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This thesis is concerned with the design and implementation of a
community health information system which fulfils some of the local
needs of fourteen nursing and para-medical professions in a district
health authority, whilst satisfying the statutory requirements of the
NHS Korner steering group for those professions.” A national survey
of community health computer applications, documented in the form of
an applications register, shows the need for such a system.

A series of general requirements for an information systems
design methodology are identified, together with specific
requirements for this problem situation. A number of existing
methodologies are reviewed, but none of these were appropriate for
this application. Some existing approaches, tools and techniques are

used to define a more suitable methodology. It is unreasonable to
rely on one single general methodology for all types of application
development. There is a mneed for pragmatism, adaption and
flexibility.

In this research, participation in the development stages by
those who will eventually use the system was thought desirable. This
was achieved by forming a representative design group. Results would
seem to show a highly favourable response from users to this
participation which contributed to the overall success of the system
implemented.

A prototype was developed for the chiropody and school nursing
staff groups of Darlington health authority, and evaluations show
that a significant number of the problems and objectives of those
groups have been successfully addressed; the wvalue of community
health information has been increased; and information has been
successfully fed back to staff and better utilised.

INFORMATION SYSTEMS; COMMUNITY HEALTH SERVICE; KORNER;

INFORMATION SYSTEMS DESIGN METHODOLOGY; PARTICIPATION
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1. TINTRODUCTION

1.1 The Nature of the Research Problem

In an average health district, the normal health care activity of the
community (non-hospital) health services, creates tens of thousands
of health care interactions annually. These take place across a
whole spectrum of the population in services provided for the new
born by the domiciliary midwifery service, to domiciliary care of the
terminally ill elderly patient. Current information about these
interactions is stored in several discrete and often very separate

manual record systems.

Surprisingly there is almost a complete absence of any
comprehensively organised information about the reasons why these
services are 'requisitioned’ by the community and héw effective they
actually are. National Health Service (NHS) management recognises
the need for systematic collection, collation and analysis of
information of a 'service' nature (type, duration and frequency of
interactions) and ’clinical’ nature (patient’s details and their
reasons for requiring care). This would provide a wvaluable

information base for planning and organising health care activities.

This need was also recognised by government departments and the
steering group on health service information, chaired by Mrs. Edith
Korner, was set up to make recommendations to the Secretary of State
for Health on the future collection of information. Their

recommendations about community services need to be implemented in
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all health districts by April 1988. The recommendations cover a
minimum amount of data which must be recorded to provide the
statistics required by the Department of Health and Social Security

(DHSS) .

In current discrete information systems which have operated for
many years, data has been collected on forms relating to the
provision of services in the community. Individual practitioners
submit data on their activities to managers usually on a monthly

basis.

A characteristic of this data is that it is of a high volume,
which means that it is impossible to process manually into meaningful
information, Often, the returns made by staff would be stored away
for many years without any use ever being made of them. Yet the
recording of such data 'is often necessary to fulfil statutory
requirements. The under use of information, together with the lack
of feedback to operational staff originally collecting the source

data, has lead to problems of frustrationm.

Further, as new items of data for collection have been
identified, forms have been amended by managers with little or no
training in forms design. This has led to a situation where a large
number of poorly designed, cluttered or incomprehensible forms are in
use. These forms are open to misinterpretation and are difficult to

understand and complete correctly.

Despite these problems, the potential of community information

is large, but it needs to be processed adequately. For example, in

13



Darlington health authority, the information about clients at any one
time in the district general hospital is limited to 750 occupied
beds, however for the community school nursing service, the current
number of clients registered is some 20,000. The processing of this
data would allow valuable epidemiological and demographic information

to be obtained. This opportunity is presently lost.

The development of an integrated community health information

system would allow many of the needs and problems identified above to

be addressed.

1.2 The Research Problem Area

The national health service in the United Kingdom is divided into
some 220 district health authorities for administrative convenience.
A number of these districts are geographically grouped together and
administered by a regional health authority. There are sixteen

regional authorities in the United Kingdom.

A district health authority provides both hospital and community
based services. A community health service within a district will be
responsible for providing domiciliary services to the catchment
population of that district. Community services are also provided
from health centres and clinics. Today, an increasing emphasis is

being placed on caring for clients in the community situation.

A number of professional staff groups are involved in the

provision of community services including nursing and para-medical
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staff, who provide domiciliary and clinic based treatments. Services
provided to the catchment population include health promotion and
education, provision of professional advice and support, health
surveillance and screening, vaccination and immunisation, and
treatment for specific diseases. The community health service is
also responsible for the provision of certain statutory services, for

example, to school children.

All the practical work involved with this research programme was
carried out in the community services of a district health authority
who agreed to take part in the programme. A profile of this district

is presented below.

The northern regional health authority, with its administrative
centre in Newcastle-upon-Tyne, provides support for sixteen district
health authorities. The most southern of these is Darlington health
authority, situated in the county of Durham and serving a population

of some 121,000.

Darlington health authority operates with an annual budget of
some £29m and employs 2,700 staff. In the community services some
£3m is allocated from the district budget and some 220 staff are
employed. The distribution of professional nursing and para-medical

staff in the community is shown in table 1.1.

Fourteen professional groups are based at various locations

throughout the district and at the general hospital. The Archer

street health department is the administrative centre for the

15



Table 1.1 Distribution of Professional Community Staff

I
District Nurses | 34 |
| o
| I
Health Visitors | 22 |
| il
I I
School Nurses | 11 |
b I
I I
Community Midwives | 6 |
| I
Mental Handicap Nurses | 8 |
| S
I I
Psychiatric Nurses | 11 |
) (N |
I I
Clinical Medical Officers | 7 |
I I
Occupational Therapists | 8 |
[
Clinical Psychologists | 4 |
1l 1
I I
Physiotherapists | 24 |
l 1
I I
Chiropodists | 9 |
e 1
||
Dieticians | &)
|
Audiologists I 5|
o (A
I I
Speech Therapists | 9|
1 I

Number o f Stctafttf

16

40



community services where most community nursing staff groups work

from, supported by a number of clerical, administrative and ancillary

staff.

1.3 Reasons for Developing an Information System

From a study of the research problem, this research programme is
justifiable because the development of a community health information

system may offer benefits in the following areas:

Integration: A single system could provide management information
for a wide range of professional nursing and para-medical staff
groups which has previously not been available. Both service and

clinical information may be brought together in a single system.

Reduced duplication: At present, many staff groups record duplicate

information. For example, the community midwives and health visitors
record identical information about children in separate manual record
systems. Such duplication may be reduced by using an information

system.

Fulfilment of Korner recommendations: An information system could

provide a means of meeting the recommendations of the NHS/DHSS

steering group on health service information.

Feedback of information: The professional staff who collect data

would be able to have information fed back to them for their own use.

This may reduce the frustration felt at present because of the under

17



use of information.

Data collection costs: The costs associated with data collection and

presentation in terms of time and resources could be reduced. This
will allow more time to be allocated by staff to direct patient care.

Mundane clerical effort should be reduced.

Electronic processing: As data will be stored and processed

electronically, it will be ©possible to generate statistical
information very rapidly. The transfer of data to other NHS computer
systems, such as a hospital based patient administration system, may

be possible. The security of data will be enhanced.

Value of information: If information can be made more timely,

accurate, readily accessible and appropriate, its value to the

organisation will increase.

Health care planning: Health is a product of many influences:

genetic characteristics; environment; wealth or poverty;
employment; personal behaviour and direct medical care. Donaldson
(1983) defines health care planning as being concerned with all of
these factors and the social and economic policies giving rise to
them. The starting point for such planning is to decide on the
health needs of the population and this is done using descriptive
epidemiology. These needs are relative to the levels of expectation
of the population, to cost, and to the ability of medical policies to
relieve the needs. A community information system could provide
valuable information for rational and incremental planning cycles,

based on studying needs, provisions and outcomes.

18



Epidemiology: This 1is the study of health and disease in the
population and is ©based wupon aspects of social science and
statistics. The provision of a community client register in an
information system could allow valuable epidemiological information
to be extracted. Barker and Rose (1975) and Morris (1975) describe
how the techniques available in epidemiology can be used to discover
the causes of certain diseases and provide guidance on methods of
treatment, future prevention of disease and health care planning. Ad

hoc research projects could be supported with such a client register.

1.4 Objectives for the Research Programme

The primary practical objective of this research programme is to help
fulfil the needs and address the problems described in section 1.1,
whilst achieving some of the benefits outlined in section 1.3. This

objective is summarised as follows:

'Design and implement a prototype version of a

community health information system, which

has as its strategic objectives:

1. Fulfilment of the local needs of all

comnunity health service staff groups, and

2. Fulfilment of the statutory requirements
of the Korner steering group concerning

community and para-medical information’

In order to achieve this objective, four other areas are also
addressed in the research. These concern the current state of

computer applications in the community health services; the

19



identification of the requirements of an appropriate information
systems design methodology; the identification or modification of a
suitable methodology; and the involvement of community health
service staff in the development of the prototype. The reasons for

requiring these ’'sub-objectives’ are given below.

In many large organisations, identical developments concerning
information technology are being carried out in different parts of
those organisations. In the NHS for example, many district health
authorities are developing, in parallel, the same types of computer
épplications. In an attempt to keep a check on applications
development, East Anglian regional health authority maintain on
behalf of the NHS as a whole, a register of all computer applications
in use within the service. A community health section is included.
It is up to individual districts to submit to East Anglia on =a
regular basis details of their applications. One concern of this‘
research was to ascertain whether the register was accurate and also
whether local developments did take place within districts which were

unknown outside of those districts.

It is vital to be aware of current computer applications in the
community health service, in order to verify that there are no other
systems of a similar type to that proposed for this research

programme. This leads to the following sub-objective:

*Identify and document the current state of computer

applications in the community health services’

To develop an information system, it is necessary to select or

20



define an information systems design methodology. Before this can be
achieved, it 1is essential to derive a set of requirements for the
methodology so that it is appropriate. This leads to the second

sub-objective:

JIdentify the requirements of a successful design

methodology suitable for producing a community

health information system’

Information systems development is an -area where certain
principles, tools and techniques may be appropriate in some
situations and not in others. Avison and Wood-Harper (1986) suggest
that it is unreasonable to rely on a single methodology to develop
all types of application. Tools and techniques appropriate in some

circumstances may be inappropriate in others.

Benyon and Skidmore (1987) in their proposal of a ’tool kit’' for
the systems analyst, conclude that one single methodology cannot
cover the whole range of system tasks. The diversity of information
systems, and those who develop them, means that one methodology
cannot tackle all situations which are encountered during information

systems development.

It may therefore be the case that there is not a methodology
which is suitable. For example, it may be difficult to incorporate
the statutory requirements of Korner and also the local needs of

community staff. This leads to the third sub-objective:

'By using the requirementsg, identify, or define

instead, a methodology suitable for producing

a community health information system’
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The application of any methodology needs to involve those who
will use the operational system produced. People should have a right
to influence the design of systems which' will affect them. The
expertise that users have about their application area will be useful
in the development process. This should lead to the production of
a better system than would otherwise be the case. The final sub-

objective is therefore defined as:

*To involve members of the community health service

in the design and implementation of a new system’

The fulfilment of these sub-objectives will help achieve the

primary objective defined earlier.

1.5 Selection of a Research Methodology

In order to select the best research methodology to use in a project,
it 1is necessary to recognise those available and wunderstand their
relative strengths and weaknesses. A comparative analysis of
methodologies has been <carried out by Milton-Jenkins (1985).
Research methodologies in information systems are described in
Mumford, Hirschheim, Fitzgerald and Wood-Harper (1985). A brief

description of the alternatives available is given below:

Mathematical modelling: This attempts to model the ’'real world’ by

using mathematical equations. All independent and dependant

variables are known and included in the model.
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Experimental simulation: 1In this methodology, & simulation model is

produced to mirror parts of the 'real world’. Human subjects can be

exposed to the model and responses recorded.

Laboratory experiment: Here, the researcher can manipulate the

independent variables, control intervening variables, and then
measure the effect of the independent variables on the dependant

variables.

Free simulation: In this form of simulation, a closed setting to

mirror a part of the 'real world’ is set up and the responses of
human subjects measured as they react with the system. In free
simulation, events and timings are determined by the researcher and

the behaviour of the human subject.

Field experiment: This research takes place in a ’natural setting’.

Systematic observations are then made of the effects of the
independent variables on the dependant ones. Independent variables

are manipulated whilst the intervening variables are controlled.

Adaptive methodology: A control group and non-random assignment of

human subjects is used in this methodology. Measurements are taken

before and after the introduction of independent variables.

Field study: This type of study.is conducted in a ’natural setting’

with human subjects. No independent variables are manipulated, but

dependant variables are systematically measured.

Group feedback analysis: Human subjects are used to test out a

23



hypothesis, and the data gathered is statistically analysed, and fed

back to the participants for their subjective comments.

Opinion research: Data is gathered from human subjects on attitudes,

opinions and beliefs via questionnaires and interviews.

Participative or .action research: Human subjects are used in this

methodology to provide creative potential. A particular approach

will be investigated in a real life environment.

Case study: A particular subject or organisation will be observed by
the researcher without any intervention taking place. No control is
exercised over the subjects, but attempts are made to capture the

nature of a certain environment at some point in time.

Archival research: Historical documents are examined and recorded

data studied.

Philosophical research: This is a mental pursuit whereby the

researcher reasons using flows of 1logic which are explicit,

replicable and verifiable by others.

From the comparative analysis of research methodologies, action
research was selected. This allows the researcher great potential to
utilise the ideas of users and change ideas as the work develops.
Researchers and subjects co-operate in solving a real life problem.
A sub-objective of this particular research programme was to involve
members of the community health service in the development of a new

system. This research methodology was therefore thought appropriate.
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Elements of other research methodologies, in particular opinion

research, were also used in the project.

Action research allows work to take place in a natural setting
and i1s particularly appropriate in order to gain an insight into real
life practical areas. Feedback from the practical application of
techniques can be used to refine and improve those techniques based
on the experience gained. The results of action research are of a
qualita£ive nature, however they do offer a degree of external
validity because the results might be applicable to different

populations, for example another district health authority.

Some disadvantages of action research however, include the
problem of repeatability of results versus the wuniqueness of an
information systems development; the impartiality or otherwise of the
researcher; and difficulties in determining the <cause of a
particular effect, which could be due to environment, researcher, or

methodology.

Action research is described in Checkland (1981) and defined by
Sandberg (1985) as a close interaction between action and research,
between practice and theory, in a process of continual change.
Action research in the information systems development environment is
discussed by Wood-Harper and Flynn (1983) and Antill (1985) who

outline the methodology as follows:

Data collection: Data will be amassed through literature and case

studies, through previous experience and continuous observations.
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Design methodology: The approach to be used for the research will be

formulated. This practice can be continuously refined through

ongoing application.

Application of practice: By working with those people who will be

affected by the system being developed, the researcher and others

involved will learn from the activities carried out.

New theories: Application of this methodology may lead to ideas for

new work or modifications to the techniques being used. These new
theories may be developed further by a current research project, or
they may identify the need for application of other research

methodologies such as case studies or field experiments.

1.6 Scope of the Thesis

This introductory chapter has described the research problem to be
addressed and the problem area in which it is found. The reasons
for pursuing the research programme were presented. The primary
objective of this research was then stated along with four sub-
objectives. Finally, a research methodology was selected. The scope

of the remaining thesis chapters is outlined as follows:

Chapter 2: A Survey of Community Health Computer Applications

The need for a survey 1is described, followed by an outline of the

survey method applied. A description of the types of application
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discovered is then presented together with details of some actual
systems which were of particular interest to this research programme.
A series of results are presented from an analysis of the

questionnaire responses obtained.

Chapter 3: Selection of a Design Methodology

The nature of information systems and information system design
methodologies are presented. A number of both general and specific
requirements are then identified which a design methodology should
meet if it is to be applicable in the problem situation. A series of
approaches to information systems development are described and then
an overview of a number of existing methodologies given in order to

facilitate the selection or definition of a suitable methodology.

Chapter 4: A Community Health Information Systems Design Methodology

A methodology for use in the problem situation is described. The
framework of the methodology is outlined, followed by detailed
descriptions of the tasks in each stage. The tools and techniques

selected for use in the methodology are presented.

Chapter 5: Application of Methodology

A description of the design group which applied the methodology is
given. Participation by members of the community health service was

thereby exercised in the development process. The tasks carried out

27



in each stage are described in detail.

Chapter 6: Implementation

A description is given of the application generator used to produce a
prototype system. Details are then given showing how the data
schema, file maintenance, reporting functions and security sub-
systems were developed. A trial of hand held data recorder equipment
is described and compared to an equivalent paper method of data

collection. A description of the implementation stage is provided.

Chapter 7: Conclusions

A number of issues concerning the evaluation of information systems
are described and a method for evaluating the prototype outlined.
The results of the evaluation are presented and conclusions drawn
from those results. A series of general conclusions are then made by
referring to the original objectives of the research programme.

Finally, some areas for possible future research are outlined.
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2. A SURVEY OF COMMUNITY HEALTH COMPUTER APPLICATIONS

2.1 The Need for a Survey

It is essential to be aware of information systems already developed
in the community health services. The starting point for this study
was to examine the NHS national register of computer applications

maintained by East Anglian regional health authority.

This register is grouped into sections, based around type of
application, although other groupings are available. A community
health section is included. Copies of the register are provided on a
regular basis to all regional health authorities and, through

representatives, made available to individual districts.

It was also necessary to ascertain whether districts always
submit details of their applications to East Anglia. This is
necessary to keep the register wup-to-date, otherwise it will not
provide a reliable view of developments. In order to obtain an
accurate picture, it was decided to carry out an independent national

questionnaire-based survey across all health districts.

No survey has ever been attempted in the past which produced a

definitive report on community health applications. This chapter

presents such a report and also analyses the responses made.
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2.2 The Survey Method

A questionnaire was devised to collect information on computer
systems which were either operational or under development in the
community services. In November 1984, these questionnaires were
circulated on a national basis and responses collected over a two
month period. A standard accompanying letter was sent with the
questionnaire giving instructions for completion. Copies of the
questionnaire and accompanying letter are given in appendix 1.
Follow-up letters were sent to non-respondents after one month. The
final response rate was very high (94Z). All responses were analysed

by computer using the dBASE II data management package.

The survey results indicated that many new systems were to be
introduced over the next few years and therefore the survey was
repeated in November 1986 to review these developments. The results
from this second survey were used to update the register of community
applications contained in appendix 2. Catchpole (1985b) discusses

the survey method further.

2.3 A Description of Community Health Applications

The common types of community applications discovered are described
below, and examples used to show the nature of each application type.
Summaries of these are recorded in TCatchpole (1985b, 1985c and

1986a).
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2.3.1 Child Health Record Systems

Child health records are of importance in any community health
department. It is vital that vaccination and immunisation as well as
medical examination records are effectively stored and maintained.

This is emphasised by Norman (1984).

The Welsh Health Technical Services Organisation (WHTSO) have
developed a child health system which is described in section
2.3.1.1. This system has been well documented by Walker (1980 and
1982), Rigby (1982a, 1982b and 1983), Cottrell (1983) and Ford
(1978). Several districts have developed their own projects however,
using alternative hardware and software systems, These are described

further in section 2.3.1.2.

The national standard system is undergoing continual

enhancement, and any development of a community health information

system should seek to complement, rather than replace it,

2.3.1.1 National Standard System

This system is designed to run on ICL mainframe series equipment.
The total package consists of five modules which can be taken over a
period of time, with the first module being mandatory. The modules

comprise of:

The child register: Records the name, date of birth, address,

general practitioner and other details for each child resident within
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a catchment area. The birth notification document is wused to

generate an entry on the child register.

The immunisation module: Provides an appointments system for

ensuring all pre-school children receive immunisation appointments.
The schedule to be used for immunisation is decided by each district
and sessions can be set up in community health clinics or in general

practitioners surgeries. This is the most frequently used module.

The pre-school health module: Enables districts to issue regular

appointments to all children for developmental surveillance, based on
the same system used for immunisation appointments. The module
allows storage of the results of each examination, wusing the
International Classification of Disease (ICD) codes, on each child’s
medical record. A chronological history of progress and development
is built up for all children allowing epidemioclogical studies to be

carried out.

The school health module: Maintains a scheduling service for the

three services of surveillance, immunisation and examination of
school children. The scheduling algorithm can be specified locally.
Integration with education authority records is provided for, and an
interchange of information on new school starters and leavers is

possible.

The statistical module: Allows access to the information base to

provide statistical information for demographic and epidemiological

purposes.,

32



2.3.1.2 Other Child Health Systems

Alternatives to the national standard include the Cheshire child
health system running on IBM equipment, the North Warwickshire Health
Authority (HA) system also on IBM, and a system in North Derbyshire
HA running on an Apricot micro-computer. Hampstead HA wuse the
Minstrel micro-computer to run a package which provides a birth
register on all children born after January 1984. A recall facility

is available to produce labels, print-outs and appointment letters.

A system produced in Nottingham HA entitled ’'ChildFile’ rumns on
a Commodore micro-computer and records and analyses data obtained
from the routine screening of pre-school and school children. The
system can provide information about a child’'s progress, initiate
screening and follow-up appointments and analyse demographic data.
Medical data recorded by the system is held in a simple coded format.
One feature of this system is that it is opefated directly by the
health visitors who generate source data. ’ChildFile’ 1is described

further by Holland (1984).

2.3.2 Loan of Equipment Systems

Although stock control has always been a prime target for
computerisation, only a small number of districts reported having
community stock or loan of equipment systems. Leeds Eastern HA, East

Yorkshire HA and Islington HA operate typical systems.
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The Leeds Eastern HA system is a generalised package, allowing
issues, receipts and amendments to be applied to a stock master file
and routine monthly and annual reporting. This package has been in
use since May 1981, operating on a Tandy micro-computer with floppy

disc storage and a daisy wheel printer.

