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NonStop EXT.
The Computer Room on Wheels.

Everything; Processors, Memory, Disk Drives,
Tape Cartridge, Communications and I/O
Controllers, is contained in one cabinet that
needs no special air-conditioned environment.
Wheel it in. Plug it in.
Unpacking and set up takes only about
1 hour.

THE DATA EXPRESSWAY
Multiple high density disk drives allow
parallel data access. This speeds up data flow
and shortens response time. Each drive can
be individually maintained and replaced
without interrupting service.

YOU GROW,
EXT GROWS

A Tape Cartridge snaps in and out, storing
90 megabytes, replacing two full reels of
tape. There’s room to add another tape drive
if you need it.

EVERYTHING’S EASIER
All major components are field replaceable,
so servicing them is fast and foolproof. Our
high-performance, relational database
simplifies use. And powerful programmer
tools speed up application development.

To add power, just add processors. You can
grow from 4 to over 22 ET-1 transactions per
second. Memory can be upgraded from 4 to
64 megabytes. Grow at each location or grow
to new locations, with software that’s
compatible throughout your Tandem network.

NO FAULT INSURANCE
Tandem’s unique, parallel architecture keeps
you up and running without the waste of idle
backup components. Instead, multiple
components share the workload. If one fails,
the others pick up the slack.

LOCAL AUTONOMY,
CORPORATE UNITY
The EXT is the low cost system that lets you
distribute your processing to the local level.
More work gets done and you save
communications costs. And because the EXT
knows its way through the major protocols
(SNA, X.25, MAP and OSI) it can connect to
and integrate with your present network.

NO MORE TAPE REELS
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Slews Briefs

“News Briefs from the Computer World" is a regular
feature which covers local and overseas developments
in the computer industry including new products,
interesting techniques, newsworthy products and
other topical events of interest.

LIBRARY HIGH-TECH COMES TO MALVERN
One of the world’s most sophisticated computer systems
for libraries will soon take the Malvern and Chadstone
libraries into the high-tech world of fully automated
cataloguing.
Developed by the company CLSI, the LIBS 100 System
has been purchased by the Malvern City Council.
The framework of the LIBS 100 System is already in
operation at the Malvern library, providing quick and easy
recording of book loans and returns as well as a basic
enquiry facility for the speedy accessing of information
from the catalogue. In the coming weeks, this system will
be augmented by a number of important new features,
including Touch Screen terminals and Keyboard terminals
for public usage, and Bibliofile, a laser disk cataloguing aid
to speed up catalogue entries at the library.
Malvern’s Chief Librarian, Mr Michael Jongen,
explains that the LIBS 100 System was chosen for its high
quality, efficiency and adaptability.

NEW JONES & RICKARD SERVICE
SHOP BROCHURE
Jones & Rickard have just published a 10 page colour
brochure illustrating in pictorial format the range of capa
bilities at their Dowling Street, Waterloo, NSW, premises.
The workshop has a lifting capability of 40 tonnes, can
turn jobs up to 28 tonnes weight and 2.5 m diameter and
rotors can be dynamically balanced up to 15 tonnes
weight. However much of the activity is in the medium to
smaller type of electrical and mechanical repairs, which
can be undertaken very efficiently with the wide range of
facilities available.
Copies of the new brochure are available on request
from Jones & Rickard Pty Ltd, 869 South Dowling Street,
Waterloo, 2017.
CS090: THE BEST THING NEXT TO
YOUR COMPUTER
The protection of vital computer data can save companies
from crippling losses in the event of fire or other disasters.
The Chubb CS090 Micro Cabinet protects floppy disks
and other media from even the most intense fires.
It also protects data from dust, electro-static damage,
magnetic fields, humidity, unauthorised access, pilferage
and accidental or malicious damage.
The CS090 Cabinet has been tested by West Ger
many’s and the United States’ leading industrial testing
institutes. These tests have shown that it can protect floppy
disks, data cartridges, hard disk cartridges, micro film and

ENCY CHANGERS
& MAINS ISOLATION SETS
m
■
■
■
■
■
■
■
■
■

For computer power supplies
For aircraft ground supplies
For ship’s shore supplies
Real mains isolation - motor and
alternator are electrically separate
Single shaft brushless construction
Integral control cubicles
Low noise construction available
High performances
Australian design and manufacture
50Hz to 50, 60 or 400Hz standard designs

JONES & RICKARD
PTY LTD

Jones & Rickard
75 KVA 50/440 Hz rotary
frequency changer with noise
level of 62 dBA at 1 m, on computer floor.
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For further information contact Martin Wellington
or write for our brochures.
869 Sth Dowling St, Waterloo NSW 2017
Phone (02) 663 3938. Telex AA 170477.

microfiche even from temperatures as high as 1090
degrees Celsius.
Manufacturers recommend that floppies should not be
exposed to temperatures above 52 degrees.
In the tests, the Chubb Micro Cabinet was put in a
furnace preheated to 1090 degrees for 30 minutes.
Because the floors of buildings often collapse in a fire, it
was then taken out and dropped 30 feet on to stones. It was
then put back in the furnace at 840 degrees C for another
30 minutes.
A spokesman for Chubb said that at no time during the
tests did the temperature inside the cabinet rise more than
30 degrees above its starting temperature.
“The CS090 is designed to give protection right at your
workstation. It is compact enough to fit under a table and
with the single slam-action door it only takes seconds to
lock your floppies away at the end of the day,” he said.
CALL FOR PAPERS FOR HEWLETT PACKARD
USER CONFERENCE
The fourth South Pacific Area Conference of Computer
Users, SPARC’ 87, to be held in Brisbane from 17 to 19
March is now calling for papers and exhibitors.
The theme of the conference, Gateways To The Future,
indicates the direction the conference papers should take,
concentrating on advancements in the computer market
and likely directions of Hewlett Packard and its major
users.
Conference organisers are drawn from both the techni
cal and commercial Hewlett Packard computer user
groups, working together for the first time in Australia, so
topics can include both areas.
All those interested in exhibiting or presenting a paper
should contact Graham Coote on (07) 57 7077.
AUSTRALIAN PRODUCT AT THE HEART OF THE
JUSTICE INFORMATION SYSTEM
The CSIRONET network product at the heart of the Jus
tice Information System in South Australia is an example
of how Australian products can compete successfully in
the information technology field, a market dominated by
foreign competitors.
The software and hardware in the network product is
100% and more than 80% Australian made respectively.
Mr David Glavonjic, Acting Chief General Manager of
CSIRONET, said that he was pleased that CSIRONET
had won the tender.
“This is the first commercial sale of the CSIRONET
network product, although parts of it have been used for
many years in CSIRONET’s own network”, he said.
NEW MAINFRAME COMPUTER FOR
IMMIGRATION DEPARTMENT
The Department of Immigration and Ethnic Affairs will
acquire a new mainframe computer this financial year.
The Minister for Immigration and Ethnic Affairs, Chris
Hurford, said around $5 million had been provided in the
budget for the purchase of equipment which would enable
the department to upgrade its computing capability.
“Computer systems underpin most administrative,
ii

financial and operational functions in my portfolio,” he
said.
“Work flowing from government initiatives which
requires further development of computer capacity
includes:
— Facilitation of the movement of increasing numbers
of international passengers through immigration
clearances.
— Provision of more timely planning statistics for tour
ism and the travel and accommodation industries.
— Records of passenger movement for various Com
monwealth and State law enforcement purposes.
— Improvements to programs which support services
such as the Telephone Interpreter Service, the Adult
Migrant Education Program and program
budgeting.
— Access and enquiry connected with the development
of essential immigration systems which will contrib
ute to the Australia Card system.
Mr Hurford said the new mainframe was expected to
have about three times the capacity of the department’s
present equipment.
(Continued on Page iii after page 204)

UNIVERSITY OF HONG KONG

SENIOR LECTURER/
LECTURERS IN
COMPUTER STUDIES
(Re-advertisement)
Applications are invited for posts of Senior Lec
turer/Lecturer in Computer Studies in the Centre of
Computer Studies and Applications. Candidates
should have a higher degree in Computer Science,
Computer Engineering or Information Systems, and a
strong interest in both teaching and research. Pref
erence will be given to applicants with research expe
rience in graphics, information systems or computer
architecture.
Consideration may be given to applications for
appointment on a short-term basis (please specify
period). A certain amount of outside practice is
permitted.
Annual salaries (superannuable) are on the scales:
Senior Lecturer HKS274,980-369,360 (9 points),
Lecturer HK$176,880-295,680 (11 points), (A$1 x
HKS4.80 on 15/9/86). Starting salary will depend
on qualifications and experience. At current rates,
salaries tax will not exceed 17°/o of gross income.
Housing benefits at a rental of 71/s°/o of salary, child
ren's education allowances, leave, and medical benef
its are provided for permanent appointees.
Further particulars and application forms may be
obtained from the Secretary General, Association of
Commonwealth Universities (Appts), 36 Gordon
Square, London WC1H OPF, or from the Appoint
ments Unit, Registry, University of Hong Kong, Hong
Kong. Closes 31 December 1986.
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Guest Editors’ Introduction:

Current Research Directions in
Information Systems
D.R. Jeffery and M.J. Lawrence
Department of Information Systems, University of New South Wales.
Australian research in Information Systems (IS) is pub
lished almost exclusively outside the country, with signifi
cant Australian-based work appearing regularly in jour
nals such as Communications of the ACM, Journal of
Systems and Software, Information and Management, and
MIS Quarterly. This lack of Australian publishing of IS
research needs to be viewed from the perspective of the
interests of the ACS membership, the majority of whom
are actively engaged in the enterprise of creating and
maintaining information systems. The relative paucity of
IS papers in the ACJ appears to arise from the mistaken
perception that the ACJ is purely a computer science
journal, and the relative recency of the emergence of the IS
discipline.
Moves are afoot to correct the mistaken perception
concerning the ACJ by creating an ongoing ‘department’
responsible for the regular publication of IS papers in the
journal. The enthusiastic response to this special issue,
with over 30 papers submitted, illustrates widespread
interest in publishing IS papers in the ACJ, and leads us to
believe that there will be substantial support for an IS
segment of the journal.
INFORMATION SYSTEMS RESEARCH
Davis (1985) defines an Information System as an inte
grated user-machine system for providing information to
support operations, management, and decision making
functions in an organization. The information system util
izes computer hardware and software; manual procedures;
models for analysis, planning, control and decision mak
ing; and a database. Thus research in IS is not solely
concerned with the computer; rather it concerns itself with
the people, the machines, and the procedures which com
bine to provide information.
Within the organisation structure, the management of
information systems falls within a management triad as
shown below (taken from Brookes etal, 1982). An impor
tant part of the establishment of effective information
systems is the recognition of the need for communication
between these three broad management groups.
For the purpose of surveying the current status of IS
research and positioning the papers in this journal, the field
of IS research is broken into four broad categories.
1.
management of the IS function
2.
methodologies for planning, analysis, and design
3.
systems design
4.
technology for IS
The Australian Computer Journal VoL 18, No. 4, November 1986
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The management of the IS function embraces the
tasks of planning, supervising and controlling the collec
tion processing, storage and reporting ofinformation in the
organisation. Research in this category draws heavily on
management literature but is overshadowed by the com
plex issues involved with the rate of change of IS technol
ogy and the impact of this technology on the organisation.
Measured by a survey of recent issues of the MIS Quarterly
about one third of current IS research falls in this category.
The development and investigation of methodologies
for strategic planning, systems analysis and design and
database design has been an important field of research
activity occupying another third of recent IS research out
put. The importance of this activity is indicated by a recent
survey of IS practitioners and academics who were asked
to list the ten most important key IS management issues as
seen by IS practitioners (Dickson etal, 1984). Of the top
five IS management issues three directly involved
the development or implementation of better
methodologies.
The next area, systems design, could perhaps have been
taken as a subset of methdology but research in this cate
gory is generally broader than this. It seeks to determine
for a class of system with certain common features (e.g. a
hospital information system or a top management decision
support system), desirable design characteristics and heu
ristics. Around a quarter of the research surveyed falls into
this category.
The last category, technology for IS, lies in general
within the province of computer science. Information sys
tems researchers tackle some of those parts closest to the
157
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user such as computer-based system development tools.
Around 5% of the papers surveyed in MIS Quarterly fall in
this category.
A further characteristic of IS research can be observed
in the ratio between empirical and non-empirical (whether
theoretical or normative) research. Almost half of the
papers surveyed based their conclusions on empirically
derived evidence, either from laboratory studies, surveys
or field studies.
The major issues in IS in the latter half of the 80s appear
to be:
1.
Methodologies for system development
2.
Tools to assist in the system development task
3.
The user role in IS developed systems and the IS role
in user developed systems, and
4.
Strategic planning for information systems.
Writers in the IS sphere have stressed the importance of
user participation for many years, but developments in the
80s such as user-developed systems, have given rise to new
ideas about development support environments and the
precise nature of the user role in IS development. These
types of change in the IS development process has height
ened the need for diverse methodologies, tools, and plan
ning mechanisms in IS environments.
THIS ISSUE
The planning and control problems of end-user systems
development are addressed in the paper by Weber and
suggestions made of appropriate methods of managing
end-user development. This wide-ranging review of the
problems and solutions provides the manager with excel
lent guidelines which can be applied to the questions of
project selection, development methodology, develop
ment team organization, and other issues relating to the
user development of software.
The role of the user in software development is also
addressed by Hirschheim. His paper reports on a study in
which a large number of people involved in participative
system design were interviewed to ascertain their expe
riences with this approach to design, their suggestions of
new areas of research, and the ‘lessons’ that had been
learned. Some of the lessons relate to the limitations of
participation; namely that participation is not appropriate
for all organizations, and that it may be perceived as
manipulation of users by management.
Avison and Wood-Harper also address the question of
user participation, but in this case in the context of the
many types of methodologies which have been used for
system development. These authors argue that it is unreas
onable to expect that a single methodology will be approp
riate in all design environments, and based on that, they
argue for a methodology framework which they call ‘Multi
view’. In their explanation of Multivew they argue that
successful system design methodologies must be able to
adapt to the organizational context and the nature of the
system being developed. In some organizational climates
participation may not be appropriate, and similarly for
some problems particular design tools may also be
inappropriate.
158

Le Fevre and Pattison present a case study discussing
the application in Western Australian hospitals of a partic
ular planning methodology for MIS systems. The metho
dology they selected for use was Checkland’s ‘Lancaster
Soft Systems Methodology’. This approach grounds the
information system in the functions required to support the
corporate goals of the organization. It then identifies the
necessary activities for each function and the information
flows between the functions. The method does not exam
ine the current systems, whether computer based or man
ual, so as not to anchor a system plan on the current
approach. The methodology requires extensive user partic
ipation to determine information needs related to the
organizational goals and objectives.
A strategy for system design which is appropriate for
specifying requirements for management information sys
tems is presented by Brookes. It is argued that the
approaches currently used do not produce systems suitable
to the task of management because the systems produced
(1) are unrelated to the manager’s thought processes, and
(2) provide factual, historical, numerical information
when managers appear more satisfied with soft informa
tion. The paper outlines a set of design guidelines which, it
is argued, will produce better decision support systems
leading to better decision making.
Edmundson and Terry provide the only example in this
issue of empirically based research. They are investigating
the important topic of the design of graphical screens in an
interactive decision support system. The work is novel in
that it evaluates designs not on the common basis of user
preferences, but on the far more important criterion of
decision effectiveness. Their study shows that great care is
needed to utilise graphics effectively: a simple transforma
tion of manual graphical forms to the computer screen did
not lead to an improvement in decision outcome. An
improvement however was possible through a more
appropriate design. While the particular focus of their
study was on decision support for forecasting, there is not
much doubt that their findings relate to other contexts.
REFERENCES
BROOKES, C.H.P., GROUSE, P.J., JEFFERY, D.R. and LAWRENCE,
M.J. (1982): Information Systems Design, Prentice-Hall, Australia.
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Planning and Control Issues in
End-User Computing
R. Weberf
End-user computing is having an important impact on information system development within organisa
tions. Like all technological developments, however, it needs to be carefully managed if its use is to be cost
effective. Even with limited experience of end-user computing, some significant planning and control
problems have emerged. This paper examines the nature of these problems and some of the reasons why they
have arisen. It provides recommendations to assist managers to formulate standards in an end-user
computing environment.
Keywords and Phrases: End user, personal computing, planning, control.
CR Categories and Subject Descriptors: K.6.4 (Management of Computing and Information Systems):
System Management.

End-user computing has now emerged as a significant
phenomenon in the development and use of information
systems within organizations (Guimaraes and Ramanujam, 1986). It potentially offers several major advantages:
users can design and implement systems that would not
otherwise be developed because of substantial backlogs
(Alloway and Quillard, 1982); end-user languages enable
prototype systems to be developed that result in the final
system better meeting user needs (Alavi, 1984); the hard
ware and software employed to support end-user comput
ing allow managers to have better control over their own
data processing activities; the high-level languages used to
support end:user computing sometimes decrease system
development and maintenance costs (Duffy, 1984),
Unfortunately, the rapid growth in end-user computing
in organizations has not been accompanied by a corres
ponding evolution in the planning and control practices
needed if end-user systems are to be managed effectively
and efficiently. After a study of end-user computing in
seven US organizations, Rockart and Flannery (1983)
concluded there was an urgent need to establish strategies
for end-user computing, bases for assigning application
priorities and well-defined control processes. Similarly,
after a study of end-user computing in 20 US organiza
tions, Benson (1983) found that the absence of top-level
planning was a critical issue that needed to be resolved in
the near future. Outside the US, in a study of 10 Canadian
business firms, Rivard and Huff (1984) found that proce
dures for evaluating the success of end-user systems were
poorly developed. More recently, Guimaraes and Ramanujam (1986) found that information systems departments
consider inadequate planning and control to be highpriority problems associated with end-user computing.
Copyright © 1986, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted, provided that the ACJ’s copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society Inc.

This paper provides a synthesis of major planning and
control issues that face organizations wishing to employ
end-user computing. By identifying these issues, manage
ment can begin to address strategies to overcome the
problems that may arise. The paper assumes that growth of
end-user computing in organizations is inevitable and that
management cannot effectively prohibit its use (see also
Clarke, 1984). Indeed, major opportunities may be lost if
an antagonistic stance is adopted. Consequently, man
agement should seek to formulate policies for end-user
computing that can be promulgated and enforced through
out their organization.
The paper proceeds as follows. The first section exam
ines several major decisions that must be made in deter
mining the types of systems that can be developed by end
users and in choosing the strategies that should be used to
develop these systems. The second section identifies sev
eral operational problems that must be addressed in an
end-user computing environment. The third and fourth
sections examine various problems that have arisen in
acquiring and using hardware and software to support
end-user computing. The fifth section addresses training
and support issues associated with end users. Finally, the
paper identifies several undesirable results that can occur
if the behaviour of end users is not effectively managed.
SYSTEM DEVELOPMENT ISSUES
The types of systems now developed by end-users are
diverse in terms of their nature, size and importance. For
example, Rockart and Flannery (1983) examined 271
end-user systems and found the makeup to be operational
(9%), report generation (14%), inquiry/simple analysis
(21%), complex analysis (50%), and miscellaneous (6%).
They emphasize that many of the end-user systems studied
in their research were central to the ongoing, day-to-day
operations of the organizations they investigated.
In addition, end-user systems are not restricted to single
users. Again, Rockart and Flannery (1983) found the
makeup of the systems they studied to be multidepartment
(17%), single department (52%) and personal (31%).

tDepartment of Commerce, University of Queensland, St Lucia, 4067. Manuscript received May, 1986; revised September, 1986.
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Thus, the impact of end-user systems often extends beyond
the individuals who develop them.
Given the potential importance of end-user systems,
therefore, management needs to address three system
development issues as a basis for promulgating standards
to guide end-user computing: (a) what types of systems
should end users be allowed to develop; (b) what system
development methodologies should end users be encour
aged to employ; and (c) how should end-user system
development teams be organized. The following sections
examine each of these issues in turn.
Choosing Systems for End-User Development
When devising a policy that designates the types of sys
tems suitable for end-user development, perhaps the major
factor to be considered is the criticality of the system to be
implemented. System criticality can be assessed in several
ways. One way is to consider the consequences for the
organization if the system were withdrawn suddenly. A
second way is to determine the number of users affected by
the system; that is, is it a personal system or a multiuser
system? A third way is to consider the access and action
privileges that the system is to have with respect to the
corporate database. To the extent that the system has
update privileges and data is shared among multiple users,
the consequences of an error in the system are more
serious.
Criticality is important because, in light of experience
with end-user systems, it seems that many things can go
wrong when a system is developed by end users: funda
mental errors in the system can go undetected; the system
may not be documented properly; the system may be
unmaintainable; disputes may arise over property rights to
the system. Traditional formal system development metho
dologies have been devised to overcome these problems,
but end users who are unskilled in these methodologies
may be unaware of the pitfalls that confront them when
they develop systems. Thus, as a first step, management
should formulate guidelines to assist end users to deter
mine whether they can embark on the system development
themselves or whether they should seek assistance from
information system professionals.
Even if management policy deems a system to be suita
ble for end-user development, it still should be subjected to
some type of cost-benefit analysis. End-user systems
potentially can escape the scrutiny that typically accom
panies other major projects within an organization (see
e.g. Hogue and Watson, 1983). Moreover, in the absence
of designated responsibilities for justifying end-user sys
tems, perverse situations can arise. For example, Rivard
and Huff (1984) found that the onus forjustifying end-user
computing in the seven organizations they studied fell
back on traditional data processing management and not
the end users. They point out the quandary that faced data
processing management when they were unable to justify
end-user computing in their organizations: top manage
ment censured them for the resources being expended on
end-user computing; and they also suffered the wrath of
end users who had their computing resources restricted or
160

removed. Clearly, end users should be responsible for
justifying the systems they develop.
Unfortunately, how the evaluation should be under
taken is often a problematical issue. In some cases the
costs to be incurred and the benefits to be obtained are
explicit, and traditional cost-benefit evaluation methodol
ogies can be applied. For example, Benson (1983) found
several applications where the payoffs from end-user sys
tems were dramatic and the applications spread rapidly to
other parts of the organization. Often, however, end-user
systems are experimental in nature and the costs and
benefits are not clear-cut. In these situations a methodol
ogy such as Keen’s (1981a) value analysis might be used;
and following Keen (1981b), Rivard and Huff (1984)
stress the importance of a ‘contract’ being established with
end users to define success and to develop methods and
criteria for evaluating success.
The management issue is simply this: on a system-by
system basis the resources expended on end-user comput
ing may be minor; overall, however, they can be substan
tial. End users should have to justify the systems they
develop to some level of management via a formal metho
dology that has been promulgated throughout the organi
zation.
Finally, an important determinant of the sorts of systems
that end users should be allowed to develop is the organi
zation’s position in the life cycle of computing use. To the
extent that the organization has extensive experience with
end-user computing, management might allow more
ambitious projects to be attempted. Otherwise, end-user
system development projects might be restricted to sys
tems that are simple and straightforward where the
payoffs are clear and immediate.
Choosing a System Development Methodology
In an end-user computing environment, the system devel
opment methodology often advocated is prototyping (see
e.g. Naumann and Jenkins, 1982). Prototyping may be
carried out informally if, for example, an end user develops
a small spreadsheet application. Alternatively, it may be
carried out formally if, for example, a development team
comprising users and analysts/designers is responsible for
developing a major application where standard quality
assurance methods must be applied.
In spite of many exhortations about prototyping (e.g.
Martin, 1982), from a planning and control viewpoint
several major issues remain unresolved surrounding its use
as a development methodology (see Alavi, 1984; Janson
and Smith, 1985). As a basis for examining these issues,
consider the four-step prototyping methodology proposed
by Naumann and Jenkins (1982): (a) identify the user’s
basic information requirements; (b) develop a working
prototype; (c) implement and use the prototype; and (d)
revise and enhance the prototype.
In terms of the first step, how does one elicit the user’s
basic information requirements? Sprague and Carlson
(1982) suggest the ROMC approach — build representa
tions, operations, memory aids, and control mechanisms
that the user probably will find helpful and iterate toward a
The Australian Computer Journal, VoL 18, No. 4, November 1986
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final solution. Naumann and Jenkins (1982) identify two
other major approaches; the data modelling approach and
the process modelling approach. But which of these apporoaches is best? Or, under what conditions is one approach
better than the other? In the case of the data modelling and
process modelling approaches, these issue were being
sorely debated in the third generation: in the analysis and
design areas between proponents of Jackson’s (1975,
1982) data structure approach and Yourdon and Constan
tine’s (1979) data flow approach; and in the database area
between the various schools of thought on how conceptual
schemas should be modelled (see e.g. Falkenberg, 1983).
These issues still seem to be important in an end-user
computing environment. For example, Canning (1983a)
documents several case studies where the designers under
scored the importance of their choice of the analysis and
design approach used during prototyping and how, more
over, they had badly underestimated the time required to
perform the analysis and design phases.
In terms of the second prototyping step, the designer is
admonished to build a working prototype quickly — over
night, if possible. In other words, the system must be
designed, coded and tested in a short space of time. Little
formal guidance is provided on how these tasks are to be
undertaken, yet this was a major concern in the third
generation. Is structured design still relevant in an enduser environment? Does it make any sense to follow struc
tured programming principles when writing code in the
high-level language often used to support end-user com
puting? Should top-down testing, code inspections, etc., be
discarded in an end-user computing environment? De
signers who support end-user computing in organizations
still seem to be uncertain about these matters. On the one
hand, they report that errors are easily identified and cor
rected when a high-level language is used. On the other
hand, they fear the ultimate consequences for maintenance
when prototypes are poorly designed, coded and tested.
Moreover, they report experiences where they have
reached a stalemate using one design approach only to find
that the problem is solved easily when another design
approach is used.
The third step in prototyping has the users evaluating the
delivered prototype system and recommending changes in
light of hands-on experience. Clearly, this is a valuable
means of refining systems. The unresolved issue, however,
is whether users can detect deficiencies in the hidden
structure of the system that ultimately may be more damn
ing. The situation is akin to buying a used car without
having automotive knowledge. The car looks great, the
colour is right, it is clean, it runs well, but a month later you
find out it is, and always has been, a lemon.
In terms of the fourth prototyping step, it is unclear how
much revision and enhancement is desirable. On the one
hand, a major advantage of prototyping is that it reduces
the need to specify user requirements accurately and com
pletely at the outset. Supposedly, the initial versions can be
revised rapidly in light of experience with these versions.
On the other hand, as the number of users affected by
system prototyping increases, the organizational instabil
The Australian Computer Journal, VoL 18, No. 4, November 1986

