cadastre. The terms are compatible
with the series AS/NZS 4270, Spacial data
transfer standard, and-are for use with geo
graphical information systems and other data
bases. Proposed as a Joint Australian/New
Zealand Standard. Comment closes 31
August 1998.
DR98328 Automatic fee collection (AFC)
— Interface specification for clearing
between operators. Proposes the adoption
of ISO/TR14904:1997 which defines the
interface for clearing between operators and
gives a framework of the common message
structure and data elements to be used on the
interface to make the transfer of payments
and automatic fee collections (AFC) related
data possible, both between different pay
ment systems and between different opera
tors. Copies of ISO/TR14904:1997 may be
purchased from or viewed at Standards
Australia head office. Comment closes 31
August 1998.
These publications may be purchased
from any office of Standards Australia, or by
contacting the National Sales Centre, phone
1300 654 646.
AUSTRALIAN MEDICAL FIRST —
LIVE TELESURGERY
DEMONSTRATION
The first Australian surgical procedure
involving telesurgery was demonstrated at
the Royal Australasian College of Surgeons’
Annual Scientific Congress, in Sydney.
In the demonstration, a surgeon at the
Darling Harbour Convention Centre took
part in a surgical procedure being performed
in an operating room at the Prince of Wales
Private Hospital, at Randwick, approximate
ly 8kms away.
Mr Patrick Cregan, the surgeon at the
Convention Centre, operated a revolutionary
new robotic arm to control the endoscope
used in the procedure, which involved a sec
ond surgeon located in the operating room.
Mr Cregan, a general surgeon at Health
Care of Australia’s Jamison Private
Hospital, Penrith, said the procedure repre

sented the dawn of a new era in telemedi
cine in Australia.
“This is the most significant step forward
in providing medical services to people in
remote areas since the establishment of the
Royal Flying Doctor Service, by John Flynn,
70 years ago”, said Mr Cregan.
“The use of computerised image transfer
by ISDN telephone lines has enabled med
ical consultations with patients and medical
practitioners in remote areas. The tyranny of
distance in this country has led to Australia
becoming a world leader in this field”.
“Telesurgery is the next logical step”.
Mr Cregan said telesurgery involved a sur
geon at one location playing an active role in
a surgical procedure at another location, with
the assistance of a computerised robotic arm.
“The surgeon can provide assistance to a
colleague in a remote location, or, in the ulti
mate extension of the technology, operate on
a patient at a distance”, Mr Cregan said.
“This is no longer science fiction. It is just
around the corner”.
Mr Cregan said the AESOP 3000 robotic
arm used in the demonstration at the RACS
Scientific Congress was currently used to
hold and move a laparoscopic camera.
PANASONIC’S SUPER-SLIM LCD
MONITOR
Panasonic has a range of computer monitors
including the slim ‘Panaflat LC40’ state ofthe-art 35.6cm LCD monitor. It has colour
reproduction and resolution comparable to
CRT monitors but is a mere 62mm deep
which makes it ideal for crowded desks.
The Panaflat LC40 can be used like a con
ventional monitor and has no special hard

ware or software requirements.
The automatic pixel converter guarantees
uniform thickness in both horizontal and ver
tical lines and natural screen appearance at all
resolutions. This marks a major improvement
over previous LCD monitors, which could not
display 640 or 800 dot signals accurately at
full-screen size. All signal resolutions smaller
than 1,024 x 768 dots are converted to display
at full-screen dimensions, ensuring full use of
available screen space under all conditions.
The LC40 has an analogue interface that
plugs into any personal computer’s RGB
connector with no additional hardware and
software. A 15-pin D-sub connector with
adaptors for Macintosh personal computers
ensures compatibility with most computer
hardware. The LC40 supports the Power
Macintosh’s On-The-Fly feature.
With a power consumption of just 45 Watts,
the LC40 can give substantial energy savings
to companies with a large number of personal
computers. Settings of the monitor are altered
via the user-friendly on-screen menus.
For further information contact Panasonic’s
Customer Care Centre on 132 600.

Participants required for
Decision Support Systems
(DSS) research project
The Monash University DSS laboratory is conducting
research into systems analysis practices. If you have been
involved in the development of a DSS in the past six
months we would like you to be involved in? this research.
Participants will need to be availabledor am interview that
could last up to one hour. After the research has been
completed, participants will be invited to a free.
DSS seminar at Monash University.
For further details and the copy of the Explanatory
Statement please telephone Virginia Ryan,
Monash University, (03) 9903 2693.

MONASH
UNIVERSITY