In Islington HA, a package running on a Minstrel micro-computer
since April 1984, assists in the control of various aids loaned or
delivered to disabled patients. Three types of record are

maintained, namely:

Patient records: Personal details are held together with references

to equipment on loan or delivered. Each patient can be linked into a

regular delivery schedule so that items are not overlooked.

Equipment records: For each item type, maximum, minimum and reorder

levels are held together with reorder quantities, lead time, stock

in hand and on loan.

Supplier records: Names and addresses of suppliers are held together

with outstanding order details.

Reports produced include overdue order lists, reminder lists or

labels, delivery lists and statistical summaries of items issued.

The above systems are all stand-alone packages, performing the
single function of stock control. A major community information
system produced for district nurses integrates loan of equipment with

a workload recording system. The Financial Information Project
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community system is described in section 2.4.4.

2.3.3 Community Health Registers

Many tasks carried out in a community health department involve the
maintenance of registers of clients which are analysed regularly by
particular categories for recall and analysis purposes. Clearly,
this is an ideal application for automation, and many districts now
have access to some form of community health registration system.
Often, family practitioner committee (FPC) computer systems can be
used to download data to set up these registers. One such project in
Gloucester HA downloaded FPC data from a DEC PDP 11 mini-computer to
a Tandy micro-computer system. This project is described by

Henderson (1984).

The remainder of this section describes several of the most
common types of automated client indexing applications. A community
health information system should seek to provide such registers for

recall and analysis.

2.3.3.1 Mental Handicap Registers

Many districts maintain mental handicap registers using computers.
Islington HA maintain on a Rair micro-computer, a register of persons

with learning difficulties and various other disabilities.

A similar system known as ’'MenIndex’ running in Croydon HA is
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available to all members of the community mental handicap team and
stores personal and medical details of each client, The system

collates data for analysis purposes.

2.3.3.2 Cervical Cytology Recall Registers

For the last five years, Harrogate HA have operated a recall register
which records individual test results for cervical examinations and
arranges postal recall of clients for further examinations. All
women between the ages of sixteen and seventy are covered by the
system. Data entered can be analysed and a wide variety of

statistics produced.

A similar fackage runs on an ICL ME29 computer in West Glamorgan
HA. Smear test results are recorded from the pathology department
and personal details from the FPC or general practitioner. Recall
schedules are generated by date band and letters are produced by a
micro-computer for postal distribution. Neumann (1979) describes a
cervical cytology recall system implemented in the district of

Rostock in West Germany.

2.3.3.3 Other Community Health Registers

Numerous other computerised registers are available, including
appointment 1lists for audiology (West Suffolk HA), observation
registers for children at risk from non-accidental injury (West

Suffolk HA), death registers for morbidity analysis (Hillingdon HA)
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and elderly registers (North Warwickshire HA).

2.3.4 Community Nursing Statistical Reporting Systems

A number of systems are available for collecting statistical
information on activities and services provided by community nursing
staff. Canterbury and Thanet HA operate a nursing acgivity analysis
package which collates data for disease, visit type and age group
analysis for several groups of community staff. This package runs on
an Alpha micro-computer system. Clwyd HA operate a package which
records activity data. The system is designed to allow ad hoc
enquiries and also to produce quarterly statistical summaries. This
package is constructed using the Condor data management system on a

Hewlett-Packard computer.

The provision of statistics from workload should be an essential

function of a community health information system.

2.3.5 Chiropody Record Systems

An Apple 2e micro-computer, in operation since July 1984 provides a
centralised chiropody information system for Shropshire HA. Each
chiropodist receives appointment lists. Reports concerning
treatments given, types of case treated, and performance indicators
are provided on a daily, weekly and monthly basis. The system

produces reports for the DHSS and calculates payment details.
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2.3.6 Other Computer Applications

The survey highlighted some systems which were used by only a small

number of districts throughout the country:

- Dental Workload Analysis (5 districts)

o Communicable Disease Management (1 district)

- District Nurse Allocation (2 districts)

- Electronic Mail Services (4 districts)

- Epidemiological Data Analysis (1 district)

- Family Planning Records (3 districts)

- Health Education Records (1 district)

- Community Psychiatric Nurse Management (1 district)
- Speech Therapy Records (6 districts)

- Nurse Personnel Systems (6 districts)

- Physiotherapy Contact System (1 district)

2.4 Community Health Information Systems

This report has so far highlighted stand-alone, single function
applications, but the survey also revealed several major systems
which could be of relevance to this particular project. These are
larger scale systems which attempt to provide information for a
multiplicity of staff groups, more in line with the requirements of

this research programme.
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2.4.1 The Wessex Regional Community Nursing System

This is a comprehensive package running on ICL 2966 equipment at the
Wessex regional computer centre since January 1983. Data capture
facilities are provided at each district, consisting of Hytec Prelude
micro-computers connected by telephone line to the mainframe. The
majority of the ten districts in the Wessex region use this system.
Community nurses collect task orientated data relating to the
patients they wvisit and the-time spent on various other activities.
This data is processed, and monthly, yearly and ad hoc reports are
produced giving details of the workload of each community staff
group. Data is collected relating to number of visits by age group,
dependency, and disease classification for district nurses and by
visit reason for health visitors. This is entered by clerical

officers on a daily basis in each district.

This system was not designed to meet the Korner requirements for

community services and is not used by any para-medical staff groups.

2.4.2 The Leicestershire Community Nursing System

In 1971, a feasibility study was initiated to assess the possibility
of using a computer system for the storage of community patient
records and to schedule the work of district nurses. By 1973, a
computer system had been developed for the city sector of the

Leicestershire Area HA.

The system stores patient information covering personal, nursing
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and hospital details, and socioclogical and medical conditions using a
coding system. By using codes, the possibility of transcription
errors 1s reduced. The amount of written work to be done by nurses
is also reduced. On a first contact with a patient, the nurse
completes a coded form which then generates a record on the computer.
By recording the frequency of visits required to a patient, the
computer can schedule further visits. Schedules for all nurses are
produced daily and these show the names and addresses of patients to
visit. Space on these schedules is reserved for nurses to indicate
the type and duration of each visit and the activities carried out,
These are then used as prime input documents. Group sessions held in
general practitioner’s surgeries or health centres are recorded on a
separate form, where the types of treatment given, time spent, and
number of patients seen can be recorded. Data is entered weekly in

batches.

Management information is provided both for individual nurses
and for managers. One of the aims of the reporting is to increase
the continuity of care by enabling better communication between staff

groups. This is described further by Eccles (1977).

The Leicester system is unique because it is the only system
which provides visit schedules for nurses automatically. A health
centre in Glasgow is using a system, described by Tannahill (1981),
which goes some way towards scheduling, by prompting health visitors
with the names of clients who may need visiting, based on the

allocation of priorities.

This system does not meet the Korner requirements or handle
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para-medical staff groups. It is now more than ten years old and is
very much the ‘'grandfather’ of more recent developments. In
particular, the Financial Information Project community system

appears to be based on some of the concepts of this system.

2.4.3 Management Information Pilot Project Community System

The objective of the Management Information Pilot Project (MIPP) was
to design and implement systems which would allow the requirements of
the six reports of the Korner Steering Group on Health Service
Information to be met using computers. Each system would provide
accurate and timely information about the use of resources and the
delivery of care. The Bromsgrove and Redditch Health Authority was
chosen to pilot the systems which would be implemented using ICL DRS
20 micro-computers. All the systems are based on the manual
collection of data which is then processed by computer to provide
management information reports. Originally, the MIPP systems were
intended to provide Korner solutions for those districts who had no
alternative operational systems which could provide the Korner
minimum data sets. MIPP is described more fully in DHSS (1984a,

1984b, 1985a and 1986).

The objectives of the community project were to provide a single
patient based system which would provide information for planning,
monitoring and operational control, give rapid turnaround of data,

and meet the recommendations of Korner (1984a).

Two versions of the system have now been produced, the first
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meeting the above objectives for community nursing staff only, and
the second, an enhanced version released in May 1986, catering
additionally for para-medical staff groups and meeting the
recommendations of Korner (1984b). This system is known as ’'ComCare’

and is described fully by Dorey (1986).

Detailed information on patient care services in the community
is provided for community nursing and para-medical staff. A patient
register is maintained together with a detailed breakdown of staff

activity.

Outputs from the system include monthly and quarterly management
information reports, patient details which include recent contacts,
and ad hoc analyses. Management reports available include an
analysis of patient contacts under various categories, analysis by
health care programmes, time analysis on activities, mileage
summaries, discharge analyses and group session attendances by
location and programme. Ad hoc analyses are provided using a

commercial report writer package.

Many districts are committing themselves to- 'ComCare’ as a
solution to Korner for community nursing and para-medical services.
This system does meet the Korner requirements and handle all
community and para-medical staff groups, however the data processed
is only the Korner minimum data set. It does not meet the local
requirements of NHS managers, which is a strategic objective for the

development of an information system in this research programme.
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2.4.4 The Financial Information Project Community System

Set up in 1979, and funded jointly by the DHSS and the West Midlands
regional health authority, the aim of the Financial Information
Project (FIP) was to improve methods of costing patient care which
were at the time thought to be inadequate. The research group
produced operational systems which formed part of an integrated tool
to link systems for clinical and management budgeting. An important
aspect of the systems is that they collect data down to the level of

the individual patient.

A trial set up in South Birmingham HA showed that the collection
of activity data relating to specialty, age, sex and diagnosis of
patients was feasible. This trial is described in Financial

Information Project (1984).

Once this trial was completed, a system was designed and
implemented wusing the Mumps programming language. Mumps was
developed to allow the rapid production of medical applications,
originally at the Massachusetts General Hospital in the United

States.
‘The FIP package consists of four modules which may be
implemented separately or combined to form an integrated system.

Each module is described below:

Home nursing module: Provides workload information which |is

compatible with Korner and other DHSS information requirements. Data

is collected by means of patient registration forms and daily diary
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sheets, Codes are used to record locations, reasons for discharge,
treatment types and activities. Outputs from the module include

reports which summarise data, but only at the staff team level.

Loan of equipment: Functions as a stock control system and provides

management information. The system maintains two lists, a delivery
list-of items available to be sent to clients and a waiting list of
clients for whom equipment is not yet available. Outputs from the
system include delivery dockets for drivers and analyses of the

waiting lists.

Domiciliary incontinence: Records details of patients either

awaiting or receiving the supply of incontinence aids. Input comes
from either manually completed forms or direct from the home nursing

module. Outputs are similar to the loan of equipment reports.

This system does meet the Korner requirements for community
services, but was originally produced as a district nursing system.
It has since been extended for health visitors and other staff

groups associated with district nursing only.

2.4.5 The Community Health Information Project

In 1984, the NHS Computer Policy Committee (CPC) commissioned an
enquiry into the future development of the national standard child
health system. One of the recommendations of this enquiry was that
any further development work should take place within the framework

of a comprehensive community health’ information project (CHIP). In
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respongse to this, the CPC initiated a project to develop and
implement a comprehensive information system for the community
services containing the national standard child health system, a full
patient index based on those maintained by family practitioner
committees, and other applications, identified from a study of

community information requirements. This project has three phases:

A pgeneral appraisal of information needs: which produced an outline,

hardware independent, functional specification for a system, and
identified plans for the detailed development of this specification.

This phase is described in NHS (1985a).

Development of a detailed functional specification: which will also

be hardware independent and will cover priority areas identified in

the previous phase.

Development of specific application systems: which will take place

from the detailed specifications. These systems will be hardware
dependant and will be funded by a consortia of districts who wish to

participate in the project.

This is a major NHS project which will not be completed until
the next decade. Phase one of the project has been completed and the
findings are described in NHS (1985b and 1985c). One of the priority
areas identified for development was that of electronic mail
services, and since this application is unrelated to the development
of other parts of the system, the implementation of a pilot within

Bolton HA is already underway.
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CHIP is an ambitious project based on the national standard
child health system. It will not be available until the next decade,

which will be too late to meet the Korner deadlines of April 1988.

2.5 Community Health Systems in the United States

The first use of computers in community health agencies in the
United States was made in the late sixties. For example, in New
Jersey around that time, a client based statistical reporting system
was implemented, but fell into disuse because of its slow turnaround
time. Many other projects, such as the Rockland County Health
Department system described by Saba and Levine (1978), were also
unsuccessful due to the primitive nature of the computing facilities
available at the time. Levine (1975) describes the use of community
health agency computer systems further. In the 1late 'Seventies,
three types of information system became prominent, see Saba (1982).

These are described below:

Financial records and billing systems: These are used mainly by

large visiting nurse associations who administer home health nursing
care. The systems are often geared for providing data for the
MediCare and MedicAid services for third party settlement of

payments.

Statistical information systems: These collect, aggregate and

summarise data which is collected on school, clinic and home visits

in the community.
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Patient care information systems: These are generally large systems,

collecting information based on individual patient contacts. They
are usually operated by large community health agencies. Numerous
school health records systems have been developed such as that

described by Johansen and Orthoefer (1975).

A survey described by Saba (1982) showed that in 1979 up to 26
states were using computer systems in their community services, and
almost all of these were developed by 1974, during the five year
period up to 1979, only another five implementations were recorded.

Some example community systems in the USA include the following:

The Omaha visiting nurse association project: This was concerned

with the production of a financially based statistical reporting
and patient care information system, designed from a problem
classification scheme suitable for computerisation. This is

described further by Martin (1982).

Computer stored ambulatory record system (Costar): This was

implemented by the Indian Health Authority and produced wusing the
Harvard Community Health Plan. The system was written in the Mumps
language, and allows the storage of patient details and contacts, and_
provides for the scheduling of appointments. Both clinical and
financial information 4is provided. Costar has been brought to
England, and is in partial use at several sites on DEC equipment.

Saba describes this system further.

The Livingston community health services data system: This 1is

described by Hersley and Moore (1975) and is used for planning,
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resource allocation and monitoring performance with regard to target
population and financial services. The system integrates health
service, demographic and financial information taking as input
community health service, household survey and financial data.
Comprehensive reporting facilities are provided by a general purpose
file management and report writing system wused by managers and

researchers.

Patient care information system (PCIS): This system allows community

nurses to access data over the telephone on-line, from devices held
in their cars and homes. It provides full medical care data on all

residents of the Papago Indian Reservation in Tuscon, Arizona.

2.6 Results of Survey

Out of a total of 219 districts surveyed, responses were obtained
from 206 districts, giving a response rate of 947. Many districts
returned multiple questionnaires and the final number of returns was
307. After the first survey, 266 responses were made, and a further
41 new responses obtained from the second survey. Applications which
provided data compatible with the Korner recommendations for the

community, amounted to 55 separate systems.

The results of the survey are documented in an unpublished
report and the following represent some of the more interesting
results from that report. In some of these results, data from both
the first and second survey is given. In histograms, the lower

figure indicates a result from the first survey, and the higher,
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Table 2.1 Breakdown of Application Types

Application Type
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FIP Community System
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Loan of Equipment Records
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Table 2.3 Availability of Applications
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Table 2.4 Operational Status of Applications
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Table 2.5 Breakdown of Hardware in Use
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Table 2.9 Implementation Dates

of Applications
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a combination of the results from both.

2.7 Conclusion

The results of this survey have confirmed that the NHS national
register of computer applications is inaccurate with regard to
community health systems. There was a particularly large number of
micro-computer applications highlighted in this $urvey, which were
not recorded in the register. It appears that districts are failing
to notify the East Anglian regional health authority of new

developments.

At the present time, the register produced from this survey is
the most definitive, up-to-date representation of community health
computer applications. East Anglian regional health authority are
presently updating their national register using the results of this

survey.

The reason why so many micro-computer applications remain
unknown outside of the districts they are used in, might be due to
the way that these systems are being purchased and installed. The
availability of micro-computer systems is now very high because of
their low cost, small size and robust nature. Many health districts

have purchased systems which have been acquired by managers in the
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community health services and funded from their own budgets. This
was recognised by Grummit (1980). In many cases these purchases have
taken place with little or no guidance from computer professionals
within districts. This is evidenced in Catchpole (1985a). Systems
are often specified and designed by community health service
personnel with little or no previous computing experience. Both
packaged and internally developed software is in use. This phenomena
resulting in a new mode of participation in information systems
development when departmental managers instigate the purchase and
implementation of systems, is noted by Land (1982). This practice
has been widespread, not just in community health, but in many other
areas of the NHS. These local developments are often unknown outside

of the districts, and occasionally even outside of the units in which

they are developed.

From the results, it can be seen that there is a wide range of
both hardware and software wused to implement a multiplicity of
community appiications. Such a diverse range of systems indicates
little or no attempt to apply a procurement strategy for standard
equipment although most districts do now possess one. This again
suggests that many purchases and developments have been made from
local budgets in community health departments, independently of any

external influences outside of community units.

The survey revealed the following types of application. Child
health records are held by a number of districts on the national
standard system, although several variations exist. This is the only
nationally supported community system. -~ Numerous other applications

are available covering loan of equipment and stock control, patient
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registers, and statistical reporting systems on workload. Wiseman
(1982) identifies the development of these systems, as managers start
to recognise the potential of accurate and timely activity data.

Many other applications are in use in a smaller number of districts.

There are a number of major community health systems in
operation. The Wessex system provides statistical information on
nursing activity, but does not provide Korner compatible information
and covers only nursing staff groups. A system in Leicester HA
provides comprehensive information on district nursing activity, but

this is again incompatible with Korner.

The FIP community system also started life suitable only for
district nursing staff, and has gradually been amended to take into
consideration the Korner requirements and the needs of the health
visiting staff group. The MIPP ’'ComCare’ system whilst meeting the
Korner requirements does not take into consideration local needs, and
has again been amended over a period of time to provide Korner data
for other staff groups. Finally, the large scale centrally funded
CHIP project will be completed too late to offer a solution to
Korner. Immediate reactions to CHIP from many districts are that the
project will be too expensive to implement and time scales are too

lengthy.

Only 55 districts so far have systems which provide Korner
compatible data. It appears that many districts are making a
commitment to the MIPP 'ComCare’ or FIP Community system to meet the

Korner deadlines.
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The main conclusion of this survey is that there is no community
health information system which covers all staff groups, and has
fulfilled the strategic objectives of meeting local needs of
community health service staff and the statutory recommendations of
the Korner steering group. This research programme could therefore
proceed with the development of such a system, confident that this is

a unique and novel information systems development.
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3. SELECTION OF A DESIGN METHODOLOGY

Before attempting the selection of an information systems design
methodology, it is necessary to understand the nature of both

information and information systems.

3.1 The Nature of Information and Information Systems

Information can take many forms, have many values and be expressed in
a number of different ways. Tully (1985) describes information as
being ’that which 1is constructed from symbols, wusing a set of
conventions, to convey meaning’. Symbols in this case either alone

or by combination relate a particular state to the receiver of them.

It is possible to differentiate between raw ’'data’ and processed
'information’. Un-processed raw data may however be information to

some, depending on its context. Information can be regarded as a

subset of data. Land and Kennedy-McGregor (1981) propose five
classifications for information. These are descriptive,
probabilistic, explanatory (or evaluative), unexpected and
propaganda. All information can be classified into one of these

categories. Additionally, the nature of information can be described
as formal (official) or informal (unofficial). Formal information
includes hard facts and figures, whereas informal or soft information
is often more intuitive or qualitative. Information processing in
organisations is carried out by a combination of formal and informal
systems which are «closely linked. Informal systems may not

necessarily process information but may simply store and communicate
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it in a passive manner.

Information is often regarded as a resource, with great emphasis
being placed on the ’'corporate data base’ in an organisation. It is
difficult however to place a value on or identify ;slny 'transfer’
value for information, as one can for other types of company resource
such as capital or labour. The value of a piece of information may
depend upon its accuracy, timeliness, consistency and on whether it
changes the user’s expectations about a situation. Information bonds
the components of an organisation together by controlling the actions
of individuals and groups. Scarrot (1985) classifies some uses of

information as follows:

Accumulation of experience: Information can be represented in

symbols and recorded permanently for future use.

Exploration of possible actions: Information in thought processes

can be used to evaluate the consequences of taking various actions.

Adaption and operation of human groups: In a constantly changing

environment, information is used to control the actions of people.

All organisations need to have information systems to operate
effectively. The components of an information system might include
computers, word processors, manual records, or the telephone system,
all of which are operated by people who construct and work with them.
Raw data is processed by information systems to transform the data
into meaningful information. Most information systems are concerned

with processing descriptive information such as sales or production

55



figures and are of a formal nature. Descriptive information tends to
be objective and verifiable. Information systems exist to generate,
record, manipulate and communicate the information necessary to allow
an organisation to carry out the activities which allow it to meet
its objectives. They provide the different functions within an

organisation with information necessary for rational decision making.

Land and Kennedy-McGregor (1981) suggest that anyone who
develops an information system must acknowledge and take account of
the existence of both formal and informal types of information.
Advancements in  information  technology usually enhance the
development of only formal information systems. Care needs to be
taken to ensure that new systems do not destruct valuable informal
systems without offering a suitable alternative. Earl and Hopwood
(1980) suggest that replacing an informal system with a formal one
may lead to a reduction in organisational performance. They suggest
that this is because the spontaneity, flexibility and unofficial
nature on which informal systems are based may well be lost in a

formal system.

Five components of an information system are identified by Land
and Kennedy-McGregor (1981) who suggest that interactions are
required between all five components if an organisation is to operate
effectively., There is a need for system designers to be aware of all

of these components:

Informal human system: comprising interactions between groups and

individuals in the area of discourse.
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Formal human system: comprising a system of rules and regulations,

departmental boundaries and roles for members of staff.