ity caused by prototyping can have detrimental effects.
Moreover, with too many iterations, control over the sys
tem slips away. The tradeoff between attempting to spec
ify accurate and complete requirements initially and let
ting those requirements evolve with experience still needs
to be better understood.
Some overall concerns with control over prototyping
have also arisen as a result of experience with the metho
dology. For example, many end users have neglected doc
umentation of the systems they have developed. Some
have argued that the high-level code employed to build
end-user systems is self-documenting or, if need be, it can
be easily reconstructed. Unfortunately, after studying 67
end users, Benson (1983) concludes that fears about the
adequacy of documentation in end-user systems are well
founded. He observes (p. 40): “To most personal computer
users, ‘documentation’ was an unknown word. . . Several
(users). . . admitted that if they left the firm their applica
tions would go with them as no one else could understand
or maintain them”.
To some extent, the initial enthusiasm for prototyping
has waned. Burns and Dennis (1985), for example, argue
that it is an inappropriate methodology when project com
plexity is high but project uncertainty is low. Furthermore,
they advocate a mixed methodology — one that combines
the prototyping and traditional life cycle approaches —
when both project complexity and project uncertainty are
high. In short, management needs to formulate policies on
when prototyping should be used as the system develop
ment methodology in an end-user environment and when
other strategies are more appropriate.
Organizing the System Development Team
A primary objective in an end-user computing environ
ment is to allow system development by end users them
selves and to alleviate the need for skilled analysts,
designers and programmers to be involved in the system
development process. In this way the design and imple
mentation of systems will not be inhibited by the unavaila
bility of information system professionals nor the com
munication and behavioural problems that sometimes
arise when analysts or designers attempt to elicit system
requirements from end users.
It is becoming clear, however, that choosing the size,
makeup and structure of system development teams in an
end-user environment is not a straightforward issue. Sev
eral factors affect the decision. For example, as the size,
complexity, and impact of the system to be developed
increases, more end users will have to be involved in the
system development process. Thus, it is more likely that
end users will need skilled support (e.g. Mann and Watson,
1984).
Perhaps the major concern, however, is the likely qual
ity of the resultant system when the development team
comprises only end users. Davis (1984) identifies five sets
of risks that arise:
1. Risks from failing to separate the functions of users
and analysts: the analyst no longer acts as an inde
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pendent reviewer of requirements nor as an enforcer
of standards.
2.
Risks from users’ inability to identify requirements
accurately and completely: users have not been
trained to overcome basic human cognitive limita
tions that impair a person’s ability to identify
requirements accurately and completely and that lead
to over-analysis, inefficient search for solutions,
solving the wrong problem, and using the wrong
analysis or wrong model.
3.
Risks from lack of user knowledge and acceptance
of quality assurance procedures: users apply inade
quate procedures for testing, documentation, audit
trails, and operating controls.
4.
Risks from unstable user systems: users must know
when unstable systems caused by ongoing porototyping are inappropriate for the organization’s
needs.
5.
Risks from private information systems: these sys
tems may contain information that is important to
the organization, or they may atrophy when the user
leaves the organization.
If these risks are to be reduced, management must pro
mulgate standards to guide end-user system development,
and end users must be trained in the application of these
standards. Alternatively, information system development
professionals must be represented on end-user system
development teams to guide the system development pro
cess. Some fundamental tradeoffs must be made when
deciding upon the level of autonomy to be provided to end
users in choosing the systems they will design and imple
ment and the need for training and support of end users in
the conduct of system development.
OPERATIONAL ISSUES
In a third-generation environment, the ‘mundane’ issues of
backup, security, supplies, capacity, operating system
updates, software licensing, etc. are handled by the infor
mation systems department. In an end-user environment,
the status of these operational matters is a cause for
concern.
Benson (1983), for example, examined the various
backup and security procedures undertaken by end users.
He found that often backup was not created until a serious
file loss had occurred. The status of security was little
better. Sometimes diskettes were left in desk drawers or in
boxes next to the microcomputer. In some ways these
problems are confounded by the poor controls that exist in
some microcomputer systems. For example, in several
multiuser systems, backup and recovery facilities are prim
itive (see e.g. Samson, 1983); and in some local area
networks for microcomputers, protocols for establishing
and changing passwords are awkward and unwieldy.
Security and backup matters cannot be treated lightly.
Canning (1984) points out that more people are now
accessing corporate databases because the number of end
users is growing much faster with microcomputers than it
did with terminal systems; consequently, integrity risks are
greater, particularly in light of the inability of some data
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base management systems to enforce a common data
definition. In addition, data from a central database can be
downloaded to a microcomputer and taken off site via a
diskette. Indeed, the problems that arise in preserving data
integrity in an end-user environment have caused a basic
conflict over how data should be accessed and used. Some
argue that end users would be forced to extract data from
the database before they can use it. Others argue they
should be given direct access to the database if the authen
ticity, accuracy and completeness of data is to be main
tained.
Managing upgrades to the software used to support
end-user computing is also causing difficulties. Software
vendors have a sales incentive to release new, more power
ful versions of their software frequently. Unfortunately, it
is not always clear that organizations should invest in the
upgrade. In some cases the upgrades have proven to be less
useful than the earlier versions of the software. For exam
ple, they have proven to be too complex for end users to
employ effectively.
There are problems, also, with ensuring end users
employ resources effectively and efficiently. In a thirdgeneration environment, a basic means of accomplishing
these objectives was a chargeout scheme. It is uncertain
what sort of behaviour will be evoked if chargeout is
introduced in an end-user environment. Will users be wil
ling to pay for the services of support staff? Similarly, will
they be prepared to pay for access to a shared database?
Inevitably, chargeout schemes produce problems of suboptimal behaviour on the part of some users. Unfortu
nately, these problems seem more acute in an end-user
environment where hardware, software and data resources
are dispersed to more consumers and users feel they ‘own’
these resources anyway.
HARDWARE ISSUES
A primary characteristic of end-user computing is the
widespread acquisition and use of microcomputers that
act in a stand-alone capacity or as a node in a local area
network with other microcomputers or as an intelligent
workstation connected to a mainframe. Thus, the man
agement of hardware no longer focuses on a single
machine nor on a small number of machines; instead, it
must address the issues that arise as the result of an exten
sive proliferation of hardware devices.
Perhaps the major concern over hardware is the issue of
standardization. In the absence of formal policies, many
different types of machines may be purchased. Eventually,
substantial problems may arise when they must be con
nected in a network or used as a workstation connected to
a mainframe where download/upload capabilities are
important. Furthermore, in the absence of compatible
operating systems among machines, software portability
becomes an issue. In the interests of the overall organiza
tion, therefore, management must promulgate standards
on hardware acquisition.
Unfortunately, developing hardware acquisition poli
cies for microcomputers can be difficult. Enforcing tradi
tional capital budgeting and project appraisal procedures
The Australian Computer Journal VoL 18, No. 4, November 1986
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has proved to be a problem. Benson (1983), for example,
reports that several managers in the organizations he stu
died were not even aware that their staff had purchased
and were using microcomputers. Given the small capital
cost of most microcomputers, they can escape the scrutiny
of management. Indeed, they can be purchased in pieces
— boards, disk drives, printers, etc. — to make their acqui
sition even more difficult to discover. Furthermore, to
assist their customers circumvent capital acquisition con
trols, some vendors will sell an assembled unit but invoice
on a piecemeal basis. While the cost of an individual
machine may be minor, the overall cost for microcompu
ters is another matter. Individual subversion of capital
acquisition policies can lead to widespread problems,
especially in the absence of policies that require end-user
applications be justified.
Perhaps a more insidious problem has been pointed out
by Samson (1983). He emphasizes the need for organiza
tions to establish effective inventory control over micro
computers parts. With the current popularity of home
computing, he suggests that some organizations may be
supporting the hardware needs of their employees, and his
audit experience confirms this suspicion. This situation is
not helped by organizational policies that allow employees
to use their own personal computers in the workplace.
Employees then may be able to rationalize a hardware
purchase in spite of its questionable usefulness to the
organization.
SOFTWARE ISSUES
The problems that arise with hardware acquisition policies
in an end-user computing environment also arise with
software acquisition. In addition, software copyright mat
ters must be addressed. With the extensive software piracy
that has occurred, many software vendors are undertaking
more stringent measures to enforce their property rights.
Insofar as software on diskettes is often relatively easy to
copy or, via downloading, a diskette copy can be obtained,
policies must be established to ensure the proper handling
of purchased copyright programs. In this light, someone
must be responsible for negotiating multiuser and multisite
agreements for an organization whenever microcomputer
software is purchased.
Property rights also must be clarified with respect to
application systems or software developed by end users as
members of an organization. Disputes over property rights
have occurred already. Some end users have argued they
have ownership rights; thus, they can sell the application
software or take it with them when they leave the organi
zation. Policies on these matters must be formulated, pro
mulgated and enforced.
Developing adequate procedures for evaluating thirdparty software has also proved to be a problem. With the
diverse range of software products now available, it is
often difficult to identify even a suitable subset for indepth evaluation. Moreover, many software products are
so cheap that a lengthy evaluation process seems pointless.
Nevertheless, the consequences of purchasing poor quality
software must be considered carefully (see Northcote,
The Australian Computer Journal, VoL 18, No. 4, November 1986

1984). Erroneous software may corrupt a corporate data
base if it accesses and updates data directly, or it may lead
to wrong decisions that have serious ramifications for the
organization. There are serious risks here as much soft
ware production has become a cottage industry where the
quality assurance measures undertaken are suspect. Be
cause of problems that have arisen already, some vendors
are having their products ‘certified’ by a competent, inde
pendent, third party. Again, while a single wrong decision
on a software purchase may be a minor concern, the
cumulative cost of many wrong decisions can be substan
tial.
Finally, as with hardware, management also must
ensure that software is purchased for the benefit of the
organization rather than the benefit of employees who
have home computers. Unfortunately, the boundary be
tween personal interests and organizational interests is
often obscure in this respect.
TRAINING AND SUPPORT ISSUES
Training and supporting end users may be a major hidden
cost. It should not be underestimated. Indeed, Canning
(1982a, 1982b) points out that the costs of training and
support could have significant effects on the roles that end
users and information systems professionals ultimately
play. For example, end-user computing is supposed to
decrease the application backlog by alleviating the infor
mation systems department of responsibilities for applica
tion development. If information systems personnel have
responsibilities for training and support, however, they
may be in a worse situation than before. Furthermore,
notwithstanding the ease with which end-user languages
can be used, it may be more cost effective to have informa
tion systems professionals use them to write end-user
applications. These questions need to be addresssed within
the context of managing all information resources — deci
sion support, office support, technical support, etc. (see
Vierck, 1981).
The form that end-user support should take still remains
an unresolved issue. Three major options have emerged.
First, an information centre can be established staffed by
professionals who assist end users on a wide variety of
matters such as hardware and software support, applica
tion design, and programming (Hammond, 1982; Brancheau et al. 1985). Second, product co-ordinators can be
established to advise end users on a particular end-user
tool. Third, round-table groups can be established to pro
vide a venue for end users to discuss common problems
(Canning, 1982a).
All approaches are costly, so their relative cost effec
tiveness is an important consideration. IBM has been a
strong advocate of the information centre approach (Can
ning, 1984). However, Rockart and Flannery (1982) argue
cogently for placing functional support personnel out in
the user areas. Perhaps the best choice depends on factors
such as the level of task and environmental uncertainty
facing end users. If the level of uncertainty is high, organi
zation theory would suggest a decentralized approach to
support is more likely to be effective. In any case, many
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organizations seem to have avoided the issue. Benson
(1983) found that whereas policies for support of main
frame users were well developed, policies for supporting
end users were poorly formulated and fragmented.
An important development in the training area has been
the rapid growth in computer-based learning facilities to
support end-user computing. Several companies have rec
ognized the potential size of the training market and deve
loped a wide range of course offerings (Canning, 1982b,
1983b). Nevertheless, the cost of training remains a signif
icant factor. Many of the courses are expensive to develop;
consequently, they are costly to purchase. Moreover, there
are side variations in quality, and evaluations are time
consuming and difficult. In some respects, at least the
short-term future of computer-based learning support is
uncertain. There is a scarcity of good courseware writers,
and the producers of courseware somehow have to find the
right compromise between the speed with which techno
logical change is occurring and the lengthy time required
to produce high-quality courseware.

CONCLUSIONS
This paper has examined some major planning and control
issues that arise in the management of end-user comput
ing. Many of these issues have an air of the commonplace
and deja vu. Clearly, end-user computing has substantial
potential, and organizations should endeavour to embrace
it. But lessons learned sorely from the past should not be
forgotten. Unfortunately, when a new generation of tech
nology occurs yet again, the zealots seem to dominate the
literature and, consequently, an unbalanced view of the
way the technology needs to be integrated into an organi
zation results. Like all new developments, management
needs to consider the impact of end-user computing in a
calm, removed way. Standards must be formulated, pro
mulgated and enforced and revised in light of experience.
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Participative Systems Design: User
Experiences, Evaluation and
Conclusions
R.A. Hirschheimf
In the past ten years there has been a dramatic surge in the development of new systems analysis and design
methodologies, each claiming to be better than the others. This has led to considerable interest in methodol
ogy comparison and evaluation. One type of systems development methodology which continues to arouse
interest and speculation, is the participative variety. There is, however, a number of unresolved issues about
this type of methodology, e.g. how does it differ from traditional methodologies, how do those who have used
it feel about its strengths and weaknesses, are there particular kinds of systems which can or cannot be
developed participatively, and what are the problems with its use. These and other questions provided the
motivation for embarking on a two-year study addressing user experiences with and an evaluation of
participative systems design. The study has recently been completed and its findings are summarized in this
paper. Four main conclusions emerge; users generally possess very positive feelings about participative
systems design; it appears applicable for most systems development or technology introduction; it does not
necessarily lead to fewer requests for system modifications; it is certainly not problem free. The paper offers
some thoughts on the likely value of participative design and some observations about its use in systems
development.
Keywords and Phrases: Participative systems design, systems design, user involvement, methodology
evaluation.
CR Categories: H.4, K.4.3, K.6.

INTRODUCTION
For a number of years, many people have supported the
position that workers need to be actively involved in mak
ing decisions which ultimately will affect them. Some
adopt this position on ethical grounds; others believe such
involvement improves decision making while ensuring
commitment. Participation in the general organizational
decision making process has been written about exten
sively and advocated by numerous writers (cf. Blumberg,
1969; Guest and Fatchett, 1974; Bate and Mangham,
1981; Guest and Knight, 1979; Koopmans and Drenth,
1981; and Ponsford and Carpenter, 1978). More recently,
worker involvement has been written about within the
context of developing computer-based information sys
tems (cf. Bostrom and Heinen, 1977; Oppelland and Kolf,
1980; Hedberg, 1975; DeMaio et aL, 1979; Mumford,
1981; Land, 1982; and Taylor, 1978). Lucas (1982) out
lines six reasons for the importance of user participation in
information systems development.
1.
Participation is ego enhancing, which builds self
esteem and results in more favourable attitudes.
2.
Participation can be challenging and intrinsically
satisfying, leading to positive attitudes.
Copyright © 1986, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted, provided that the ACJ’s copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society Inc.

3.

Participation typically results in more commitment
to change which is likely to lead to greater system
use.
4.
Participating users become more knowledgeable
about the change. Users are able to control more of
the technical qualities of the system and become
better trained to use it.
5.
Technical quality will be enhanced because partici
pants know more about the old system than any
outside analyst.
6.
Users retain the control over their activities and
should therefore have more favourable attitudes.
To these six, Land and Hirschheim (1983) would likely
add two more.
7.
Participation allows the interests of the individuals
to be safeguarded. It is based on the belief that
individuals have the right to control (or at least have
some say in) their own destinies.
8.
Participation provides the mechanism through
which individuals can use the system as a basis for a
redesign of their jobs and working environments.
Others argue that user participation in the systems devel
opment process can be dysfunctional in that it can lead to
political problems (Keen and Gerson, 1977), is inherently
manipulative (Kraft, 1979 and Hedberg, 1975), is
extremely difficult to operationalize (Lawrence, 1969 and
Croisdale, 1982), and leads to designs which are not only
sub-optimal but to systems that take much longer to
develop (Eason, 1977).

t Oxford Institute of Information Management, Templeton College, Oxford, UK Manuscript received May, 1986; revised September 1986. This work was
funded by IBM UK Ltd.
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The schism between the two opposing views is, unfor
tunately, not easily resolved. These positions are held
strongly, based on the subjective interpretation of limited
(and often contradictory) data, and founded more on intui
tion than empirical grounding. Recent attempts to offer a
more definitive statement on the value of participation in
the systems development process (cf. King and Rodriguez,
1981; Olson and Ives, 1981; Blokdijk, 1980; Ives and
Olson, 1981; Robey and Farrow, 1982; Olson, 1981; and
Oppermann, 1984) have either suffered from methodolog
ical difficulties or have been inconclusive. This is a conclu
sion similarly reached by Ives and Olson (1984) who in a
review of the empirical literature on user involvement
state:
. .. much of the existing research is poorly grounded in
theory or methodologically flawed; as a result, the benefits
of user involvement have not been convincingly demon
strated (p. 586)

Based on the need to have further information by which
to judge the efficacy of participative systems design, a two
part project was set up in the summer of 1981 to attempt
some form of evaluation. Part one of the project — carried
out between October 1981 and October 1982 — reviewed
the available literature, developed a framework for dis
cussing participative design and surveyed the use of parti
cipative methods in Great Britain. The results are reported
in Hirschheim (1983). Part two — undertaken during the
period November, 1982 to November, 1983 — explored
user experiences with and assessments of participative
design. Its results are reported in Hirschheim (1985). This
paper has two purposes: (a) to synthesize and summarize
the overall findings of the project; and (b) to offer some
general observations about the participative approach to
information systems development.
DEFINITION OF PARTICIPATIVE SYSTEMS
DESIGN
Providing a definition of participative systems design
which is substantive yet captures the spirit of the approach
is not a simple matter. User participation or involvement in
systems development is not a sufficient basis for a system
to be defined as ‘participatively designed’ since all systems
require some degree of user interaction. Thus, definitions
of user involvement such as ‘participation in the develop
ment process by a member or members of the target user
group’ (Olson and Ives, 1981), is too broad to provide an
effective basis for a definition. Participative systems
design embodies more than simply user involvement. It
can be defined as:
a type of systems development approach where the users
take the lead in (and often control of) the development
process, and where the substance of development is
expanded to include social and organizational concerns,
e.g. job design, decision making responsibilities, reporting
relationships, and the like.

More specifically, participative systems design embo
dies two dimensions: content and involvement. The former
refers to the subject matter under consideration; the latter
relates to the nature of user involvement. The ‘content’ of
participative systems design is enlarged from purely tech
nical matters to one involving technical and social consid
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erations. This is the socio-technical systems notion upon
which most participative design is based. It substantively
differentiates participative methodologies from the more
conventional ones, which pay little more than lip service to
the social aspects, and are normally not equipped to handle
them.
In terms of the second dimension, participative design
broadens the base of user involvement while placing the
responsibility and control of the design process more in the
hands of the users. Mumford (1981) notes three types of
involvement: (a) consultative, where the users are con
sulted about what they want but where the bulk of the
decisions are left to some other group; (b) representative,
where a group of workers is elected to represent the needs
of their co-workers and who participate in the design
process; and (c) consensus, where the users not only make
the decisions, but assume full responsibility for their
implementation. Participative systems design relies on the
representative or consensus forms of involvement which
allows the users more responsibility and authority over the
development process. This again differs from conven
tional methodologies which generally allow only a small
degree of substantive user involvement.
METHODOLOGY CLASSIFICATION
The two dimensions content and involvement can be used
as a basis for broadly classifying types of systems devel
opment methodologies, of which the participative variety
is only one. First, each of the dimensions is viewed as a
continuum, with ‘technical’ and ‘social’ the end points of
the content dimension, ‘representative’ and ‘consensus’ the
extremes of the involvement dimension. Second, the two
dimensions are constructed as complementary continua.
The result is a two dimensional space on which the various
types of methodologies can be mapped. It thus becomes
possible to depict diagrammatically the difference
between the participative methodologies and the more
conventional alternatives (Figure 1).
For simplicity, each continuum is divided into three
zones yielding nine loosely defined regions, each asso
ciated with a particular type of methodology. For example,
‘consultative’ involvement and ‘technical’ content reflects
the fundamental basis or underlying assumptions inherent
in the classic approaches, (what Couger (1982) calls the
‘second or third generation systems development
approaches’ and what Wood-Harper and Fitzgerald
(1982) term ‘traditional approaches’). Examples of classic
approaches can be found in Lee (1978), National Comput
ing Centre (1977), and Millington (1978). The structured
approaches reflect a new generation of approaches, ‘fourth
generation’ according to Couger (1982), which provide a
more ‘structured’ approach to systems development and
attempt greater user involvement (cf. DeMarco, 1978;
Gane and Sarson, 1979; Weinberg, 1980). Fourth genera
tion languages in the hands of end users represent what
might constitute the most advanced form of user involve
ment in that the users develop the systems on their own,
although the content is — by and large — limited to
technical matters (cf. Martin, 1982).
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Figure 1. Methodology Classification.

When content is expanded to include an equal emphasis
on both technical and social issues, two types of methodol
ogies are reflected. Classic socio-technical approaches (cf.
Bostrom and Heinen, 1977; and Pava, 1983) provide a
vehicle for addressing technical and social matters but
effected through a consultative form of involvement. Par
ticipative approaches (cf. Mumford and Henshall, 1978;
Mumford and Weir, 1979; and Opelland and Kolf, 1980)
address social and technical matter as well, but do so by
adopting representative and consensus forms of user
involvement.
When the content of systems development consists
mostly of social concerns, certain types of methodologies
have been experimented with. Examples of those which
embrace consultative involvement are the organizational
development approaches (cf. Davis and Taylor, 1972)
which concentrate on the design of worker jobs. Although
more general in nature, they have been used in the context
of information systems development. More recently, a new
variety of methodologies has emerged from Scandinavia
which is largely trade union led and embraces both the
representative and consensus forms of involvement. These
trade union based approaches to information systems
development can be found in a number of Scandinavian
projects: UTOPIA (Howard, 1985), FLORENCE
(Bjerknes and Bratteteig, 1984,1985) and DEMOS (Ehn
and Sandberg, 1983). See Ehn and Kyng (1985) for more
information on these projects and the systems develop
ment methodologies used.
METHODOLOGY EVALUATION
The evaluation of any systems development methodology
is fraught with difficulties as there is no clear cut vehicle or
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approach for carrying out assessment. It is fundamentally
subjective, making objective analysis problematic (cf.
Hirschheim and Smithson, 1986). Recent attempts at eva
luating a number of methodologies (Olle et ai, 1982,
1983; and Maddison et al, 1983) are indicative of the
thorny nature of methodology assessment. At a fundamen
tal level, there are perhaps three options available: (a)
assess the methodology (either comparatively or inde
pendently) as a theoretical exercise (‘on paper’ as it were);
(b) assess it on the basis of its product (i.e., evaluate the
system developed through the use of the methodology); or
(c) do both (i.e., evaluate the methodology’s ability to
develop systems and assess an example of a system it was
used to produce). All three are problematic. The first is
likely to be a questionable exercise as it is difficult to
conceive of any meaningful evaluation without also
closely considering the developed product. The second
again seems inappropriate as there are too many uncon
trollable variables in systems development and the result
ing system, many of which have nothing to do with a
methodology. The third approach overcomes many of the
shortcomings of the others by combining the analysis of
the methodology with its output. This more comprehen
sive approach also has its problems, but appears more
likely to yield meaningful results. It was thus adopted as
the basis for evaluation in the project; users were questi
oned about both the participative methodology and the
developed system(s). Looking at both the methodology
and the resulting system differentiated this project from
others, which typically have not explicitly considered the
developed system.
RESEARCH METHOD
Methodology evaluation was operationalized through
field studies involving semi-structured interviews with
individuals who had used a participative methodology to
develop one or more systems. Interviewing those actually
experienced in using the methodology was seen as the best
way of obtaining an understanding of the nature of parti
cipative systems design, as well as its strengths and weak
nesses. Interviewees included members of the participa
tion team, DP managers, systems analysts, sponsors and
end users. Interview data was supplemented by informal
discussions where possible. The study was thus more
exploratory and qualitative, accumulating data of a more
pragmatic and descriptive character. Alternative and less
subjective research designs were also considered, but in an
area where little prior knowledge on the use of participa
tive methodologies existed and given the highly subjective
nature of evaluation, only a qualitative approach was felt
to be appropriate.
In part one of the project, 60 interviews were conducted
in 20 British organizations which had used participative
design. The organizations included both public agencies
and private sector companies, and were almost equally
divided in terms of their use of representative and consen
sus forms of involvement. The questions asked were of a
more general nature, reflecting the desire to obtain a broad
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understanding of the subject. In the second part of the
study, eight organizations were revisited in an attempt to
obtain a more detailed picture of participative design. The
organizations chosen were those which had the most expe
rience with the consensus form of participative methods.
Twenty individuals were formally interviewed, and many
others took part in informal discussions. Interview ques
tions specifically addressed: the type of system(s) deve
loped participatively; the substance of participation; the
nature of any assessment carried out (if any); experiences
with alternative methodologies; strengths/weaknesses,
benefits/detractions of participative methods; system
applicability; and overall assessment.
Despite the difficulties inherent in this type of qualita
tive methodology evaluation, no other was deemed accep
table. The research aimed, as best it could, to mitigate the
deleterious effects of using such an evaluation approach.
For example, the question of bias is an inherent property of
perceptual measures and the researcher has only limited
scope for developing ways to limit its effects. The same is
true of the subjective nature of the assessment. One way
the study sought to minimize these effects was through
in-depth interviews with as many different people as pos
sible. A strength the evaluative part of the study came from
the questioning of respondents on both the system and the
participative methodology. It is therefore felt the results of
the research reflect the actual feelings of those who have
been involved with participative design. And it is these
people who are in the best position to assess its value.
SUMMARY OF FINDINGS
Although a number of aspects of participative system
design were explored in the interviews, the following six
points seem to capture the major findings of the study.
1.

There is widespread positive feeling about
participative design.
It is apparent from the comments of those taking part in the
study that there exists a general consensus regarding the
value of participative systems design. Most feel favourably
disposed to it and feel their experiences support a view
which advocates its use in systems development and
implementation. However, there is some difference of
opinion among organizational groups. For example, DP or
management services personnel, while generally suppor
tive of participative design, are usually less enamoured by
it than other groups. They note that it tends to slow down
the design process and sometimes leads to frustration on
the part of the analyst who must spend a good deal of his
time interacting with a design team who may know little
about computing and systems building. They may also
become embroiled in political fighting within the design
team or between members of the design team and depart
mental personnel. On the other hand, they generally rec
ognize and agree that participative design leads to faster
and better implementation in that problems surface sooner
in the design phase and are thus resolved earlier than with
conventional approaches. Users, management and trade
unions all seem to be pleased as it provides a forum
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through which views can be expressed. Better communica
tion leading to better systems is a commonly shared belief,
and participative systems design promotes better
communication.
Two often quoted benefits of participative design were
mentioned by a number of respondents. They are: (1) the
general level of confidence placed in the system’s output
by the users, and (2) the system’s ease of use. Both were
thought to have been enhanced through the use of parti
cipative design. It must be remembered, however, that
both are extremely subjective and respondents’ views may
have been coloured by their involvement in the process.
Unfortunately, this potential bias is inherent in the
research design. It may have been better to ask an inde
pendent party to assess the relative ease of use of the
participatively developed system, but this has its own
intrinsic problems. And clearly the level of confidence
placed in the system’s output could only seriously be
judged by someone involved in and using the system.
2.

Participative design is thought to help promote the
‘learning experience’
One of the major benefits claimed by participative design
(cf. Mumford 1981) is the learning which accompanies the
exercise. Participants acquire a better understanding of
their work and that of others. Knowledge of the organiza
tion, of computing, about themselves, etc. is enhanced such
that they acquire many new and desirable skills. Learning,
however, was not one of the main benefits mentioned by
the respondents. When asked if learning did come about
through the participative exercise, most said yes. But it is
interesting to note that it was not an issue which was
considered of primary importance, more of an after
thought. While it might be argued learning was part and
parcel of the quoted benefits or existed as an underlying
theme, it is, nonetheless, somewhat surprising it was not
regarded more highly on its own as a benefit of
participation.
3.
Organizations do not undertake systems evaluation
Organizations, unfortunately, do not carry out post
implementation evaluations on their systems. Nor do they
set quantifiable objectives, at the outset, which a system
could be evaluated against after it is implemented. There
fore, any system evaluation must be of a more subjective
nature. Respondents generally felt able (or at least willing)
to attempt an assessment, even though it was based on
qualitative data, i.e. personal judgement. For example,
most thought the systems which were developed participa
tively were more robust, provided an ease of operation,
needed less overall training time, facilitated better and
more effective communication, led to an increase in confi
dence among organizational members while reducing the
number of conflicts, and produced better and more accu
rate information. These benefits are, however, all qualita
tive ones. Quantitative benefits were much harder to come
by, and most seemed unable to say whether any had been
realised.
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4.

Participative systems design may lead to fewer
requests for modifications
One area where savings were predicted was in the number
of requests for system change. Participatively developed
systems were thought to generate fewer change requests,
based on the assumption that systems not meeting user
requirements would generate more requests for modifica
tion. In the event, this apparently could not be supported as
not all systems led to fewer change requests; in fact, some
even led to an increase. An explanation offered by one
respondent was that systems which were designed parti
cipatively were very likely to generate more requests for
enhancements because the users would become better
aware of the opportunities available. Thus, requests for
change could not be related to how well the system met its
requirements. The only way a ‘request for change’ statistic
could be meaningful is where requests for change are
categorized as either enhancements beyond initial system
requirements, or modifications to meet those requirements
which had not been met initially. Participatively designed
systems should produce more of the former but fewer of
the latter. The difficulty is even if it were possible to
distinguish between them it is not normally done. There
fore, the metric ‘number of change requests’ provides little
evaluative information.

5. Participative design is not problem free
Respondents noted a number of shared problems asso
ciated with participative design; many of which had no
obvious solution. For example, the delays experienced in
the design phase were a clear nuisance to many, particu
larly the DP staff. The need for an external facilitator was
recognized as being critical for the success of the project as
he/she acted as a catalyst and kept the participative pro
cess running smoothly. In a number of cases, users were
decidedly sceptical about the underlying reasons why parti
cipative design was being attempted. Some initially felt it
was some manipulative tool, others considered it too great
a strain on their time. Resolving disagreements quickly
was another common problem. Often a great deal of time
was spent on settling a relatively minor issue. This was
thought to be an inefficient use of resources. The size of the
design group also caused problems: too large a group was
difficult to co-ordinate and led to endless discussions; too
small a group was felt to be unrepresentative of the users.
The ideal design group size would likely vary among
different organizations and circumstances. Setting system
boundaries caused problems as it was not always clear
where the system should begin and end. Yet failure to
clarify the boundaries is likely to lead to conflicts and,
ultimately, the possiblity of a failed system.
6.

Participative design appears applicable for most
systems development
In terms of applicability, most respondents felt participa
tive system design could be used for virtually any systems
development or technology introduction, but it was consi
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dered most appropriate for large and complex systems.
Small, simple systems could be developed more quickly
using conventional techniques. It should be mentioned,
however, that the respondents of this study were all
involved with more complex systems where user participa
tion was considered essential. The suspicion that participa
tive design would not be necessary for simple systems is
conjecture, based on the limited experience of using it for
large systems. It is possible that for truly simple systems,
users may develop the systems themselves, using fourth
generation languages, such as NOMAD, FOCUS, RAMIS
and MANTIS. More complex systems would require the
assistance of DP staff but still largely developed by the end
users. Highly complex systems could be developed jointly,
using participative design to its fullest. This view is based
on the assumption users are going to take a more active
role in systems development, particularly in light of the
proliferation of application generators, personal compu
ters and office automation.
A second aspect of applicability lies with kind and level
of staff involved in a participative exercise. Most respond
ents believed that participative design was most effective
when higher level staff were involved. This supports the
point often noted in the literature (cf. Guest and Fatchett,
1974; Guest and Knight, 1979) that higher grade staff are
more likely to: (a) want to participate, and (b) have the
ability to do so. They often see participation as an approp
riate vehicle for improving their work situation and provid
ing ‘ownership’ over the systems which are implemented.
Higher grade staff also generally have more authority,
which facilitates participation, and a greater ability to have
meaningful dialogue among the various participants.
Research has shown that it is usually easier to get support
for participation when those involved are of a more senior
or professional nature (Guest and Knight, 1979).
The findings of this study appear to support some of the
more commonly held beliefs of the organizational deve
lopment/theory community. Koopmans and Drenth
(1981), for instance, state that participation in organiza
tional decision making is most effective when the nature of
the issue is more complex, i.e. tactical and strategic level
decisions. Operational activities are seen as too limiting,
leaving little scope for meaningful dialogue. Participation
is often seen in terms of furthering the information flow
from lower to higher levels in the organization. In addition,
participation is usually thought to lead to higher job satis
faction when used in the development phase of the deci
sion making process: the greater the involvement at early
phases, the higher the satisfaction. The respondents’ expe
riences with participative systems design largely involved
its use in the early stages of systems development and in
tactical level decision; and, as would be predicted by
organizational theorists, satisfaction was high.
According to Koopmans and Drenth (1981), the suc
cess of participation is based on a number of contingent
factors of which decision level (operational, tactical and
strategic) and phase of the decision making process, are
only two. Other factors such as trust and clarity of goals
also influence outcome. They write:
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... if a decision making process can be classified as purely
‘procedural’ with clear goals accepted by all, then it would
be simplest to delegate the matter to professional staff
groups and specialists, (p. 11)

It may be for this precise reason that participative systems
design is positively viewed by those involved. Conven
tional systems development techniques appear fundamen
tally to embrace the purely procedural aspects of systems
whereas participative approaches do not. Moreover, it
might explain why systems staff are somewhat less
inclined to accept participative design; they may well per
ceive systems development as a purely ‘procedural’, nonpolemical process. Users, on the other hand, are likely to
possess a totally different view, leading directly to a con
textual climate conducive to the favourable perception of
participative systems design.
ADDITIONAL COMMENTS
Given the difficulties associated with methodology eva
luation and the limited nature of this research, it would be
inappropriate to make sweeping generalizations and
recommendations about participative systems design. On
the other hand, after two years of research, clearly some
knowledge has been gained and a number of observations
could be drawn. Additionally, there are various issues
surrounding participative design — about its nature,
growth, drawbacks, rationale and appropriateness —
which warrant further comment. These are discussed
briefly below. It must be noted however, that these obser
vations/comments are subjective in nature and constitute
no more than a first attempt at synthesizing the lessons
learnt in using participative systems design. As the study
was largely impressionistic, there was never any intent to
produce theory in the conventional sense. Future research
might wish to expand on this project, taking the results
provided here as the starting point for a more detailed
study of the subject.
The observations/comments are as follows.
1. Growth of participative design
The use of participative design is apparently growing with
more and more organizations expressing an interest (cf.
Briefs et ai, 1983). Three somewhat unrelated develop
ments may be behind the growth in interest. The first is the
widespread belief that user involvement in the systems
development process leads to end users with a better
appreciation of what the system will and can do, while
providing them with the opportunity to request changes
early on in the development process, thereby lessening the
number of expensive modifications required after system
implementation.
The second is associated with the emerging issue of
quality of working life (QWL) and its repercussions.
Although difficult to define, QWL is thought to include 8
criteria: adequate and fair compensation; safe and healthy
working conditions; immediate opportunity to use and
develop human capabilities; opportunity for continued
growth and security; social integration in the work organi
zation; constitutionalism in the work organization; a posi
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tive influence of work to total life space; and social rele
vance of work life (Walton, 1975). Many companies are
beginning to recognize the importance of these conditions
and are therefore looking for suitable ways of ensuring
they are dealt with successfully. Worker participation is
seen as one obvious vehicle.
The third has to do with the development of new infor
mation technology, particularly personal computers and
telecommunication networks. These have helped in the
move towards decentralization and distributed processing.
Users now have the technological capabilities for local
processing and data storage which had led them to design
and implement systems on their own, often with only
minimal help from their DP department. Prototyping,
application generators, inexpensive and widely available
software packages, etc., have all fueled their interest in
systems. They have now come to expect active involve
ment in any system development.
2.
Increased organizational participation
The general trend towards more participation in organiza
tional terms has its parallel in the data processing depart
ment (as suggested above). At the lowest level, end users
are being asked their needs in the information require
ments analysis phase of systems, development. They are
involved with structured walk-throughs and sign-offs. At a
higher level, they may be part of a project team with
ultimate authority and responsibility for the project. And
the highest level would be where end users develop their
own systems by themselves with the use of fourth genera
tion languages. This could be viewed as the ultimate in
user participation. Moreover, the development of systems
without computing personnel through the use of applica
tion generators is one of the fastest growing and most
important trends in data processing.
3.
Drawbacks of participative design
Although much is said about the benefits of participative
systems design, its drawbacks must also be recognized.
Apart from the ones which were mentioned by the
respondents of this study (i.e. design delays, facilitator
difficulties, setting system boundaries, resolving dis
agreements and choosing an appropriate sized design
group), there are a number of additional problems, noted
by Mumford (1983), which can seriously affect the use of
(or desire to use) participative design. They are:
(a) Lack of trust
In certain cases users (e.g. office workers) may be wary of
management’s reason for involving them in systems
design, particularly if there is a history of lack of consulta
tion. Participation may be viewed as a manipulative exer
cise on the part of management.
(b) Selection of the design group
Members of the design group have to be selected somehow
and their choice may lead to problems. Management may
wish to say how large the group should be and who its
members are. Workers may see this as management con
trol and thus be sceptical about the underlying intentions.
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Democratic elections may be the most desirable as far as
the workers are concerned, but management may worry
that those selected may be the more militant members of
the department.
(c) Conflicting interests
Different people in the participative process have different
interests and stand to gain either more or less depending on
the outcome. As conflicts are inevitable, they must be dealt
with quickly and efficiently. Experience to date suggests
this does not always happen; in fact, disagreements quite
often drag on, leading to frustration on the part of partici
pants, especially systems personnel. Further, the resolution
of conflicts requires strong communication and consul
tation skills, this is not something which can be easily
imparted on the design group members.
(d) Systems analyst role ambiguity
As the role of the systems analyst is changed, there occa
sionally occurs role ambiguity. Instead of the systems ana
lyst being the key figure in the design process, the users
assume this role. This may lead to some systems staff
resisting the change.
(e) Role of the departmental manager
It is not clear what role the manager of the participating
department should play. If he/she becomes a member of
the design group or takes too active a role in the group’s
operation, it might have an inhibiting effect on discussions.
Departmental members may be less willing to express
their feelings openly. On the other hand, if the manager is
seen to be ambivalent to the participative exercise, the
group may feel the process will not lead to any concrete
product.
4.
Reasons for participative design
Different organizational groups often see different reasons
for using participative design. Users may see it as a way of
allowing their views not only to be heard, but incorporated
within the design of the system. And the expanded agenda
of the design process, could lead to a redesign of jobs
making them more interesting and satisfying. Senior man
agement could see it as the most appropriate technique for
systems development, producing systems which require
less maintenance, are more widely used, and thus, the most
cost-effective vehicle for systems development. Analysts
may see it freeing up their time to work on more projects.
Also, the role of consultant instead of computer systems
designer may enhance the analyst’s self perception. DP
managers could feel participative design not only frees up
their analysts, but places the onus and responsibility for
systems development on the users where it belongs. It is
then up to the users to ensure the design meets their needs.
Moreover, they acquire a basic understanding and better
appreciation of all aspects of systems development, which
should prove beneficial to the data processing department.
5.
Where participative design is inappropriate
Participative systems design is probably not appropriate
for all organizations nor for all systems development. Sys
tems which lead tojob redundancies may pose a damaging
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basis for applying participative design. Participants would
not enjoy designing themselves or their colleagues out of a
job. Participation may also be incompatible with organiza
tional norms and management style in some firms (Hoyer,
1980). In these cases, it is likely to be rejected by senior
management or looked upon sceptically by workers. One
possible way to attempt its use is to have participative
design gradually introduced, starting with the basic con
sultative form of involvement migrating to representative
and consensus forms if it proves successful.
Cultural differences are also likely to influence the
appropriateness and application of participative methods.
Scandinavia, with its socialist tradition, has been largely
receptive to participative systems development. Norway
has even legislated worker involvement through its Data
Agreement Bill of 1975; Sweden and Denmark have fol
lowed with co-determination laws (Jonassen, 1980). It is
not surprising therefore to see a number of large scale
participative systems development projects: UTOPIA,
FLORENCE, and DEMOS, as noted earlier in the paper. It
might well be the case that Europe in general, is more
receptive to participative methods than either the USA,
Canada or Australia. Whether this will continue to be the
case in the future is difficult to predict.
CONCLUSION
Participative design is a systems development approach
which both intuitively and practically has been shown to
work. It is a relatively recent development but its use is
likely to grow. This study has attempted to draw together
the current knowledge on participative design and present
it in a form which should help potential adopters in decid
ing whether it is a systems development approach worthy
of further consideration.
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Multiview — An Exploration in
Information Systems Development
D.E. Avison** and A.T. Wood-Harperf
This paper presents an overview of conventional and alternative methodologies for developing information
systems. It suggests that the search for an ideal methodology is illusory. Information systems development is
an area where certain principles, tools and techniques may be appropriate in some situations but not in
others. Multiview is a pragmatic approach, developed using action research methods. It has proved useful in
a number of situations, frequently in small businesses developing applications using microcomputers. It
incorporates many aspects of other methodologies and also attempts to incorporate the views of the many
players involved in developing information systems at each stage of their development. It is not offered as a
panacea, indeed the paper discusses problems in the approach and reflects on further work that might make
it more useful to practitioners.
Keywords: MULTIVIEW, information systems, structured analysis, data modelling, data bases, participa
tion, prototyping, fourth generation systems, human activity approach, action research.
CR categories: H.O, H.l.

1.

METHODOLOGIES FOR INFORMATION
SYSTEMS DEVELOPMENT
1.1 Early Computer Applications
Computer applications in the 1960s were frequently deve
loped without the aid of a formal methodology. There
were few widely accepted standards and the analysis work
was rarely done well. Further, because of poor communi
cations between the technologists developing computer
systems and the users, the design was frequently inapprop
riate for the application. Systems analysts were learning
their skills at the expense of the user.
1.2 Conventional Systems Analysis and Design
In the 1970s, methodologies, such as those of the National
Computing Centre in England, see Daniels and Yeats
(1971), were used for developing computer applications
and they were almost invariably based on some form of
systems life cycle, such as:
— Feasibility study
— Systems investigation
— Systems analysis
— Systems design
— Implementation
— Review and maintenance (and replacement?).
There are many variations: the feasibility study might be
incorporated into the systems investigation phase; the
analysis and design phases merged; or the phases divided
into ten or more stages. But the basic structure remains.
Each application is considered separately. The results of
systems investigation are represented on various docu
mentation forms, and the design phase consists of working
out the most suitable designs for the inputs, files, and
processes, in order to produce the required outputs.

There is much to commend this methodology. It offered
standards for training systems analysts, controlling sys
tems projects, and communicating with other interested
parties. Thus systems analysts changingjobs were likely to
use similar standards, the suggested operational date for
projects was more likely to be met, and there were docu
mentation tools to help communication between analysts,
users and programmers.
But there are a number of problems associated with this
conventional approach. The documentation tools are
computer-oriented so that it is difficult for the users to
understand the completed forms. The analyst may there
fore misinterpret user requirements so that the user rejects
the system when it becomes operational. Further, as the
user requirements (the outputs of the system) are designed
early, and processes, files, and inputs designed around
these outputs, there is an inherent inflexibility in the
approach. Changes in output requirements will lead to
wholesale changes in the other designs. The analysis phase
is not a fundamental examination of the organisation, so
that solutions tend to be a computerised form of the pre
vious system, unlikely to take full account of the potential
of the technology nor fully meeting the needs of manage
ment. Orientation towards processes and file-based solu
tions also leads to inflexibility, data duplication and incon
sistency. Major maintenance problems may occur if the
file structures and/or processes need to be changed. With
these application systems, there tends to be a large mainte
nance workload and hence an applications backlog as
other users wait for their system to be ‘computerised’. This
large maintenance workload may lead to an application
review and the decision to start again. As Brooks (1975)
has argued, these systems will die eventually.
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1.3 Developments in the 1970s and 1980s
Alternative approaches to developing information systems
address many of the problems in this conventional ap
proach. The tools and techniques of structured systems
analysis and design help to establish systems that are easier
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to maintain and the documentation tools are more under
standable by users and technologists. The data modelling/
data base approach emphasises data rather than processes,
reducing data duplication and inconsistency, and making
it possible to change the processes and output design using
the data base without changing the data base itself, and
vice versa. Prototyping helps to establish clear require
ments definition because users can, for example, see the
forms that the outputs might take. Fourth generation tools
can help prototyping and in general speed the process of
developing information systems and thereby reduce the
applications backlog. Participation involves users in the
analysis and design, perhaps to the extent that they are
making the design decisions, and thus reducing the likeli
hood of user rejection. The human activity approach
addresses the weaknesses of looking at one application at
a time, independently of others. Where the organisation is
particularly ‘fuzzy’, the approach helps to understand the
problem area as a whole, and therefore helps to lead to a
problem solution. Even so, it is the authors’ view that none
of these alternative methodologies is a complete answer.
We describe in outline some methodologies offered as
alternatives to the conventional approach. But aspects of
them can be incorporated into the conventional approach
and improve its likelihood of success. Few texts published
recently will ignore the documentation and analysis tools,
such as data flow diagrams and entity-relationship dia
grams, of structured analysis and data modelling; the
importance of user participation in developing systems;
the possibility of establishing requirements definition
using prototypes, and the use of data bases and other fourth
generation tools, in developing information systems.
There are a large number of methodologies for develop
ing information systems. There is much confusion as many
are very similar but have different ‘brand names’, perhaps
associated with particular consultancy houses, or use sim
ilar tools and techniques, but giving them different names.
Some concentrate on analysis or design or implementa
tion. Others purport to be ‘scientific’ or ‘humanistic’. We
have been rather simplistic in our descriptions below —
these and other approaches are described in more detail in
Avison and Fitzgerald (1986), Bemelmans (1984), Maddison (1983), Olle, Sol and Verrijn-Stuart (1982) and Olle,
Sol and Tully (1983) — but we highlight the main ‘move
ments’ in information systems methodologies.
1.4 Structured Methodologies
Structured systems analysis has been associated with a
number of authors and consultancy houses. These include
DeMarco (1980), Gane and Sarson (1979) and Yourdon
and Constantine (1978). Structured methodologies are
based on functional decomposition, that is the breaking
down of a complex problem into increasingly smaller
subsets until the problem is represented by more manage
able units. Eventually this ‘top down’ approach can lead to
the level of a few simple English statements or a small
amount of programming code when translated into com
puter programs. Traditional systems analysis tends to
direct attention to a manageable subsystem: structured
The Australian Computer Journal, Vol 18, No. 4, November 1986

analysis allows the complexity of a whole system to be
managed, and therefore follow one of the most important
principles of systems theory proposed by Bertalanffy
(1968). (Systems theory is also influential in the human
activity systems approach outlined below.) Further, by
splitting the whole into manageable units, it also improves
control of a project, facilitates the project team approach
and makes the design easier to maintain.
The techniques of this approach, such as data flow
diagrams, decision trees, decision tables, data structure
diagrams and structured English, are all capable of repres
enting the top down structure for different aspects of the
processes analysed. They can be used to represent the logic
of the processes or a physical implementation of that logic
(on computer systems or otherwise). They are therefore
useful in analysis and in documenting the design. As
DeMarco has shown, they are not design tools. Design
requires the analyst to ‘invent’ the new system and none of
these tools aid this process. The documentation techniques
are useful both from the point of view of understanding the
real-world processes and in communicating the knowl
edge acquired to users and technologists. Most of these
aids are graphical representations of the subject matter
and these are easier to follow than text, which is often
long-winded and ambiguous, and computer-oriented doc
umentation, which can be difficult for users to follow.
1.5 Data Modelling
Whereas structured analysis and design emphasises pro
cesses, data analysis concentrates on understanding and
documenting data, which, it is argued, represent the ‘fun
damental building blocks of systems’. The paper by Chen
(1976) was an early statement of the approach, and it has
been developed by Davenport (1978), and Shave (1981)
amongst others. The techniques attempt to identify the
data elements (entities and attributes) and analyse the
structure and meaning of data in the organisation. The
model derived using these techniques, is frequently deve
loped as a relational model, see Codd (1970), and subse
quently normalised, as shown in Kent (1983). This makes
the model as general as possible, and thereby form a useful
basis for subsequent applications.
The interest in data analysis stems partly from the fail
ure of many organisations in ‘graduating’ from computer
files to data bases. This was partly because the data base
was not a good reflection of the organisation it was sup
posed to model. Data analysis has proved effective in
creating a model which is accurate and complete enough
for most applications and users. Further, as data tends to be
more static than the applications which use the data base,
changes in applications need not require collection, valida
tion and storage of new data. Avison (1985) shows how
data analysis techniques can be incorporated into a data
base approach to information systems development: a step
in extrapolating the complexities of the real world into a
model that can be held on computer, and used by the
various applications. Finkelstein (1981) shows how it can
be incorporated into the Information Engineering ap
proach.
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The model derived using these techniques, therefore,
forms the basis of subsequent applications. However,
although data changes less than the applications using the
data model, this does represent a static situation. As
Wood-Harper and Fitzgerald (1982) point out: ‘Data
analysis may not solve underlying problems that the organ
isation might have. Indeed it may have “captured” the
existing problems into the new data model, and made them
even more difficult to solve in the future’. Further, as Kent
(1978) shows, the data model derived represents only one
view of the real world. It cannot be seen as ‘the’ model.
1.6 Participation
This is a practical philosophy aimed at providing a solution
to user problems through the involvement of users in the
process of developing systems. Systems analysts are fre
quently trained in the technological and economic aspects
of information systems development but more rarely in the
human aspects. On implementing a computer application,
the systems analyst may be happy with the system, but this
is of little significance if the user is not satisfied. By involv
ing the users in the process of developing an application
system, the likelihood of their commitment to it, and its
consequential success when it becomes operational, is
greater. The final system is as much the users’ as the
systems analysts’. Mumford, Land and Hawgood (1978)
argue that taken to its most advantageous, users have at
least an equal say on any decision, and in some situations
the technologist may take on the role of‘facilitator’ advis
ing on the possibilities from which the users choose. The
users, not the technologists, are developing the system.
The application of these ideas may lead to a system
which is less ‘efficient’ than one designed by a trained
systems analyst. However if the former is accepted and the
latter rejected by the users, then it must be a ‘better’
solution. These ideas do not seem to work in all situations,
some users may not want to get involved in the develop
ment of an application: they may prefer to leave design
decisions to the technologist. Similarly, systems analysts
may resent users encroaching on areas that they see as
theirs. But these attitudes represent the exception. Partici
pation is becoming more popular because specialists
accept that they need the contributions of users; users
recognise that they have an important role; and managers
know that specialists are a scarce resource and the role of
facilitator uses their time more effectively. Frequently par
ticipation ideas are successfully applied to the later,
implementation, stages of the project, though Mumford
(1985) has developed her ETHICS methodology so that
participation is relevant throughout the life of the project.
1.7 Prototyping
We have seen that many systems are implemented but then
rejected by the users. One approach to avoid this is partici
pation: another is prototyping. This approach develops a
prototype which is used to highlight aspects of the new
system which are unclear. Suggestions from the users can
be incorporated into the prototype until the users are satis
fied. Prototyping can therefore be used as a method of
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systems investigation and, as Dearnley and Mayhew
(1983) have shown, incorporated into conventional sys
tems analysis.
Prototyping can also be used as a distinct way to develop
information systems. Effectively, when the users are satis
fied with the prototype, it ‘becomes’ the operational sys
tem. The prototype developed in the Multiview case study,
Wood-Harper, Antill and Avison (1985), ‘became’ the
operational system in this way. There are a number of
prototyping tools, described in Martin (1983 and 1984)
and Northcote (1984), amongst others, which are fre
quently part of a fourth generation system, or program
mers’ or analysts’ workbench. These tools include data
bases, query languages, data dictionaries, screen painters,
application generators and report generators. These tools
make amendments easier to effect so that maintenance
problems are reduced. Indeed, Nosek and Short (1984)
argue that application systems built using these tools need
never ‘die’ — they evolve continuously.
A prototype can be developed in a few days, possibly
only 10% of the time required to develop the operational
system, and one problem is the user reaction to this discre
pancy. The reason for it is that an operational system must
take account of security, exception conditions, efficiency,
the quantity of live data and documentation. These are
issues frequently ignored when developing a prototype as
an improved means of fact finding.
1.8 Human Activity Systems Approach
Systems analysts frequently need to solve problems which
are not precise and well defined. These are referred to by
Checkland (1981) as ‘fuzzy’ or soft problems. They need
to be understood if the analyst is to avoid the suboptimal
solution of computerising a small business application
with the resulting problems discussed in section 1.2.
Organisations are very complex, purposeful human activ
ity systems. Checkland has devised a methodology to
understand and hence solve soft problems. The methodol
ogy has been developed by tackling ‘real world’ problem
situations.
Two techniques used in the methodology are the forma
tion of rich pictures and the establishment of a root defini
tion. The rich picture represents a graphical attempt to
understand the important elements of a problem situation:
people, relationships, concerns, information flows, depart
mental boundaries, and so on. The root definition repres
ents an attempt to write in natural language a ‘concise,
tightly constructed description of a human activity system
which states what the system is’. These techniques help the
analyst understand the problem area and hence devise an
acceptable solution.
2.