Formal computer system: comprising those activities removed from the

original human system because they are automatable, A computer

system works only by interacting with the human system.

Informal computer system: comprising the un-structured and informal

information which is obtained from the formal systems often by means

of personal computer work-stations.

External Systems: comprising the formal and informal links into the

'outside world’. No systems operate in a completely closed

environment.

Land (1985) identifies three sources from where an information
system may obtain its data. These are the ’'real world’ itself, other
formal information systems which model the ’real world' and finally
other informal information systems which often provide qualitative

information about the ’real world’.

Vetter and Maddison (1981) suggest an information system should
serve many applications, be easily expandable, and store and present
information in a number of appropriate ways. Above all, a system
should meet the needs of the users or otherwise it maybbe rejected
by them. This research programme will attempt to produce such a

system for the particular problem situation.
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3.2 Information Systems Design Methodologies

An information systems design methodology 1is a collection of
philosophies, stages, techniques, tools, documentation, rules, and
training for practitioners who develop information systems. A
methodology contains identified stages and each of these may contain
sub-stages within them. Recommendations on the tools and techniques
to be used in a stage, and how to plan, manage and control that stage

may also be given.

Different methodologies have different boundaries, some may
cover all stages of systems development, others may cover analysis
and design only. Many do not cover system implementation but instead
interface with a further implementation methodology. Fitzgerald,
Stokes and Wood (1985) show that many methodologies cover the
complete development life-cfcle. whereas others are more restrictive.
Similarly, some methodologies may claim to be generic in their
applicability, others may be specific to hardware, software or type
of application. A large number of methodologies for de;eloping

information systems are available. Many are similar but have

different names associated with particular consultancy firms.

A number of assumptions may govern the underlying principles in
a methodology. For example, a computer system may always be assumed
to offer the best solution to a problem. As they compete for a share
of the information systems development market, vendors claim that
their methodologies are more logical than their competitors; more
complete; produce documentation for both technical and wuser

personnel; or are able to deal with complex problems and changing
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user requirements.

Maddison (1983) identifies the following framework for a

methodology:

Business Strategy: To decide the overall objectives of the
business.

Information Systems Strategy: To decide organisation wide
guidelines on the requirements for information systems.

Information System Strategic Planning: To decide on an
overall plan for information systems development.

Feasibility Studies: To assess the costs and benefits of
various alternatives.

Analysis: To understand and document the problems and needs
of the business, and model information and processes.

Design (Use): To specify external interfaces and design
aspects of the information system, such as the functions to
be performed by the information system as seen by the users.
The design of inputs, outputs, screen layouts and reports
for the new system will be considered.

Design (Technical): To specify the internal architecture,
logical and physical structures and data flowss:

Implementation: To carry out the processes necessary before
the system is brought into operation.

Transition: To bring the system into an operational state.

Evolution: To maintain and fine tune the system.

Two major stages in development are concerned with analysis and

design. These are described below:

Analysis stage: The meaning placed on the term ’'analysis' varies

between methodologies. Fundamental aims of all analysis procedures
however are to understand the scope, the functions, and the building
blocks for a system in order that it can be designed and implemented.

In many early methodologies, analysis depended very much on the
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skills and ideas of the analyst, but in today’s methodologies more
formal approaches are used by identifying guidelines, procedures and
techniques which reduce the chances of error or omission. A
conceptual model of a system will often be produced during analysis.
This is often pictorial and shows what a system does rather than how
it does it. Data analysis will often be carried out as part of a

systems analysis exercise.

Design stage: In this stage the system requirements are translated

into logical and physical specifications. A logical specification may
identify schema, sub-schema, file layouts and program specifications.
A physical specification may identify data base descriptions, file

descriptions and screen template designs.

Many early information systems implel;lented in the 1970s failed
in their early stages. Often the requirements for a system changed
between the system being specified and actually implemented or
perhaps inaccurate models were produced of the ’real world’ upon
which the design was based. Many systems did not meet the needs of
users. More recent development methodologies try to overcome these
problems by using ‘approaches such as participation, prototyping or
powerful data analysis techniques. These are described in section

3.4'

Episkopou and Wood-Harper (1986) suggest the different
methodologies available for designing systems provide different ways
of viewing the same world. They suggest that there is no ’best way’
to carry out the development of an information system, since the

above approaches are not mutually exclusive and the approach to be
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used will depend upon the circumstances of a particular situation.
Certain principles, tools and techniques may be relevant in some

situations but not in others.

3.3 Requirements for a Successful Design Methodology

In order to select or define a methodology for producing a community
health information system, it is necessary to identify the
requirements for such a methodology. This section describes a series
of general requirements which any methodology should seek to address
and then identifies some specific requirements for this problem

situation.

Two important issues which will effect the design of a community
system are the recommendations of the NHS/DHSS Korner steering group
on health service information, and the requirements of the UK Data
Protection Act. These are described in detail before the specific
requirements, which incorporate these issues, are presented. Each
requirement has a unique identification used for cross referencing

purposes.

Examples are given to show how one design methodology meets some
of these requirements. Learmonth and Burchett Management Systems
Ltd. (LBMS) market this methodology, known as the LBMS System
Development Methodology (LSDM) which is described by Hall (1983) and

Burchett (1985).
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3.3.1 General Design Requirements

In this section, traditional thinking on requirements analysis is
given early on, and more current thinking follows later. Some of the

early ideas on requirements are summarised by Catchpole (1986b).

Rl Rules: Tozer (1985) identifies the need for formal guidelines in
a methodology to cover phases, tasks and deliverables; tools and
techniques; documentation and development aids; and guidelines for
estimating time and resource requirements. More current thinking
assertg that rules must not be too restrictive and need to be
flexible, otherwise the wrong solution may be produced at the right

time.

The six phases in LSDM all have extremely well defined tasks.

Tools and techniques for use in each stage are defined, together with

the outputs expected from that stage.

R2 Total coverage: A methodology should cover the entire systems

development process from initial analysis stages through to
transition, implementation and maintenance. This is stressed by both

Bantleman (1984) and Tozer (1985).

R3 Understanding the information resource: MacDonald (1983)

suggests the aim of a methodology is to ensure effective utilisation
of the corporate information resource. The requirement to achieve
this involves understanding the resource in terms of the data

available and the processes which need to make use of the data. LSDM
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for example, does this by producing three separate views of data in
an organisation, which together form a comprehensive and verifiable
data model of the information resource. A separate phase then

documents the functions required and their data requirements.

R4 Documentation standards: All output from a methodology should be

easily understandable by both users and analysts. Jargon free text
is essential. There is a need to move away from the ’Victorian
novel’ type of specification associated with many early systems.
Well presented documentation leads to easier systems maintenance and
evolution. Documentation which is easily comprehensible can be
transferred between projects. Bantleman (1984) suggests that
standards once specified should be adhered to. Examples of standards
might include the specification of symbols to be used for rich
pictures or entity models, and the definition of standard forms on
which to record design decisions. In more current thinking, a
flexible approach to standards is suggested, to suit particular

circumstances.

R5 Separation of logical and physical designs: A methodology should

ensure total separation of logical descriptions and requirements for
a system, from any specific technical or physical design solutions to
meet these requirements. There should be no physical design
connotations derivable from any of the logical design documentation.
This 1s essential because design requirements are more stable than
the technical solutions to meet them. Tozer (1980) describes this
further. For example, technical solutions may need frequent
modifications to provide hardware or software performance 'trade
wQffs’ in a data base.
Ly
%
=
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R6 Validity of design: A means is required to check for

inconsistencies, inaccuracies and incompleteness in outputs produced.
Each stage of &a methodology should incorporate verification
procedures to check on the correctness of the analysis and design

work. [Bantleman (1984)]. Many methodologies achieve this by means

of structured walkthrough sessions held with users. Forms of user
participation are to be encouraged. The provision of quality
asgsurance activities is also advisable. It may be beneficial to

construct multiple views of a system using different techniques, and
these could be compared for consistency. LSDM incorporates three
techniques for viewing an organisation's data which are comparable

for consistency checking.

R7 Early changes essential: Any changes to a system design should

be identified as early as possible in the development 1life cycle.
This is because of the rapid increase in cost and time associated
with progression along the development curve. A need is therefore

implied for verification procedures.

R8 Inter-stage communication: The full extent of work carried out

at each stage must be communicable. [Bantleman (1984)]. Output from
one stage should form the input to the next. Yao (1985) suggests
that for successful systems design, input from the analysis to the

design stages must be consistent, complete and useable.

R9 Effective problem analysis: A methodology should support problem

analysis by providing suitable means for expressing and documenting

the problems and objectives of an organisation., ([Bantleman (1984)].
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R10 Planning and control: Careful monitoring of an information

systems project is required. A methodology must support development
in a planned and controlled manner. This will help ensure systems
are developed within a sensible time scale and at an acceptable cost.
[MacDonald (1983)]. A methodology could aid project planning by
incorporating a project control technique, although this does not
necessarily need to be integral to the methodology. [Bantleman
(1984)]. Accountability, monitoring and control will allow the user
to see the true costs associated with the development of systems, and

cause them to consider future design requests carefully.

The six phases of LSDM for example, each with their own sub-
divisions, ensure that a series of checkpoints can be identified for
development staff to work to. It is these checkpoints that can

provide an interface with a project control technique.

R1ll Performance evaluation: A methodology should support a means of

evaluating the performance of operational applications developed
using it. The methodology should facilitate the inclusion of
implementation and performance constraints as necessary for an

information system. [Wasserman and Freeman (1976)].

R12 Increased productivity: Often the only justification for

adopting a new methodology is that of increased productivity in
systems design. This can then be sold to management in financial

terms. [Bantleman (1984)].

R13 Improved quality: A methodology should improve the quality of

analysis, design and programming products and hence the overall
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quality of an information system. [Bantleman (1984)].

R14 Visibility of the product: A methodology should maintain the

visibility of the emerging and evolving information system as it

develops. [Wasserman and Freeman (1976)].

R15 Emphasis on data over functions: A methodology should place

emphasis on producing verified data models on which to base the
design of a system. This is because data is more stable than the
processes which access the data. Avison (1985) describes this
stability of data over time. LSDM incorporates techniques for
analysing the data and processes of an organisation separately. Tagg
(1980) emphasises the need for both data and functional analysis

for successful systems development.

R16 Teachable: Wasserman and Freeman (1976) stress the need for a

methodology to be teachable. Users themselves should appreciate the
various techniques in a methodology in order that they can verify
analysis and design work. They need to understand the work that has

been carried out in order to be able to identify corrections.

R17 Information systems boundary: A methodology should allow

definition of the areas of the organisation to be covered by the
information system. These will not necessarily be areas for
computerisation, since the information system may have manual

aspects. This is described by Avison (1985).

R18 Designing for change: Technical design should allow easy

modifications or additions to be made to physical file structures or
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data bases., All systems need to change over time if they are to

survive, and a methodology should support this evolution.

R19 Effective communication: A methodology should provide an

effective communication medium between  analysts and users.
[Bantleman (1984)]. All members of a project team need to
communicate effectively through the methodology. Yao (1985) suggests
that if technical and user personnel do not interact and communicate
effectively, it is unlikely .that a successful system will be

produced.

R20 Simplicity: A methodology should aim for this, even as systems

become more complex in terms of hardware and software developments.
[Bantleman (1984)]. If a methodology is misunderstood then it will

be misapplied. [Tozer (1985)].

R21 Ongoing relevance: Bantleman (1984) suggests that a methodology

should be extensible so that new tools and techniques can be
incorporated as they are developed. A methodology needs to be ’open
ended’ but still retain its overall consistency and framework. It
will then remain relevant to current thinking and not become
outdated. Avison and Wood-Harper (1986) describe new developments in
tools and techniques, along with new technology itself, as a ’'moving

target’ to be addressed by information systems methodologies.

R22 Automated development aids: Where possible automated

development aids such as data dictionaries and modelling tools should
be used since they can enhance productivity and reduce development

time in the application of a methodology. [Bantleman (1984)]. A
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good automated data dictionary would allow the storage of meta-data
about both data and functions at the logical and physical level. Use
of new technology must be made in a balanced way. There are numerous
automated analysis and design aids available to support existing

methodologies such as Auto-Mate and Data-Mate for LSDM.

R23 Consideration of user goals and objectives: The goals and

objectives of potential users of a system should be noted, so that
when an information system is designed, it can be made to satisfy
these users and assist them in meeting their goals and objectives.

[Land (1976) and MacDonald (1983)].

R24  Flexibility: Tools and techniques should be available in a

methodology which can be selected as required to fit particular
circumstances in the problem situation. A variety of different
approaches to systems analysis and design should be available within
a methodology framework. It should be possible to omit and adjust

aspects of a methodology as required.

R25 Participation: There is a need for those people in an

organisation who will eventually use an information system to take
part in its design. Firstly, this is because people hdve a right to
control their own destinies and their interests need to be protected.
Secondly, the understanding and knowledge of the organisation they
will be able to impart, will lead to a much better understanding of
the requirements for an information system. These views are
described by Land (1982) and Mumford (1983). It is essential that
user management become involved in both the definition of business

needs and the identification of priorities and solutions to meet
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these needs. This will ensure commitment from management to an

information systems project.

R26 Relevance to practitioner: It is important that a methodology

is appropriate for the practitioner applying it. Level of technical
knowledge, experience with computers, systems analysis and design,
and organisational change, will wvary with different types of
practitioner. Similarly, social and communication skills will vary.
Episkopou and Wood-Harper (1986) describe a framework for selecting
an appropriate information systems design strategy based on assessing
the characteristics of the problem solver (system designer) and the

problem owner (system user).

R27 ' Relevance to application: The methodology wused must be

appropriate for the type of system being developed. [Tozer (1985)
and MacDonald (1983)]. Types of application may include scientific,
commercial, real-time or distributed. LSDM and many similar packaged
methodologies have proved 1inappropriate for many <classes of
application because of their inflexibility. Features of one
methodology may be appropriate in certain circumstances, but not in

others.

3.3.2 The Korner Steering Group on NHS Information

In 1974, it was recognised that existing health service information
systems would not be able to support the management functions
required after the reorganisation of the NHS which took place at that

time. Shortly afterwards, criticism was directed at the NHS Resource
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Allocation Working Party (RAWP) claiming that very little was known
about activity in the community services, and important information
was lacking about primary care and patients in hospital. The report
of the Royal Commission on the NHS (1979) again criticised the
information systems of the service as Eeing inappropriate and having
poor definitions and classifications for data. It was suggested that
data being collected and processed was not relevant to modern methods
of health care and was neither accurate nor timely. Jones (1984)
identifies a wvicilous circle of lack of timeliness, accuracy and
subsequent under-use of information. The cause of these problems was
thought to be the DHSS, who, since the inception of the NHS, made
their information needs take precedence, often at the expense of NHS

management.

In response to these criticisms the then Secretary of State, Mr.
Patrick Jenkin, set up the NHS/DHSS steering group on health service

information. This group had the following terms of reference:

' 1. To agree, implement, and keep under review, principles
and procedures to guide the future development of
health service information systems.

2., To identify and resolve health service information
issues requiring a co-ordinated approach.

3. To review existing health service information systems.
4. To consider proposals for changes to, or developments
in health service information systems. °'
which are described by Korner (1982). The composition of this group
was noteworthy since the majority of members came from the NHS,

including its chairwoman Mrs. Edith Korner.
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To decide what data to collect and process, the group looked at
the needs of various tiers of information user. Precedence was given
to the needs of district managers and health authorities.
Statistical information for planning and accountability at district
and regional level was then given careful thought, as were the
requirements of the DHSS itself in collating information for decision

making.

Three criteria were applied in eselecting data for collection.
Firstly, was it desirable to collect a certain data item, secondly,
was it feasible to collect that data item accurately, and thirdly,
was it affordable to collect it within current financial constraints.
Data which fitted this criteria was assembled into minimum data sets
and presented in six reports. These cover the activity areas of
hospital, ambulance, laboratory and diagnostic, para-medical, and
community health services. Manpower and financial accounting

functions are also described.

In April 1984, the Secretary of State for Health instructed all
health authorities to implement the recommendations of the Korner
steering group by April 1987 for hospital services, and April 1988

for community and para-medical services.

The community health services have always provided a ’poor’
quality of information in terms of accuracy and timeliness because of
the complex nature of the service and high volume of data to be
processed. Speakman (1984) observes that even though an increasing
number of people who require care in the community are being

discharged from hospital within a shorter space of time than ever
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before, it is difficult to support a case for more resources because
current information systems have difficulty showing these increases.
Webster (1984) and Davies (1984) both recognise that the
implementation of the Korner recommendations in the community using

computers will improve this situation.

The recommendations for community and para-medical services are
described by Korner (1984a and 1984b) and Fairey (1985). Two minimum
data sets are described for the community, one covering patient
services provided to the community, and the other covering patient
care in the community. Services to the community are divided into
programmes of care such as immunisation, health surveillance and
health education. Patient care in the community includes programmes
such as general, mental illness and mental handicap services. By
specifying care programmes, activity data can be related to services.
Each programme will be described in terms of the type of service it
is intended to provide, who should receive that service, and who is

actually receiving it.

Each set of data items are the minimum required to satisfy
district, regional and DHSS needs. No operational data items are
specified. For example, to determine the day to day deployment of
resources, a manager may need to know not only the type of service
given, but also who delivers that service and in what way. In
addition to recording the type of a visit, the content or duration of

that visit may need to be recorded.

A key strategic objective for a community health information

system is to meet the recommendations of the Korner steering group
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covering the community and para-medical service minimum data sets.

3.3.3 The UK Data Protection Act

Jones and Richards (19789 note that protecting confidential
information has been an important ethical tradition of the health
professions for many years. Further discussion of patient’s rights
and privacy concerning computer storage of medical data is found in
Westin (1977) and Trute (1982). As much of the data to be stored by
a community information system will be of a personal nature, that
data will be subject to the regulations of the UK Data Protection

Act.

The Act is based on proposals outlined in a government white
paper about data protection on which comments from the health
professions were sought in 1982. The Act establishes the post of
data protection registrar, who will maintain a public register of
data users, and have the power to ensure that personal data is used
in accordance with the principles of the Act as described by the

Office of the Data Protection Registrar (1985).

The NHS/DHSS steering group on health services information has
also studied aspects of confidentiality of health data, and have made

recommendations outlined in Korner (1984c).

Data items covered by the Act should be easily identifiable,
together with necessary meta-data in order to provide the details

required for the registration of the system. This could include, for
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example, access information which defines who 1s allowed to execute
particular functions or access particular types of data. Definition
of this meta-data at the design stage and possibly storing it within
a data dictionary system will ensure that it will be easy to provide
appropriate details of the information system to the local Data

Protection Officer.

3.3.4 Specific Design Requirements

The following specific requirements have been identified for the

particular problem situation:

R28 Fulfilment of Korner recommendations: It is necessary that a

methodology 1is capable of analysing the minimum data set
recommendations of the Korner steering group on health service
information as described in section 3.3.2. 1In addition, operational

data items need to be specified on top of the minimum data set.

R29 Data protection: A methodology should provide meta-data in the

required format to the Data Protection Officer. This will ensure
registration for the information system can be made and subsequently

updated as required by the UK Data Protection Act as described in

section 3.3.3.

R30 Design for integration: The community health service comprises

of at least fourteen separate nursing and para-medical staff groups.
A single system is required to satisfy the information processing

requirements of each group. Many groups, such as health visitors and
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community midwives, currently process identical client information
separately. A methodology must facilitate the identification of
duplicate data items and functions and allow integration across all
staff groups. A number of discrete views of community information
will be required for each staff group and a means is required to

identify where and how these views can be integrated.

R31 Expansion and linkage: Rapid developments are taking place in

the areas of family practitioner committee (FPC) registration
systems, hospital based patient administration systems, and community
health records, and it is 1likely that interfaces into these
applications will be required. A methodology should allow the
production of a system which can easily be interfaced to other
applications. This implies a need for suitably presented

documentation.

There are numerous benefits associated with the integration of
health records, such as increased accuracy, less duplication, and
easier amendment and verification of data. Such a concept does pose
problems with regard to privacy of data and restriction of access to

those parts of a record that a user is authorised to view.

A patient record can be regarded as a tool for communicating and
recording information, and for initiating actions and decisions.
Often a single record structure cannot fulfil this purpose, and so
temporary linkage to other records may be desirable to widen the
range of information available. This concept 1s made feasible with
electronically held records. Record linkage and integration is

described by Rouse (1978) and Mikan (1984). The scope for linking
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community health records wusing computers is described by Davies

(1984).

R32 Variety of participants: The motivation of the end users of an

information system varies greatly. Some are highly enthusiastic
about being able to participate in a re-design of their current
manual information systems, and others less so. The communicative
and social skills of each staff group and the skills associated with
different management grades in each group, also vary greatly. A
methodology must enable attention to be given to the personalities of
the users and their abilities to specify requirements. Episkopou and

Wood-Harper (1986) describe this further.

R33 Non-technical user involvement: Staff groups who work in the

community services have had no exposure to the design or operation of
computer systems. A methodology employed for use in the organisation
must be capable of being taught to and applied by these users in
order that they can record their needs accurately and then verify

their correctness.

R34 User interface: 1In order to provide rapid retrieval of patient

information, a terminal based on-line enquiry system may be required
which is accessible by all staff groups. Attention will need to be
given in a methodology to the man-machine interface and the most

suitable ways of providing such an interface.
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3.3.5 Conclusion

This section has defined requirements for a successful information
systems design methodology. General requirements have been
identified and more specific requirements defined for the particular
problem situation. Two key issues connected with this problem
situation are the recommendations of the NHS Korner steering group
and the UK Data Protection Act. These have been described and

appropriate requirements extrapolated,.

These requirements will be used to justify the use of a design

methodology in the problem situation.

3.4 Approaches to Information Systems Design

This section presents a number of approaches for developing
information systems. These often form the basic philosophies on
which methodologies are based. Four approaches are identified, but
special emphasis is given to the participative approach because a sub-
objective of this research programme is to involve members of the

community health service in systems development using participation.

3.4.1 Participative Approach

Participative systems design involves users positively in the
decisions about the design of information systems. Mumford (1983)

suggests that any comprehensive discussion of participation needs to
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consider structure, content and process. Structure is concerned with
how participation is enabled to take place. The content of the
participation concerns the type of issues about which decisions are
taken, in this case with regard to information systems design.
Finally, the process of participation concerns how decisions are
taken, knowledge acquired, how effective working relationships are
formed over time, and how solutions are implemented. Mumford (1983)

describes three participative structures:

Consultative participation: A systems design group will be set up

which will take design decisions on the new sfstem although there
will be a large amount of consultation with staff at all levels in
the user department. The bulk of the design decisions will be taken
by traditional systems analysts although the needs of the user

department will be a major concern of the group.

Representative participation: This involves a much higher level of
user participation. A design group will be set up which is
representative of all staff grades within the user department.
Members of the group will probably be selected by management. Each
member of the design group could make an equal contribution to
decisions. A problem with this approach is that the selection of
participants by management may lead to the branding of ’'management
favourites' or ’'yes men’. The apparent generosity of management to
allow participation in this form may be regarded with suspicion by
other staff. Mumford and Henshall (1979) describe these problems
further and Mumford (1981) describes a practical application of this

approach.
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Consensus participation: This is a democratic approach because it

involves all the staff in a user department. A design group will be
formed with representatives of the user department and technical
staff. A feature of this approach is that representatives from the
users will be elected by the wusers themselves. The role of the
design group here will be one of decision making, but also receiving
and feeding back information to the department as a whole, allowing
it to make final decisions. Mumford (1980) describes an application
of this approach in the purchase invoice department of a large
engineering company. A problem with this approach can be the long

time scales necessary for the extended decision making process.

The above structures rely on the formation of a design group for
their successful operation. The constitution of this group is vital
to the success of a project. Mumford, Bancroft and Sontag (1983)
suggest that the group should comprise of representatives from each
major department with an interest in the information system. These
representatives should cover different levels of seniority, a
'diagonal slice’ of the organisation. Group members should be people
who are interested in the work; have the time available; are able to
think broadly and creatively; and are good communicators. A
consultant or technical facilitator may advise the design group to
help them make informed decisions. They will not however take on the
traditional systems analyst role by making decisions themselves.
Participative projects sometimes have a long lead time while group
members acquire the necessary skills they need for analysis and

design tasks.

The benefits of participation are numerous and are described by
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Land and Hirschheim (1983). By utilising the knowledge held by
individuals about their systems, we can clearly obtain a more
accurate picture as to what is required in a replacement system.
There are more subtle benefits however. The increased commitment
given by users and achieved through participation could mean the

difference between the acceptance or rejection of a new system.

Rejection of a system by its users may occur because they resist
the changes which a new system may bring to an organisation. People
may resent change because they are inherently conservative and prefer
to practice familiar skills in well established situations, rather
than learn the new skills often associated with new technology. If a
system is imposed on an unsuspecting user community, it is less
likely to succeed than if collaboration was made with these users

about its introduction.

To counteract any resistance to change, a suitable mechanism
needs to be established. This may be done using a ’'fix’ to detect
and counteract the ’games’ that people play to frustrate the
introduction of new systems. Alternatively, a ’prevention before
cure' approach may try to gain the commitment of users before a
system is implemented. Examples of these situations were given by
Professor Land in a seminar presented at Aston University entitled

’Resistance to Change’ in March 1987.

Participation is an approach which may be used to involve users
throughout the development of any new system in which they will be
ultimately involved. The resulting commitment may ensure that they

are willing to learn new skills and respond positively to the
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introduction of the new system. It is known that people can and do
respond rapidly to changes, and have a high capacity for learning new
skills when a suitable climate exists. This research programme makes

use of a participative approach to try and establish such a climate.

Mumford (1983) describes a methodology known as ’'Ethics’, which
shifts responsibility for systems analysis and design on to those who
will operate and use an information system. 'Ethics’ differs from
traditional methodologies in two ways. Firstly, it places emphasis
on people’s needs in an organisation and requires that they be taken
into account in systems design. Secondly, it wuses participative
techniques to derive the specification for a system. 1In this way,
individuals and groups who traditionally have taken no role in the
design task are able to contribute. Whilst participation is
important however, the technical aspects of system design must not be

neglected and a balance needs to be achieved.

3.4.2 Structured Systems Analysis and Design Approach

De Marco (1980) defines structured analysis as the use of data flow
diagrams, a data dictionary, structured English and decision trees
and tables, to build a structured specification for an information
system. These tools meet the two basic needs of systems analysis
because they provide a communication mechanism between analyst and
user, and allow precise recording of a specification suitable for

translation into a system.

Dataflow diagrams are used as an analysis tool to show flows of
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data, irrespective of any physical or organisational boundaries and
the medium of flow. A top level context diagram can be developed
showing only inputs and outputs, and then a successive explosion of

this can take place until 'functional primitives’ are defined.

Yourdon and Constantine (1978) describe structured design as
a way of designing the components of a system and their inter-
relationships in the best possible way. Connor (1985) defines design
as a strategy to convert a specification from structured analysis
into an implementable computer system using certain design tools and
principles. These include structure charts, transform and

transaction analysis, and module packaging.

In this approach systems are designed for change. Structured
development techniques allow changes to be made to one part of a
system, which are non-destructive to other parts. A project is broken
down into increasingly smaller units called modules, until a level is
reached where each module can be adequately described using a number
of available tools. This is known as functional decomposition and is
a ’'top down’ approach to systems analysis and design. Complex
problems are broken down into smaller subsets to make them more
manageable and easier to control. This in turn makes the maintenance

.

and evolution of a system much simpler.

3.4.3 Data-Centred Approach

This approach is used to analyse and document the data associated

with an organisation. Formal methods are available for ensuring this
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is carried out both quickly and accurately.

Data analysis examines the data elements in an organisation and
their relationships with one another. It assists in determining the
fundamental data resources of an organisation by collecting together
relevant facts about data, thereby providing a sound basis for data
base design. Data models are application independent. They should
be accurate and complete enough to satisfy most applications and end
users in an organisation. Data items change less than the functions
using them therefore the design of systems should be based on data
rather than functions. This can be achieved using data analysis
techniques, which in any case are desirable when a data base solution

for an information system is being considered.

A conceptual analysis may be applied before data analysis. This
provides a pgood understanding of the organisation and helps to
minimise the cost of detailed data analysis by limiting the scope of
such analysis., The methods used in conceptual analysis are similar
to data analysis. The aim is to define entity and relationship

types, without the detail of specifying attributes.

Most techniques in data analysis neglect to show flows of data,
but only model a static representation, however more recent
techniques such as entity 1life history analysis add a dynamic
dimension to modelling. The approach is powerful in analysis,
implementation independent and can be supported by a comprehensive
data dictionary. Data analysis is well described by Davenport

(1978), Hawryszkiewycz (1982) and Stephens and Martindale (1984).
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3.4.4 Prototyping Approach

The use of a prototype allows the demonstration of a potential system
to users, allowing comments and criticism to be made without any
'irreversible' work being done on a real system. Prototyping can be
regarded as an extension of the systems development process. The
philosophy behind the approach is that if wusers can see what the
final version of a system will be like, and are able to agree on its
acceptability, then there is a much less possibility of the final

system being rejected.

A quick delivery of a skeletal working system can be made which
will effectively test out the design principles of a system with
users, who can then be involved participatively in the construction
of the system. Changes suggested by them can be implemented
immediately in an iterative cycle until, for example, screen and

report layouts are considered satisfactory.

Often a prototype can be turned into the final system saving
time and effort. Developing a prototype will typically take less
than 10% of total development time. An experimental design can be
implemented at comparatively 1little cost. Numerous packages are
available to allow rapid development, and some systems allow
prototypes to access data already stored in existing data bases.
Prototypes are usually regarded as ’'quick and dirty’ systems, which
may be less efficient and lack data validation when compared with a
final system. However, if care is taken during their design, they

can be turned into effective operational systems. A prototyping
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approach responds well to the complexity and uncertainty associated

with the development of high risk information systems.

Fourth generation languages (4GLs) are particularly suited to
developing prototypes. These are non-procedural, specification
languages rather than programming languages, which describe what is
to be done, rather than how it is to be done. The findings of the
Institute of Data Processing Management (IDPM) Working Party on
fourth generation languages, described by Stephenson (1986), indicate

a continuum of fourth generation language products.

This continuum is based on a trade off, with ’technologist
orientated’ products at one end of the continuum and ’end user’
products at the other. At the ’technologist orientated’ end is found
the application generator. These are products providing facilities
for constructing the programming parts of a complete system. They
are suitable for use by professional programmers. Increasing scope
is offered by transaction processing system builders, decision
support products and, at the extreme of the continuum, total end user
products. These are pure 4GLs and require little or no programming

skills.

Application generators provide programming facilities to
generate systems. Generally, the code they generate makes less
efficient use of computer hardware than traditional third generation
language code produced by an experienced programmer. They do however
improve productivity amongst development staff significantly. Their
use is particularly appropriate to the production of prototypes

because they allow the rapid development of systems.
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3.4.5 Conclusion

The four approaches described each have benefits associated with
their use. Participation clearly offers advantages to be gained by
involving wusers, although the training required and tasks to be
carried out in a design group may be time consuming. Nevertheless, a
requirement for a methodology to be used in this problem situation is
to involve users in system development [R25 Participation] and éo
consider their aspirations [R23 Consideration of user goals and

objectives].

Structured analysis and design approaches provide an effective
way of analysing problems by their logical decomposition of systems,
again an identified requirement [R9 Effective problem analysis].
Data-centred approaches clearly address specific requirements on data
such as [R3 Understanding the information resource] and [R15 Emphasis
on data over functions]. Whilst most techniques in a data-centred
approach model static states only, newer techniques such as entity

life history analysis can reflect the dynamic state of data.

Prototyping approaches offer a great potential for time saving,
which could be wused to counteract the extra time needed for
participation and user involvement. They offer a much greater chance
of success in terms of user acceptance, and can save a great deal of
overall development time and effort. They allow flexibility and easy
iteration of the development cycle. Human-computer interfaces can be

easily evaluated using this approach [R34 User interface].
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The main conclusion drawn is that each approach evaluated has a
great deal to offer information systems development and each
addresses a wide range of the requirements identified earlier. A
design methodology does not need to be based on an exclusive approach
however, but could use as its underlying philosophies, some or all of
the approaches identified. In this way, a methodology may meet a

greater number of requirements than would otherwise be the case.

3.5 An Overview of some Current Methodologies

In 1982, an International Federation for Information Processing
(IFIP) working group (WG 8.1) organised a conference to provide a
comparative review of information systems design methodologies. A
comparison of the facilities in wvarious methodologies was attempted
by specifying a standard case study. The study used was that of
organising a conference. Thirteen methodologies were compared by
being applied to the case study. The results are recorded in Olle,
Sol and Verrijn-Stuart (1982). The test case however did not compare
all the facilities of each methodology. Antill (1985) suggests that
the conference discovered what a large number of confusing and
diverse principles were apparent in information systems design,

rather than identifying any common underlying principles.

A further IFIP conference on the same topic was held in 1983 and
attempted to carry out a further comparative review of methodologies.
The results of this review are described by Olle, Sol and Tully
(1983). The third conference in this series was held in 1986 and

entitled 'Improving the Practice'. A number of methodologies were
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reviewed, including many of those which were presented in the first
conference and have since been developed further. Olle, Sol and
Verrijn-Stuart (1986) present the proceedings of this conference.
The work of IFIP in information systems research over the last ten

years has been recorded by Verrijn-Stuart (1987).

A number of other feature analyses and reviews of methodologies
have been carried out. Maddison (1983) describes one such analysis,
Bemelmans (1984) and Wood (1984) also review a number of
methodologies. Wood-Harper and Fitzgerald (1982) compare six
approaches to systems development with respect to the objectives of

each methodology and the models provided.

These reviews have provided a valuable record of the type of

development methodology available, and many of those discovered in

the literature presented are discussed below.

3.5.1 Data Analysis / Data Base Methodology

This methodology attempts to reflect aspects of research into data
dictionaries, documentation techniques, the need to involve the user
in systems development, and application generators. These are all
covered by requirements for a methodology suitable for use in the
problem situation for this research programme. The methodology
consists of stages ranging from establishing an informal model of the
organisation to the physical implementation of a system. A series of
mappings take place which transform a conceptual model of the

organisation into a physical model. Table 3.1 shows the stages in
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the methodology and the models produced. Avison (1985) describes

these stages:

Business analysis: An overview of the organisation will be produced.

The organisational structure will be studied together with the goals
which will help determine the types of information required by
management. Alternative strategies for system implementation will be
evaluated and the best ways of épproaching change investigated. An
attempt is made to study the organisation as a whole to prevent any
important relationships being lost if a breakdown occurred. It is
particularly important to define boundaries and interfaces to the
organisation. A systems planning team may be appointed to
co-ordinate a project and advise on the strategy for development.
Crowe and Avison (1981) discuss some alternative strategies for

information systems development.

Data analysis: A formal conceptual model of the organisation will be

produced. The entities in an organisation and their relationships
will be documented together with items of interest about each entity.
The entity relationship approach is one of the most widespread
techniques of data analysis and 1s applicable in this stage. A
number of alternative techniques could be considered such as a
document driven technique which is a ’'bottom up’' means of performing

data analysis.

Develop a data base model: Mapping of the conceptual model into a

logical model is carried out. The form of this model will depend
upon the data base management system (DBMS) in use. A hierarchical,

network or relational DBMS may be used, and the logical model will
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reflect this. The conceptual model wused for this is DBMS

independent, but the logical model is not.

Table 3.1 Stages in Data Analysis [/ Data Base Methodology

. ORGANISATION
I
l
l
I
BUSINESS ANALYSIS | Business Model | APPLICATIONS
I l DEVELOPMENT
I
I
I I I
DATA ANALYSIS | Conceptual Model | [ System |
] | Implementation |
I 1 1
1 I
DEVELOPMENT OF | |
DATA BASE | Logical Model | |
MODEL i u I
I I
I I
4. |
FILE ORGANISATION | Physical Model |
|

STRATEGIES |

. DATA BASE .

File organisation strategies: The logical model will be mapped onto

the DBMS in the form of relations, hierarchies or networks. File
organisation and access will be considered depending on technical

considerations and a physical model will be produced.
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Application development: Application sub-systems will be developed
and implemented. In practice, it is likely that applications will be
developed before a total data base is implemented because management
may require an earlier payoff. The data for one department may be
analysed, a data base set up, and applications developed and
implemented before moving on to study the next department and so on.
Some applications may be implementable using a DBMS query language.
In large operational systems, a method of systems analysis and design
will need to be employed. The conventional approach may be used
which could be enhanced by using participation, prototyping or fourth
generation tools. Avison (1985) suggests thét each application needs

to be assessed to determine which approach to systems development

will be most suitable.

Comment on Methodology

Advantages of this methodology include the emphasis placed on
understanding the information resource in terms of the data available
to the organisation, and the clear separation of logical and physical
models, apparent in the stages defined. This methodology will
produce a design for an integraéed solution to information systems
development within the organisation. A disadvantage with regard to
this research is that it does not define in any detail how to produce
applications, but only considers global data base design, assuming

that applications sub-system development will follow on.
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3.5.2 Development of Data Sharing Systems (DDSS) Methodology

DDSS consists of six stages which cover strategic planning, analysis,
design, system construction, transition and production. DDSS is
especially suitable for systems which will apply data base
technology. About forty tasks are defined in the methodology and
emphasis 1is placed on producing accurate diagrammatic models and a
data dictionary. Some of the principles of DDSS are:

1. Interactive use of a data dictionary for all

documentation and development work.

2. Emphasis on simple diagrams with standard
specifications.

3. Decomposition of tasks into small, well defined
and controllable units.

4. Orientation towards producing a strategy for
systems development.

5. Complete separation of analysis and design tasks.

6. Clear distinctions between application and data
orientated tasks.

The six phases of DDSS are described below:

Strategy: By starting with the needs, problems and priorities of the
users, the main entities and processes are defined and a development

strategy produced for each application area identified.

Analysis: The requirements of each area will be specified in detail,
then analysed and documented. Models produced at this stage include
a global entity model, detailed entity models, and functional entity
models local to each application area. Access path analysis is shown

on a functional logic model and an attribute usage matrix shows the
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grouping of attribute types against the information operations that

retrieve or update them.

Design: All technical detail: files, data bases, transactions and
dialogues are designed in this stage and documented. The facts
gathered from analysis are used for this and eventually for program
and operational procedure designs. Output from the stage includes
logical and physical data models, transition control matrices, input

forms and screen and report layouts.

Construction: Programs are developed, new data loaded and production

documentation produced in this stage. Program testing is carried
out. Acquisition of hardware and software including a data base

management system is also part of this stage.

Transition: The system will go live either in parallel or with
direct changeover. Tasks include training users, data preparation or

conversion, and acceptance of the system by the users.

Production: Appropriate maintenance and tuning will take place until

the system is satisfactory.

This‘methodology was produced in the early 1970s. In 1978, it
was recommended by ICL. An enhanced version of DDSS was produced in
1980 by CACI-International known as D2S2. Many aspects of DDSS are
included in the ’Information Engineering® methodology of James
Martin. DDSS 1is described further by Palmer and Rock-Evans (1981)

and MacDonald and Palmer (1982).
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Comment on Methodology

Advantages include its comprehensive coverage of the development
process, 1ts emphasis on the importance of data, and again a clear
separation of logical requirements from specific technical solutions.
The methodology recognises the need for careful planning and control,
and specifies documentation standards for effective communication. A
disadvantage with regard to this research is the lack of opportunity
to involve users in the development process to any great extent

through participation.

3.5.3 Information Engineering Methodology

The term ‘'information engineering’ (IE) suggested by Clive
Finkelstein was adopted by James Martin to encompass a set of
disciplines for developing information systems. Systems developed
using this method are based on data and its relationships which are
considered in terms of business policies. A major feature of IE is
that users play a large part in the specification and design process.
The logical data bases used in a system will be primarily produced by
users, and this will improve the understandiﬂg and appreciation that
the users have of a system. Martin and Finkelstein (1981) and
MacDonald (1986) describe this methodology in detail. Mitchell
(1985) describes the practical application of IE in one of the

regions of the British Gas Corporation.

Some of the disciplines of IE include:
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Strategic requirements planning: establishes long range plans based

on the organisation’s objectives and identifies present and future

information needs.

Information analysis: defines operational objectives for the

organisation and the information needed to meet these objectives.
This information is presented as logical data models showing the

entities and relationships in the organisation.

Procedure formation: allows the users to study the data models

already constructed and identify events that change the state of
entities and the conditions that precede or succeed these events.
Business procedures are defined in terms of combinations of these
events and conditions to allow the logic for computer and manual

procedures to be defined.

Data use analysis: studies the data model in terms of the accesses

required to support the procedures identified from the previous stage
and considers volumes of data. This information is passed to the

physical implementation stages.

Implementation strategies: implements and tests the system design

and considers acquisition of hardware and software.

Distribution analysis: considers the corporate data requirements of

the organisation as a whole to determine whether a centralised or
distributed approach should be adopted, how the data bases or files

should be structured, and what communications are required.
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Physical data base design: by using the data model and output from

data use analysis, the physical implementation of the data structures

can be made.

Fourth generation languages: may be used to produce an implementation

system and their use will be considered at this stage.

Program specification synthesis: Programs are coded in this stage.

A data dictionary will be used to hold details of common modules
which are based on pre-defined procedures. These modules are drawn

upon to incorporate into necessary program code.

Comment on Methodology

IE is a highly sophisticated product which has been developed over a
number of years. It is very comprehensive and has been used
successfully by many organisations. Its application however,
requires practitioners to be highly proficient in the tasks involved,
which can also be lengthy and time consuming. A comprehensive set of
standards are to be adhered to. A disadvantage of IE is that within
this rigidity, it is unclear how some of the specific requirements
for the problem situation would be handled, such as the statutory

Korner steering group recommendations.
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3.5.4 Information Systems Work and Analysis of Changes (ISAC)

Methodology

This methodology was developed in 1971 by a Swedish research group,
through close contact with practical applications development in
several organisations. The approach is concerned with analysis, and
finding out and solving aspects of users problems. ISAC consists of

three phases:

Change analysis: which identifies, analyses and determines what

changes are needed to overcome current problems.

Activity analysis: which delimits and describes future information

systems in the activities of the organisation.

Information analysis: which describes exactly what the information

system will contain and perform.

The resulting specification produced will be suitable for
systems design. The methodology is process orientated and leads to
the documentation of both activity and information models in the form
of diagrams. The methodology extends from looking at the needs of
users and the current problems that they have to the production of a
detailed specification for an information system from both manual and

automatable viewpoints.

ISAC involves all the people in an organisation, allowing them
to describe their current activities and decide on how they can be

improved. The use of descriptive techniques and method steps helps

101



achieve this. ISAC allows the development of 1local information
systems for local users. It assumes that solutions to problems for
which sub-systems are implemented will give a solution for the
organisation as a whole. The methodology aims to improve
communications between people in the organisation through the use of

a 'top down’ approach.