SOME OBSERVATIONS ON INFORMATION
SYSTEMS METHODOLOGIES
We wish to make a number of observations on information
systems methodologies in general:
— First, information systems is a new discipline. The
number of methodologies and the differences of opinThe Australmn Computer Journal, VoL 18, No, 4, November 1986

Multiview — An Exploration in Information Systems Devebpment

ion are to be expected, and a generally accepted metho
dology is unlikely to emerge in the near future.
— Second, the diversity of approaches is a reflection of
different viewpoints of the people who have developed
those approaches. It is dependent on their culture and
experience: no-one is objective. For example, Avison
and Fitzgerald (1986) identify differences in the metho
dologies ‘popular’ in the United States, Britain and
Scandinavia, and Wood-Harper and Fitzgerald (1982)
have classified approaches according to whether they
embody scientific method (science paradigm) or sys
tems theory (systems paradigm). Methodologies could
also be classified according to whether they address
problems of analysis, design or implementation, or a
combination of these.
— Third, methodologies in information systems address
a moving target: new technology, and the tools andtechniques that change with it, develop relentlessly. For
example, fourth generation systems are develop-ing
rapidly and expert systems may provide an alterna-tive
methodology for developing information systems,with
the knowledge base holding the combined expe-riences
of technologists, users, academics, and others.
— Fourth, systems analysts frequently need to solve soft
problems which are not precise and well defined. It is
reasonable to develop an ‘acceptable’ solution in these
areas. Such a solution is also reasonable where users are
developing the application systems. Information sys
tems is a world of pragmatism, not a world where
practitioners can attempt to develop a solution which is
‘provably the ideal’.
Our conclusions from these observations are:
— First, it is unreasonable to rely on one methodology
because the tools and techniques appropriate for one set
of circumstances need not be appropriate for others.
— Second, the ‘fuzziness’ of some applications require an
attack on a number of fronts. This exploration may lead
to an understanding of the problem area and thus a
reasonable solution.
— Third, as the information systems project develops, it
takes on very different perspectives or ‘views’ and the
methodology adopted should incorporate these views.
The different views may be organisational, technical,
economic, and so on. They may be relevant to the
analysis, design or implementation aspects of a project.
—- Fourth, it is perhaps unreasonable to speak of a ‘metho
dology’ at all, because this implies a well-defined struc
ture and formalism. This is inappropriate to different
and changing environments.
Multiview, described in Wood-Harper et al. (1985) is
offered as an explorative structure — a loose framework
with which to define and develop information systems. It
could be described as exploitative, as it incorporates many
of the principles, tools and techniques used in the various
methodologies above. It has been developed using action
research methods, described in Wood-Harper (1985). The
human activity systems approach, devised by Checkland
(1981) was also developed using action research methods
and this is discussed at length in that text. In action
The Australian Computer Journal, Vol. 18, No. 4, November 1986

research, the researcher and practitioner participate in the
attempts to solve a real-life problem. The researcher is
therefore more than an observer, the research area difficult
to define, and the results unpredictable. An application of
Multiview using action research is given in Wood-Harper
et al. (1985) and a further two applications are described in
Episkopou and Wood-Harper (1984).
It is not the intention here to describe Multiview in
detail, this can be found elsewhere: it is the purpose of this
paper to give the ‘flavour’ of Multiview in the context of
the previous discussion. We will therefore describe in out
line the Multiview approach in the following section and
then reflect on our results and this type of research in
section 4.
3, THE MULTIVIEW FRAMEWORK
There are five stages in the Multiview approach:
1. Analysis of human activity systems.
2. Information modelling.
3. Analysis and design of the socio-technical system.
4. Design of the human-computer interface.
5. Design of the technical subsystem.
3.1 Analysis of Human Activity Systems
This stage in Multiview concerns the search for views of
the organisation. The rich picture represents a subjective
and objective perception of the problem situation in dia
grammatic and pictorial form, showing the structures of
the processes and their relationship to each other. It can be
used to identify problem themes: conflicts, an absence of
communication lines, shortages of supply, and so on.
Through debate within the organisation, it is possible to
identify relevant systems which may relieve problem
themes. The root definition is a description of the major
relevant system on which to focus attention. The root
definition is then analysed to ensure that all necessary
elements have been identified and included: that is, the
Owner of the system, the Actors involved, the Client, the
Transformation that takes place, the Environment in
which it takes place, and the world view (or Weltan
schauung) assumed in our root definition. Changing the
order, this checklist is called the CATWOE criteria. The
activities necessary in the system defined in the root defini
tion are also identified and compared to the representation
of the ‘real world’ in the rich picture. In some cases the
output of this stage is an improved human activity system
and the information systems development process stops
at that point.
3.2 Information Modelling
The purpose of this stage is to analyse the entities and
functions of the system described, independent of any
consideration of how the application system will eventu
ally develop. By using functional decomposition, it is pos
sible to break down progressively the main function (clear
in a well-formed root definition) into sub-functions, and,
by using data flow diagrams, the sequence of events and
data flows are analysed. In developing an entity model, the
problem solver extracts and names entities (anything you
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want to keep records about); relationships between enti
ties; and the attributes which decribe the entities.
3.3 Analysis and Design of the Socio-Technical System
The task at this stage is to produce a design from an
analysis of people and their needs and the working envir
onment on the one hand, and the organisational structure,
computers, and the necessary work tasks on the other.
Thus social and technical objectives are set and alterna
tives specified and compared so that the best sociotechnical solution can be selected and the corresponding
computer tasks, role sets and people tasks can be defined.
The emphasis at this stage is not on development, but on a
statement of alternatives, according to important social
and technical considerations.
3.4 Design of Human-Computer Interface
Decisions are made at this stage on the technical design of
the human-computer interface, for example batch or on
line and menu, command or form-driven. Specific conver
sations and interactions are then designed. The users are
expected to be the major contributors of this stage. The
technical requirements to fulfil these humancomputer interfaces can then be designed.
3.5 Design of the Technical Subsystem
Using the entity model (3.2) and the technical require
ments (3.4), a more technical view can be taken by the
analyst because human considerations are already both
integrated and interfaced with the forthcoming technical
considerations. This technical design will include the
application subsystems and the ‘non-application subsys
tems’. These are the information retrieval requirements
subsystem, the control subsystem, the database, the data
base maintenance subsystem, the recovery subsystem and
the maintenance subsystem.
4. MULTIVIEW - SOME OBSERVATIONS
The five stages incorporate five different views which are
appropriate to the progressive development of an analysis
and design project so as to form an application system
which is complete in technical and human terms. The five
stages move from the general to specific, from the concep
tual to hard fact and from issue to task.
To be complete in technical and human terms it must
provide help in answering the following questions:
1.
How is the computer system supposed to further the
aims of the organisation installing it?
2.
How can it be fitted into the working lives of the
people in the organisation that are going to use it?
3.
How can the individuals concerned best relate to the
machine in terms of operating it and using the output
from it?
4.
What information system processing function is the
system to perform?
5.
What is the technical specification of a system that
will come close enough to doing the things that have
been written down in the answers to the other four
questions?
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Too often, methodologies and roleplayers have addres
sed themselves to only a limited subset of these questions:
for example, computer scientists to question 5, systems
analysts to question 4, users to question 3, trade unions to
question 2, and top management to question 1. Multiview
attempts to address these questions and to involve all the
role players or stakeholders — a concept described in
Mendelow (1984) — in answering all these questions. The
emphasis in information systems must move away from
‘technical systems which have behavioural and social
problems’ to ‘social systems which rely to an increasing
extent on information technology’. The information sys
tems community should not hide from questions of values
and politics. Doing so will lead to narrow solutions to
complex problems.
Each of the five stages leans on the work already dis
cussed: the human activity system on Checkland (section
1.8); information modelling on data modelling (section
1.5) and structured methodologies (section 1.4); analysis
and design of the socio-technical system on participation
(section 1.6); design of the human-computer interface on
participation and prototyping (section 1.7); and technical
design on the use of fourth generation systems (section 1.7)
and also the work of Waters (1979).
There are theoretical and academic antecedents, as well
as those based on commercial experience. The tools and
techniques are of practical value and have been used in our
consultancy work. We have used Multiview in a number of
firms which use microcomputers. Most commercial metho
dologies are designed to be of particular value in larger
firms, with considerable systems analyst, programmer and
computer resources. Multiview has proved valuable in a
microcomputer environment. However, we are presently
using the approach in the development of a system being
implemented on a large IBM computer using the DB2 data
base. This is described in Wood-Harper, Avison and Fitz
gerald (to appear).
We particularly value action research methods in the
field of information systems. Multiview was developed by
thinking about the real world and trying out ideas, tools
and techniques in the real world. The approach was evalu
ated and refined in this way. Readers are asked to refer to
the cases in Wood-Harper (1984) to verify its importance.
A parallel action learning programme is also used as a
basic teaching method in our university courses in infor
mation systems. This programme is used as an alternative
to case studies which tend to simplify to such an extent that
students do not encounter the problems that occur when
applying their skills in organisations.
The structure and tools and techniques are not offered as
an ideal methodology which must be followed in all situa
tions. We have frequently found that the realities of any
situation causes departure from (our latest) ideal in order
to allow for the exigencies of the real world. Sometimes the
political and social climate is such that participation is
difficult to achieve. Sometimes particular tools and tech
niques are not appropriate to the problem situation. Some
times the basic structure of the approach is changed. For
example, decisions can be made before all the facts are
The Australmn Computer Journal, VoL 18, No. 4, November 1986
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gathered, because of time constraints, or microcomputers
and application packages purchased before establishing
that they have the most suitable human-computer inter
face. Multiview is therefore offered as a contingency
approach. It offers features which may be appropriate for a
particular problem situation.
We use ‘our latest’ in the previous paragraph advisably.
The tools and techniques used have changed over the
period of using Multiview (since 1983). Some tools and
techniques are presently in a state of flux and development,
for example fourth generation systems. We are not entirely
happy about others. For example the identification of enti
ties, attributes and relationships in data analysis does not
give a complete information picture. Further, as Land
(1985) demonstrates, for information systems methodolo
gies to be effective, they ought to take into account organi
sational theory, computer science, semiotics, cognitive
psychology and a wide range of other relevant disciplines.
For these reasons, we prefer to offer Multiview as an
exploration into the development of information systems,
rather than a methodology.
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Planning for Hospital Information
Systems Using the Lancaster Soft
Systems Methodology
A.M. Le Fevret and E.M. Pattisonf
Planning for the introduction of information systems into hospitals and health care institutions under the
aegis of the Health Department of Western Australia is described, Checkland’s “Lancaster Soft Systems”
Methodology was used as the basis of information planning, to allow for a socio-technical perspective of the
state-wide requirement for integrated hospital management information systems. An information planning
study carried out at a major metropolitan non-teaching hospital is used to illustrate the application of the soft
systems methodology at a high level of analysis. The methodology not only allows, but requires, user
participation to determine information needs based not on current procedures, but on a conceptual view of
required activities which fulfill the organisation’s goals and objectives.
Keywords and Phrases: Hospital information systems, health systems methodology, soft systems analysis,
user needs analysis.
CR Category: H.1.0.

BACKGROUND
In mid-1984, the three State Government Departments
dealing with Health (viz. Hospitals and Allied Services,
Public Health and Mental Health) were amalgamated to
form the one Health Department of Western Australia.
The Corporate Plan for the new Department includes a
goal to achieve efficiency, effectiveness, economy and
avoidance of duplication in the organisation and delivery
of health care services. The attainment of this goal
depends to a large extent on the establishment and mainte
nance of adequate management information systems.
An Information Management Branch was formed to
formulate policy and plan the strategies necessary to pro
vide information systems for the new Department and the
public hospitals state-wide. During 1985 information
planning studies were carried out in a cross-section of
hospitals, i.e.:
—
A large (200 beds) non-teaching hospital in the met
ropolitan area;
—
A large (380 beds) extended care hospital;
—
A psychiatric hospital (334 beds).
The results of these information planning studies were
cross-checked against other hospitals and a strategy for
hospital information systems was developed.
The studies relied on the use of the Lancaster Soft
Systems Methodology (Checkland, 1981).
LANCASTER SOFT SYSTEMS METHODOLOGY
In his discussion on information needs analysis, Galliers
(1985) notes that a crucial factor contributing to the sucCopyright © 1986, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted, provided that the ACJ’s copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society Inc.

cessful implementation of information systems is the
proper identification of user requirements in the first
instance. Checkland’s Lancaster Soft Systems Methodol
ogy was chosen by Information Management Branch for
all information planning studies because of the methodol
ogy’s suitability for:
—
Recommending information system solutions based
on those functions which are needed to fulfill corpo
rate goals, and the information flows between the
activities pertaining to those functions, rather than
basing information system solutions purely on the
automation of existing manual systems.
—■ Analysing information needs from a socio-technical
approach (i.e. analysing the impact of both the social
system and the technical system within the hospital
when considering information problems and infor
mation solutions).
—
Reflecting the hospital’s perspective of its informa
tion needs. (This would then be cross-checked with
the Health Department’s viewpoint in order to iden
tify any variances, rather than impose the Health
Department’s perspective on the entire study.)
Figure 1 (after Galliers, 1985) models the steps of the
Lancaster Soft Systems Methodology (SSM), as used by
the Health Department of WA. Although the numbering of
the steps implies that each step is carried out sequentially,
iteration occurs with all phases of the methodology and
there is constant refining of previous steps as the analysis
progresses.
The methodology relies heavily on discussion and
interviews, and analysts must be skilled in both communi
cation and negotiating techniques. The greater the expe
rience of the individual analysts in the team and the wider
their areas of subject knowledge, the greater the chances
of reducing bias and/or narrow vision in the first stage of

t Information Management Branch, Health Department of Western Australia, 60 Beaufort Street, Perth, 6000. Manuscript received May, 1986; revised
September, 1986.
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Figure 1. Soft Systems Methodology Steps 1-9.

the methodology. In the WA hospital projects, the exper
tise of the analysts included diverse experience in the
hospital system (i.e. nursing, medical record administra
tion, library and information resource management).
CASE STUDY
The following example used to depict the methodology
relates to a higher level information planning study carried
out in a large (200 beds) non-teaching metropolitan
hospital.
1.
The Problem Situation/Organisational Synthesis
Objective: Understanding, via analysis and modelling, of
the overall problem situation (or environment) which
impacts on the information problem under review.
This step is the most vital, as it allows the analysts to
gain an insight into the overall problem situation. The aim
is to understand the problem from the socio-technical
perspective and the different views of the situation held by
each group within the organisation. Without such an
understanding there is a danger that recommended infor
mation systems will not be relevant to the organisation’s
future requirements.
A number of techniques can be used to analyse the
problem situation:
—
Group discussions and “brainstorming” sessions
—
Problematique Diagrams
—
Rich Pictures
—
SWOT Analysis
—
Relevance Trees
—
Issue Papers
—
Structure and Process Comparison
—
Problem Content/Problem Solving Analysis
(Source: Wilson, 1984)
This list is not exhaustive, and any technique which
would help to define the problem situation should be used.
Procedure: Interviews of all hospital departmental
heads and key personnel in all the functional areas in the
hospital were carried out by the study team. Whilst the
interviews were unstructured, the interviewers used a
The Australian Computer Journal, VoL 18, No. 4, November 1986

check-list of the topics to be discussed. The main objective
was to uncover details of the internal and external envir
onment from as many viewpoints as possible, and discover
how the interviewees perceived their roles in the
organisation.
From the material gathered at interviews the study
team was able to develop a system boundary and draw a
‘rich picture’ of the hospital in its environment. A ‘rich
picture’ is a pictorial representation of a system interacting
with other systems in the wider environment. For the case
study the external environment includes the local com
munity, the University of WA Medical School, Govern
ment Stores, Health Department, general practitioners and
medical specialists. The internal hospital system is com
prised of interacting subsystems, such as patient care, cat
ering, pharmacy, supply, maintenance, laboratories, etc.
The ‘rich picture’ showed the complexity of the hospital
system and the multiplicity of factors which impact on
information requirements and which need to be taken into
consideration when designing new information systems.
Another technique used in this study was the Problema
tique, which is a diagrammatic representation of the rela
tionship of problems in the hospital environment. The
Problematique highlighted the following key problems:
(a) Frequency in changes in overall policy and proce
dures caused by factors outside the Hospital’s con
trol, e.g. non-nursing duties, industrial relations,
government-instigated changes such as Medicare
and sessional payments to doctors, changes in the
role of psychiatric services, budgetary constraints.
(b) Problems in the availability of information for regu
lar reporting to Hospital management and the
Health Department, to support overall planning and
decision-making. Difficulty in responding to the fre
quent ad hoc requests from the Health Department.
(In each case information is provided, but the timeconsuming manual procedures involved are ineffi
cient and costly in staff resources.)
Organisational synthesis is considered by Information
Management Branch to be one of the most significant
features of the Lancaster Soft Systems Methodology, and a
weakness of many other approaches to Information
Planning.
2. & 3. System Definitions and Activity Models
Objectives: Define the scope and purpose of the Activity
System. Draw the conceptual model of the defined Activ
ity System, including the subsystems necessary for plan
ning, organising, performing and monitoring and control
ling the Activity.
At the end of the problem situation expression stage,
Checkland (19 84, p. 166) suggests we need to answer, not
the question, ‘What system needs to be engineered or
improved?’ but: ‘What are the names of notional systems
which from the analysis phase seem relevant to the prob
lem?’ The activity system definitions are therefore more
like hypotheses, which will express the eventual improve
ment of the problem situation, in accordance with both
analyst and problem owner. The methodology employs the
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mnemonic CATWOE (Customer, actors, transformation,
world-view, owners, environment) to ensure the inclusion
of the six critical characteristics in the analysis which will
lead to the formation of the system definition:
—
The CUSTOMERS (or beneficiaries both direct and
indirect), of the proposed information system.
—
The ACTORS in (or contributors to) the proposed
system.
—
The TRANSFORMATION PROCESS basic to the
system.
—
The WELTANSCHAUUNG, or the WORLD
VIEW (i.e. chosen viewpoint) of the system.
—
The OWNERS of the system.
—
The ENVIRONMENTAL CHARACTERISTICS
which will impact on the system.

Environmental
Characteristics

Resource Potential

\
•
.
.

policy & Procedures
Budget
Legislation
Changing Political
Factors

Report to
Health Department

Vssess Hospital
achievements
igainst strategic
’lan £ Budget

Develop Hospital
Strategic Plan and
Budget including

Carry out
Financial
Accounting

Administer
Hospital
Process

Provide and manage
Patient Care

Procedure for Steps 2 and 3: From the ‘organisational
synthesis’ stage, the study team develops an understanding
of the organisation as a system which can be defined in
terms of its purpose, clients, processes and environment.
This step is vital as It is from the analysis that the base
definition(s) are created and from definition(s) the concep
tual model(s) are developed.
The activity or conceptual model is drawn as a diagram
of the interrelated sub-activities which make up the activ
ity under analysis.
The Activity defined should be the result of innovative
thinking at the conceptual activity level and should
encompass the following minimum set: Planning, Organis
ing, Performing and Monitoring and Controlling.
The system should be modelled as an ongoing process
and the logical interfaces to other systems and other com
ponent modules should be defined and resolved. The defi
nition of each activity should commence with a verb to
ensure that the focus is on the activity.
The outcome of this case study was a system definition
as follows;
A Health Department (Owner) Funded Hospital System
which enables health care providers (Actors) to deliver and
co-ordinate (Transformation processes) efficient and
effective Health Care Services to inpatients, outpatients
and domiciliary patients, (Customers)
—aimed at meeting the health needs of these patients,
(Weltenshauung)
—
within the environmental characteristics of
(Environment)
—
Budget
—
Health Department Policy and Procedures
—
Legislation
—
Changing Political factors.
Activity Model 1 (see Figure 2) is too general for mean
ingful comparison with the ‘Real World’ Activities (Step 4)
and for information analysis. Accordingly, each Activity in
Activity Model 1 has been modelled as a system with its
own System Definition and Activity Model. This then
provides an adequate base for information analysis.
These second level System Definitions and Activity
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3
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Community

Existing and
Planned community
Health Services

Information Flow

Figure 2. Activity Model 1. Overall Hospital System.

Models are explained below. In all cases the Environmen
tal Characteristics expressed in System Definition 1 and
Activity Model 1 do apply (i.e., ‘Within the Constraints of
Budget, Health Department Policy and Procedure, Legis
lation, Changing Political Factors’).
As an example of the progression to the next level, the
Activity 3 (Provide and Manage Patient Care) in Activity
Model 1 (Figure 2) is analysed using the same methodol
ogy. This activity is considered to be the central subsystem
within the hospital because of its key role in the achieve
ment of the overall goals of the hospital and the Health
Department.
The term ‘Patient’ encompasses all the hospital’s
patients/clients whether inpatients, outpatients or domicil
iary patients. The analysis produced the System Definition
1.3 as:
A Patient care system —
Where hospital staff, general practitioners and contracted
medical staff provide —
—
nursing, medical and support services (i.e. laborato
ries, radiology, paramedical, dietary, pharmacy,
patient transport) required by in-patients, out
patients and domiciliary patients,
—
and maintain patient medical records,
in order to improve the well-being of the patient, accord
ing to hospital strategic plan and budget.
Activities necessary for this patient care system to func
tion are presented in Activity Model 1.3 (Figure 3).
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6.
Information Needs/Flows
Objective: Definition of conceptual information inputs and
outputs.
Procedure: When the activity models have been defined
and accepted by the organisation, the information flows,
i.e. the conceptual inputs and outputs to each information
category are to be defined for each activity. All informa
tion categories are analysed, including information flows
external to the system and information flows which are not
associated with any computer system should be included.
This step involves documentation of:
—
Source of information
—
Information characteristics (degree of detail, accu
racy, format, etc.)
—
Information flow between activities.

Caring for Patients
itient and
Maintain
Patient
Medical

7.

Monitor and
control and
action

Patients

Patient
Care

•

KEY
Information Plow --- ►
Information Flow >
all activities

Figure 3. Activity Model 1.3. Provide and Manage Patient Care.

4.

Comparison of Activity Models with Present
Situation
Objective: To define the areas of difference between activi
ties in the conceptual models and activities actually per
formed within the organisation.
Procedure: This step compares the derived Activity
Model with the analysis of the real world defined in Step 1
(Organisational Synthesis/Problem Situation) and iterates
through Steps 1,2,3 and 4, until the study team and users
agree on the definitions, models and views defined.