An assumption of this methodology is that users will have needs
to be fulfilled and problems to be solved, and therefore these needs
will help determine the reasons for requiring an information system.
ISAC does not fit into a typical frémework but of its three phases,
the first two could be regarded as analysis, and the final stage as

design. The phases are described below in more detail:

Change analysis: Identifies and studies the changes needed to

overcome problems. The phase is divided into analysing problems and
current situations, studying the alternatives available for change,

and then selecting the change approaches to be used.

Activity analysis: Is used to define the boundaries of future

information systems which may be developed to fit the needs of users.
The phase is divided into the partitioning of a system into
information sub-systems, studying these information sub-systems, and
finally co-ordinating the development of each sub-system. Each of
these tasks is sequential because output documentation from one task
is used as input to the next, Where several sub-systems exist,

development may be done in parallel.

Information analysis: consists of precedence and component analysis,
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process analysis and finally property analysis.

Lundeburg (1982) and Maddison (1983) describe this methodology

further.

Comment on Methodology

This methodology provides an effective way of analysing and solving
the problems in an organisation. All the members of the organisation
may become involved in this process. Difficult problems can be
handled wusing ISAC because of the 'top down' approach wused, and
effective communication with users is achievable through extensive
use of diagrammatic models. A disadvantage is that ISAC does not
address the latter stages of system development, although it does
prepare the way for physical implementation through its effective

analysis procedures.

3.5.5 Jackson's System Development Methodology

Jackson’s system development methodology (JSD) has been applied in
many fields including finance, administration and communications. It
can be used with any programming language, operating system or data

base management system and is well proven.

JSD contains activities which cover requirement and functional

specification; logical, application and physical system design;

program specification, design and implementation; and system and
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program maintenance. These activities are carried out in six stages
of which four are concerned with specification and two with
implementation. Aspects of the Jackson structured programming
technique (JSP) are evident throughout the methodology. JSD 1is
applied iteratively and as increasing detail is considered, data
items and functions will be discovered which were not apparent at the

start of a project.

The modelling process of JSD attempts to simulate the real world
and in doing so convey the scope of a system to the user in clear
terms. Users then have the ability to add, delete or amend this
scope. System functions are added to the model to provide required

outputs. Implementation is then considered.

JSD distinguishes between static and dynamic models. A static
model is one which represents a ’'snapshot’ view of one point in time,
such as the data in a data base between updates. A dynamic model
considers active flows of data. JSD emphasises the dynamic modelling

component in an information system.

The six stages of JSD are described below:

Entity action step: Real world entities and the actions they perform
(or are subject to) are described. A JSD entity must exist as part
of the ’'real world’ outside of the system. Actions are described,
linked to entities and then given attributes. Most methodologies
link attributes to data entities, however JSD links them to actions

because actions change the value of attributes.
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Entity structure step: Entities are modelled for their entire life

time. An abstract model of the ’real world’ is defined from the
elements identified in the previous step. Tools known as structure
diagrams are used to do this. These follow a tree hierarchy and can

convey the constructs of sequencing, selection and iteration.

Initial model step: The system to be built is specified by creating

a model which reflects the abstraction of the ’real world' model
previously produced. A system specification diagram will show the
relationship between the ’'real world’ and the model. A notation
known as ’structure text’ is used to reflect the content. of =a

structure diagram.

Function step: The functions which will provide the necessary

outputs will be built into the model. The events in the real world
that trigger the production of outputs will also be incorporated.
Structure text will then be written for the detailed specification of

the functions.

System timing step: Timing constraints are considered such as when

information is required because this effects when processes will be

run.

System implementation step: A series of system implementation

diagrams will be produced showing how the specifications for the
processes relating to each entity will be implemented on the

available hardware.

JSD is described in detail by Jackson (1983). A description of
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a practical application of JSD is given by Wilson (1985).

Comment on Methodology

JSD offers the advantages of total coverage of systems development, a
set of documentation standards, and a series of steps providing an
effective means of problem analysis. JSD 1is detailed and
comprehensive, however it can consume large amounts of development
time and requires highly competent practitioners. 1Its reflection of
JSP aspects makes it rather esoteric and jargon ridden, therefore
limiting further the type of practitioner who could successfully apply
it. Disadvantages with regard to this research include its complex
and non-participative nature. It is unlikely that wusers could be
involved in many tasks, and also unlikely that they would be able to
understand the outputs produced. This leaves a number of the

requirements for the particular problem situation unresolved.

3.5.6 LBMS Structured Development Methodology (LSDM)

This methodology contains a data driven means of systems analysis and
design which takes as input an initial statement of requirements and
produces as output program specifications, user clerical procedures,
operating instructions, file or data base schema, and plans for
testing and quality assurance. The methodology was first developed

around 19769.

A revised version, known as the structured systems analysis and
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design methodology (SSADM) has been adopted by the Central Computer
and Telecommunications Agency (CCTA) for wuse in all Government

projects. LSDM is divided into six stages as shown in table 3.2.

Table 3.2 Stages in LSDM Methodology

Current System

e — —

|
Analysis of the |
I
|

I

I
| l
| Specification |
| of Required |
| System |
1 I

|

| User Selection I
| of Service |
| Levels |
I 1

Detailed Data
Design

Detailed
Procedure Design

I |
I I
I I
1 1
I I
I

I

I
I
I
)

Physical Design
Control

I
I
I
1

Some basic principles of LSDM include the following:

1. Data structures are used to determine systems
structures.

2. Project development staff have detailed rules and
guidelines to work to.
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3. Logical design is clearly separated from physical
design. ;

4, As much design work as possible is done on paper
before committing to implementation.

5. Development is an iterative process requiring the
production of a series of partially correct views.

6. Design assumptions are clearly stated.

LSDM makes use of the techniques of third normal form data
analysis to create logical data structures, entity 1life cycle
analysis and structured walkthroughs. Tools available include data
flow diagrams, a cross referencing system for documentation and a set
of standard forms. A rigorous set of guidelines accompanies the use

of these tools and techniques.

Three views of a system are produced in LSDM by using entity
models, data flow diagrams, and entity life histories. Each of these
views gives a partial description of a system. The views combined
provide a comprehensive picture of a system and how it will organise

and use data.

Bantleman (1984), Burchett (1985) and Hall (1983) describe this

methodology in more detail,

Comment on Methodeology

This methodology 1like IE, is a highly sophisticated and tuned
product., Advantages include its coveragé ©0f all aspects of system
development and its specification of rules, documentation standards

and procedures across all stages. Equal, but separate emphasis is
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given to data and process analysis, and a complex network of models
provides cross verification and allows validity checking. A
disadvantage with regard to this research is its rigidity, which
means it is unable to meet the specific requirements for the problem
situation, such as involvement by users, and the need to address the
Korner recommendations. LSDM does possess a number of desirable
features however, covering validity checking, planning and control,
and documentation standards, which would fulfil some of the

requirements for a methodology for use in this research programme.

3.5.7 Multiview Methodology

This methodology described by Wood-Harper, Antill and Avison (1985)
claims to address many problems associated with the analysis and
design of information systems. It attempts to structure the tashs of
both analysts and users. It Drings together research from ¢he =rews
of human activity analysis [Checkland (1981)], socio-technical
systems design [Mumford (1981)], data analysis [Palmer and Rock-Evans
(1981)], and structured analysis and design techniques [Gane and
Sarson (1979)]. This ensures that the different views of all the
peﬁple with an interest in an information system will be considered.
Table 3.3 shows the stages in Multiview and the questions addressed

by each stage.

Multiview consists of the following stages:

Analysis of human activity system: attempts to define views of an

organisation. By studying the main purpose and problem situation of
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the organisation, a world view upon which to base the definition of
system requirements can be produced. A technique used concerns the
formation of a rich picture of the problem situation. These can be
used as a discussion aid between problem solver and problem owner and
can show both subjective and objective views of a problem situation.
A second technique involves the formulation of a root definition.
From this, & conceptual model can be produced describing the
necessary activities for the system defined in the root definition.
This will show what the system will do. As much background
information as possible will be collected from many sources, and all

major parties will be interviewed.

Table 3.3 Stages in Multiview Methodology

How is the computer to further | |
the aims of the organisation | Analyse Human |
using it ? | Activity System |

| 1

Analyse Entities
and Functions °

What information processing
is required ?

l— — — —

!
I
I
1

I

l
I I
How can it be fitted into the |Analyse and Design|
working lives of the people | Socio-Technical |
who will use it ? | System |
l i}

How can individuals using the
system best relate to it and

use it’s outputs effectively ? Computer Interface

|
Design Human- |
I
|

What is the technical | |
specification of a system | Design Technical |
to meet the identified | Sub-System
requirements 7 |

|
|
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Analysis of entities and functions: A functional model will be

developed by a process of decomposition and a data flow diagram is
also constructed. Entity modelling will be carried out to document
the data required and an entity model constructed. The events,
functions, and other items collected in this stage are collectively
known as an information model. Verification of this model will be

carried out by interested parties.

Analysis and design of socio-technical system: Considers the social

objectives of those who have an interest in the information system,
and defines alternatives suitable to meet these objectives. A
similar exercise is carried out for technical objectives. By ranking
these alternatives in terms of how they meet both social and
technical objectives, and considering costs and other constraints, a
'best fit’ socio-technical solution can be selected. Both human and
computer tasks can then be defined for the solution and these are

then input to the technical design stage.

Design of human-computer interface: Considers the technical design

of the interface including menus, command lines, forms, and other
screen displays. Inputs to this stage include the entity model and
human and computer tasks defined earlier. Once decisions have been
made on the methods to be adopted, the technical requirements to
provide them can be specified. Consideration is given to what
information the user wishes to exchange with the machine, and how

these interactions can then be implemented.
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Design of technical sub-systems: The entity model and technical

requirements form inputs to this stage. A number of tasks will be
carried out including design of the ‘’'application sub-system’ which
will implement the functions required, and a ’'non-application sub-
system’. This will consist of an information retrieval sub-system
which will support informal enquiries perhaps through the use of a
DBMS query language; a data base maintenance sub-system which will
provide facilities for insertion, amendment and deletion of data; a
control sub-system which will consider aspects of error detection; a
recovery sub-system for restoration in the event of system failure;
and a monitoring sub-system which will analyse the activities of

users of the system.

Comment on Methodology

An advantage of Multiview is its consideration of the different views
of those in an organisation because of the alternative approaches it
takes. It also allows both technical and social objectives to be
evaluated and selected. However, it is not clear how the outputs of
one stage are transformed into inputs for the next stage. Further, a
number of modifications would be necessary to accommodate the
specific requirements of this research. It is thought that a number
of the techniques used in Multiview such as rich pictures, might be
applicable when using participation, perhaps in the form of a design

group.
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3.5.8 Nijssen's Information Analysis Methodology

Developed over the last 9 years, this methodology has been used on a
number of projects. It was originally specified at Control Data
Corporation in the Netherlands. It is an analysis method only, not
covering design aspects, and is procedural. A number of development

projects have made use of it.

The scope of NIAM excludes strategic, feasibility,
implementation and maintenance stages. It does recognise the need
for project planning. An objective of NIAM is to produce a
specification for a system in terms of functional decompositions,
information flow diagrams (IFDs), information structure diagrams

(ISDs) and descriptions of functional performance.

Data analysis is included in the methodology, and entities,
relationships and attributes are defined  wusing diagrammatic
representation. The analysis results are expressed using a grammar
language called the referential idea language. This language can be
compiled and used with a Codasyl or relational data base management

system.

NIAM has the philosophy that the real world can be perceived
in terms of:
1. An object system based on the observable reality at
the present time.

2. An abstraction system which is a mental model of the
object system.

3. A conceptual grammar used to describe the abstraction
system in a form of structured English.
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4., An information base of computer held data which
describes the state of the object system.

5. The environment which represents the users who

translate their observations about the system into
messages for the information system.

The NIAM formal language allows results of the‘analysis phase to
be specified. These specifications are then compiled using the
appropriate software and stored in a data dictionary system. Each of
the specifications can be maintained throughout the systems

development cycle and used as documentation tools.

Maddison (1983) and Verheijen and Van Bekkum (1982) describe the

methodology further.

Comment on Methodology

NIAM is practical only for certain types of application such as small
to medium sized developments being constructed for the first time.
NIAM offers advantages of effective problem analysis covering both
data and functions by making use of a special language. This
language can be translated into source program code automatically.
Disadvantages with regard to this research include its limited
coverage of the development process, and a difficulty of effectively

communicating results to users for verification.
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3.6 Conclusion

From the review of literature, it is apparent that there is a large
number of methodologies available for information systems
development, which use an equally large number of diverse approaches,
tools and techniques. Many of the methodologies studied come close
to meeting most of the general requirements identified in section
3.3.1 such as LSDM and IE. Although LSDM for example, is claimed to
be suitable for all types of application development, it is unclear
how it would meet the specific requirements for the problem situation
described in section 3.3.4. A ﬁethodology cannot be identified which

meets the majority of the requirements in section 3.3.

It is therefore proposed to define a methodology for the problem
situation which will meet more closely the identified requirements.
It is not intended to define a ’'new’ methodology with new approaches,
tools and techniques, to add to the ever growing list of development
methodologies. Instead, the ideas and approaches of the past which
are well established and are proven to work well, will be combined in
a novel way, thus building on an established ’'rock®’ of knowledge,

rather than laying foundations in what could turn out to be sand.

A number of different approaches, tools and techniques will be
adapted and combined using a contingency approach for this particular
situation. The Multiview methodology has proved that this is
possible by bringing together a number of research ideas and well
used tools and techniques into a contingency approach which supports

the definition of different views of an organisation.
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4. A COMMUNITY HEALTH INFORMATION SYSTEMS DESIGN METHODOLOGY

A methodology is defined which has been adapted from a number of
other methodologies, approaches, tools and techniques which were
reviewed in the previous chapter. This has been done by considering
the requirements identified in section 3.3. The stages of the
methodology are described, followed by an explanation of the tools
and techniques which are integral to the methodology and also the use

of a data dictionary.

4,1 A Framework for the Methodology

A framework upon which the methodology is based can be seen in table
4.1. From this framework, eleven stages were identified which are
shown in table 4.2. Stages which can be carried out in parallel are
shown at the same level in the structure. Maddison (1983) suggests a
framework for a methodology which defines wvarious stages. This
framework has been mapped on to the methodology and is shown in

table 4.3.

This methodology has been produced specifically for use in the
community health services in order to meet requirement [R27 Relevance
to application]. Three fundamental approaches which the methodology
is based upon are participation, prototyping, and a data centered
approach. These are described in section 3.4. One of the methods of
participation will be used throughout application of the methodology
in the form of a design group. This will fulfil requirement [R25

Participation]. A prototyping approach to development will be used
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Table 4.1 Information Systems Design Methodology Framework

I I
Current System: | | Information System:
I |

Description, | | Information | | Requirements,
Problems with, | | System | | Objectives,
Objectives, | | Boundary |

Functions, | Definition |

| Solving Problems..:
Identification of | 1 1

|

|

I
|
| specification for
| a system
I
|

needs and priorities

Priority Areas

|
|
|
|
I
Proposed Functions, |
l
I
I
|
I

I
I
1

|
Conceptual Schema: |
|

|

functions for limiting |

|

|

|

| Of the main data and
|

| the areas for further
|

I
study |
4 =

l l
Local Data | Process Analysis: = ‘ Korner Analysis: |
Requirements | | | |
| Analysis | Definition of | | Minimum Data Set |
| | Functions | | Definitions |
Data Modelling, | | | |
Data Dictionary | | | |
I I L A I
I I I
I I I
i | 1
I
I
|
. 1x1
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Table 4.1 Information Systems Design Methodology Framework

(Continued)

| X |

Integrated Composite
Logical Design:

Data Dictionary
Maintenance and Forms
Design

Human-Computer
Interaction
Analysis

o

l
I
I
I
I

s s s c— — — —

I
I
I
1

Functions Physical Design: Data Schema Physical Design:

Function Coding
Testing

Data Schema Design

e ]

I
I
|
I
|
1

Implementation System

I
I
|
|
Functions | Data Schemas |
1 | 1
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Table 4.2 Information Systems Design Methodology Outline Stages

Analysis of
Current System

Information
System
Boundary
Definition

— —

Information
System
Requirements
Definition

e e —

Local Data

Requirements

Analysis

Korner Analysis

. s e s e

1

Process Analysis

|
I
I
I
1

Design
Consolidation

|
\

Human-Computer

Analysis

I
I
Interactian {
I
I

Data Schema

Detailed Design

————

I
|
I
1

1

Functions
Detailed Design

o s st

1

I
I
i

Implementation
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Table 4.3 Design Methodology Mapped onto Maddison's Framework

Analysis of
Current System

INFORMATION
SYSTEMS
STRATEGY

Information
System
Boundary
Definition

I
I
I
I
|
1

I I
| Information |
| System |
| Requirements |
| Definition |
1 I

— e o w— — o e e o o o . E— e— — — —

l | | I | I
| Local Data | [ [ | |
| Reguirements | | Korner Analysis | | Process Analysis |
| Analysis | | I I I
| | | 1 | |
| | |
__________________ | o _ _ _ _ _ _ _ _ ANALYSIS
|
| I
| Design |
| Consolidation |
| |
| DESIGN -
| USE
I I
| Human-Computer |
| Interaction |
| Analysis [
| [
__________________ | o ____
L
| |
I | I |
| Data Schema | | Functions | DESIGN -
| Detailed Design | | Detailed Design | TECHNICAL
| | 1 1
| |
__________________ | o e e ____
|
IMPLEMENTATION/
| Implementation | TRANSITION/
i 1 EVOLUTION
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which will wutilise an application generator. The wuse of a
data-centred approach will address requirements such as [R3

Understanding the information resource].

The design group will consist of a variety of users and a
facilitator. Many of these users will be non-technical staff. The
tasks that members of the group will be asked to perform will be
considered by taking into account their various abilities. In this
way, the methodology should address requirement [R32 Variety of

participants] and [R33 Non-technical user involvement].

Levels of training given to different types of user will vary
according to their skill level. In this way the methodology will

address requirement [R26 Relevance to practitioner].

To meet requirement [R2 Total coverage], the methodology begins
with an analysis of the current system and 1is completed with an
implementation stage. A series of rules are defined for carrying out
each stage. This will ensure requirement [R1 Rules] is addressed.
The outputs required from each stage are defined and the procedures
for using the tools and techniques available. This further meets
requirement [R1 Rules], and ensures a series of checkpoints are
provided for project control to meet requirement [R10 Planning and

Control].

Another requirement for the methodology is [R20 Simplicity], in
order to prevent misunderstandings in the application of the
methodology. An aim of this chapter is to present the methodology in

a simple and understandable way.
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Tools and techniques which are appropriate to use at wvarious
stages in the methodology are shown in table 4.4. These are provided

to give flexibility to suit varying circumstances.

It should be possible to meet requirement [R21 Ongoing
rélevance] by adding new tools and techniques into this ’box’ of
tools but still maintain the overall consistency of the methodology.
Using this approach, requirement [R24 Flexibility] will be achieved.
A variety of approaches to analysis and design will be available, and
tuning or even omitting various aspects of the methodology in its

application will make it ’'open ended’.

Table 4.5 shows the expected outputs from each stage, indicating
the flow of documentation through the methodology. Outputs from one
stage form inputs to subsequent stages. This will ensure requirement
[R8 Inter-stage communication] is achieved. In order to check the
validity of output, a mechanism is provided at the end of each stage
using structured walkthroughs or other participative sessions to
verify documentation. This will ensure changes are identified early
in the development 1life cycle, addressing requirement [R7 Early
changes essential]. The expected outputs will ensure that
requirement [R14 Visibility of the product] is met, however

definitions are only ’'loosely’ made to maintain flexibility.
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Table 4.4 Possible Tools and Techniques for Use in Methodology

. Entity
. Modelling ......

ooooo PR

I
| | | Information | | |
| Current | | System [ | Information System |
| System | | Boundary [ | Requirements |
| Analysis | «...| Definition | ...+.| Definition |
1 | . I | | X
. v |
. | | . |
. | I I
I I I I
| Local Data | | | | |
| Requirements | | Process | | Korner oonea
.| Analysis | | Analysis |. | Analysis |
. | | 4 L . | |
. | | e |
. 1 I : 1
. | .
: | .
e [ [ |
v «+++| Design ] | Human-Computer | . | Functions |
i @ | Consolidation | | Interaction | . | Detailed |
. . | 1 | Analysis | .o | Design |
.o | | L - 1
. | . - |
4 5 | ; v |
b e s T
. . EAR Modelling | Data Schema . [ |
¢ . . Document Driven . | Detailed | - | T |
.. Approach . | Design | =« | m |
. TNF Analysis 6 - i | p |
. Data Dictionary . . | 1 |
SN B BRI | e |
| o |
b e e st & . | e |
. Rich Pictures B eals Seweeseieies e s S S | n |
. Entity Models . . Data Flow Diagramming | t |
. Data Flow Diagrams . . Entity Life Cycle Analysis. | a |
. Written Descriptions. . Access Path Analysis « | & |
. and Lists : . Decision Trees « § & |
il o Gasiee veRae . Decision Tables . | o |
. Structured English | n |
.Functional Decomposition . | |
wipaon: wiels wiwie e sk - R R AR IR S ] |
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Table 4.5 Outputs from each Methodology Stage

|Current |

|System

|Analysis |
Conceptual |
Models

|Info System
| Boundary

|Definition
|Conceptual |
Models

|Information
|System
|Requirements

Conceptual |
Schema

l_//—I

|Local Data |
|Analysis 1

|Process |
JAnalysis |

I

\.
|Entity Models |
| TNF Relations |
|Data Usage Diagrams|
|Data Dictionary

|

Y

I
\

|Data Flow Diagrams|
|Function Models |
|Entity Life Cycles|
|Data Dictionary

|Korner Reports on|
|Health Service |
|Information

| Korner |
|Analysis |

|
N

|Entity Models|
| TNF Relations|

L

|Logical Model |

|Design

|Data Dictionary|

I
|Consclidation |
1 1

N

| | Human-Computer | E|User |

| | Interaction | _ “|Characteristics]|

| lAnalysis | | |Menus Designs

| I

I ||

N NV
|Data Schema | | Functions | | |
|Detailed | |Detailed | | Implementation|
|Design | |Design | i 1 |

I I [ VA

| | - J |User
|Physical Data| | Function | | INFORMATION |Operating |

| Schema |Code
|
I

1 I

| SYSTEM

s s e e — — ——

v
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To support the methodology, a set of 22 standard forms have been
designed to record all documentation and these are shown in appendix
3. Diagramming and other conventions have been added at the foot of
many forms to support their use by inexperienced practitioners. The
use of these forms provides a standard control for all documentation,
ensuring requirement [R9 Effective communication] is addressed. The
conventions described for completing the forms address requirement
[R4 Documentation standards]. For example, the symbols to be used
for constructing a rich picture are given on the form used to record

rich pictures.