5.
Feasible/Desirable Changes
Objective: To define those feasible and desirable changes
which will enable the organisation to perform the agreed
set of activities as defined in Step 3.
Procedure: From the comparisons made in Step 4, the
team develops recommendations of activity or organisa
tional changes which are felt to be feasible and desirable.
These findings and recommendations are discussed with
user management and documented. The team must ensure
here that the results take into account both the formal and
informal organisational structure and information flow,
and the impact any recommended changes will have on
the organisation (e.g. the ability of users to assimilate
recommended change).
It is during Steps 4 and 5 that inconsistencies in man
agement practices, lack of communication channels, etc.,
within the organisation become apparent. Such problems
must be discussed with the organisation’s management, a
task requiring empathy and tact from the study team.
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Comparision of Information Needs/Flows with
Existing Systems (Manual and Automated)
Objective: Identification of information gaps and the prob
lems associated with provision of information such as
accuracy, timeliness, suitability of format.
Procedure: This step identifies information gaps
between the conceptual Activity Models’ information
requirements and the actual information available. Areas
to be identified and documented are:
—
Information gaps noted
—
Level of critical nature of gaps
—
Timeliness of information provided
—
Accuracy of information provided
—
Delivery format and suitability of forms and formats
used.
This step also includes those information flows external
to the system, and those flows not associated with compu
ter systems or potential computer systems.
A technique which can be used here is the ‘Maltese
Cross’ (Wilson, 1980) to compare information needs and
provisions. Where gaps in information provision are iden
tified the report should indicate the priorities associated
with each. This will form a basis for the allocation of
priorities to information systems recommendations.
The study found that the information problems which
occur in the two subactivities in Activity 3 Provide and
Manage Patient Care, namely:
—
Assess Patient and Decide Care Plan, and
—
Provide Patient Care
could be contrary to the best interests of the patient and
detract from the level of care provided. Examples of such
problems are:
(a) Manual procedures cause delays in ordering tests and
receiving results (laboratory tests, radiology films etc.).
This problem impacts on patient care because there
are delays before patient care plans and treatments
can be decided. Critical information may not be
available when required, and in some situations a
patient could have to be re-admitted or procedures
repeated.
(b) Inaccessibility or unavailability ofprevious test results
for a patient.
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(c)

(d)

(e)

This problem impacts on patient care because tests
must be repeated and delays occur.
Fragmentation and duplication ofpatient information
(Each functional area, e.g. Dietary, Physiotherapy,
Social Work, keeps its own patient information. The
information, because of its manual format, is ‘locked
in’ to its physical location and is not available to
other health professionals caring for the patient).
This problem impacts on patient care because time is
wasted duplicating and updating the same patient
identification information; comprehensive patient
information is not available to support decisions
relating to the care of the patient.
Cumbersome, time-intensive nature of clerical tasks
relating to patient care.
This problem impacts on patient care because nurs
ing staff spend so much time manually preparing
patient care plans and patient dependency schedules,
and in ordering and following up test results, that
insufficient time is available for optimum patient
care.
Information to support Quality Assurance of patient
care services and peer review amongst health profes
sionals is difficult to provide because the information
is ‘buried’ in a multiplicity of files, card systems and
medical records scattered throughout the hospital.
Manual systems do not support the flexibility which
is required in extracting, collating and presenting
information to support quality control.

8. & 9. Information Systems Recommendations and
Identification of Information Technology
Opportunities
Objective: Recommend information systems, their degree
of integration and possible software solutions.
Procedure: These steps are completed based on the
results of the prior seven steps. The project team should
investigate possible procedural and information technol
ogy solutions, consider and recommend which modules
and functions should be computerised and which should
not, and what may be the organisational impact of any
recommended changes.
As an example, from the analysis of Activity 3 in Activ
ity Model I (Provide and Manage Patient Care) the Hospi
tal Study identified the following potential for
computerisation:
(a) Patient care activities are considered to be the most
crucial areas for benefits to be accrued by introduc
ing improved computerisation. (This study con
firmed that patient care information problems in this
hospital are the same problems which confronted
other hospitals in Australia and overseas and promp
ted the introduction of computerised systems in
patient care.)
(b) An automated patient care information system
(which encompasses all the hospital’s patients/clients) would enable patient identification to be
entered once, and then be accessible to all areas
which are required to record patient information.
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Information can be added and retrieved as needed to
support decisions on patient care, while being pro
tected by security protocols from unauthorised
access. Tests would be ordered online and results
available as soon as tests are complete.
(c) Patient care plans and patient dependencies would
require less nursing staff time to complete if compu
terisation were available.
(d) Efficiency and effectiveness of the hospital’s health
care services could be improved by better informa
tion provision to support management decision
making — information which would be available if
the hospital’s own financial and clinical (Morbidity)
systems were automated and accessible.
The Information Management Branch has since pro
ceeded to identify the specific information technology to
meet the information system needs of these hospitals, and
to document and have approved the related information
policies.
CONCLUSION
The Soft Systems Methodology emphasises user involve
ment in the planning for information systems. Compari
sons betwen normative activities and those in existence,
analysis of information inputs and outputs and the infor
mation flows between activities are defined, discussed
with management users and refined until agreement is
reached. In this case study, factors which influenced the
overall design of computerised information systems for the
hospital included the findings that many activities required
identical information, and many activities required the
same type of information. Hospital Departments are
closely linked by the data which flows between activities,
so analysis of the communications between different sub
systems or modules of the proposed computer system is as
important as the definition of the actual functions of the
modules.
Following on from the hospital information planning
studies the Information Management Branch has had
further experience with the Lancaster Soft Systems
Methodology in studies relating to:
—
Health Care Management Information Systems
—
Hospital financial and commercial systems
—
Allied Health
—
Small Hospitals
Studies in progress relate to:
—
Pharmacy systems
—
Laboratory systems
—
Community Health
—
Dental Hospital
These experiences highlight the following advantages
of the Soft Systems Methodoogy in comparison to many
other approaches to information planning:
(a) Indepth analysis of internal and external environ
mental factors impacting on the problem.
(b) Exploration of the impact of different viewpoints on
the proposed information systems.
(c) Clear documentation of underlying assumptions for
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(d)
(e)

(f)
(g)
(h)
(i)
(j)

the proposed system via System Definitions (and
CATWOE).
An emphasis on the organisational activities neces
sary for the proposed system to function,
Recognition that changes may need to be made in
the organisation’s structure, procedures and activi
ties before successful information systems can be
achieved.
Definition of information needs in relation to agreed
activities (rather than broad goals and objectives).
Agreement on what information is required before
comparison is made of what information is
available.
Inclusion of all types of information need (not res
tricted to computerised information).
Acknowledgement that recommended changes to
organisational activities and information systems
must be cross checked for feasibility and desirability.
Emphasis on information rather than data.
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Guidelines for Developing Effective
Decision Support Systems
C.H.P. Brookesf
All managers face real difficulties in specifying and utilising MIS to help them make effective decisions. In
this paper it is proposed that the premises on which many of these MIS designs are based are faulty, resulting
in systems which are inflexible, unsuited to individual managerial tasks, unhelpful in assisting the recogni
tion of problems and opportunities, and inadequate in assisting the manager in performing diagnosis and
evaluative reasoning. A strategy for the specification of management information systems which are more
effective and may truly be called decision support systems is presented. This builds on some of the basic
concepts of decision theory and provides an environment which allows systems developers to take advantage
of the most recent advances in fourth generation computing software.
Keywords and Phrases:
CR Categories:
Keywords and Phrases: Decision support systems, requirements elicitation, requirements specification.
CR Categories: H.4, K.6.1.

1. INTRODUCTION
The effectiveness of many of the management information
systems (MIS) which have been designed to support execu
tive decision making is limited by two major flaws. The
incidence of these flaws is so widespread that they are only
infrequently recognised as such by either designers or
users of these systems.
(i) The system design does not allow for the different
information needs for each of the distinct mental
processes which comprise the decision making task
(Carlson, 1983).
(ii) The systems design is focused on the provision of
factual, historical, numerical information when
managers appear more satisfied with ‘soft informa
tion’ (Mintzberg, 1975).
The first of limitations often results in MIS reporting
which is not empathetic with the manager’s cognitive
processes. As a result, the information available may not
be:
(a) at the appropriate level of detail;
(b) presented in such a way that the real implications are
clear, and/or;
(c) available when the manager needs it.
Therefore, correct inferences are not drawn, nor is the
information seen as being relevant to the current mental
task in hand.
This weakness, although often discussed in decision
support systems (DSS) literature, is not recognised by
those using management information systems since the
managers themselves are likely to be unaware of the
thought processes which they follow in making decisions
(Argyris, 1982). All that will be obvious is that the man
ager is dissatisfied with the decisions, feels uncomfortable

with the system and/or finds it less than useful. Therefore,
in spite of the advances in user oriented DSS tools such as
spreadsheets, database retrieval and the like, much of their
effectiveness is lost because they are applied in a manner
which is incompatible with the problem finding and solv
ing processes of the managers who use the system.
The second limitation derives from the preference that
all managers have for soft data over hard facts. The work
of Mintzberg (1975) has shown clearly that managers
prefer soft information to formal reporting since it is more
likely to hold the key to forecasting events and also to the
understanding of factual information.
This paper develops both of these points in more detail
and indicates ways in which both limitations can be sub
stantially overcome through care in the design in the MIS
specification process and by a careful linking of the man
ager’s sources of soft information with those of factual
information.
2.

SOFT DATA
AS AN
INFORMATION
RESOURCE FOR THE DECISION MAKER
Almost all the research work and publications dealing
with the subject of decision support systems focuses on the
analysis and reporting of numerical, formatted, ‘factual’
and historical data to the decision maker. However,
increasing emphasis is being placed on the role of the
informal information system, which frequently communi
cates ‘soft data’. Mintzberg’s work (1975) on the nature of
managerial work outlines a number of important findings
including:
(a) a high proportion of managers’ time (between 60%
and 90%) is spent in verbal (oral) communication;
(b) managers dislike, and have no time for, reflective
activities;
(c) managers have a strong preference for ‘soft’ infor
mation — explanations, gossip, ideas, opinions, pre
dictions, etc.
The problems in communicating soft data are signifi
cantly different from those experienced in the reporting of

Copyright © 1986, Australian Computer Society Inc.
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factual, numerical, historical data from a database
(Brookes, 1982). Many of these difficulties arise, as might
be expected, from the informal nature of much soft data
and also from the fact that it is almost always encoded in
text rather than numeric form.
What follows is a summary of the communication prob
lems for soft data.
1.
It is not formatted, hence access and indexation are
difficult.
2.
Its existence is often not known to those who may
need it.
3.
The meaning of text can be obscure, causing
ambiguity.
4.
Accuracy depends on the ‘source’ reliability and
cannot easily be verified by a remote user.
5.
Security restrictions set by the ‘source’ may not fol
low organisational or hierarchical access rules nor
mally applied to hard data in a database.
6.
It often has a short lifespan.
It follows that the means for incorporating soft data into
to a DSS environment must be on a basis which removes or
negates most of these difficulties. Usually this requires that
the source or author of soft data and the user be brought
into direct communication so that they can assess accu
racy, meaning, security etc. Therefore, there is a need for
systems other than the ‘arms length’ information retrieval
relationships which are commonly used for factual data
retrieval and a primary role for the system as a ‘match
maker’ bringing together those who have soft information
with those who want it.
The six communication problems listed also highlight
deficiencies in commonly available text processing sys
tems such as electronic mail and computer conferencing or
bulletin board and text retrieval systems. Almost all of
these systems treat text data in the same manner as data
processing systems treat numeric data.
3.

THE INTERFACE WITH SOURCES OF SOFT
DATA
In practice a number of techniques are available to the DSS
designer and the manager to ensure that hard and soft data
are made available in a compatible manner.
Six techniques which can be used follow.
1.
Design reports for an area so they match human
sources of soft data about the area; e.g. John’s payroll
report, Bill and Jill’s sales report etc.
2.
Include free format fields in databases to contain text
comments.
3.
Structure meetings and design matching reports so
they encourage soft data exchange about an area.
4.
Utilise meetings, decision conferences etc. to pro
pose problem structure and to set probabilities and
utilities for incorporation into models.
5.
Maintain links between items on the word process
ing and electronic mail files and the numeric
database.
6.
Build special purpose systems to facilitate general
exchange of soft data on a routine basis; e.g. a corpo
rate intelligence system.
The Australian Computer Journal, Vol 18, No. 4, November 1986

The concept of a corporate intelligence system is deve
loped in a separate publication, (Brookes, 1984). Of the six
techniques listed, this approach is the only one aimed at
filling the ‘matchmaker’ role.
4. DSS SPECIFICATION GUIDELINES
These DSS development guidelines are based on the prin
ciple that all information reporting out of the DSS ought to
be targeted to a specific phase of the decision making
process. This is a necessary objective if the first of the
major flaws with DSS, outlined in the Introduction, is to be
avoided. As a result of an analysis of a large number of MIS
reports, DSS case studies, and interviews with middle and
senior managers of a range of organisations, and using
Mintzberg’s model (1976) as a guide, it is proposed that
the relevant cognitive tasks which should be the focus of
DSS design are:
— Problem recognition; The decision maker identifies
a situation which requires a response, i.e. finding
problems, crises or opportunities.
— Diagnosis: The decision maker learns more about
the problem, its implications and possible causes.
Details of similar problems existing in other parts of
the organisation, and general cases of specific prob
lems, will be sought.
— Generating alternative solutions: The decision
maker scans the environment looking for packaged
solutions which have been used on previous occa
sions or which have been prepared for situations
such as the one now encountered. Alternatively, the
decision maker designs one or more new alternatives
specifically for this problem occurrence.
— Evaluate outcomes of alternatives: The decision
maker reviews the various alternatives which appear
viable and compares the ‘utilities’ of the anticipated
outcomes from them. The utility of each alternative
will include both abstract as well as concrete value
components.
— Judgement: This task is entirely subjective and can
not be directly supported by the DSS other than
through the provision of support of earlier phases.
4.1 A General Structure for DSS
The formulation of a general architecture of DSS which
provides the functionality required is described in another
paper (Brookes, 1986). The overview of this architecture is
shown in Figure 1.
Of critical importance is the need to distinguish
between those elements of the DSS that support mental
activity before a problem is recognised and those which
follow problem finding.
(a) In the absence of a ‘situation requiring a response’
the manager will expect the DSS to be scanning the
environment and reporting information.
Although the manager may desire to do some
browsing through the database it has been my expe
rience during the studies I have conducted on deci
sion support system environments that managers
rely almost entirely upon routine output from the
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Figure 1. Tasks supported by the DSS functions.

information system, and on soft information con
tacts, in order to satisfy the dual needs of comfort
generation and problem finding competence.
The routine analysis and reporting emanating
from this function of the DSS can be seen to com
prise three components:
(i) supporting comfort generation;
(ii) supporting problem finding using prespecified
inference rules and models approved by the
user;
(iii) support for problem finding using ‘alerting’
techniques based on general rules for recognis
ing unusual trends or coincidences.
(b) Support of problem solving activity: Problems will
be identified both as a result of the analysis of routine
reports and following many other stimuli, some of
them completely outside the scope of the DSS.
As discussed earlier, Mintzberg’s (1976) analysis
leads to the conclusion that the three cognitive tasks
which need to be supported in order to aid the prob
lem solving activity are (no matter how the problem
was first identified):
(i) diagnosis to help in assessing implications and
potential causes of the problem;
(ii) generation of alternatives including the search
for precedents and related problems;
(iii) evaluation of alternatives using models, infer
ence rules and detailed analysis of the knowl
edge base.
It follows that a general architecture of DSS functions
and sub-functions can be outlined, as in Figure 2. This
divides the total DSS system into two basic functions,
relating to problem recognition on the one hand and prob
lem solving on the other.
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4.2 Routine Reporting Guidelines — Supporting Prob
lem Recognition.
Routine reporting has been identified in 4.1 as the key
element in the support of problem recognition and comfort
generation. The following guidelines have been developed
following the application of the general DSS specification
framework described in Brookes (1986).
Guideline 1 — Separation ofproblem recognition reporting
from that for problem solving
Probably the most important guideline for a DSS designer
is the separation of the reporting of information needed for
the manager to recognise situations which need a response
from the reporting of information needed to solve prob
lems. Even a casual analysis of most routine reports
received by managers reveals the presence of information
which could only be useful in a problem-solving context. It
should be obvious that this type of information has no use
unless the appropriate problem has arisen.
Experience has shown that the removal of all informa
tion of a problem-solving character from routine reports
can result in a reduction of as much as 50% in the size of
those reports. Of course, the information must still be
readily available for the manager when problems arise
which require it.
Guideline 2 — Managerial comfort
An essential requirement of routine reporting is that the
manager should, following perusal of the report, feel com
fortable that he or she understands the current status of the
target environment. Comfort is, of course, a subjective
concept and different managers will require different lev
els of detail and quantity of information in order to achieve
it.
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Figure 2. Hierarchy diagram of the DSS architecture.

Guideline 3 — Highlighting problems
Routine reporting is also required to highlight, at least to
the extent possible with the data at hand, any problem
which may require a response. Usually the specification of
information of this type has to be considered at the same
time as the provision of comfort, since the manager is
normally seeking both comfort and the awareness of prob
lems at the same time.
The types of reporting and analysis required for guide
lines 1, 2 and 3 are likely to be:
Summarisation — Factual reports of totals, averages, sta
tistical properties of time series, etc.
Inferential Assessment — Results of applying simple rules
to determine relative ‘goodness or badness’, acceptabil
ity or otherwise, etc.
Comparison — Relative assessment of actual perfor
mance against standards.
Prediction — Projection and analysis of performance.
Audit — Support of the summaries with selected detail.
Guideline 4 — Alerting
Although the specification of comfort and problem high
lighting is likely to be a user-driven task, or at least the user
will participate fully in the specification, there is also a
need for the designer to suggest ways in which computer
analysis of the database may provide an alerting function
which brings unusual events, trends or coincidences to the
attention of the manager. Examples include time series
trend analysis, or the identification of maximum and min
imum values.
Alerting requires the creative application of systems
design principles so as to provide an introspective analysis
of data, as opposed to the user specified nature of the
guidelines 1,2 and 3. The alerting can be by trend analysis,
scenario analysis or coincidence analysis. In each case
time series or database profiles can be analysed to deter
mine unusual changes or sets of circumstances.
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Guideline 5 — Soft data interfaces
Soft data interfaces are important considerations during
the specification of routine reporting, otherwise much of
the value of the information contained in the factual data
will be lost, as the manager will be unable to appreciate the
true significance of this information. A soft data based
‘intelligence alerting’ function may be possible for the DSS
in some circumstances.
4.3 On-demand and Ad-hoc Reporting — Supporting
Problem Solving
Reporting information to support problem solving is more
difficult to specify in advance because the„nature of each
problem will be different. Therefore, this part of the DSS
specification will be a combination of both prespecified
reporting (covering those aspects which are predictable at
system specification time) and the creation of a problem
solving environment in which ad hoc analysis and report
ing can be carried out.
Guideline 6 — Diagnosis
Support for the diagnosis phase should always be consi
dered independently of the other two since it lends itself
more to pre-specifications.
The reporting must support the following mental
activities:
— understanding the problem situation more com
pletely and assessing its implication;
— identifying situations which are related to the prob
lem, e.g. general cases of specific problems;
— obtaining more detailed information required by the
more complete mental understanding of the problem
which may have been developed during this phase;
— performing causal inferential analysis, so as to iden
tify likely causes of the problem.
Guideline 7 — Ad hoc support of diagnosis
The pre-specification is likely however, to satisfy only the
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obvious areas for information presentation. In addition, it
will be necessary to establish a diagnosis ad-hoc support
environment capable of providing enquiry and analysis of
the following types:
Knowledge Reference — A catalogue of reports, menus,
data dictionary and other information resources;
Factual Retrieval — A comprehensive data retrieval
package;
Inferential Assessment — Models, rules etc. able to sup
port the manager in seeking answers to questions relat
ing to problem importance, implications and the like;
Soft Data Intelligence — Access to information relating to
‘what happened last time?’;
Model Building — Formal procedures aimed at under
standing the structure of the problem;
What-if Analysis — Analysis of model output to ascertain
the likely implications of the problem;
Pattern Matching — Identification of precedent situations,
or general cases of specific problems;
Comparison — Analysis of differences between problem
and non-problenfsituations in order to suggest possible
causes.
Guideline 8 — Supporting generate alternatives and their
evaluation
The support for these two cognitive tasks will require
similar ad-hoc enquiry and analysis environments. The
types of support required are likely to focus on:
Factual retrieval — As for diagnosis support;
Soft Data Intelligence — Access to information relating to
the effectiveness of solutions used for precedents;
Model Refinement — Refinement of models built during
diagnosis to enable their use in sensitivity analysis and
projections of scenarios;
What-if Analysis — Navigation of models to assist sensi
tivity and risk analysis;
Comparison — Highlighting of differences between the
different cases.
5.

EVALUATING EXISTING MIS
ENVIRONMENTS
Although the material in this paper has been presented
from the viewpoint of the specification of a new decision
support system, it is also common to encounter a situation
where the manager already has a range of reports availa
ble and the analyst’s assignment is to evaluate the ade
quacy of these systems.
The steps which would be followed in an evaluation
using these guidelines as an evaluation tool would be as
follows.
1. Identify the decision areas which are critical for the
manager, using the critical success factor or another
requirements identification technique — for exam
ple Davis (1982).
2.
For each critical area, identify the sources of infor
mation available to the manager, in particular assess
the quality of the database.
3.
Classify each set of information or report received
according to whether it appears to serve problem
recognition or problem solving activity. Identify any
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routine report segments with problem solving type
information.
4.
Examine potential deficiencies in the reporting by
identifying aspects which are not served by any
report — routine or otherwise.
5.
Specify new routine reports, each one providing
problem recognition, comfort and alerting support.
6.
Specify new reports, to be available on an ‘ondemand’ basis to support diagnoses using the
appropriate operators.
7.
Provide a problem-solving support environment
which enables the manager to implement the reports
on an ad hoc basis.
In addition, the soft data interface environment should also
be examined to determine what improvement may be
possible.
6, CONCLUSION
It is proposed that these DSS specification guidelines can
form the basis for the implementation of a comprehensive
set of decision support systems which will enable manag
ers to be more effective in their decision making and to
take maximum advantage of the available information.
They will also minimise any mismatch between the report
ing specification and the manager’s mental process, and
the exclusion of soft data sources from the DSS design.
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Graphical Data Presentation for
Decision Support Systems
R.H. Edmundson and J.E. Terryt
This paper addresses the effectiveness of the use of interactive graphical techniques in the design of the data
interface of decision support systems. It has been shown that the transposition of the previously used hard
copy forms design to the screen environment may not lead to an improvement in decision outcome. An
improvement may arise from the appropriate use of the interactive capabilities of modern graphics facilities.
Keywords and Phrases: Graphics, decision support systems, judgemental forecasting.
CR Categories: H.1.1, H.1.2, H.4,2,1.3.4.