Formats for defining data items will be comprehensive and
standardised and so it will be easy to provide information to address
requirement [R31 Expansion and Linkage]. By applying standards, more
effective communication should be achieved between technical and

non-technical staff.

4.2 The Methodology Stages

4.2.1 Analysis of Current System

This stage will describe the present system. The objectives of the
system need to be defined, along with the needs of users and the
priorities these needs take. Problems with the present system need
to be noted so that resolution can take place in the new information
system. By documenting goals and objectives, requirement [R23

Consideration of goals and objectives] will be addressed. A
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verification

gathered.

documentation produced.

this stage.

procedure

Form

will check the

ISD16 will be wused

accuracy of

to record

Table 4.6 outlines the tasks

Table 4.6 Analysis of Current System Tasks

Analysis of Current System

e —— e — e e

Describe the Current
System

Define Objectives of
Present System

Identify the Needs
and Priorities of
Users

o

Define Problems in
the Organisation

———

Verification
Procedure

e — —

|
I
1
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
|
I
I
I
I
-

Describing the current system: A series

discussions
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existing documentation, forms and procedures; and the use of
observation techniques will be used to gather information about the
present system. Form ISD23 will be used to record observation and
interview results. Rich pictures, simple entity models and data flow
diagrams will be developed to describe the present system. These

will be recorded on forms ISD20, ISD5 and ISD6 respectively.

Defining the objectives of the present system: The objectives of the

organisation will be determined and recorded using form ISD16.

Identifying the users needs and priorities: A written list of the

needs of users will be produced. These needs will be arranged in

order of importance.

Problem definition in the organisation: A written list of problems
will be constructed. Rich pictures allow the recording of problems

and areas of potential conflict in an organisation and may be useful

here.

Verification procedure: Feedback sessions with those who provided

information for the above tasks will be held to verify the

correctness of the descriptions of the present system.

4.2.2 Information System Boundary Definition

In this stage, aspects of the organisation that the information
system will cover are to be identified. The entity models and data

flow diagrams produced from the previous stage will be used to record
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these design decisions. These pictorial models are extremely useful
as communication aids. Participants will be encouraged to indicate
on the models areas for further study which will fall inside the
boundary of the information system. This stage fulfils requirement
[R17 Information systems boundary]. It is important to limit the

area of study.

4,2.3 Information System Requirements

The objectives that the information system is required to meet will
be defined. The description of the current system produced earlier
will be used in this stage. Proposed functions that the system will
perform will be identified, together with the priorities for
developing these functions. The specification produced in this stage
will define what the system will do, rather than how it will be done.

This is the conceptual schema. Table 4.7 outlines the tasks in this

stage.

System requirements: Participants will produce definitions of the
requirements for the information system. Data flow diagrams and
function charts will be used to record these requirements. The

documentation produced from the previous stages will be used to help
formulate these, Data flow diagrams and function charts are to be

recorded on forms ISD6 and ISD1l.

Definition of objectives: A list of objectives for the information

system will be defined. These will be recorded on form ISD16.
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Table 4.7 Information System Requirements Tasks

Information System Requirements

System Requirements

e —— —

I

I

|

I

I

|

I

|

I

I I

I I

| | I

| Definition of | |

| Objectives | |

il 1 |

I | I
| I | .

| I I |

| | Proposed Functions | |

I | | |

I | | |

I | I

| | |

I I I |

| | Structured System | |

| | Walkthrough | |

I L 1 I

I I

1 |

Proposed functions: Earlier documentation and group discussions will

be used to provide information on the functions that the system is to
perform. Function hierarchy charts will be used to describe each of
the functions by exploding top-level descriptions into appropriate
levels of detail. Form ISD16 will record any lists produced, ISD4
will record functional specifications, and 1SD11, function
hierarchies. The priority for developing functions will be

ascertained and a list produced showing these priorities.

Structured system walkthrough: The final task in this stage is to

hold a walkthrough to check the accuracy of the work carried out so
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far. Any inaccuracies, omissions or inconsistencies should be
identifiable. A consc;lidation exercise will be carried out to check
for total consistency in the documentation before this is input to
the analysis stages which follow, A discussion of structured

walkthroughs is given in section 4.3.6.

4,2.4 Local Data Requirements Analysis

This stage will produce output in the form of entity models and third
normal form relations. Access information will be defined about
individual data items, and a data dictionary will be constructed
containing meta-data about each item. Separate views of data will
ensure requirement [R3 Understanding the information resource] is
met. The data modelling carried out will ensure major emphasis is
given to this resource, addressing requirement [R15 Emphasis of data

over functions]. Table 4.8 shows the tasks involved in this stage.

Entity-attribute-relationship (EAR) modelling: Information will be

gathered for entity modelling by participants. Outputs from this
stage will consist of entity models and third normal form relations
recorded on forms ISD1, ISD2, ISD3 and ISD5. A series of walkthrough
sessions will be held to verify these results. The techniques of
entity modelling are described in section 4.3.1 and verification of

entity models by structured walkthrough in section 4.3.6.

Document driven approach to data modelling: Major forms currently

in use will be collected and analysed by the approach described in

section 4,3.2. Outputs will include data usage diagrams and third
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normal form relations recorded on forms ISD19 and ISD16.

Table 4.8 Local Data Requirements Analysis Tasks

Local Data Requirements Analysis

I

| Entity-Attribute-

| Relationship Modelling
|

I I
| Document Driven Approach |
| to Data Analysis
I

I
|
1
I
I
I
I
I
|
I
I
I
l
I
l |
: -
I

| I
I

I

|

I

I

I

I

|

|

I

|

I

I

I

I

l

I

I

l

I

Relation Merging
and Conscolidation

R
e ——

|
Data Dictionary |
Maintenance |

I

Security Analysis
of Attributes

I
I
|
I
I
I
I
I
I
I
I
I
l
I
I
I
I
I
I
I
I
I
|
I
|
I
I
l
I
I
I
I
|
I
|
|
I
[
1

Relation merging and consolidation: The third normal form relations

produced from the previous two tasks will be merged into a single set

of relations and duplicate items removed.
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Data dictionary maintenance: All data items defined will be entered

into the data dictionary and appropriate meta-data described for each
item. This data will then be in a form to pass on to the

consolidation stage.

Security analysis of attributes: For each item in the dictionary,

levels of access will be specified by the participants. This

security meta-data will ensure requirement [R29 Data protection] is

fulfilled.

4.2.5 Process Analysis

In parallel with local data requirements analysis, the functions
outlined in the information system specification will be described
using appropriate tools. The data requirements of each process will
be identified by constructing functional models during access path
and entity life cycle analysis. Details of functions will be added
into the data dictionary. Report and screen layouts will be designed
for each function.. A walkthrough will verify the acceptability of

the designs produced.

This stage will ensure that requirement [R3 Understanding the
information resource] is fully addressed by the methodology. Table

4.9 describes the tasks in this stage.
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Table 4.9 Process Analysis Tasks

Process Analysis

Function
Descriptions

b —— —

Report Layout
Design

Access Path
Analysis

I
|

Entity Life Cycle
Analysis

I
|

——

Structured
Walkthrough

N

I
|
Data Dictionary
Maintenance

|

b e o —
e e s e e e e e s s S S o — — — S— . ——— — ————— —— — — E— — ——— e ‘o o o o s——

Function descriptions: Each function defined in the requirements

specification will be described in terms of the report layout needed
and associated data requirements. One or more of the tools given in

section 4.4 such as decision trees or structured English will be used
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to describe logic,

Report layout design: Report and screen layouts will be defined and

agreed by participants for each of the functions described.

Access path analysis: This technique will be used to identify the

data requirements of each function and the required access paths.
The technique is described in section 4.3.4. Output will be in the

form of functional models recorded on form ISD21.

Entity life cycle analysis: This technique will be used for entities

specified during access path analysis. Forms ISD12, ISD13, ISD14 and
ISD15 will be used to record results. The technique is described in

section 4.3.3.

Structured walkthrough: The outputs from each of the tasks in this

stage will be verified as acceptable by the users.

Data dictionary maintenance: Basic details about each function will

be entered into the data dictionary.

4.2.6 Korner Analysis

The minimum data set descriptions for community and para-medical
services will be converted into a form suitable for incorporation
into the data models already defined, namely entity models and third
normal form relations. This stage may proceed in parallel with the

previous two stages. An essential requirement for the methodology is
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{R28 Fulfilment of Korner recommendations] and the provision of this

stage will ensure this requirement is achieved. Table 4.10 defines

the tasks in this stage,

Table 4.10 Korner Analysis Tasks

Korner Analysis

Korner Report Data

R

| |
I |
1 I
| I
| I
I I
| I
| Extraction |
| l
| | |
| I |
I | | I
| | Entity Modelling and | [
| | Attribute Definition | |
| | 1 I
I I I
| I I
I | | |
| | Third Normal Form ] |
| | Relational Analysis | |
| 1 1 |
| |
| I

Korner report data extraction: The Korner reports [Korner (1984a and

1984b)] will be studied in order to extract the recommendations made
about data set items. A series of lists will be drawn up defining
the data items to be stored and their possible wvalues. Form 1ISD16

will be used to record this list.

Entity modelling and attribute definition: The lists of data items

will be wused to construct entity models which will pictorially

represent the Korner requirements. Relationships and attributes will
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be formally defined using the technique described in section 4.3.1.

Third normal form relational analysis: Attributes defined in the

previous stage will be normalised according to the procedure set out
in section 4.3.5. The relations produced will then be in a form

suitable to pass on to design consolidation.

4.2.7 Design Consolidation

Outputs from the three previous stages of local data requirements
analysis, process and Korner analysis will be integrated into a
single model to be passed on to the detailed design stages. This
ensures all documentation produced during analysis 1is effectively
passed on to the design stages, thereby addressing requirement [RS8
Inter-stage communication]. The models produced from Korner analysis
will be merged with the data analysis models and any redundancy
removed. Process models will be used to verify the correctness of
the data models. Any items identified in the process models, which
are not in the data models will be added, and any items not used in
the process models but appearing in the data models will be removed.
A structured walkthrough will be held to confirm the acceptability of
the new logical design and any problems resolved. The data
dictionary system will then be updated. Forms design and acceptance
will be carried out by the design group after data requirements have
been agreed. A single integrated design will be produced from the
earlier views, thus fulfilling requirement [R30 Design for

integration]. Table 4.11 shows the tasks involved with this stage.
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Table 4.11 Design Consclidation Tasks

Design Consolidation

Korner Item
Incorporation

- ——

Process Model
Verification

Structured System |
Walkthrough [

e

I

| Data Dictionary
| Maintenance

|

Forms Design and
Acceptance

| —

_ e ——— e ittt —————————_——

Korner item incorporation: The third normal form relations obtained

from Korner analysis will be merged with the local data requirements
analysis stage relations and any duplication removed. Entity models

will be amended accordingly.

Process model verification: The function models defined during

process analysis will be compared with the local data requirements

analysis stage models. Any redundant data items not wused by
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functions will be eliminated, and any items not in the data models

but required by a function will be inserted into the design.

Structured system walkthrough: The consolidated design documentation

will be presented to the design group for checking. All aspects of
the design will be considered and any changes recommended will be

agreed and implemented. This will be an iterative process.

Data dictionary maintenance: Korner analysis stage data items will

be added into the data dictionary and amendments made so that the

dictionary reflects the current state of the design.

Forms design and acceptance: The forms required to collect the data

items to be held by the system will be designed. This will be an

iterative process carried out until agreement is reached on the

acceptability of the forms.

4.2.8 Human-Computer Interaction Analysis

Recommendations can be made on the type of interaction methods to be
used by studying the characteristics of the end wusers of the
information system. Menu and screen templates will be designed.
This stage will address requirement [R34 User interface] which
considers the need to give attention to the wuser interface in a

methodology. Table 4.12 outlines the tasks in this stage.

User characteristics definition: The levels of ability and

computer experience of users will be identified and recorded. Form
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ISD17 will be used to document these.

Interaction method recommendations: General screen and menu

templates will be produced which can be used for constructing actual
screens in the system which are based on the characteristics defined.
Form ISD18 will record this inform&tion. The use of a screen painter
can be made here to 'try out' various screen and report layouts on
the design group. Various interaction methods are described by Monk

(1983).

Table 4.12 Human-Computer Interaction Analysis Tasks

Human-Computer Interaction Analysis

User Characteristics
Definition

|
|

Interaction Method
Recommendations

I
I
I
1

e e

—— — —

I
I
|
I
I
I
I
I
l
I
I
I
I
I
I
I
|

e e — — — — —— — —— — — e — —

4.2.9 Data Schema Detailed Design

This stage, together with local data requirements analysis, ensures
requirement [R5 Separation of logical and physical design] is met.
The earlier data and Korner analysis stages consider conceptual and
logical design, whilst this stage considers physical and technical

design solutions. Data models will be redefined in a form suitable
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for the application generator which will be used to produce a
prototype implementation. Schema definitions will be constructed on
standard forms to be passed to the implementation stage. Any
necessary meta-data will be defined for data items. Presenting the
results in a standard format will ensure that requirement [R18

Designing for change] is addressed.

4.2.10 Functions Detailed Design

This stage, together witﬂ process analysis, ensures requirement [R5
Separation of logical and physical design] is accomplished. Outputs
will include detailed descriptions of function logic produced using
appropriate tools. Recommendations made on interaction methods will
be taken into account in the design of screen layouts. Checking of
functions will also be carried out. Table 4.13 describes the tasks
in the stage. The detail of these tasks will be geared around the

application generator used to produce the prototype system.

Functions logic design: The logic of functions will be exploded to a

suitable level. The tools specified in section 4.4 can be used for
this. Use of these tools will help meet requirement [R9 Effective

problem analysis].

Function coding: The required details will be defined in the form

required by the application generator, in order to be able to

implement functions. The use of a screen painter can be made here.

Checking of function definitions: The definitions made will be
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checked 'on paper’ for correctness, before being entered into the

application generator.

Table 4.13 Functions Detailed Design Tasks

Functions Detailed Design

Functions Logic
Design

-

|

| Function
| Coding
I

Checking of
Function Definitions

—_— ]

e e e e e — — . — ———— —— ———— s .
e e e e e e e . . — . — — ———————— . e

4.2.11 TImplementation

This will be done using a prototyping approach to development. The
data schema from the previous stage will be implemented on a
prototype. Functions will be implemented and tested, and security
measures specified. An iterative cycle of review and change can be
operated with the design group in these tasks. This will ensure the
validity of the implementation and acceptance of the end product by
the users. Operational documentation will also be produced in this

stage. Transition and evaluation are the final tasks. Table 4.14
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shows all of the tasks in this stage. Frost (1984) describes aspects

of implementing systems in some detail.

Data schema implementation: The data base schema will be set up

using the application generator.

Table 4.14 Implementation Tasks

Implementation

Data Schema

I
|
I
—l

IEREETEREE

|

I

|

|

l

|

Implementation |

I

i |

| I

| | |

| Functions Implementation | |

| and Testing | |

| | |

| | I
I | |
I I | |
| | Security | [
| | Considerations | |
I I 1 |
| | I
[ l |
| | | I
| | Operational | |
| | Documentation Production | |
I | 1 |
I | |
| i I
I | | |
| | Training | |
| | and Education [ [
| 1 I |
[ | |
I | I
| I | |
| | Transition | |
| 1 | |
I | |
| | |
| | | I
| | Evaluation | |
| | | I
1 1
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Functions implementation and testing: Functions will be implemented

and tested using test data set up in the file structures.

Security considerations: Access restrictions to both data and

functions will be built into the information system as specified in

the design stages.

Operational documentation production: User manuals will be written

detailing operating procedures for the information system.

Training and education: Training will be provided for the staff who

will be using the system.

Transition: The information system will be implemented using one of

the methods of take-on such as direct, pilot or parallel running.

Evaluation: The system will be evaluated for success using an

appropriate method. This will meet requirement [R11l Performance

evaluation].

4.3 Techniques in the Methodology

Each of the techniques in this section are sufficiently well
described to allow them to be taught to members of the design group.

This will address requirement [R16 Teachable].
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4.3.1 Entity-Attribute-Relationship Modelling

Entity modelling involves producing pictorial views of the data in an
organisation called entity models. This technique is well described

by Davenport (1980), Shave (1981) and Hakim (1985).

Three concepts are involved in the technique. Firstly entities,
which are defined as things of interest to the organisation that can
be uniquely identified in the area under study. Secondly,
relationships, which show logical connections between entities, and
thirdly, attributes, which serve to describe entifies and the

relationships between them.

The first stage of modelling is to determine the entities in the
organisation. This tends to be an iterative process because more
entities will be discovered as the practitioner’'s understanding of
the organisation increases, Major entities will be obtainable
easily, and the more obscure ones discovered later on. One starting
point for discovering entities is to obtain written descriptions of
the organisation’s operation such as annual reports, clerical system
documentation or company operating procedures. Jukes (1983) suggests

that three levels of entity can be obtained:

1. Concrete: such as a customer, product, or building
2. Tenuous: such as an order or booking

3. Doubtful: such as an invoice or goods received note

Having defined the entities involved, relationship types must

be constructed showing associations between entities which are of
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interest to the organisation. This is done by pairing each entity
type with each of the other entity types and asking the following
questions. Positive responses will confirm the wvalidity of a
relationship:
a) Is the resultant pair sensible and can one ask a
meaningful question about it 7

b) Could the relationship describe structure, sequence,
content or any other association ?

c) What is the degree of the relationship ?

The degree of a relationship describes the number of the one
entity type which may take part in a relationship with another entity
type. Howe (1983) defines three types of degree:

a) One-to-One (1:1): One entity of one type may have

a relationship with one, and only one entity of
another type.

b) One-to-Many (l:m): One entity of one type may have
a relationship with many occurrences of another
entity type.

c) Many-to-Many (m:n): Many entities of one type may
have a relationship with many occurrences of
another entity type.

To determine the degree of a relationship, the following
questions can be asked:
a) Can an entity of type A be related to more than one
entity of type B ?
b) Can an entity of type B be related to more than one
entity of type A ?
If the answer to both questions is ’'no’ there is a 1:1
relationship, if the answer is 'yes’ to both, the relationship is m:n,
and if the answer is 'yes’ to one, and ’no’ to the other, there is a

1:m relationship.
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Once entities and relationships for a system have been defined,
an entity model can be constructed. Table 4.15 gives conventions for
entity models and these are illustrated by example in table 4.16.

Apply the following rules:

a) An entity type is represented by a 'hard’' box.

b) A relationship is represented by a line joining
entity boxes together:

1) A mandatory relationship where participation from
both entities is required, is represented by a
solid line.

2) A fully optional relationship in which only one or
the other entity occurrence need participate in
the relationship is represented by a broken line.

3) A contingent relationship in which just one of the
two entity types need participate is represented
by a broken and solid line. A broken line is
shown from the entity type which need not
participate in the relationship and a solid
line from the entity type which must.

c) 'Many’' relationships are indicated by placing a ’crows
foot' at the end of the relationship line.

d) An involuted relationship occurs when one entity may
have a relationship with itself and this is
represented by a line which loops back to
the originating entity.

e) When the exact degree of a relationship is known, e.g.
1:2 or 1:12, this is written onto the entity model
itself and is known as a fixed degree relationship.

f) A description of a relationship will be written next
to the line on all models.

g) There can be more than one relationship between the
same two entity types if required.

Attributes: The next step in modelling, following completion of an

entity model, is to assign attributes to the entities and
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Table 4.15 Entity Modelling Conventions

|
| Entity |

- An Entity Type
X 1
- A Relationship Type
- A one-to-one (1l:1) relationship
o - A one-to-many (l:m) relationship
~
M S - A many-to-many (m:n) relationship
7 N

- A mandatory or obligatory relationship

-------- - A contingent relationship

................. - A fully optional relationship

relationships. Palmer and Rock-Evans (1981) define attributes as
being descriptive properties or values. Attributes can be primary,
because they show the basic facts which must be collected for the
organisation to function, or they can be secondary, which means they
can be generated from other attributes as a result of the functions
of the business. A key or identifying attribute must also be
allocated to each entity. If a key cannot be identified, the entity
is invalid. Keys can be formed from one or a number of attributes

concatenated together. 1In notations, key fields will be underlined.
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Table 4.16 Example Entity Model Structures

has

I |
| Surgery |

| I |

Obligatory

l I
| Doctor |

/| A |

obtains

Involuted Relationship

L
!