INTRODUCTION
Although the research literature concerning the relative
merits of graphical and tabular data display is inconclu
sive, vendors continue to sell business systems based on the
use of graphics (Jarvenpaa and Dickson, 19 86). The exist
ence of a market for such systems implies a perceived
advantage in the use of graphics, and that decision makers
are prepared to embrace graphical displays as part of their
information systems.
As reported below, a number of studies have been
conducted that compare graphical and tabular data pres
entation. The fact that the outcomes of the studies have
been inconsistent may be explained, in part, as a result of
task differences. The studies reported in the literature have
all been concerned with the use of static data displays. The
capabilities of modern graphical interfaces for interactive
data manipulation during data analysis and the develop
ment of the decision outcome have not been evaluated.
Judgements on the usefulness of business graphics should
not be made in the absence of some examination of this
question.
This paper considers the issue of data display design for
time series extrapolation. This is an important business
task that forms the foundation for much planning and
budgetary work. Three different graphical display and
data handling designs are evaluated, with the data content
of each strictly limited to the values in the time series. Thus
any difference in forecast accuracy resulting from the use
of the different displays could only arise from the differen
ces in the design of the data interfaces.
LITERATURE
Although there is evidence from the literature that the
manner, content, and form of data presentation can affect
decision outcome (Tversky and Kahneman, 1981), there is
no theory to predict what the effect will be. In the case of
Copyright © 1986, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted, provided that the ACJ’s copyright notice is
given and that reference is made to the publication, to its date of
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tabular versus graphical data display there are several
studies, many arising from the so-called Minnesota exper
iments (see Chervany and Dickson, 1974; Dickson, Senn
and Chervany, 1977; Schroeder and Benbasat, 1975).
The outcome of the research to date is inconclusive.
For instance, Benbasat and Schroeder (1977), using a
contrived and rather complex inventory management task,
concluded that graphical reports gave rise to improved
decisions and that fewer reports were needed. The subjects
also expressed a preference for working with graphical
reports.
The results obtained by Lucas (1981) (see also Lusk
and Kersnick, 1979) conflict somewhat with those of Ben
basat and Schroeder (1977). Lucas used a contrived stock
ordering task of similar complexity to that of Benbasat and
Schroeder. He found that there was no improvement with
the use of graphics. Subjects using the graphical reports
were reported to have ‘enjoyed’ the exercise more than
those with the tabular reports. Lucas conjectured that task
type might be a determinant of the effectiveness of graphi
cal reporting.
Reporting on a carefully executed series of experiments
to test the impact of the task environment on data display
effectiveness, Dickson, DeSanctis and McBride (1986)
indicate that there appears to be a task related effect, but
that the discipline is still not in a position to establish a
theory. Certainly, the task related effects could go some
way to explain the differences in outcome from the many
comparisons of tabular and graphical data presentation as
also could user familiarity with the display technique.
There has been only one major study reported that
specifically considered the effect on data display design on
judgemental time series extrapolation. Lawrence,
Edmundson and O’Connor (1985) reported on the relative
accuracy of graphical and tabular data displays in the
extrapolation of economic time series. In part of that study,
68 monthly time series were forecast by three experienced
forecasters (R-Group), and again by 136 graduate and
undergraduate students (S-Group). The R-Group used
both graphical and tabular data display forms and forecast
approximately one third of the series using each form. The
S-Group forecast used only one of the forms of data dis-
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play, and forecast only one series each. There was no
significant difference in the accuracy of the forecasts
obtained using the two forms of data display by either
subject group.
All of the above literature was based on studies con
cerned with the use of static data displays used as decision
cues. There is no literature known to the writers that
addresses the effect of taking advantage of the interactive
data manipulation capabilities of modern graphical sys
tems. Those capabilities provide the opportunity to sup
port the decision maker in the analysis of the cue data, in
developing the decision outcome in a convenient graphical
form, and perhaps by the provision of direct assistance
with computations. In the case of time series analysis for
instance, the data is progressively decomposed into the
following inter-dependent components:
— Trend
— Cycle
— Seasonal
—■ Noise.
Interactive graphical support would facilitate the struc
turing of the displays to match the decomposition of the
time series, and to present the successive cues to the deci
sion maker in real time. The actual data displayed at each
step is dependent upon the actions taken in preceding
steps, rendering impractical the provision of similar report
forms in hard copy graphical or tabular displays.
In terms of the prior literature this raises the issue that
such a design for the display of cue data may bring to light
sub-tasks that are particularly suited to graphical
approaches. For instance, Cleveland and Terpenning
(1982) describe the process of identifying the seasonal
component of a time series as being a task that is well
suited to the use of graphical displays, though they do not
report any empirical evidence for that opinion.
It is therefore possible that the provision of approp
riately designed interactive graphical data manipulation
interfaces could give rise to improvements in decision
outcome for a number of reasons, including:
— the structuring of the data displays to suit the func
tions carried out in data analysis,
— the generation of sub- tasks that are suited to graphi
cal displays, and
— the ability to provide general support with computa
tional sub-tasks.
EXPERIMENTAL FRAMEWORK
The paper draws together two related studies (Edmund
son, 1986; Terry, 1986) concerning the effect on accuracy
of using a screen based decision support system or hard
copy graphs in time series forecasting. Edmundson com
pared the use of a hardcopy line graph to make forecasts,
with the use of an interactive screen based DSS called
‘GRAFFECT’ which provided for decomposition of the
forecasting task.
Terry examined an intermediate situation between the
tasks considered by Edmundson. He compared the fore
casting accuracy of the GRAFFECT DSS with that of a
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screen based display of the hardcopy graph. Thus, the two
studies together can be used to determine whether forecast
accuracy is affected by either:
(a) the medium (paper or screen), or
(b) the design of the display and data handling interface.
Experimental Task
The task set the subjects was the judgemental extrapola
tion of a time series of monthly values. There is substantial
evidence from the volume of literature on economic fore
casting that forecasting time series is an important busi
ness activity (see Lawrence, Edmundson and O’Connor,
1985).
In this study, the subjects were required to forecast the
next twelve monthly values from the data, on the basis of
up to 48 months of historical data. The extrapolation was
to be made in the absence of any information outside the
values in the time series themselves. The subjects were not
aware of the nature of the time series, or of the economic
periods to which the series related. This was intended to
limit the data used by the subjects to that contained in the
time series values.
In each case the subjects were required to use a particu
lar decision strategy that, as far as possible, decomposed
the extrapolation task into separate consideration of the
trend (slope), the seasonal pattern, and the noise or ran
domness in the data. The decision strategy is described in
the following section, where the displays are illustrated.
Forms of Data Presentation
Three forms of data presentation were used, each showing
only the data values of the time series. The forms of display
were:
— a hardcopy line graph of the series on A4 paper,
— the same design of graph displayed on a VDU screen,
and,
— an interactive decision support system with a variety
of displays.
These forms are fully described below, along with the
prescribed decision strategy appropriate for each display.
1.
Hardcopy Graph (Hard)
The hardcopy graph form was a computer-printed line
graph of the time series on A4 sized paper. The subjects
were separately required to identify trend and seasonality,
in that order. The subjects estimated the slope of a trend
line that they fitted by eye to the historical data. Plotting
the anticipated trend performed the dual function of set
ting the trend, and fixing the anchor point for the forecasts.
This anchor point reflected the influence of the noise in the
series.
To assist in the estimation of seasonal factors, the his
torical monthly data points were numbered 1-12 each year.
The subjects were required to build a seasonal model on
their trend line, by observing equivalent months in each
year and their relationship to other months. The seasonal
pattern was drawn onto the trend line to complete the
forecast.
The method described was shown by Lawrence,
The Australian Computer Journal, VoL 18, No. 4, November 1986
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Figure 1. Illustration of the Screen-Based Graph.

Figure 2. The DSS Seasonal Display Screen.

Edmundson and O’Connor (1985) to permit decision
makers to forecast with an accuracy equalling that of the
more accurate statistical forecasting methods, and with a
lower standard deviation of error. It is also the method
which compared favourably with forecasting using a tabu
lar display, which was designed to facilitate a similar
decomposition based approach.

horizontal. The seasonal model was identified by observ
ing the de-trended values for equivalent months in each
year. The form of display, which showed all four years on a
single 12-period graph, assisted in seasonal pattern identi
fication. The model was input using the mouse to construct
a plot of the desired seasonal pattern.
Any seasonal model identified was then automatically
removed from the data, and an extrapolation of the resul
tant ‘noise’ series has made using a screen similar to that in
Figure 1. Although the subjects were unrestricted in their
extrapolation of the resultant noise series it was antici
pated that, if they felt that they had modelled the trend and
seasonal successfully, their extrapolation would be a
straight, horizontal line reflecting the most likely future
values.
The final forecast was generated by mathematically
combining the judgementally identified components.
Therefore, the DSS carried out the function of the re
combination of the decomposed model components. In the
other two forms of data presentation the subjects carried
out this process judgementally. This difference was
brought about by the nature of the data display and manip
ulation processes, and any benefit obtained from the provi
sion of this computational support must be seen as arising
from the capabilities of the interactive interface.

2.
Screen-based Graph (Screen)
The screen-based graph form was a replication of the
hardcopy graph, displayed on a VDU. Figure 1 is a repro
duction of such a screen. Again, consideration of the time
series component parts was stressed, and the subjects were
required to use the above strategy. The actual operation dif
fered from the above in that a ‘mouse’ was used to record
forecast points rather than a pencil. The mouse also acti
vated a display of the number of the month at which it was
directed and the ‘y-value’ of the mouse cursor. This was
used to assist with seasonal identification in the way that
numbering the points assisted in the hardcopy graph
method. The experimental tool allowed the subjects to
insert an extrapolated trend line which could be modified
point by point as the seasonal pattern was identified.
3.
Decision Support System (DSS)
The DSS was a screen based display of line graphs, with
different screens to allow interactive recognition of each of
the factors of a decomposed time series (trend, seasonality,
and noise). Note that the identification of Cycle is not
possible in the short term without the benefit of additional
data external to the time series. The screen used for trend
identification was the same as that illustrated in Figure 1,
with data input being accomplished using the mouse. The
subjects fitted a line to the historical data, and manipulated
it until they were satisfied that its slope reflected the trend
in the data.
Once the trend had been judgementally identified its
effect was automatically removed from the data and the
‘seasonal’ screen illustrated in Figure 2 was displayed. The
effect approximated the rotation of the plot to make it
The Australian Computer Journal, VoL 18, No. 4, November 1986

Experimental Data
The time series data used in the studies was the monthly
data from a forecasting competition (Makridakis et aL,
19 82), kindly provided by the authors of the report on that
competition. Forecasts for twelve periods ahead were
obtained for each of the 68 time series. In the case of the
‘Hard’ display, the forecast data from a study by Lawrence,
Edmundson and O’Connor (1985) was made available for
re-analysis.
Experimental Subjects
The subjects were post-graduate students and staff of the
Department of Information Systems, University of New
South Wales. All subjects were experienced with time
series analysis, and had taken part in classes or research
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Table 1. MAPE and Standard Deviations.
METHOD

DSS
SCREEN
HARD
DSE
BJ

FORECAST HORIZON
1-12
1-6
7-12
MAPE STD MAPE STD MAPE STD
.099
.125
.116
..10
.113

.079
.097
.095
.115
.097

.134
.158
.165
.142
.163

.113
.157
.142
.150
.200

.117
.142
.141
.126
.138

.083
109
.108
.117
.130

Table 2. Significance of the DSS Improvement.
1-6
DSS/HARD
DSS/SCREEN

.060
.000

SIGNIFICANCE
7-12

1-12

.008
.020

.008
.000

concerned with time series forecasting. Thus, it is felt that
the task and the experience of the subjects reflected as
nearly as possible that which exists in the work
environment.
The subjects using the screen based data display, and
those using the DSS had used similar, mouse driven soft
ware for more than a year prior to taking part in this study.
This would indicate that those subjects would probably not
be less familiar with the task environment nor be less
dexterous in the use of the instruments than those using
pencil and paper.
Experimental Design
Three subjects forecast the time series using the ‘Hard’
display, and two using each of the screen based displays.
Time series were randomly allocated to subjects in a
manner that provided approximately equal numbers of
series for each subject. Therefore, the three subjects with
the Hard display forecast 23,23 and 22 series respectively.
The subjects using the Screen and DSS displays forecast 34
series each. There was no constraint on time to forecast a
series or to complete the task: each subject, in fact, com
pleted the task in the course of two to three days and was
free to rest and recommence work at will. There was no
feedback of results to the subject.
RESULTS
As indicated above, the general question addressed here
concerns the effect of utilising the sophisticated capabili
ties of modern interactive graphical interfaces in the
extrapolation of an economic time series. The measure of
effectiveness in extrapolation would encompass both the
accuracy achieved and the resources expended in obtain
ing the forecast. This study has been concerned principally
with the accuracy of the extrapolation because the resour
ces used in generating a single extrapolation are minimal.
Thus, the data was analysed to determine whether any
difference in error rate resulted from forecasting using the
different data interfaces. The Mean Absolute Percentage
Error (MAPE) measure was adopted because it is a com
monly used error metric.
Testing was carried out using two-tailed, paired t-tests
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on the accuracy of forecast determined as the Mean Abso
lute Percentage Error (MAPE) for the 12 months of fore
cast, and for two intermediate forecast horizons, months
1-6 and 7-12. Pairing was necessary to control for the
effects due to individual time series (observed in Law
rence, Edmundson and O’Connor, 1985).
Table 1 displays the MAPE errors, and standard devia
tion of error, for each method of data display for the three
forecast horizons analysed. Included in the table for com
parison are the error rates for two better known, and
relatively successful statistical forecasting methods,
deseasonalised single exponential smoothing (DSE), and
Box Jenkins (BJ).
The table shows that the DSS method is the most accu
rate method for every time horizon, and that it has the
lowest standard deviation of error. There appears to be
little difference between the Hard and the Screen results.
The t-tests did not reveal a significant difference
between the hard copy method and its screen implementa
tion at any of the forecast horizons. However, as shown in
Table 2, the DSS method was significantly better than the
other methods at every forecast horizon. Thus it is demon
strated that the use of interactive data manipulation capa
bilities in the design of decision cue instruments can give
rise to improvement in decision outcome.
It should be noted that the accuracy advantage of the
DSS method was not obtained at the expense of the time
taken to produce the forecast. The time to complete the
forecast was not an experimental variable here, but the
screen based systems did record the time taken. A small
sample of ten of the forecasts made using the hard copy
graph display were also timed. The expected time to
generate a forecast using the DSS method is approxi
mately half that of the other methods (about two minutes
compared with 4.5 minutes). Although no time advantage
may be claimed on the basis of such a sampling it is
unlikely that the DSS method actually takes longer.
CONCLUSIONS
The investigations indicate that the design of the displays
to be used in decision tasks can make significant differen
ces to the accuracy with which the task is performed.
There was no benefit shown from the mere transposition of
a display from hard copy to the screen. To obtain an
accuracy advantage in the forecasting of time series using
a decomposition approach, it was necessary to change the
display form. The use of a graphics screen, with a graphics
input device such as a bit pad or mouse, facilitates imagin
ative display and data manipulation design. It has been
demonstrated that the provisions of an appropriate data
interface can give rise to effectiveness and efficiency
advantages.
In part, this result may be seen as an explanation of the
confusing results in the literature comparing techniques of
data presentation. In addition to the task related effects
that have been noted in the literature it is clear that results
may be confounded by variation in the design of the dis
plays. The efforts of researchers to see that the displays
studied were as near direct equivalents as possible fails to
The Australian Computer Journal, VoL 18, No. 4, November 1986
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control for the appropriateness of the design to the
medium used.
As with Lucas (1981), and Benbasat and Schroeder
(1977) the subjects were enthusiastic about the use of
graphical displays. This illustrates that effective and
acceptable data entry, data manipulation, and reporting
functions may be designed incorporating appropriate gra
phical displays. The lack of a general theory of data inter
face design, coupled with the individual task effects noted
earlier, leaves the application systems designer in a diffi
cult position. The results of trials in unrelated task envir
onments, and indeed current folklore, may not be applica
ble to the task in hand. Further research is required before
a general theory of display design could evolve, and the
results of this particular study should not be taken to
extend to different task environments.
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A SIGNIFICANT ACHIEVEMENT
As readers may be aware, the articles in this Journal are
regularly abstracted in the ISI publication Current Con
tents. For each issue, the editors of CC select, from among
the many journals they deal with, one article that hasproved to be cited very frequently. They then feature it as a
Citation Classic, and ask the author(s) to write a new
abstract and retrospective background commentary for
the article.
On 17 March of this year, the paper chosen was ‘MixedData Classificatory Programs I. Agglomerative Systems’
by G.N. Lance and W.T. Williams. This appeared in the
very first issue of this journal (Volume 1, Number 1, pages
15-20, 1967), when both authors were with the CSIRO
Divison of Computing Research. These days Godfrey
Lance is with the University of Bristol, and Bill Williams is
retired. Both deserve our warm congratulations on a fine
achievement!

ACSC-10
The Tenth Australian Computer Science Conference will be held on 4-6 February 1987 at Deakin
University under the auspices of the Division of Computing and Mathematics.
The aim of the conference is to stimulate the interchange of ideas and information among computer
scientists working in academic and other institutions around Australia. New members of the computing
profession and graduate students are particularly encouraged to submit papers and to attend the conference. To
this end every effort is made to minimize the cost of attending.
All submissions and enquiries should be addressed to;
The Program Chairman, ACSC-10,
Division of Computing Mathematics, Deakin University, Victoria 3217
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Letter to Editor and Reply
Whose Society is it anyway?
I would like to highlight the two main points I wanted to
promote in my original letter:
1.

I was supporting John Yeo in his letter on the influ
ence of academics on the Society, especially their
publishing of papers (so their profile looks impres
sive when applying for their next academic job) and
the language used in the articles (so the majority of
computer personnel do not understand the topic).
2.
That specialist publications like the Australian
Computer Journal, which has academic research in
it, be published by those people interested in produc
ing and reading such papers, at their own cost. Ter
tiary institutions should be responsible for the costs
of such publications.
I am not ‘Luddite-like’ since I agree such research
needs to be published but there are certain facts involved:
1.

2.

The vast majority of computer personnel are Man
agers, Project Leaders, Analysts, Programmers,
Operation personnel, etc. working for private enter
prises. These people are put offjoining societies such
as ACS due to their being made to feel inferior
alongside ‘moles’ (creatures keeping to the dark and
not seeing the real life out in the world).
We are very often ‘restrained by proprietary con
cerns and the need to respect confidentiality’ as men
tioned by John Yeo. In the highly competitive field
that I work in, any work that I might publish would
only be allowed after it was practically obsolete
compared to the rest of the field and hence no longer
relevant.
Brian Jones,
5 Deakin Street,
Hampton, Victoria, 3188

Editor’s Reply
This is the second letter that I have received from Mr Jones
— I was offended sufficiently by his earlier one to decline
to publish it. He criticises the Journal for being what it was
intended to be — a serious technical publication.
Some years ago, in response to similar criticism, the
editor, Dr C.K. Yuen, investigated the feasibility of contin
uing publication of the Journal without the support of the
Australian Computer Society. He concluded that, with a
determined effort to increase the number of overseas sub
scriptions, the Journal could be self-sufficient and continue
to publish with support from the academic community.
Moreover this would be forthcoming in the unlikely event
that the ACS decided to relinquish its support.
The proposition that I would put to Mr Jones is that the
ACS needs the Journal much more than the reverse. The
ACS purports to be a professional society, but the Journal
is one of its very few truly professional activities. If it loses
its aura of professionalism in the eyes of the community,
then it will lose many of its members who benefit from the
implied professional status which membership of the
society confers. If Mr Jones is to be believed, this status is
often wrongly conferred.
The ACS tries to be many things to many people; not all
its activities are intended to appeal to all its members. I
believe that Mr Jones should either learn to be more toler
ant or leave the ACS. If he is truly incapable of understand
ing all recent progress in his field, and unable to share the
benefits of his experience with others (I find his apologia
for his lack of initiative to be hollow and self-serving), then
the ACS no longer needs his membership.
Mr Jones may also be interested to learn that there are
members of the academic community who will notjoin the
ACS until it assumes a more professional posture and rids
itself of its ‘leeches’ (creatures that sap the blood and give
nothing useful in return).
John Lions,
University of New South Wales

Call For Papers
The Third Australian Conference on

Applications of Expert Systems
will be held in Sydney on 13-15 May 1987
Papers are invited on any aspect of expert systems technology, including:
• Examples of expert systems developed for particular applications
• Design and evaluation of tools for building expert systems
• Knowledge engineering methodology
• Specialised hardware for expert systems
The deadline for papers is 30 January 1987.
For further information please contact:
The Program Chairman, Dr J.R. Quinlan
School of Computing Sciences, NSW Institute of Technology, Broadway, NSW, 2007 Australia
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KENNY, J.J.P. (ed.) (1985): Data Privacy and Security — State of the Art
Report, Pergamon Infotech Limited, Maidenhead, England, 245
pp., £245.00 stg.
A book that purports to be a ‘state of the art’ report and costs £245 can be
expected to be comprehensive and accurate, and to have some theoretical
depth. Kenny, Chairman of the British Computer Society’s Data Protec
tion Committee, has edited a book that falls well short of these
expectations.
The Report is in three parts: Invited Papers by twelve European
experts on various aspects of data protection and security, of 10 page
average length; an 80 page Analysis by Kenny which attempts to synthes
ize the contributions of the invitees and a Bibliography comprising 51
items.
The invited papers cover the international legal regime of data protec
tion (Bing; Gassman; Hondius), and the regulatory experience of Sweden
(Freese), France (Fauvet) and — somewhat in anticipation — Britain
(ICL and the Devon Council’s preparations for data protection law). On
the security side there are papers on cryptography (Everett; Gordon) and
personnel practices (Lindsay). Despite their brevity, some of the papers
are useful: recent articles in English on the French and Swedish legisla
tion are difficult to find. On the other hand, such brevity tends to reduce
the surveys of international developments to platitudes and repetition.
Jon Bing presents the only theoretical analysis, the Norwegian
approach of characterising data in terms of three types of interests:
adequacy (‘that all relevant data is available to a decision maker’),
confidentiality (‘that personal data should not be disseminated in wider
circles than necessary’), and openness (subject access). The European
Convention and OECD Guidelines on data protection are subjected to an
interesting analysis in these terms. Such an approach does not appear to
give adequate weight to the long-term political interests of individuals in
limiting the amount of information organisations collect about them,
irrespective of how it is presently used — although Bing does hint at such
weaknesses. Otherwise, this political dimension gains scant considera
tion throughout the book.
The precis of Kenny’s Analysis promises that ‘the background to the
development of the privacy lobby is outlined’, an indication that this
Report is aimed at executives anxious about the effect of data protection
laws on their businesses. The analysis is a rather superficial cut and paste
from the preceding papers and others. Its half-page survey of Australian
developments mentions the Freedom ofInformation Act 1982 as a ‘rather
weak Act of its type’, but doesn’t mention the substantial amendments to
the Act in 1983 to strengthen it. The 1983 Privacy Report of the Austral
ian Law Reform Commission rates not a mention! Such omissions make
one uneasy about relying on the rest of this ‘state of the art’ analysis.
The 51 item Bibliography is too brief and selective to be of much use.
For example, there is no mention of the works of James Rule, the
American sociologist who has contributed some of the most important
theoretical work on privacy.
The book is excellently printed and bound, in A4 format. It is the
computing equivalent of a coffee table book: you would expect to find it
in the reception areas of computer companies or consultants who wished
to impress upon their clients that they were socially responsible and
up-to-date. The content is more suited to a paperback at one-tenth the
price, at which it would be a welcome addition to the library of anyone
interested in data protection.
Graham Greenleaf
University of New South Wales
BEVAN, N„ MURRAY, D. (eds.) (1985): Man/machine Integration: State
of the Art Report, Pergamon Infotech, England, 342 pp., £245.00
stg.
The very title of this book could attract a wide readership anxious to gain
insight into the nature and potential of man-machine integration. The
book’s ambitious focus is stated clearly in its Foreward: ‘In drawing
together technological, psychological and social factors, this Report puts
The Australian Computer Journal, Vol 18, No. 4, November 1986

information technology in broad context ... Accordingly, the Report
covers not only the application areas of new technology, but considers
how the technology can be implemented in a manner which is beneficial
to individual users and to the structure of society.’ The significance of this
focus is the implied assertion that the ‘state of the art’ is concerned with
‘design for society’, rather than the individual.
The book has two distinct parts: a collection of twelve Invited Papers
by a number of authors, mostly from Britain, followed by an equally long
five-section Analysis part which draws on material in the invited papers
and the wider literature. Consonant with the focus stated above, the
emphasis is on applications and societal impact, rather than on the
technological detail of man-machine interfaces, which, as at least one
author points out, has been the recent major preoccupation of the humancomputer interaction field.
The papers on specific applications and implementations, such as
Videotex (Buckley), the BBC Computer Literacy Project (Allen), elec
tronic mailboxes (Marshall), CAL (Rushby), and interactive video (Parsloe), allow their authors to offer useful suggestions for future attention in
systems which have very wide application. The widest scope application
is on the role of information technology in the development of the new
city of Milton Keynes (West). Two rather more technological papers
provide useful reviews of speech as an interaction medium (Schofield),
and of methods for automating user identity (Hawkes).
The remaining papers on: expert-systems (Boden); design (Eason);
economic and political factors (Wheelock and Monk) and the human
ness of human factors (Bjorn-Anderson) are more futuristic and focus on
crucial organisational issues. The latter author notes succinctly the expo
nential growth in the cost of‘org-ware’ (that is, ‘the costs of determining
information requirements, training, restructuring of work procedures
...’). Here too is the single reference to Australia in the book — in the
context of RSI!
The Analysis part of the book consists of sections on the humancomputer partnership, enabling technologies, design, impact, and the
future. The presentation relies very heavily on the extensive use of
quotations both from the invited papers and the general literature, a style
perhaps more comfortable for readers from a social science background
than computer science or engineering. There is a useful annotated biblio
graphy on man/machine integration.
There is much readable and well-presented material in this book for
anyone with a general, rather than a research, interest in humancomputer integration. By concentrating on the broader issues, the papers
and analysis certainly provide a new, and important perspective, on the
subject. At a very much lower price, one might expect the book to reach a
wide general audience, and it could be used to support undergraduate and
graduate courses. At the stated price, the impact of this book will be
confined to the wealthy!
Robin W. King
University of New South Wales