I
| Patient |

) |

Fully Optional

| Patient |

§ EE—

undergoes

—— ey ——

A

| I
| Operation |
} Type |

|

| Doctor
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|
Patient |

T
1

catches

S

PO

I I
| Disease |

|

Contingent

| Doctor |

holds

-

b

| Clinic |

I



The contents of files, forms, letters and reports can all be
used to reveal relevant attributes. Tables will be produced
containing these attributes, and once complete, normalisation into
third normal form can take place using the technique described in

gection 4.3.5. For example:

I |
Entity Model | Hospital |
| I

I
A

I
| Wards |

consists of

Example Tables for Entity Model

hospital (name, description, no-of-beds, no-of-staff, date-opened)

wards (name, ward-no, name-of-ward, description, no-of-beds)

Form ISD5 will be used to record entity models, and forms ISD1, ISD2
and ISD3, entity, relationship and attribute specifications

respectively.

4.,3.2 Document Driven Approach to Data Analysis

The major forms used in the organisation will be collected together
and sorted into order of importance. Documents carrying the most
information are usually important. Each form will then be considered

in turn as described below by Crowe and Avison (1981):
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a) Identify each data element on the form and give the element a
name, ensuring any synonyms or hononyms are detected. Give the form

itself a title.

b) Construct a data usage diagram showing the relationships between
data elements on the document. Diagrams are to be constructed in the

same way described in the example at the end of this section.

c) Each level on the data usage diagram represents a relation,
therefore construct relations from the diagram and select which

elements will act as keys.

d) Normalise the relations into third normal form wusing the

technique described in section 4.3.5.

e) Repeat the above steps for each form, but combine sets of

relations with subsequent ones defined from previous forms.

As more forms are studied, the number of new relations which
will need to be added will reduce. Attributes from a form may be
added into existing relations where identifying keys are the same.
As the process progresses, the model will become less likely to

change.

The notation to be used for data wusage diagrams will be as

follows:

a) Data elements will be placed in ’'hard' boxes.
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b) The root box of each diagram will be a ’'soft’ box and
will contain the name of the form.

c) An asterisk will be placed inside a box to indicate a
repeating element.

d) The diagrams will be hierarchically structured with
elements at lower levels being the components of the
higher level element they are attached to.

e) Relation keys will be underlined.

Form ISD19 will be used to record both data usage diagrams and

associated relations.

Consider the following example form:

Waiting List and Booked Admissions

| I I
Ward No. | | | Ward Name | |

Patient Unit No. Diagnosis Date Time

I ] S S ——

k._.______._________

The following elements can be taken from the form:

Waiting-List-Bkd-Admns - Name of Form
Ward-No
Ward-Name
Patient
Unit-No
Diagnosis
Date

Time

- Data Elements

N e ot g

and the data usage diagram below produced:
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I Waiting-List-Bkd-Admns ;:)

— I | I
| Ward-No | | Ward-Name | | Patients-Details *|
i =1l 1 1 L | 1
|
I | | I I
I | I I I
|| || . |
| Patient | | Unit-No | | Diagnosis | | Date | | Time |
| l | l | i [ el 1

The relations obtained from this diagram might be:
Waiting-List-Bkd-Admns (Ward-No, Ward-Name)

Patient-Details (Ward-No, Patient, Unit-No, Diagnosis, Date, Time)

4.3.3 Entity Life Cycle Analysis

This is a pictorial method of analysing the behaviour of entities by
considering all events which may effect an entity during it's’
lifetime. When an entity is effected by an event it is because an
elementary function will have been executed. Palmer and Rock-Evans
(1981) and Rosenquist (1982) describe this technique. There are five

tasks to be performed:

Summarise which functions use which entity types: This is done by

constructing an entity/function usage chart on form ISD13. All the
entities defined in data analysis, and the elementary functions

defined in process analysis will be entered into such a chart and
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entity/function usages determined.

Decide which entity types merit furtﬁer study: There is no need to

produce life cycles for entities whose states do not change except
for creation, deletion and archiving. Only the more interesting
entities, whose life cycles are more complicated should be studied

further.

Determine the valid states of the entity: By production of a wvalid

state table, determine the wvalid states that an entity and its
sub-types can exist in. Events which modify one or more attribute
values of an entity or change the relationship an entity has with

another entity are then studied. Form ISD15 will record this table.

Draw an entity life cycle diagram: Using the information defined in

the previous two stages, an entity 1life cycle diagram will be

constructed according to the following conventions:

a) The initial event occurring causes
an entity to go into an initial initial
state state

b) Elementary functions cause the
state of the entity to change function [ new
7\ state

c) An elementary function may cause
no change of state in the entity same

‘ state
d) The final state the entity reaches

maybe an archive state final
state
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Table 4.17 Example Entity Life Cycle Diagram

rejected

archive

reject
applicant

4

receive

application
form

offer
appointment

archive

interviewed

sCreen
applicant

conduct
interview

Construct an entity life cycle matrix: The final stage involves

constructing a matrix. In the left hand column of the matrix, list
the valid states for the entity taken from the valid state diagram,
the events (or elementary functions) are then placed along the top
row of the matrix. Interaction points of the rows and columns show
the resultant entity states after the functions shown in the column
headings have been executed in the state described on that row. If a
function is invalid for an entity in a particular state, an E is

placed to denote an error. Form ISD14 records this table.
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Example corresponding to life cycle diagram above

| |Receive | | | | I I
|State/Event |Application|Screen |Reject |Conduct |Offer |Archive|
1 ~ |Form |Applicant |Applicant |Interview|Appointment | N
I | | I | | | I
|[Not known to system |Application| E | E | E | E | E |
I | | | | | l |
|ApplLication | | Tobe | | | I
i | E |interviewed| Rejected | E | E | E |
I I I | - | [ I I
|Rejected | E | E | E | E | E |Archive |
| I [ I | I I I
|To be interviewed E | E | E Interview| E | E |
I | | | | |
| Interviewed E | E | Rejected E | Current | E |
I I | | I |
|Current | E | E | E | E | E |Archive|
I | | I | | I
|Archived | E | E | E | E | E | E |

4.3.4 Access Path Analysis

The technique of access path analysis described by Rock-Evans (1981)
is wused to determine the data requirements of functions. This
technique produces standard functional models which show the entities
and relationships involved with a function and also impart additional

usage information. Form ISD21 will record these models.

A function can be exploded down into sub-functions up to the
point where individual transactions are specified. These
transactions are known as elementary functions which can have
functional models developed to show their data requirements.
The models are constructed on the same basis as for entity models

described in section 4.3.1, but using the conventions of table 4.18.
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Table 4.18 Access Path Analysis Conventions

]

I
E:{> [ Means access one entity of the type
specified directly

I

- Process all or a range of entities

L v

I

| - Process one or more entities of the
one entity type related to one
entity of another entity type

I A
| : | - Modify an entity occurrence

:z [ - Delete an entity occurrence

- Create a new entity of the
Los=aag | specified type
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4.3.5 Normalisation Principles

Normalisation is well described by Bramhill and Taylor (1976), Date
(1981) and Hannaford (1980). The objective of normalisation is to
obtain the highest possible level of data independence to ensure that
the work of creating, updating, retrieving and deleting attribute
values is kept to a minimum. A further objective is to ensure that
data structures are robust and consistent. The basic normalisation

process is as follows:

a) Before normalisation can take place, ensure that each attribute
only occurs once in a relation, each value of an attribute is
consistent in its format, and attribute names are such that they do

describe the values actually held in them.

b) To cast a relation into first normal form, any repeating groups

in the data must be removed.

c) To progress onto second normal form, remove attributes into
further relations so that data items in the relations are dependant

on all the keys.

d) To obtain third normal form, ensure that all data items are
dependant on the whole of the key of the relation, and not on each
other. In other words split any relations up where data items are

found to be transitively dependant on non-key data items.
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The following example shows the normalisation process. The

initial un-normalised relation can be constructed from tables of the

form:

| | l | I I |
| Doctor | Doctor | Operation | Operation | Patient-Name | Admission|
| No | Name | No | Date | | Date |
| l | | I I |
| 14 | Smith | 9981 | 12/03/87 | Carter | 10/03/87 |
| I | | I I |
| 14 | Smith | 9982 | 13/03/87 | Hunter | 06/03/87 |
| I I | | | |
1 23 | Jones | 9985 | 13/03/87 | Wright | 09/03/87 |

Un-normalised Relation

doctors-operating-schedule (doctor-no, doctor-name, operation-no,
operation-date, patient-name, admission-
date)

By removing the repeating group apparent from studying the table, we

can cast into first normal form:

doctor-details (doctor-no, doctor-name)

operation-details (doctor-no, operation-no, operation-date, patient-
name, admission-date)

By observing the new relations it can be seen that ‘operation-date’
is not dependant on 'doctor-no’, and so to obtain second normal form

relations we must break the above down further:

doctor-details (doctor-no, doctor-name)
op-details (doctor-no, operation-no)

op-patient-details (operation-no, operation-date, patient-name,
admission-date)

Finally to achieve third normal form we need to split ’op-patient-

details’ down still further since ’'patient-name’ and ’'admission-date’
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are related to each other, but not to the 'operation-no’ key field:

doctor-details (doctor-no, doctor-name)
op-details (operation-no, doctor-no)

op-patient-details (operation-no, operation-date, patient-name)

patient-details (patient-name, admission-date)

The above series of relations are now in third normal form.

4.3.6 Structured Walkthroughs

The aim of a structured walkthrough or review, is to detect errors,
omissions and inconsistencies in development work carried out.
Collins and Blay (1982) describe structured walkthroughs further.
The use of walkthroughs at each stage in the methodology should

ensure requirement [R6 Validity of Design] is met.

The time allocated for reviews must be scheduled, together with
an approximate idea of when they will be held. The length of a
walkthrough should last for about an hour if necessary but no longer.
Major sections of work which may take more than one hour to review
should be split into logical parts and a series of intermediate
reviews set up. The material to be reviewed should be circulated to
those attending several days before the walkthrough, to allow them to
peruse the work and detect any problems or errors. The following

points must be borne in mind during a review:

a) Unnecessary discussion and 'side tracking’ should be avoided.
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The leader must ensure that participants focus their attentions on

the objectives of the review only.

b) An accurate record of action points must be maintained on an
action list which can then be used to correct documentation. Form

ISD9 will record these action lists.

c) One member of the review team should take on the role of reader,
and guide other members through the documentation to be discussed.
The reader will normally be the author of the documentation being

considered.

The review process operates as follows. Firstly, any problems
or comments arising from the preparatory reading will be raised and
answered by the author of the work. In cases where it is obvious
that a misunderstanding has occurred, the review should be abandoned
and scheduled for a later date when the documentation has been
rewritten. After any preparatory points have been raised, the reader
will go through the work and questions should be asked as points
arise. Minor errors may be corrected as they are found but major

errors should be added to the action list for further attention.

Finally, the location of the walkthrough is important. It must
be held away from other people working in the office, if not, more
timid members of the group may remain silent since others may be

listening to their comments.

Structured walkthroughs and entity models: A significant part of a

walkthrough may be used to explain and verify entity models. Ellis
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(1985) suggests the following points to aid the understanding of

entity models:

a) A model should always be introduced progressively, three or four
entities at a time. As new entities are introduced, their
significance should be explained. Care 1is needed to ensure all

models presented are consistent with any master model.

2) For every entity, an explanation should be given in words of each
of 1its relationships. This explanation should be a categoric
statement which should be verified. The degree and optionality of

relationships should also be explained.

3) In some cases, two or three attributes of an entity may be
suggested to allow the user to visualise the sort of information
which will be held for that entity. This might enable the

significance of an entity to be seen more easily.

4.3.7 Interviewing Techniques

The design group may wish to interview other members of staff in the
organisation as they collect information at each stage. Some

guidelines are set out below for the design group to consider.

Lopez (1975) identifies that the main objective when conducting
an interview is that of information seeking, and gives some basic
guidelines to achieve this. Before an interview commences, the

interviewer should have the topics to be discussed firmly in his

161



mind. Many staff who may be interviewed will be extremely busy, and

so direct and ’'to the point' interviewing methods are needed.

Hakim (1985) suggests that at each interview, comprehensive
notes must be taken which can then be directly translated into entity
or function models. Form ISD22 will record interview notes. MacKay
(1980) identifies some further issues for consideration by the design

group:

Rapport: The idea of maintaining rapport during an interview is
important. This is defined as the establishment of a comfortable and
unconstrained relationship between interviewer and subject. Rapport
skills are difficult to acquire, but attempts should be made at the
start of the interview to establish a suitable climate. This can be
done by informing the subject of the ground rules, acceptable norms,
and standards of behaviour for the interview session. An amiable and

sincere climate should be strived for to put subjects at their ease.

Releasing emotion and tension: The behaviour of some subjects may be

marked by suppressed emotions or intensity of feelings. These should
be released. It may be desirable to allow subjects to display their
emotions because this may allow a deeper bond to be formed between

interviewer and subject and allow better communication.

Gatekeeping: This is a technique for keeping communication flowing
by asking open ended questions which become more and more specific
and channel the subject's responses. Questions are built on previous

answers.
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4.4 Tools for use within the Methodology

Each of the tools in this section are sufficiently well described to
allow them to be taught to members of the design group. This will

again address requirement [R16 Teachable].

4.4.1 Data Flow Diagrams

Connor (1985) and Gane and Sarson (1979) describe the use of data
flow diagrams. They are useful for describing processes and showing

associated flows of data between these processes.

Data flow diagrams (DFDs) may be produced to any 1level of
abstraction and top level or context diagrams can be exploded until
the required level of detail is reached. On a high level DFD we do
not record error conditions but only normal states. Error conditions
are left until lower level diagrams are produced and this ensures top

level diagrams are easy to understand and not too complex.

DFDs are useful as communication tools between analyst and
user in the author’s experience, but only in circumstances where a
facilitator has been available to help interpret them, and advise on
their construction. It is easy to mark boundaries on the diagrams to
show the extent of a study. Users will be able to see the accuracy
of system designs easily, and once accepted as a correct
representation by users, the diagrams can rapidly be converted into

detailed logic designs.
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Table 4.19 Data Flow Diagram Conventions

| - An open ended rectangle to show
| File a Data Store

- An arrow to indicate a Data Flow

\'%

- A circle to show a source or
destination for data

| | - A hard box to show a Process which
] 1 can transform a Data Flow

- Indicates a duplicate Data Store
| | File (used to prevent data flow
11 lines crossing)

The following steps should be used to construct a data flow

diagram, using the conventions shown in table 4.19 and form ISD6:

a) Identify the external entities involved in the organisation under

consideration.

b) Identify the inputs and outputs which can be expected in the

normal course of the operation of the organisation.

c) Identify enquiry situations and 'on demand' requests for

information that could arise.

d) Produce a first cut data flow diagram showing the external
entities, where the main input documents come from and the main

output documents go to. Draw on the data flows that arise between
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the necessary logic processes and data stores thought to be required.

e) Check this first draft to ensure that all the inputs and outputs
have been included and that only normal conditions are specified with

no exception or error conditions.

f) Produce a clearer second draft, trying to ensure that all

processes are unique, and that a minimum of data flow lines cross.

g) Conduct a walkthrough of the second draft and make any changes

found to be necessary.

h) Explode each process to a lower level, as far down as required,

bringing in error and exception conditions. Final versions of each

diagram can then be produced as required.

4.4.2 Rich Pictures

Rich pictures are pictorial models, wuseful for explaining how an
organisation operates. If drawn properly, the pictures should be

self explanatory and easy to understand.

It should be possible to identify elements of structure in the
problem area such as departmental boundaries, geographical layouts or
product types. Elements of process should also be identifiable to
show what is going on. Rich pictures help identify an organisation’s
primary tasks. These are the basic tasks which an organisation must

carry out in order to survive and are usually central to the creation
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of an information system.

Both structure and process elements can be recorded on a rich
picture. The relationship between structure and process is the
climate of a situation. A rich picture can impart hard facts about
the organisation, but may also show soft or subjective information.
The limited space available for a rich picture means that its author
will be forced into taking design decisions about what really is
important enough to record on the picture. The use of rich pictures

is described further by Wood-Harper, Antill and Avison (1985).

Rich pictures are to be recorded on form ISD20 according to the

following conventions:

a) The main departments that are of interest can be placed on the

rich picture at the start of construction.

b) Other symbols are sketched to show people and things that are

relevant both inside and outside of the organisation.
c) Conflict areas are indicated by crossed swords (é@) and ’'think
bubbles' can be placed to indicate the major worries of key people

shown on the rich picture.

d) Layers of rich picture can be developed if a single picture

cannot contain all details about an organisation.

e) Arrows will indicate relationships between things or people.
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4.4,3 Decision Trees

Decision trees can be used to express the logic of processes. Their
purpose is to indicate the actions which are to be taken when certain
decisions are met in logic. Any number of these decisions can be
incorporated into a tree. Each condition specified will show a
particular branch to be followed depending on the condition, and at
the end of each branch will either be an action to be taken or a

further decision point.

Gane and Sarson (1979) describe how to produce a decision tree.
Firstly, we must take a statement of the problem and identify the
conditions and actions in the statement. This can be revised to give
only necessary logic information pertinent to the construction of the
decision tree. Each revised sentence can then be used to construct
parts of the tree until eventually the complete tree is formulated.
If it 1is not possible to complete the tree because certain

information is missing, re-iteration of the design process is needed

to obtain the required information. Form ISD8 is to be used to
record decision trees. An example decision tree format is shown in
table 4.20.

4.4.4 Decision Tables

Decision tables provide a standard way of straightforwardly
identifying all the possible combinations of conditions that could
arise in a problem, and being able to check these in a systematic way

to ensure all conditions and appropriate actions have been
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identified. Gane and Sarson (1979) describe decision tables further.

Table 4.20 Example Decision Tree Format

Condition-1-1 ———___ Action-1

Condition-1

-

Condition-1-2 ——0  Action-2
Logic
Function
Name Condition-2-1 —————— Action-3

Condition-2

ANA

Condition-2-2 —————— Action-4

A decision table is constructed as follows. The various actions
to be executed are listed in the bottom left hand part of the table.
This is known as the action stub. In the top left hand part, the
conditions that can arise are listed and this is known as the
condition stub. [Each condition will be stated as a question which
can be answered positively or negatively. All the possible
combinations of 'yes’ and ’'no’ responses can then be recorded in the
upper right hand part of the table. Each combination of responses is
known as a rule. In the lower right hand part of the ta.ble, a series
of 'X's can be placed for each action to be taken depending on the
rule of that column. Form ISD7 is to be used to record decision

tables.

Once an initial table has been constructed, it <can be
consolidated by merging rules where the same actions are required.
Dashes can be placed in the response fields which represent "don’t
care" conditions. This results in a consolidated decision table.

Table 4.21 and 4.22 illustrate an example decision table and
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subsequent consolidated table respectively.

Table 4.21 Example Decision Table Format

| I
| CONDITION STUB RULES |
| L 4 e da
| 1. Invoice > $ 100 | Y] Y] Y| Y|NI|NI|NI|N]
I I O O O e e
]l 2. Account Overdue by > 1 Month | Y | Y | N | N | Y | Y |NJN]|
I T I A T R R R
] 3. New Customer | Y| NI N]Y|N|]Y]|]Y]|N]
I |
| ACTION STUB 1 2 3 4 5 6 7 8 |
I R A D R
| 1. Inform Solicitor | X1 -] -1X1X|=-1=1X1
I A N O I T R
] 2. Write First Reminder Letter | - | X | X | - | X | -1-1-1
| L1 1 1 F 1 4 |
| 3. Write Second Reminder Letter | - | - | - | - | X | -] -1 -1
| (A N R D D O
| 4. Cancel Credit Limit ]l -l 1 Zl=-]X]1 21~
Table 4.22 Example Consolidated Decision Table
| | I
| CONDITION STUB | RULES |
| S D R I
| 1) Invoice > § 100 | Y] Y| Y| NIN|[N]
I It | | |
| 2) Account Overdue by > 1 Month | Y] - | N]J]Y ]| -] N|
I [ I R I I B
| 3) New Customer | Y] Nl Y| N]Y]N]
I I
| ACTION STUB 1 2 3 4 5 6|
I U A N A
| 1) Inform Solicitor | X | - [ X1 X | ~-1X]
I I 1 1 1 1 |
| 2) Write First Reminder Letter | =1 X ] =]1X]=1-=]
| N I R A I
| 3) Write Second Reminder Letter -1 -1-1X1]=-1-=-1
I ¢ 1.1 .1 1
] 4) Cancel Credit Limit ] -1 -1X]-1X]-1]

In table 4.22, rules 2 and 3 have been merged into a new
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consolidated rule 2, with a "don’t care" condition existing for

condition 2. This is because the same process needs to be executed

whether of not condition 2 is positive or negative.

4.4,5 Structured English

Structured English can be used to produce unambiguous logic which is

easy to understand and not open to misinterpretation. Any logical

specification can be written in structured English using just four
basic structures of sequencing, selection, case and repetition. Form

ISD10 will record structured English definitions.

The four structures are shown below along with suggested

layouts:
Sequencing: Statement-1
Statement-2
Statement-2-1
Statement-2-2
Statement-2-3
Statement-3
Statement-n
Selection: IF Condition

THEN Statements
ELSE (not condition)
S0 Statements

Repetition: REPEAT

Statements

UNTIL
Condition
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Case: CASE Expression

OF Condition-1 : Statements
Condition-2 : Statements
Condition-n : Statements
OTHERWISE : Statements

ENDCASE

These structures need to conform to the following rules:

a) Use of capital letters indicates a structured English keyword

such as IF, THEN or ELSE.

b) Indentation is used to indicate blocks of instructions to be

treated together. Hierarchical structures can be built by indenting.

c) Blocks of instructions can be named and this name quoted in
capital letters to refer to the block of instructions elsewhere in

the code.

d) Any data elements which are included in a data dictionary should

be underlined.