RAYWARD-SMITH, V.J. (1986): A First Course in Computability,
Blackwell Scientific Publications, Oxford, 167 pp., $26.95.
This book is an attempt to answer fundamental questions such as ‘What is
a computer capable of?’, given a problem ‘Is there any algorithm to solve
it?’, and if so ‘Is there an efficient algorithm?’. It is intended as a second or
third year computer science text. The contents include Mathematical
Prerequisites, Turing Machines, Solvability and Unsolvability, Formal
Languages, Recursive Functions and Complexity Theory.
The chapters on Solvability and Unsolvability, Recursive Functions
and Complexity Theory are well presented, though Cook's theorem in the
latter chapter is introduced a fraction late. The chapter on Turing
Machines deals solely with deterministic Turing Machines, the concept
of non-determinism is later introduced as ‘unlimited parallelism (a silly
concept!)’, it is only when we turn the page do we discover that this is an
‘important' concept. The more restricted classes of automata (linear
bounded, push down store, and finite state automata) receive scant
mention in the chapter on Formal Languages, which leans too heavily on
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V.J, Rayward-Smith’s book A First Course in Formal Language Theory
(Rayward-Smith, 1983). These shortcomings cause the answers to the
fundamental questions above to fall a bit short.
The book can not be recommended as a stand alone text, however
together with the abovementioned book by the same author, it will make
an acceptable second year computer science text for this area.
References
RAYWARD-SMITH, V.J. (1983): A First Course in Formal Language
Theory, Blackwell Scientific Publications.
T.D. Gedeon
University of Western Australia
CHANDOR, A.G.J. and WILLIAMSON, R. (1985): The Penguin Dic
tionary of Computers (Third Edition), Penguin Books, 488 pp.,
$10.95.
Book reviewers should always be aware of their audience. So I did some
research to find out who the potential users of computer dictionaries like
this might be: Do students buy them? None of my students do. Do
teachers use them? Again, no. Good text books often include a glossary in
with their index, and this serves the purpose, since something more than
the dictionary definition is often required. Do businesses use them?
Sometimes! Apparently it, can save a manager from embarrassment if
there is a dictionary readily available, not to mention the status attached
to apparently having lots of computer knowledge! What about technical
people? No. Not really relevant. They know it all anyway! Does the
general public buy computer dictionaries? It seems so.
Hence this book will be reviewed from the point of view of the most
likely purchaser, the layman (as the book calls them, although it does not
define what a layman is). Reading the preface to the third edition was
enough to put me off the book from the start! I reproduce the preface in
full, as it eloquently sums up the expectations and inadequacies of this
book for all but the lay-est of laymen (italics are the book’s).
“In the eight years which have passed since the second edition
two great things have taken place: the practice of distributed
computing, with terminals used not only for data collection but
also for local processing; and the introduction of personal compu
ters, which have done so much to remove myths that the use of a
computer is an arcane skill reserved for the initiated and twiceblessed. Each of these changes has generated its own new words,
while at the same time rendering many others obsolete. The new
ones have been collected and now appear in this new edition —
card-cage and daughterboard, game chip and telesoftware. The
obsolete ones have not been removed: it is the task of this diction
ary to explain words which might be found in books and articles,
not to act as an arbiter of correct usage. Often, therefore, the tense
has been changed in the definition, and general articles on such
objects as paper tapes have been shortened and new articles on, for
example, network architecture and microcomputers have
appeared.
There still seems to be no satisfactory single word for ‘computer
people’. Perhaps as more and more people treat computing as part
of their daily lives, there is less and less need for a special word.
How very fortunate!’
How very awful! What sort of introduction to a serious book on
computers is this rubbish?
I checked up on their claim that in the new edition they had shortened
the article on paper tapes. Not true! The two editions carry IDENTICAL
articles of IDENTICAL length (except that the past tense has been
substituted for the present tense throughout). So much for shortened
articles! Incidentally the paper tapes article is almost two full pages long,
whilst the article on microcomputers is only one half of one page. This is a
cue to how well the new edition has been modernised.
Looking at some of the explanations of terms we find that the book
uses italics to cross-reference throughout, and in any definition, all words
which are defined elsewhere in the book are printed in italics. This is very
irritating (although undoubtedly useful) as the italicised words seem to be
emphasised and lend a funny meaning to some of the definitions.
The articles or definitions are of varying quality. They range from the
first one; ABERRATION: A defect in the electronic lens system of a
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cathode ray tube; down to ZOOM: A facility in graphics software, which
alio ws the size of an image to be reduced or increased without the need to
re-define the image parameters.
A huge range of words is included, as would be expected. The quality
might be suspect, but the quantity is there! Overall — the Penguin
Dictionary is not recommended.
Sue Trahair
Frankston College of TAFE
NIVAT, M. and REYNOLDS, J.C. (eds.) (1985): Algebraic methods in
semantics, Cambridge University Press, 634 pp., $177.50.
In June of 1982, a group of about thirty researchers converged on
Fontainbleau in France. They spent one week discussing algebraic and
category-theoretic methods for the description of programming lan
guage semantics. For the participants, it was a week in which ‘we began
to perceive the deep unity of the field and the underlying similarity of the
ideas that have given rise to different approaches’. So moved were they by
this experience, that ‘we decided to write what had been said in a
comprehensive manner that would reveal to the reader the global vision
that tantalised us during the summer’.
The result of that revelation is a collection of 17 papers, contributed by
a total of 27 authors. A sizeable number of the authors fall into the
category of being ‘well-known’: Bursall, Friedman, Goguen, Levy,
Thatcher, Wagner, Wand, to name a few. The papers are all highly
mathematical in content. One, for example, accumulates no less than 75
theorem and lemma proofs. A few papers at first appear more philosophic
(for example, ‘Why algebraic theories?’), but still leave the feeling that a
degree in pure mathematics might in this instance be more useful than
one in computer science. Still, if you are comfortable with terms such as
‘algebraic semantics’, ‘homomorphisms’, ‘many-sorted algebras’, ‘signa
ture’, ‘functor’, ‘isomorphism’, ‘term rewriting systems’, or ‘herbrandGodel equations’, then you might be interested in discovering what so
tantalised this group so many years ago.
I will not attempt to summarise individual papers. For those working
in this field, the book’s existence and list of leading authors are sufficient.
For those outside the field, this book is not the ideal introduction. A
general overview is given on the back cover: ‘The major problems
considered include equivalence relations between operational and denotational semantics, rules for obtaining optimal computations (especially
for nondeterministic programs), equivalence of programs, meaning
preserving transformations of programs and program proving by asser
tion. Such problems are discussed for a variety of programming lan
guages and formalisms, and a wealth of mathematical tools are
described.’
The book is better produced than most proceedings: for example, the
typesetting is consistent throughout. This is no compensation, however,
for such an outrageous price. I cannot help but think of the benefits had
the authors chosen to publish in appropriate regular journals. Their
papers most likely would have been published 12 months earlier, and in a
more accessible and inexpensive manner.
At the price, the book is not worth acquiring. Material current in 1982
is likely to have been presented elsewhere or been improved upon in the
intervening years. I do not see $ 10.44 value in each of the 17 papers in the
book, and so cannot recommend its purchase, even for your institution’s
library. Active researchers in algebraic semantics would be recom
mended to browse through a copy (either from your library or a
colleague).
T. Vickers
University of New South Wales
SCHOFIELD, J. (1985): The Guardian Guide to Microcomputing, Basil
Blackwell, Oxford, 227 pp., $15.95.
From the title and the background of the author who has had ‘4 years
hacking away at a wide range of micros’ as writer of a weekly column for
the Guardian, I.had expected this to be a book aimed specifically at the
English purchaser of a hobby microcomputer, and of little interest to the
serious Australian reader. However it is a much better book than that.
This book would be a very good introduction to micros for the novice.
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There is a lot of information provided, and the author has an appealing
inquisitive style Which does not talk down to the reader. Altogether there
are 37 short chapters under seven headings, and a useful glossary. Not
only are specific machines mentioned — obviously from personal expe
rience — but a lot of information about software and hardware is also
contained in the book, including a section on speed and bench mark tests.
Even if the names of some of the micros are unfamiliar to the reader, there
is enough information here to send the potential purchaser out to choose a
machine forearmed with some knowledge.
The first twelve chapters deal with hardware. Bits and bytes are
introduced, RAM, ROM, PEEK, POKE are explained, and there is an
explanation of pixels and how some of ROM may be used when you want
a high resolution screen. Graphics and sound are described, and there is
a chapter to help in the selection of peripherals.
Thankfully there is no attempt in this book to teach programming, and
the emphasis is NOT on using BASIC, but on choosing a suitable lan
guage. There IS a chapter on improving programming techniques and a
section on Dijkstra and Structured Programming in a chapter subtitled
‘how to write readable structured BASIC’.
The last half of the book is directed towards applications — and again
a wide area is covered. Not all applications areas are covered uncritically
(the wonders of Eliza are examined for instance!), but they are explained
in enough detail for the intelligent layperson to gain some insight into the
powers and limitations of micros. There are also chapters on choosing a
micro, buying a micro (of limited use to the Australian reader) and care
and maintenance of the system.
Excellent value, this book is full of detail, yet written in a very readable
fashion. I do not know of a better introduction to micro computers, and I
enthusiastically recommend it to students and business people requiring
an easy introductory text.
Sue Trahair
Frankston College of TAFE
WHITEMAN, J.R. (ed.) (1985): The Mathematics of Finite Elements and
Applications V, Academic Press, 650 pp., SUS59.00.
As a general rule publication of conference proceedings should be dis
couraged. They do little more than provide the publishing industry with a
means of milking scarce funds from our Libraries, and academic entre
preneurs with the opportunity to ply their wares. If participants need a
record of the conference then this can be provided more rapidly and more
cheaply by informal means, and this need must anyway be balanced
against the serious objections that if an important paper is published in a
conference proceedings then it has a much smaller chance of being
noticed than if it appeared in a ‘major’journal, and the author will receive
less credit for it at appointment and promotion boards than would be
given to refereed journal publications. If you must publish conference
proceedings then why not as a special number of an appropriate journal?
The published proceedings of the Mathematics of Finite Elements and
Applications (MAFELAP) conferences almost provide a counter exam
ple to the preceding polemic. They seem to be in danger of becoming a
series and hence identifiable as something to buy / somewhere to look;
they are popular enough to attract sufficient contributed papers to be able
to be selective; the field is of sufficient importance in both theory and
application for periodic state of the art summaries to be worthwhile; and
the papers, both invited and contributed, contain much timely and inter
esting information which would be a lot more difficult to find scattered
through the literature.
The finite element method provides a preferred way to approximate
the solutions of the field equations of physics and engineering. It has
connotations of heavy computing. In fact, its practical importance has
been a major reason for the recent establishment of a series of centres for
scientific computation in the USA. It provides a considerable impetus to
the design of the so called ‘super computers’, reminding us that they have
not only to be built but sold.
Regrettably the published proceedings of the 1984 MAFELAP Con
ference here reviewed provide little information on these developments.
Implementation questions on novel hardware are hardly touched upon
(one paper considers the ICL DAP, one the CDC 205). The preface
stresses the connection between the finite element method and computer
aided geometric design, but again the explicit representation is poor (say
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1.5 papers out of 46). Also, while the routine use of sophisticated graphics
facilities in the presentation of results is implicit in at least half the papers,
the software questions arising from implementations receive no
consideration.
The implication of this is that the papers are largely concerned with
the mathematics of the finite element in a fairly strict sense, and as the
applications are developed with this emphasis firmly in view, presumably
it was an important consideration in the selection of papers. The result is a
coherent collection which shows clearly enough the problems attracting
attention. By deliberate policy boundary element methods are well
represented and so are contact problems, convection diffusion problems
and adaptive element methods. Those interested in superconvergence
phenomena, optimal discretizations, and existence and uniqueness
results will also find plenty to consider.
To sum up, this book is a good example of the species conference
proceedings. It has the advantage of being tightly organised. The title is
interpreted strictly. It provides a good indication of the more mathemati
cal aspects of applications of the finite element method as of May 1984.
The defects in presentation are those inevitable with the use of camera
ready typescripts. The book is enhanced by the provision of an index. For
computer scientists the book will have the disadvantage that it gives
almost no insight into the interaction between large scale computing
algorithms and the exciting developments in the architecture of high
speed computers. A better reference for this purpose is the SIAM Review
article by James M. ORTEGA and Robert G. VOIGT, Vol. 27, No. 2, pp.
149-240.
M.R Osborne
Australian National University
YANG, C.C. (1986): Relational Databases, Prentice-Hall, 269 pp., price
not supplied.
This book is primarily a compendium of mathematical results in the
theory of relational databases. Its chapter headings are:
The relational model of databases
The relational algebra
The relational predicate calculus
Functional dependencies
Multivalued dependencies
Join dependencies
Normalization
. Query languages and data base management systems.
It contains what seems to be a comprehensive collection of theoretical
results put together in a more or less coherent way. Unfortunately, it does
not provide a clear framework on which the reader can place the fre
quently esoteric results. Not only does the book lack theoretical perspec
tive, it contains very little motivational material. It would seem to be
useful mainly to a specialist in the field, and then mostly as an annotated
bibliography.
The final chapter covers four query languages: ISBL, based on the
relational algebra; QUEL, the tuple calculus language used in the
INGRES database manager; Query by Example; and Prolog. All the
descriptions read like programming manuals, and contain much extrane
ous detail. SEQUEL, probably the most common relational query lan
guage, is omitted altogether.
A zeroth chapter contains the basic mathematics needed: set theory,
functions and relations, logic, and a few results from graph theory. It
presumes that the reader already knows this material. There are gaps: for
example the term proper subset is used but not defined, as are restriction
and composition of functions and the identity function.
Not essential, not recommended.
Robert M. Colomb
CSIRO
CLARKE, R.J. (1985): Transform Coding of Images, Academic Press,
London, 432 pp., SUS69.50 (hardback).
This is the fourth of a series on microelectronics and signal processing
whose aim is to satisfy a demand for comprehensive and immediately
useful volumes linking microelectronic technology and its applications.
The author, from the Department of Electronic and Electrical Engineer
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ing at the University of Technology in Loughborough, prefaces the book
with a comment that, especially in digital communications links transmit
ting image data, there has been a longstanding interest in bandwidth
reduction techniques. This book deals with transform coding as one
method to achieve this reduction: using such techniques reasonable qual
ity images can be reproduced at average data rates of less than one bit per
picture element.
The intended audience for the book is said to be those postgraduate
students undertaking course options or research in the area, those design
ing coding systems and, in part, those final year undergraduate courses
which include an image processing element. It is against this background
that the book was read.
The approach taken is to review thoroughly the various aspects to the
problem including statistical properties, orthogonal transforms, quantisa
tion, practical coding, the human visual response, fast transforms, errors
and noise and rate distortion theory. All of these chapters stand on their
own and are well referenced, even though the references dry up rapidly
past about 1981. Each chapter comes with a useful summary but lectur
ers will not be rewarded with collections of suitable problems to give
students. However, the extra reading list is useful.
Imaging coding as a subject draws on important aspects of signal
processing. But in the end many of the approaches seem obvious or ad
hoc. There is difficulty quantifying performance, yet the topic is impor
tant and real, especially now that microelectronics is enabling cheaper
and better performance. The book does not dwell on actual hardware
implementations which are now in the very competitive commercial
arena. One comes away with a picture that the major numerical and
theoretical efforts were done in the sixties and seventies. Of particular
note (even if chauvinistic) is the way that pioneering contributions by
Australians (Seyler at Telecom Labs, Budrikis at University of Western
Australia and Telecom and Limb at these places and later Bell Laborato
ries) have stood the test of time.
The book is a valuable contribution to the field. It would certainly
bring anyone up to speed in the area and its separate chapters make it
useful to a wider field than those in image coding. At over 100 Australian
dollars I do not see too many students buying their own copies, so get it
put on your departmental and library lists!
Trevor Cole
University of Sydney
AKL, S.G. (19 85): Parallel Sorting Algorithms, Academic Press, Orlando,
229 pp., SUS49.50 (hardback).
Akl’s book, Parallel Sorting Algorithms, appears at a time when there is
increasing interest in parallel algorithms and parallel computation in
general. The book is interesting, informative, well-referenced and rela
tively easy to follow.
A comprehensive discussion is provided of the important ideas behind
the various classes of parallel sorting algorithms. In addition examples
are given to illustrate how particular parallel algorithms can be realised
on different parallel architectures. Most of the discussion centres on
algorithms for single instruction stream multiple data stream (SIMD)
architectures, although algorithms for multiple instruction stream multi
ple data stream (MIMD) architectures are also presented.
Individual algorithms are presented in considerable detail. For most
algorithms there is a discussion of the principles behind the algorithm
together with a detailed implementation description of the algorithm.
Also included in the treatment of each algorithm is complexity analysis,
network flow diagrams and examples on particular data sets showing key
stages in the sort process. In all some twenty different sorting and
merging algorithms are discussed including algorithms for parallel
external sorting.
The book should be of interest to anyone wishing to learn about the
basic principles of parallel algorithm design. The material is presented at
a level which should make it accessible to senior computer science, or
computer engineering undergraduates. The book is a useful one, well
worthy of study. The only very minor blemish is a slip in the presentation
of the fundamental perfect shuffle mechanism.
R.G. Dromey
Computing and Information Studies
Griffith University
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SHACKEL, B. (ed.) Human-computer Interaction — INTERACT ’84,
Proceedings IFIP Conference, London 1984, North-Holland,
Amsterdam, 983 pp., SUS79.50.
Professor Shackel is a distinguished ergonomist. In 1959, he published
Ergonomics for a computer in Design. Fifteen years later, he chaired the
conference committee for this excellent international feast of 152 papers,
all concerned with some aspect of how humans use computers, and how
they could do it better.
Many computerists will find important up-to-date material in it which
is directly relevant to work they are doing, teaching, researching, or
selling, in a vital area that has received little attention in Australia despite
its impact abroad. It applies almost as much to small systems and organi
sations as to large ones.
The papers deal with physical, mental, and organisational aspects of
computers. They start with qualities of different kinds of users, their
detailed needs for screen displays, and the design of various kinds of
work-stations. New methods of input and output are presented, including
short-hand transcription systems for law courts and Hansard reporters,
and comparisons made between tough screen, keyboard, and mouse.
Mouses are good for beginners, but slower for fast typists.
There are sections dealing with design of editors and of language for
commands and menus, how to improve the user’s model of the system,
and knowledge engineering. Authors in the book are mostly preaching to
the converted likely to read it when they recommend that users be treated
as part of the development team, but they give solid reasons, and Glasson
decribes in detail how this should be done. His paper, from the WA
Institute of Technology, is one of two Australian contributions, and there
is also a New Zealand paper analyzing the use of menus.
User resistance to new technology is no novelty in Australia, but it is
Hirschheim of London who makes it clear that it is normal, ‘and not an act
of God sent to plague a particular project’. Problems are not bananaskins that appear by chance, but symptoms which may be due to technical
problems such as malfunctions and slow response times, or to social
factors such as fear of change and lack of user involvement.
Helmreich, of Siemens in Germany, echoes this theme. ‘A new office
system is unlikely to succeed if the people it is intended to serve are not
consulted first.’ He could have been speaking of several Australian
government departments, or one large newspaper group, though not the
Advertiser in Adelaide where management got it right, or the Greater
Union Theatre group in Sydney, whose smooth transition to computerisa
tion was described in Rydge's (business monthly) in April 1985.
Another strong theme is the conflict of needs between novices and
experts. It looks as if the novices will end up trying harder in a few years.
The user-friendly horseless carriages of 80 years ago changed radically
and quickly as car-drivers came to accept that they had to learn to drive a
car as part of growing up in a modern society.
One research report will be useful for designers of commercial sys
tems (Streveler et al.) if they are patient with an academic approach.
Specific studies should be compulsory reading for designers of systems
for hospitals (an English regional example), municipal councils, housing
information, telephone directory assistance (Sweden), and the disabled
(three papers). Military applications (managing a nuclear warship with
5000 sailors) seems incongruous in the section on behavioural issues, but
they are well presented, and the lessons that emerge are also important
for civilian practice.
The last section comprises eleven papers and deals with electronic
mail and conferencing. A lot has happened in the two years since these
papers were presented, especially micros of lower cost, greater power,
and larger user base, but the principles stand up well.
Despite almost a thousand pages, I would have liked more on screen
format design (Wilbert Galitz must have been busy elsewhere), papers
specifically on documentation and something on good technical writing,
with references to Gowers or Flesch. However Nemesis was at hand
—the same week’s mail brought me the SIGCHI86 Conference Proceed
ings from Boston in April, with another 73 papers and 362 pages. (This
was still warm from the press, and unusual value as a yearly bonus for my
$US30 annual subscription to SIGCHI, highly recommended.)
Who should buy it? A few keen researchers, system designers and
programmers will want their personal copy of these proceedings, as well
as specialists in the areas mentioned earlier. Consultants will find several
papers to choose from to garnish expensive reports as an appendix. Those
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who ought to borrow it include systems analysts, and heads of computing
departments or their deputies, so they can steer members of their staff to
selected papers. Away from computing, it will be important for ergono
mists, industrial psychologists and some specialised managers. Major
libraries, and many departmental ones in computing, ergonomics and
applied psychology should stock a copy each. They should add it to about
twenty other significant books in this area, going back to Gerald Wein
berg (1971) who devised walk-throughs and ego-less team program
ming, James Martin (1973), and more recent books by Schneiderman,
Card et al, Galitz, and several other important conference proceedings.
The Dewey decimal number allotted is 001.64, for computing, like the
other books I mentioned, but it’s like putting boomerang-throwing under
anthropology. The real name of the game is software ergonomics, and
that should be a shade past 620.8.
References
MARTIN, J. (1973): Design of Man-Computer Diabgues, Prentice Hall,
Englewood Cliffs, New Jersey.
WEINBERG, G.M. (1971): The Psychology of Computer Programming,
Van Nostrand Reinhold, New York.
Michael Patkin
The Whyalia Hospital,
South Australia
BILLARD, L. (ed.) (1985): Computer Science and Statistics: Proceedings
of the Sixteenth Symposium on the Interface, North-Holland, 296
pp., $US43 (softcover).
As has been usual in previous volumes of these Proceedings, the breadth
in this collection of 34 titles is exceedingly great, from studies of data
accompanied by interpretation, through the mechanics of porting pack
ages to micros, to theoretical papers presented ‘in the hope that statistical
applications might be forthcoming for them’ (page 89). There is thus
something for almost everyone, but also a high proportion of material not
likely to be directly interesting to any one individual, so that library rather
than individual acquisition is suggested.
The keynote paper, A Current View ofRandom Number Generators, by
George Marsaglia, concludes with the author’s summary (what a conven
ience for a reviewer!): '. .. congruential generators are liked but not
well-liked; shift-register and lagged-Fibonacci generators using
[exclusive-or] are no good; never use [exclusive-or]; lagged-Fibonacci
generators using +,— or * pass most of the stringent tests.. .; combina
tion generators seem best — if the numbers are not random, they are at
least higgledy-piggledy’.
Many of the papers are well illustrated: a surprising exception is the
single paper in the section What’s New and Innovative in Computer
Graphics, titled MiniMax Autocorrelation Factorsfor Multivariate Spatial
Imagery, by Paul Switzer, which contains no graphical presentation at all.
The section Developing Statistical Workstations contains two papers.
The first is a review by J.A. Nelder and R.J. Baker called Statistical
Software: Progress and Prospects, which systematically lists many aspects
of current packages including reference to hardware, and comments on
how these have been and ought to be implemented. The second, The
Profession’s Input into Statistical Software, by B.P. Murphy from the
University of WA, argues that statisticians should be more concerned
than they have been with software for micros, with a wealth of detail and
— as is usual in such circumstances — a plug for the particular system
with whose development he has been concerned.
Again: a book for browsing in rather than acquiring.
J.B. Douglas
University of New South Wales
ANDERSON, T. (ed.) (1985): Software Requirements, Specification and
Testing, Blackwell, 147 pp., $39.95.
These are the proceedings of a workshop run at Norwich, England in
April 1984, organised by The Centre for Software Reliability, sponsored
by the UK Department of Trade and Industry and supported by the Alvey
Directorate. The workshop was on the impact on Software Reliability of
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the three areas according to the preface: Requirements, Specification and
Testing. Maybe I am pedantic, but the title could be more concise. This
shortcoming is compounded by the fact that the title appears on the cover
without the comma and the single word Software appears on the spine. A
title which contained the words Software Reliability would seem more
appropriate.
The twelve chapters of the book are the papers presented at the
workshop. The paper by Tom Gilb, Toolsfor Design by Objectives, covers
the software engineering approach, giving examples of the use of “tools,
processes, templates and handbooks”. However, as the author acknowl
edges in his conclusion, more detail is needed to evaluate the technique
properly. The paper by Mel Jackson decribes the use of the “Vienna
Development Method” in a project at the Standard Telecommunications
Laboratories, but the paper is short on specific examples of benefits.
There are general statements of benefits.
The purpose of workshops, it seems to me, should be to explain to
people how to use techniques, or to report on the results of using tech
niques in a practical situation. There really is very little of this and the
papers more closely resemble a set of conference papers from invited
authors. Most of the papers are referential or platitudinous. Possibly the
strength of the book is the five pages of references at the end.
This book will be of interest only to those libraries having a specialist
interest in Software Reliability.
Chris Bushel!
South Australian Institute of Technology

METHLIE, L.B, and SPRAGUE, R.H. (1985): Knowledge Representation
for Decision Support Systems, North-Holland, 267 pp., SUS40.75
This is the proceedings of the 1F1P WG 8.3 Working Conference on
Knowledge Representation for Decision Support Systems held at Dur
ham, UK, 24-26 July, 1984. It consists of four commissioned papers, five
long contributed papers, and eleven short contributed papers.
Its target audience is decision support researchers, largely in Univer
sity Schools of Business. Its general tone is theoretical, sometimes to the
point of vacuity. Some of the papers present ideas which are well estab
lished in the Computer Science community, but are now proposed as
solutions for problems appearing in the Decision Support community. On
the other hand, some of the papers represent theoretical advances in
Business Research which could be important for computer researchers or
practitioners who have a theoretical bent.
Particularly interesting to this reviewer is the paper on management
epistemology by Ronald Stamper of the London School of Economics.
He starts from the idea that in a data-rich application, the analysis of the
information base is an important activity in its own right, as distinct from
software building. This is the familiar subject of data analysis. He carries
the idea forward, using two quite striking examples. He points out that the
common-sense basis of assigning meaning to data items is valid only in
the context of the activities of the organizational group by which the data
is used. When data generated for the purposes of one group becomes
available to other groups, perhaps in entirely different organizations,
serious problems can arise with major social consequences.
His conclusion is that in design of information systems which are used
beyond clearly defined working groups, it is important to take explicit
account of the system of bureaucratic rules governing and actions that
may be taken by the elementary groups responsible for particular subsets
of the information base. Further, it is important to take account of the
process of validation of data as distinct from simple error checking. For
example, an estimate of a person’s income adequate to a sociological
survey could cause problems if taken seriously by a taxation official.
Another paper of interest to this reviewer deals with the presentation
of information to the operators of complex plant, such as a nuclear
reactor. It is clear that thousands of lights and buzzers are not adequate.
Less obviously, an analysis of the alarms meaningful to the design
engineers is not adequate for the operators, either. The paper proposes a
cause-consequence system based on the operator’s mental model of the
plant to assist the operators in analysis of emergency situations. This is
distinct from an expert system — the operator makes all thejudgements.
Other papers of interest include a programming language for imple
menting semantic net reasoning, ‘Bureaucracy as Artificial Intelligence’,
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a paper on ‘soft information exchange’ by Cyril Brookes of UNSW
Department of Information Systems, and one on ‘fuzzy set knowledge
representation’. Several of the papers report formal experiments on the
use of various knowledge representation techniques.
In summary, the book has interesting parts to those of a theoretical
bent, but is not the sort of book to be on every practitioner's shelf.
R.M. Colomb
CSIRO Division of Information Technology, North Ryde, NSW
YEOMANS, R.W., CHOUDRY, A. and TEN HAGEN, P.J.W. (ed.)
(1985); Design Rules fora CIM System, North-Holland, Amster
dam, 454 pp., SUS55.50.
This book is based on a project ‘Design Rules for CIM’ established within
the European Strategic Program for Research in Information Technol
ogy (ESPRIT). The principal objective of the study was to develop an
initial functional specification for CIM which could be regularly refined
and updated. The study was restricted to the machining sector of the
manufacturing industry and specifically focussed on those activities
within a company that are directly related to the design and manufacture
of machined products. This study adopted two concurrent approaches:
analysis of manufacturing tasks and their presentation in flowchart form,
and identification of design rules that are generally applicable to all the
sub-systems of CIM. The contents of the book divide into two parts that
address these two approaches,
The first part is an excellent step-by-step description of the activities
involved in each of five functional areas: computer aided design, compu
ter aided production engineering, computer aided manufacturing, com
puter aided storage and transportation, and computer aided production
planning. The flowcharts produced for each of the five topics detail in
chronological sequence the various activities and procedures which are
required to take a product from the conceptual design stage through to
final manufacture. The very detailed tasks within each topic have been
grouped into sub-systems and the interrelationships between these sub
systems identified.
The study concluded that processing, data and communication are
universal concepts applicable to all CIM sub-systems. The second part of
the book develops a number of ‘maxims’ or rules for each of these three
information technology activities. The utility of these maxims is illus
trated by considering their applicability to sensor systems and graphic
systems.
The detailed analysis of CIM activities presented in the first part of the
book is an extremely useful compilation. The flowcharts and accompany
ing narrative provide an excellent vehicle for describing the complex
interactions and iterations which are involved in the decision making
processes of manufacturing. The value of this part of the book, which
represents about two thirds of the volume, makes this a valuable text for
the student as well as a handy reference for the practitioner.
The depth of experience and understanding of the design and manu
facturing processes so clearly evident in the first part of the book con
trasts with the shallowness of the discussion of information technology
aspects in the second part. Although published in 1985 there is no
mention of MAP (Manufacturing Automation Protocol) in the chapter on
Communication; state of the art. The chapter which addresses graphics
systems in CIM seems to be little more than a review of the GKS
(Graphical Kernel System) development. A senior production engineer,
well versed in the processes of design and manufacture, may find value in
the latter part of this book. Those who have some familiarity and profi
ciency in information technology will find this section disappointing.
However, the analysis of CIM tasks which represents the greater part of
the book will be of great value to anyone interested in manufacturing
technology.
Warren Gellie
CSIRO Division of Manufacturing Technology
TAYLOR, M. (1985): PICKfor users, Blackwell Scientific Publications,
183 pp., $28.95 (paperback).
Despite the fact that the PICK system has been available commercially
since 1973 very little has been published about it. People knowledgeable
about PICK have been a small group of dedicated software developers
and users and it has been difficult for the general prctitioner to learn about
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the system. This book has considerably alleviated that problem by provid
ing a tutorial introduction to the facilities of the PICK system for prospec
tive as well as current users.
The book starts at a very introductory level (including how to logon to
the system) and then proceeds to describe the main utilities of the PICK
system. The section describing the enquiry language, ACCESS, is partic
ularly well-organised providing a consistent progression through more
complex examples which could be used by a person to become familiar
with use of the language.
The book is organised in such a way that the non-technical user can
select appropriate chapters to enable him to learn enough about PICK to
use an existing application while at the same time providing sufficient
technical detail for the practitioner to enable him to implement complex
applications. Details that are omitted would be readily available in PICK
documentation and references are made to the appropriate manuals.
PICK, like most ‘standard’ operating systems has many different
versions as well as several lookalikes. Wherever possible Taylor des
cribes differences between the different implementations and discusses
features available on each version. There is also a short section at the end
of the book giving a brief history of the PICK system and suggestions on
enhancements that may appear in the future.
I would recommend the book to software developers who wish to
know more about the PICK system and to users of PICK-based software.
./. Rosenberg
University of Newcastle

CORNAFION (1985): Distributed Computing Systems, Elsevier Science
Publishers, Amsterdam, 358 pp., Dfl. 150.00 (SUS55.50).
If you were looking for a book that explained, lucidly and concisely, the
fundamentals of distributed computation, don’t buy this one. Although
the contents cover the ground in an adequate manner, the language varies
from the merely clumsy (page 230 — just before giving an example
algorithm):
We present that which realizes the algorithm,
through the downright incomprehensible (page 105 — talking about
channel sharing tecniques):
The Aloha channel, which can function either in contention in the
pure Aloha mode or in reservation in the mode seen in Example 2,
permits a comparison between two sharing methods. Figure 5
shows the interest of reservation, which allows a rate of use of
about one to be attained. At low charge, the Aloha mode leads to a
lower waiting time since there are no requests to transmit; at high
charge, it should be noted that performances improve with the
reservation.
to the plain wrong (page 168 — talking about the meaning of procedures
and functions):
In logical and functional activity, the procedure is a ‘black box’
whose inputs, action and outputs can be precisely defined: this
‘logical encapsulation’ (or abstraction) is important and in any
case irreducible to a series of instructions for which the first would
be labelled.
Unfortunately, this language difficulty (possibly caused by translation
problems, as the original was in French), combined with the availability
of lower priced books which cover the same ground (for example,
Tanenbaum, Computer Networks, Prentice Hall (1981) for the material
covered in the first half of this book) make it impossible to recommend.
The information provided starts with methods for physically connect
ing computers together — from buses to wide area networks — and goes
on to talk about the problems involved when a problem is solved on a
distributed system. As in many discussions of the subject, no considera
tion is given to the way the low level hardware plus network driving
software interfaces to the high level languages discussed (such as CSP
and ADA). Apart from this gap, the description of the state of the art in
the area up to 1980 is fairly complete — although hard to read.
Peter Chubb
University of New South Wales
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BENTLEY, J. (1986); Programming Pearls, Addison-Wesley, 195 pp.,
$22.95 (paperback).
The title says it all — here is a book of programming gems, pearls which
have grown from problems which have irritated practicing programmers.
The book is written for programmers, both professionals and hobbyists,
and although the only background assumed is programming experience
in a high level language, experienced programmers will find plenty to
think about in these pages.
The book has been developed from 13 of the author’s regular columns
in the Communications ofthe ACM, covering the period from August ’83
to July ’85; the material is essentially the same. However, the many
programmers’ ‘out there’ who do not like to visit libraries, and those
programmers who enjoyed reading his columns separately, could find the
book extremely worthwhile, as it ties together and enhances the material
in the CACM columns. Bentley has a friendly, yet precise, writing style
which renders his work very accessible. His technical experience and
knowledge is wonderfully comprehensive, so it is a pleasure, and a
privilege, to learn from his experience. Bentley has used the book in
undergraduate courses on ‘Software Engineering’ and on ‘Applied Algo
rithm Design’, but it is not a textbook; rather, it is a reference book, with a
handy catalogue of algorithms in the Appendix,
Part 1 contains four introductory columns. The first three columns
examine the role of algorithms and data structure in program design.
These ideas may not be new to today’s Computer Science graduates but a
refresher should not come amiss. Column 4 introduces the practical use
of program verification techniques in writing subtle code. In particular, it
introduces the notion of assertions about the program state. These ideas
may be new to many practicing programmers. This book provides an
appreciation for program verification which should persuade even the
most sceptical unbeliever with incontrovertible evidence of its usefulness.
Part 2 contains five columns on Performance — an issue dear to every
programmer’s heart. The column on ‘The Back of the Envelope’ calcula
tions should inspire every one to think about the performance before
designing a program or system, while the other columns provide tech
niques for improving performance.
Part 3 contains examples of programs using the techniques elaborated
earlier. Three columns address particular problem areas, viz. sorting,
searching and priority queues using heaps for data structures. Again,
program verification techniques such as assertions are used in these
examples. The last column discusses the history of a program for check
ing spelling, and it uses several of the algorithms described earlier.
Would I buy it? At $22.95 it’s a bargain — but 1 already have the
CACM from which it is derived. However, I might buy it for my nephew
next Christmas.
M.S. Atkins
Simon Fraser University, Canada
POTIER, D, (ed.) (1985): Modelling Techniques and Tools for Perfor
mance Analysis, North-Holland, Amsterdam, 640 + xiipp.,
$US74.Q0.
This book contains 35 papers from an International Conference organ
ized by INRIA, and held at Paris in May 1984. The papers are grouped
into three main sections, each of which commences with one or two
invited papers. The sections are:
Modelling Tools: Invited paper by Sauer and MacNair, with 12
other papers describing the history and use of as many modelling
packages.
Modelling Studies: Invited papers by Brandwajn and Labetoulle,
nine other papers covering communications systems and work
load characterisation.
Methodology: Invited paper by Trivedi, nine papers in the areas of
Petri nets, queueing systems, and simulation.
Three of the papers are in French, the rest in English. The technical
content of the papers ranges from the history of development of a
modelling package to the application of renewal theory to the perfor
mance of register insertion ring local area networks. Summaries of two
typical papers follow.
A. Brandwajn (‘Issues in mainframe system modelling — lessons from
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model development at Amdahl’) discusses some of the decisions made in
developing the XL modelling package. A package should be flexible
about choice of input and output variables; solution techniques should be
robust, and efficiency is secondary to this; the choice of a language-like
user interface deterred some potential users of the package, but the
structure imposed on the modelling process by such a language is proba
bly unavoidable.
M. Ajmone Marsan etal. (‘A software tool for the automatic analysis
of generalised stochastic Petri net models’) first show how a stochastic
Petri net can be derived from an ordinary graph model, and describe how
such models can be applied to situations that are not suitable for normal
queueing theory solutions. They then describe the program GSPNA
which they developed to analyse such models, and show how this tool was
applied to the analysis of a multiprocessor system.
The book’s contents are so varied that it is difficult to convey the full
flavour. By the same token, few researchers could be interested in all the
papers.
The book is well presented. All papers are reproduced by photo-offset
directly from the originals. This has been done carefully, and the majority
of the papers are easy to read, at least typographically.
In summary, this book would be a welcome addition to a library used
by a computer modelling group, but its diversity and price would make it
unattractive to the individual researcher.
Bruce Howarth
NSW Institute of Technology
YOVITS, M.C. (ed.) (1985): Advances in Computers, Vol, 24, Academic
Press, 399 pp., $US55.00.
This volume continues the well-known annual series of collections of
tutorial papers on topical subjects. As in previous years, the aim (in the
words of the editor) is ‘the presentation in depth of subjects of both
current and long range interest to the computer and information science
community’. In the past the choice of subjects has sometimes seemed
slightly eccentric, but those covered in this volume are certainly topical.
The individual papers are:
1.
Software effort estimation and productivity
2.
Theoretical issues concerning protection in operating systems
3.
Developments in firmware engineering
4.
The logic of learning: a basis for pattern recognition and for
improvement of performance
5.
The current state of language data processing
6.
Advances in information retrieval
7.
The development of computer science education.
In each case the authors have done a good job, giving generally lucid and
up to date accounts of their subjects.
The paper by Conte, Dunsmore and Shen on software effort estima
tion gives criteria for comparing different models of the software devel
opment process. It then categorises such models and describes a few of
the better known ones (eg. COCOMO). The authors point out that
convincing validation of the various models needs a more comprehensive
database of case studies than is currently available.
In the second paper, Harrison presents a formal model of protection in
operating systems. Even though the model is a simplified abstraction of
real operating systems, Harrison shows that crucial questions such as the
security of a system are undecidable. Despite these rather depressing
results Harrison has a number of practical suggestions for improving
operating system security.
Dasgupta’s and Shriver’s paper on firmware engineering gives a com
prehensive overview of developments in microprogramming. The
authors foresee a trend toward portability of microcode across different
architectures, and urge greater use of formal verification techniques to
validate designs.
The next two papers can be regarded as the book’s nod in the direction
of artificial intelligence. Banerji’s paper concentrates on learning, and
specifically on that aspect of learning which is the improvement of
performance through experience. Garvin gives an interesting overview of
natural language processing. He argues that although there are useful
systems which can operate on restricted or formatted language, success
in processing unrestricted natural language awaits a major breakthrough.
He is not optimistic about the prospects.
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In the next paper Kraft describes the state of the art in information
retrieval, and finally Atchison discusses the development of computer
science education. This last paper is rather disappointing in that it says
nothing which is not already well known in the academic community.
There is a chronology of curriculum developments (e.g. ACM’s Curricu
lum 78), and a familiar litany of resource problems faced by computer
science departments. The paper could provide useful source material for
those departments engaged in wars of attrition with their institutions’
administrations, but is generally uninspiring.
Overall, the book offers a worthwhile browse for almost anyone in the
computing profession. Whether you will want to buy it will depend on
how many of the individual topics you are interested in. I suspect most
people will be content to consult a library copy.
Andrew Lister
University of Queensland

AMMERAAL, L. (1986): Programming Principles in Computer Graphics,
John Wiley and Sons, 168 pp., £11.50 stg. (paperback).
This book is interesting in several ways. First it develops a full three
dimensional graphics package, with hidden line removal, from first prin
ciples. The development is gentle but comprehensively covering aspects
of matrix algebra and projective geometry needed to generate the gra
phics package.
Second it provides an excellent introduction to the C programming
language with all programs given in the text written in C. As well a good
description of C is given in the appendix.
It is not obvious where this book is aimed, indeed in the introduction of
the book the author indicates that he is not too sure either! To be able to
understand the mathematics requires a substantial knowledge of mathe
matics, but such a knowledge is not necessary to use and understand the
programs provided in the book. The programs are derived to be inde
pendent of any individual hardware and are not useful until sufficient
knowledge of the particular graphics hardware to be used is known. The
book is probably suitable for an individual with a microcomputer, capa
ble of reasonable graphics, who is interested in generating three dimen
sional displays.
The basic graphics routines intgrQ, move(x,y), draw(x,y) and endgrQ
are assumed to exist on the user’s computer. I feel the book could have
been made more useful by including, as an appendix, enough information
to interface the routines to several commonly used microcomputers.
Apparently there is now available, from the publishers (for $US 14.95), a
disk for the IBM-PC or compatibles containing the software and intefacing code for this particular machine.
There is no mention of the use of colour in the book. Also the design is
such that it is necessary to have two stages to generate the display. First
the data is generated to describe the objects to be displayed and this data
is then processed by the second part to generate the graphics output.
G.W. Peady
Australian Atomic Energy Commission

NARAYANAN, A. and SHARKEY, N.E. (1985): An Introduction to
LISP, Ellis Horwood, 227 pp„ $29.40 (paperback).
Increasing interest in Artificial Intelligence and related areas has
spawned a number of books on ‘AI languages’, notably LISP and
PROLOG. Accordingly, many new books about these languages are
motivated by an appeal to possible applications in these areas. This book
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matches its title, ‘An Introduction to LISP’. It is not, nor does it purport to
be, an introduction to Artificial Intelligence, or an introduction to AI
programming technques. The authors make clear in the Preface that it is
‘an introduction to the LISP language' for readers who need not have any
previous knowledge of programming, and who need only minimal expe
rience with computers. Accordingly the pace of the first four (of twelve)
chapters is very slow. Later chapters are a little meatier, but even so the
whole book is very much at an introductory level.
The presentation of the language is essentially ‘syntax driven’. In the
first seven chapters, constructs of the language are described then illus
trated with short simple examples. Two following chapters briefly discuss
some applications, and present two longer programs. But these are
intended as motivating applications, and not as pointers to programming
techniques, so they have limited usefulness for someone wishing to study
the language. The remaining chapters are very briefly concerned with
more technical matters — list representation and scoping. And, as an aid
to learning the language, there are a small number of exercises (with
solutions).
In keeping with the aim of the book as an introduction, the authors
offer an annotated bibliography of other (mostly recent) books on LISP
which provide more detailed treatments of the language. This is a useful
list. LISP is a language with many dialects, a point which is made only
indirectly, and could easily be missed by the reader. One Appendix deals
with COMMON LISP, a new dialect of LISP, but this is really the main
hint to the LISP newcomer that there is no accepted ‘standard’.
As an introduction to the language LISP this book serves its purpose.
However readers of this journal would probably be better served by
starting with a more thorough book, one which addresses not only the
basics of the language but spends more time discussing how LISP is used
and at least begins to address matters of programming practice.
Liz Sonenberg
University of Melbourne
KRONSJO, L. (1985): Computational Complexity of Sequential and
Parallel Algorithms, John Wiley and Sons, 224 pp., £19.95 stg.
This is an extraordinarily bad book which nobody should buy. It contains
several gross errors of fact and many explanations are in such poor
English that they would be unintelligible to anyone who did not already
understand the concept being explained. A few examples should illustrate
the problems:
1.
Binary search trees are defined by saying ‘at any node the smaller
key is in the left subtree’.
2.
A perfectly balanced tree is defined as one in which ‘every node
has exactly two children’.
3.
It is stated that ‘Recursion in general leads to exponential time
algorithms’.
4.
The distinction between a partial function and a total function is
confused with the question of whether a function has a finite or an
infinite domain.
5.
The terms ‘NP-space’ and ‘NP’ are said to be equivalent.
6.
The satisfiability problem is said to be ‘also known as
3-SATISFIABILITY’.
7.
The ‘open’ problems are defined as the intersection of NP and
co-NP.
In addition to all of these which appear to be misconceptions on the
part of the author, the book is littered with typographical errors, several of
which completely destroy the sense of English sentences or of mathemat
ical formulae.
J.M. Robson
Australian National University
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(Continued from Page ii)
A DOCUMENT TRACKING AND
SEARCHING PACKAGE
“Time is of the essence” ... but how often have you
wanted fast access to the retrieval of information stored in
your database and come up against a time consuming
exercise!
Keytext is a system which automatically builds and
maintains interactive on-line indices, which enable you to
combine words and phrases to instantly retrieve relevant
documents.
Keytext has been developed by AWA Computers to
assist companies who have a need to continually search
through numerous document files stored in areas, such as
extensive word processing files, correspondence, reports,
price lists, financial statements or perhaps scientific or
technical reports. Each document can be as short as a
single page or as extensive as the yellow pages.
Keytext is fundamentally different from most informa
tion retrieval systems, as it works on a unique set of indices
that are built in relation to the document. So, when the
search is initiated, rather than having to wait until the
computer searches the data from start to finish, Keytext
can go straight to the on-line indices which it automati
cally builds and maintains for each document entered.
Hence, Keytext can be used to launch high-speed search
efforts, sorting through large volumes of data, selecting
only those information items being sought, as it provides a
user friendly interface for both storing and finding
documents.
Keytext displays on-screen prompts that the operator
answers. These index each document correctly. An addi
tional “window” can be indexed within the document so
that important paragraphs can be retrieved quickly.
To retrieve a document, all a user has to do is type in a
keyword, date or highlight a word or phrase. This might be
the document’s title, or the author’s name. However, if this
information isn’t known the user can browse through a
directory of the database or use a “keyword” or “wild
card” to search the database.
Keytext searches through the database and displays a
listing of all documents that match the search criteria. The
user can then browse through each document to find the
one that is needed.
With Keytext, the user can obtain the broadest possible
picture of a topic being researched, or can selectively seek
specific information answering questions in a particular
subject area.
GRIFFITH UNIVERSITY RESEARCH
A reduction of white collar crime could be the result of
Griffith University research into improving the control in
company accounting systems.
The international firm of chartered accountants, Coop
ers and Lybrand, has provided Griffith University with
research funds for an urgently needed study designed to
improve the control structure of computer accounting
systems.
Mr Ray McNamara, a lecturer in Griffith’s School of
Social and Industrial Administration, hopes the study will
The Australian Computer Journal, Vol 18, No. 4, November 1986

provide auditors and system designers with a control
model which can be applied to most company computing
systems.
It would be designed to aid auditors in their assessment
of accounting systems and provide company system
designers with a model on which new computer systems
can be designed to minimise fraud and other problems.
Mr McNamara was the only Queenslander to be sup
ported by the Coopers and Lybrand Accounting Eduction
and Research Fund this year.
He said the work would provide auditors with a frame
work by which their regular assessments of computer
accounting practices could be made more easily and
would also provide system designers with a model that
could be used in the implementation of new systems.
“An auditor is required to assess whether a company’s
accounts reflect a true and fair record of financial
position.”
Mr McNamara said that auditors currently made their
judgements to this effect on the basis of acquired expe
rience. The presence of a model by which auditors could
assess the quality of a company’s computer control sys
tems would advance the cause of the auditor and the speed
with which he is able to make auditing judgements.
Mr McNamara said if the model under investigation
proved correct, companies would be able to establish new
computer systems with design controls that assisted with
the prevention of fraud, accounting errors and other
irregularities.
The study is being undertken using an IBM personal
computer and the IBM mainframe computing system at
Griffith University and he has been assisted by the staff in
the EDP audit division of the Auditor-General’s office in
Canberra.
UNIX FOR CHISHOLM
Chisholm Institute of Technology in Melbourne has pur
chased a computer with the UNIX operating system from
Pyramid Technology Australia Pty Ltd.
This will allow the Institute to extend its teaching of the
UNIX system to students, and remain at the forefront of
computing knowledge.
Chisholm has an excellent reputation in the teaching of
computing. Not only does it teach computing as a unique
discipline in its own right, but has strong engineering,
business, mathematical, robotics and digital technology
streams with significant computing content.
The new system is a Pyramid 98Xe rated at 3 mips and
configured with 12 mb of memory, two 470 mb disk
drives, a magnetic tape drive and 48 ports. The system will
be connected to the Institute’s MICOM port selecting unit.
Mr Ray Newland, Manager of the Computer Centre at
Chisholm, said it was essential to provide a central envir
onment in which UNIX could be taught. Previously Chi
sholm only had quite restricted facilities on which to do
this. He said that UNIX was an important operating system
as it was standardised and offered vendor independence.
Pyramid Technology won the business against stiff
competition from other vendors. Mr Newland said the
selection committee chose the Pyramid system because it
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believed the implementation of UNIX was better, as was
the after sales service, the recurrent costs were lower, extra
memory and disc space was offered and additional soft
ware was made available.
Also, the 98Xe system can be upgraded economically
to a 98X dual processor, rated at 5.5 mips.
Pyramid Technology have previously installed systems
at Monash and La Trobe universities.
For further information please contact Mr Newland on
(03)573 2180 or 573 2222.
UNIVERSITY OF ADELAIDE EXTENDS NETWORK
The University of Adelaide, the first Digital Ethernet
installation in Australia will extend their campus-wide
Ethernet Local Area Network by the addition of seven
nodes to take them to a total of 21 VAX nodes. Digital
accredits them to be the largest user of VAX computers in
the Australian tertiary education sector.
Users of computing equipment in the University are
organised into Local Management Groups, each of which
having the responsibility of justifying and managing their
computing facilities while the University’s (central) Com
puting Services provides support to the Local Manage
ment Groups.
Professor Chris Barter, Chairman of the Department of
Computer Science, on behalf of the Computer Science/
Psychology Local Management Group negotiated the
purchase of seven Microvax IIs.
Four of the Microvax IIs are supplied with VAX/VMS
for undergraduate teaching and post-graduate research,
with a mixture of Fortran, Pascal, COBOL and 4GLs. Two
will run ULTRIX and will co-exist in a Network File
Server (NFS) based network with SUN workstations. The
seventh machine is Digital’s VAXstation II/GPX, the
recently announced high resolution 8-plane colour engi
neering workstation. The VAXstation II/GPX will be used
in the VLSI Design Environment running state-of-the-art
Silvar-Lisco software.
Major considerations taken into account in the final
choice of vendor were the ability to expose undergraduate
students to more than one operating system (viz.
VAX/VMS and ULTRIX), the range of quality software
and Digital’s NFS product which would allow an easy
integration into the existing Digital-Ethernet network.
NEW GLASSES HELP
With the increase in technology more people are switching
from the typewriter to the computer keyboard. This step
has its advantages, such as speed, flexibility and data
storage, but has also caused an increase in the nubmer of
people complaining of eye strain, excessive glare and
general visual fatigue while operating their VDU’s.
Bolle, one of the world’s leaders in protective and
fashionable eye-wear, has not only been concerned about
the alarming increase in eye strain, but has just released a
product to help combat this discomfort.
Patricia Bolle, International Marketing Manager for
Bolle, in Australia for the launch of the new range of Bolle
COMPUT-IREX, said, “These specially designed glasses
are the world’s first glasses for VDU users and the result of
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years of research to find a solution to VDU users com
plaints of eyes that are painful, hot and sticky”.
INTRODUCING AMSTRAD CP/M
ASSEMBLY LANGUAGE
The new Amstrad CPC6128 and PCW8256 machines
both use CP/M 3.1 — the first time that this operating
system has been made available in computers in this price
class — and as a result it has brought in a whole new group
of users who have never come across the CP/M 3.1 system
before.
This book has been written especially for these newco
mers to CP/M. CP/M software never exactly fits your
precise needs so some “patching” is always desirable. You
need, however, to have some knowledge of CP/M assem
bly language in order to adapt CP/M programs (including
the large amount of free “public domain” software availa
ble) to your needs. This book, therefore, deals with the
CP/M structure and how simple CP/M machine code
programs can be written with the assembler editor pack
age supplied with the machine.
Numerous useful routines and listings are provided, and
the book is written in a straightforward style which is easy
to follow.
COMPACT DISK EXPERT VISITS MELBOURNE
American compact disk expert, Ms Linda Helgerson, paid
a flying visit to Melbourne recently to address a special
seminar on compact disk technology for libraries.
Sixty of Victoria’s leading librarians attended the
seminar which was held at Melbourne University.
Editor of the authorative monthly magazine, CD Data
Report, Ms. Helgerson is an expert in the CD-ROM field,
that is compact disks used for read-only memory or for
write-once systems. When the CD Data Report was first
published in late 1984, compact disks for digital data
storage were only just out of the theory and prototype
stage.
THE COLLINS GEM DICTIONARY OF COMPUTING
We all know too well that in the computer industry things
change almost at the speed of light — and even the guru’s
are sometimes puzzled by the terminology.
The Collins Gem Dictionary of Computing is a com
prehensive computing dictionary, essential for the
beginner, and handy for the expert.
It contains definitions and explanations of over 2,000
terms and it is augmented by nearly 100 diagrams and
explanatory captions.
It is written with clarity and precision, and it includes
such basic terms as BASIC, bit and binary, as well as those
terms computer buffs have made their own, such as bomb,
blow and bubble.
Fields covered range through hardware, software, pro
gramming, langugaes, systems and graphics, to those areas
of information technology in which computers play such a
crucial role.
The Collins Gem Dictionary of Computing will prove
invaluable to anyone whose work is related in any way to
computers, be they micro, mini or mainframe.
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