An example section of structured English code is shown below:

IF amount of invoice exceeds § 100
THEN IF account is overdue by more than 1 month
THEN CONTACT-SOLICITOR
ELSE (account is overdue by less than 1 month)
SO write letter to customer

inform credit-controller

suspend credit-limit
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4.4.6 Function Hierarchy Charts

Palmer and Rock-Evans (1981) describe how to analyse a function by
breaking it down into its constituent parts using a process known as
functional decomposition. At the highest level, a total business can
be viewed as a single function and this then decomposed into a
hierarchy of lower level sub-functions. Progressive increases in
detail are made at each level. Functional decomposition provides a
starting point for access path and entity life cycle analysis, since
these techniques require the analyst to know about the individual
elementary functions or events in a system. Exploding of functions
and sub-functions is carried out until the required level of detail
is reached and bottom level functions are then known as eleﬁentary.

Form ISD1l is to be used to record these charts. An example function

chart is shown in table 4.23.

Table 4.23 Example Function Chart

Order Received

|Deal with|
|Customers | (Event)
1l Order |
I
I
|
|Check | | Check |
|Stock | | Customer’s |
|Levels| |Credit Level]
l I
| I
| I
|Determine | |Request | |Locate | |Look Up|
| Stock | |Status on| [Records| | Amount |
| Codes | |Comther | [Owing |
I
M L -
|Enter | | View | Elementary
toc Stoc unctions at
Stock k f i
[Code | | Level | bottom level
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4.5 The Data Dictionary

This will be automated, and will be for use throughout the design
methodology. The dictionary will be in two parts, the first will
store logical definitions of entities, attributes, relationships and
functions. The second part will be provided by the implementation
system and will give details of physical data definitions. The use
of such a dictionary will ensure requirement [R22 Automated
development aids] is considered along with [R12 Increased

Productivity].

Meta-data for inclusion in a data dictionary has been suggested
by Davenport (1978), Palmer and Rock-Evans (1981) and Avison (1985).
Table 4.25 shows the meta-data which will be defined for elements in
the logical part of the dictionary. The meta-data stored for the
physical data dictionary will depend on the implementation system

used.

The use of this data dictionary will be vital to the project to
ensure standard, consistent definitions are made about all data in
the organisation. Petterson (1980) argues that because data analysis
produces a vast amount of output, to effectively control and use this
output, a data dictionary with an established set of standards and

procedures is essential.

The dictionary will be constructed as follows:

a) Definitions will be easily accessible by name and other criteria

for cross referencing and will be made in a standard, consistent and
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easily understandable manner.

b) Synonyms will be suitably identified and indicated as such in a

synonym field which will be available for each type of element.

c) It must be easy to retrieve and update definitions held in the

data dictionary.

d) The data dictionary will serve as a documentation tool. Forms

IsSD1, IsD2, 1ISD3 and ISD4 will be used to collect data for the

dictionary.

4.6 Conclusion

This chapter has presented a methodology for application in the
community health services, It inéorporates three underlying
philosophies in the form of participative, data-centred and
prototyping approaches to systems development. Each section of the
methodology is justified by referring to the requirements of section
3.3 which are shown in bold in the text. This methodology now meets
more of these requirements than any of those reviewed in section 3.5.
The remaining chapters are concerned with the application of this

methodology in the problem situation.
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Table 4.24

Data Dictionary Contents

I I I I I
| Entities | Relationships | Attributes | Functions |
I | I | 4
| Identification | Identification | Identification | Identification |
]l I I I I
| Name | Name | Name | Name |
I I I I 1
| Description | Description | Description | Description |
d I I I _1
| Synonyms | Synonyms | Synonyms | Synonyms |
I I I I I
| Date | Date | Date | Date |
1 J I I 1
| Status | Status | Status | Status |
1 I | | |
| Identifiers | Entities | Length | Minimum |
| | Involved | | Frequency |
I | | I I
| Minimum | Degree | Format | Maximum |
| Occurrences | | | Frequency |
I | I | 1
| Maximum | Optionality | Range | Average |
| Occurrences | | | Frequency |
I I I I |
| Average | Exclusivity | Entity | T Growth |
| Occurrences | | Involved | Rate |
) | | I 1
| Z Growth | Time State | Functions | Maximum |
| Rate | | Involved | Response Time |
| I | I I
| Creation | Creation | Creation | Average |
| Authority | Authority | Authority | Response Time |
I | | | I
| Deletion | Deletion | Deletion | Entities |
| Authority | Authority | Authority | Involved |
| I | | |
| Access | Access | Access | Attributes |
| Authority | Authority | Authority | Involved |
1 | | 1 Il
| Relationships | | | Relationships |
| Involved | | | Involved |
1 I I | i
| Attributes | | | |
| Involved | | | |
1] I I I =
| Functions | | | |
| Involved | | | |
1 | | I il
| Sub-Type Names | | | |
4 | 1 | |
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5. APPLICATION OF METHODOLOGY

5.1 The Formation of a Design Group

In order to meet requirement [R25 Participation], the representative
approach was selected. This approach was preferable to consultative
participation which still leaves the bulk of design decisions to the
traditional systems analyst, and consensus participation, which for

this ‘organisation was not practical.

A consensus approach would have allowed all members of the
community health services to make an input in the systems design
process. However, for this particular problem situation, a continual
high quality operational service must be maintained and so the
approach would have been impractical in view of the lengthy time

scales which would have been involved.

A design group was formed consisting of various grades of staff
from the community health services representing the professional
staff groups. Volunteers were used who had an interest in the
development of a system from the non-management grades. The
agreement of senior management was obtained to enable the members of

the design group to participate.

An important member of the group was the facilitator who led the
group in the tasks to be performed. For this problem situation, the
facilitator took on an active role, training the design group in the
application of the methodology using the descriptions in section 4.3

and 4.4. The facilitator also carried out tasks which were not
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thought

participate in.

appropriate

or

necessary for

the as a whole

group

The composition of the group was as follows:

Management Grades

Director of Nursing Services (Community)

Assistant
Assistant
Assistant
Assistant
Assistant
Assistant

Director
Director
Director
Director
Director
Director

of
of
of
of
of
of

Nursing
Nursing
Nursing
Nursing
Nursing
Nursing

Services
Services
Services
Services
Services
Services

Senior Clinical Medical Officer

District Head Occupational Therapist
District Head Physiotherapist
District Chiropodist
Senior Dietician
Senior Audiology Technician
District Speech Therapist

Non-Management Grades

Health Visitor
School Nurse
Community Midwife
Community Mental Handicap Nurse
Community Psychiatric Nurse
District Nurse

Senior Psychologist

Dietician

Audiology Technician
Speech Therapist

The Facilitator

(Health Visiting)
(School Nursing)
(Community Midwifery)
(Psychiatry)

(Mental Handicap)
(District Nursing)

to

The design group met together as a whole and in smaller teams

during the period of January to December 1986.
methodology described in chapter &4 was

acting as

facilitator.

As

various

177

applied, with the
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During this time, the
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application, the design group were appropriately trained.

For the facilitator to gain an initial knowledge of the
community health services, and more importantly to become familiar
with members of the design group, a period was spent where the
facilitator worked with all of the design group members for one day
each, to observe the tasks they carried out. For example, for the
six nursing staff grades, time was spent travelling around in the
community, visiting clients in their own homes. This time proved to
be well spent and helped form good relationships between the

facilitator and design group members,

The following sections describe the application of the
methodology. Fourteen professional staff groups participated in the
design process through the representative design group. The
appendices contain examples of documentation produced from two staff
groups, The school nursing service is given as an example of a
nursing group and the chiropody service as an example of a
para-medical group. The data dictionary which was produced is listed
in appendix 14. This covers all staff groups and defines conceptual
and logical 1level entities, relationships and functions, and

conceptual, logical and physical level attributes.
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5.2 Application of Stages

5.2.1 Analysis of Current System

Describing the current system: Members of the design group were

interviewed and group discussions held to determine the objectives
for the information system. The technique for producing rich
pictures was taught to the group, and exercises carried out to model
the present system using rich pictures. Training was carried out in
producing entity models and data flow diagrams. Simple entity models
to describe data, and simple data flow diagrams, describing
processes, were produced by the group depicting the current systems
in use. The design group took to constructing rich pictures much
more readily than entity models and data flow diagrams, however the

group did manage to produce a number of valid models.

Defining objectives of the present system: The group formulated

individual objectives for each of the fourteen staff groups.

Identifying the user’s needs and pgiorities:l The needs of each staff

group were identified by the group and organised into priority order.

Problem definition in the organisation: The group defined the

problems in each staff group.

Verification procedure: The group carried out a review of the

documentation produced in this stage, and errors and inconsistencies

were corrected.
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Appendix 4 contains example documentation produced in this stage.

5.2.2 Information System Boundary Definition

The group indicated on the entity models (data) and data flow
diagrams (processes) produced previously, areas to be considered for
inclusion in the information system. Advice was provided by the

facilitator on areas which were technically feasible for automation.

Appendix 5 contains example documentation from this stage.

5.2.3 Information System Requirements

System requirements: Data flow diagrams were constructed by the

group showing the functions and data flows for an information system
in each of the fourteen staff groups. An explanation of the use of
function hierarchy charts was given to the group, and then the main
functions of the information system defined in terms of the reporting

areas required for each staff group using these charts.

Definition of objectives: The group formulated objectives for sub-

systems of the information system for each staff group.

-

Proposed functions: The group organised the functions identified for

each staff group into priority order. Each function was then
described further by the group and usage information defined, such as

frequency of report production. These descriptions were recorded on
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functional specification forms. The facilitator entered these

details into the conceptual functions part of the data dictionary.

Structured system walkthrough: A formal review session was held at

which the group considered all the documentation produced so far for
correctness and consistency. Changes thought necessary were recorded

and actioned.

Appendix 6 contains examples of documentation from this stage.

5.2.4 Korner Analysis

This stage was carried out by the facilitator alone, without the
involvement of the group because this was thought unnecessary. The
tasks involved were of a mundane, technical nature concerned with
extracting recommendations from the Korner reports and modelling
them. There was little benefit to be gained by involving the whole

design group with this work.

Korner report data extraction: The Korner reports were studied and

their recommendations extracted in the form of written lists. For
each data item defined, possible values for that item were

identified.

Entity modelling and attribute definition: Entity analysis was

carried out by the facilitator to convert these written lists into
entity models. Specifications for entities, relationships and

attributes were defined. Cross referencing between these items was
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made and details entered into the conceptual entity, relationship and

attribute parts of the data dictionary.

Third normal form relational analysis: The data items defined from

entity modelling were converted into third normal form relatioms.

Appendix 7 contains example documentation from this stage.

5.2.5 Local Data Requirements Analysis

Entity-attribute-relationship modelling: The facilitator carried out

entity modelling on data items gathered by the design group, from
interviews with individual members of staff, and from studying
existing forms and documentation. Formal interviews were written up
for later analysis. Entity models and specifications for entities,
relationships and attributes were derived. These were verified by

holding a series of structured walkthroughs with the design group.

Document driven approach to data modelling: Forms used in the

community services were collected together by the facilitator for
analysis. Due to the large number of forms in use, this method was
not practical to apply to all forms, therefore key documents only
were considered. Data usage diagrams and third normal form relations
were produced. All of the forms collected were browsed through
to check for any omissions in the data items defined during data and

Korner analysis.

Relation merging and consolidation: The two sets of relations
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produced in the tasks above were merged into one single set by the

facilitator.

Data dictionary maintenance: All data items defined were entered

into the conceptual level entity, relationship and attribute parts of

the data dictionary by the facilitator.

Security analysis of attributes: The design group specified access

controls for each item in the data dictionary, which was then

appropriately updated.

Appendix 8 contains example documentation from this stage.

5.2.6 Process Analysis

Function descriptions: The group defined new specifications for

each function identified. A large number of the conceptual
function definitions were merged into single logical functions.
These were then considered in terms of the report layouts needed and
their associated data requirements. Logic .definitions were made by
the facilitator and recorded in the form of structured English

statements.

Report layout design: The facilitator formally recorded the agreed

report and screen layout designs.

Access path analysis: The data requirements for each function

identified by the group were formally recorded by the facilitator
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using this technique to produce access path models.

Entity life cycle analysis: The facilitator applied this technique

using the entities defined earlier. Entities and the functions using
them were recorded on an entity/function matrix. Valid entity states
were then defined and 1life cycle diagrams produced. Finally,

state/event transition charts were defined from these life cycles.

Structured walkthrough: The group formally considered the definition

of functions, the report layouts, and the data requirements for

correctness, and suggested changes were implemented.

Data dictionary maintenance: Details of logical functions were

entered into the logical level functions part of the data dictionary

by the facilitator.

Example documentation from this stage is contained in appendix 9.

All of the identified report layouts suggested for each staff group,

are given in appendix 10.

5.2.7 Design Consolidation

Korner item incorporation: The facilitator merged together the

relations obtained from ’Korner analysis’ and those obtained from
"local data requirements analysis’ to remove any duplication. A new

set of entity models was constructed by merging earlier models.

Process model verification: The facilitator compared the models
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produced from access path analysis with the consolidated entity
models to ensure that all data access paths could ,be supported. A
series of final cut entity models were produced and specifications

for logical level entities, relationships and attributes defined.

Structured system walkthrough: The design group formally reviewed
the documentation produced in this stage, and recommended changes

were implemented.

Data dictionary maintenance: The facilitator updated the logical

level entity, attribute and relationship parts of the data

dictionary.

Forms design and acceptance: The group, in association with a number

of colleagues, designed forms to collect the required data. These
were drawn up formally and circulated widely for review and

amendment.

Appendix 11 contains example documentation from this stage and copies

of the general form layouts.

5.2.8 Human-Computer Interaction Analysis

User characteristics definition: The group defined details of

various users of the information system by considering their levels
of ability and experience. After taking advice from the facilitator
on technical alternatives, a number of recommendations on interaction

methods were made.
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Interaction method recommendations: The facilitator defined a number

of example screen layouts and templates using the interaction methods
recommended by the design group for further study. A screen painter
was used to show various alternative screens to the design group.
Various layouts were then amended by the group and finally selected

as being appropriate for use.

Appendix 12 contains the documentation produced from this stage.

5.2.9 Physical Implementation Stages

In the ‘’data schema detailed design® stage, the facilitator
re-defined the logical data item definitions into a form suitable for
implementation using the application generator. The data definitions
made were entered into the physical attribute part of the data
dictionary. Appendix 13 contains example documentation from this

stage.

During 'functions detailed design’, each function was defined
and checked 'on paper' ready for generation. The tasks concerned
with the physical implementation were all geared around the

application generator used. These tasks are described in chapter 6.
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5.3 Results of Application

The emphasis on taking design decisions in this development has been
removed from the traditional systems analyst and given to a design
group comprising of potential wusers of the information system.
Through a series of training exercises, several' techniques for
analysing and designing systems have been taught to the design group
and successfully applied by them. In many cases, tools such as rich
pictures were welcomed enthusiastically by members of the group, who
could see the advantages of wusing them instead of traditional
narrative. In at least one instance, a manager has made use of rich

pictures in another part of his job.

Each methodology stage defined in chapter 4 has been
systematically applied by the group, with the facilitator controlling
the tasks to be carried out. Certain technically orientated tasks
were however carried out by the facilitator alone in cases where no
benefit would have been attained by subjecting the design group to

these tasks. This included the normalisation of relations.

Whilst Korner analysis and process analysis were in principle
separate stages, in practice however, process analysis did consider
some aspects of Korner, in which the design group were exposed to the
reporting requirements needed to satisfy Korner. This was thought
beneficial in terms of gaining the groups commitment to these

reports.

The design group identified 110 separate reports for all staff

groups. In structured walkthroughs, a number of these reports were
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either deemed unrealistic to produce in the light of the data needed
to be stored to construct them or not sensible to include within the
remit of a community health information system. The reports agreed
as reasonable for the system to produce were then consolidated by the
group into 38 individual reports. On average, this met 857 of the
original user requirements put forward by each staff group. Table
5.1 shows the number of reports requested from each group. Catchpole

and Avison (1987) describe these results further.

" Table 5.1 Reports Requested by each Staff Group

No. of Suggested No. which were

Staff Group Reports Accepted )4
Health Visitors 12 12 100
School Nurses 12 12 100
District Nurses 7 6 85
Community Midwives 6 6 100
Community Psychiatric Nurses 9 6 66
Community Mental Handicap Nurses 8 8 100
Clinical Medical Officers 10 6 60
Occupational Therapists 6 6 100
Physiotherapists 5 5 100
Psychologists 10 6 60
Dieticians 7 5 71
Audiology Technicians 6 6 100
Chiropodists 6 5 83
Speech Therapists 6 4 66
Total: 110 93

The number of reports required to provide the Korner minimum
data set information for the community and para-medical services was
fifteen. By merging these reports with those requested by the users,
a total of only 38 reports were produced which satisfied the Korner
requirements; met 85X of user requirements; and provided facilities

for epidemiological and demographic research work.
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These reports enable a common approach to data collection. This
standardisation means that a single pair of input documents can be
used to collect data, thus providing systematic data collection and
processing. A patient registration form will be completed for each
new patient to be entered on to the patient data base. A diary sheet
will be completed each day by all staff members and this form can be
used to record all necessary activity data. A simplification in the
recording of data at source will be achieved, thereby improving the
quality ‘and accuracy of the information recorded. Minor
modifications to the standard forms will be provided to meet the

individual requirements of each service.

The methodology whilst followed in principle, has been limited
in practical effect in the implementation stages described in the
next chapter, by the particular application generator used. For
example, the inefficient way in which file linkage was implemented by
the application generator, meant that traditional file structures had

to be used to implement the data schemas developed earlier.
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6. SYSTEM IMPLEMENTATION

This chapter describes the generation and implementation of a
prototype community health information system. The tasks in the
physical design and implementation stages were tailored for the
particular application generator used. The first section of this
chapter therefore, describes the generator chosen for use, and the
tasks involved in producing an application using it. Further
sections then describe how the system was actually generated and

implemented.

One option that could have been used to collect source data for
the system was to use hand held data recorders instead of a paper
driven method. A trial was held to evaluate their possible use and

the results of this are presented.

6.1 The SourceWriter Application Generator

This was the only suitable product available on the equipment to be
used. SourceWriter is an application generator producing CIS Cobol
code. It allows the expression of design requirements in a concise
and unambiguous way in which the end user can be involved and allows
the generation of error free code to match these requirements. The
features of SourceWriter are explained by Edwards (1986). These

include the ability to specify:

Related data sets and rules: In terms of the relationships between

data, and the validation and derivation rules which apply to

190



individual data items.

Defining screens and data sources: Allowing screen painting of text

and the definition of data items for a screen. The data items must
be extracted from any of the related data sets using the defined

relationships.

Defining reports and data sources: Allowing painting of report

layouts and the provision of totalling, page and control breaks.

Defining programs: Allowing the definition of a series of program

requirements and their inter-relationships. SourceWriter generates

programs classified as menu, update, query and report.

SourceWriter provides the four major components outlined below

to achieve these design features:

Data dictionary: This contains a definition of the application being

developed in terms of application structures, file structures, screen

formats and print layouts.

Data dictionary maintenance software: Allows the components of the

data dictionary to be maintained, displayed or printed, whilst

checking consistency and logic on all updates performed.

Program generation software: Generates source Cobol code to CIS

Cobol standards, based on the data dictionary definitions.

Macro Files: These are Cobol macros, accessed by the generation
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software as the programs are built up.

The components of a SourceWriter application are shown in table

6.1. The following steps are used to design an application:

Application structure: The application is named and all planned

files, programs, screens and reports identified. Each application
requires an associated set of data files which are maintained and
used by programs in the application. More than one application can
be developed to access the same set of files. A limit of 20 files
and 20 programs per application is imposed. Once an outline design

is clear, more detailed design can be carried out as described below.

File design: The files to be used by the application are designed.
Each file consists of a fixed number of fixed length fields. A key
field must be defined for each file. The number of physical indexed
sequential files is limited to five, however up to 20 logical files
can be overlayed using sibling definitions. Each record may contain

up to 45 fields and have a record length of up to 4000 characters.

Data validation and derivation: Validation and derivation rules need

to be defined for data fields as an extension of file definitioms.
This ensures that consistent rules are applied to all updates and
references to data items. The program generators ensure that all

relevant rules are incorporated into programs.

Screen design: All the screens required by an application are

painted, and the variable fields defined. Almost any screen design
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Table 6.1 SourceWriter 20 Development Components

{Source: ICL (1984d) pp 1/3)

Aston University

llustration removed for copyright restrictions
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is possible, constrained by the limitation that only the first 22
lines of a screen may be accessed. The last two lines of each screen
are reserved for SourceWriter special purpose and error messages. A
maximum of only 20 variable field locations may be defined, but it is
possible to use ’'repeating lines’. Screens may be used to display or

update fields from up to two data files.

Print design: All print layouts required by an application are

painted, and the variable fields associated with each prinﬁ defined.
Page widths and page lengths are variable, and headings and footings
are supported. Selection criteria can be specified for data
retrieval with up to 15 tests being combined in a variety of ways.
An associated screen layout may be specified with each print to allow
parameters to be entered. A run time option generated in all print
programs allows output to be directed to a screen, printer or named

disk file.

Program generation: SourceWriter generates the following types of

program:

Insert: For creating new records in one or more files.

Amend: For amending existing records.
Delete: For viewing and deleting existing records.
uery: For viewing existing records.

General: For providing all of the above functions.

Print: For providing reports in a specific format.

Programs can be generated either as ’'stand alone’ or as part of
an integrated suite linked together by a control and menu program.

Integrated applications co-ordinate all their file access through the
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provision of a file handler program. This, along with the contrel
program is permanently resident at execution time. Other programs
are swapped in and out of memory as required. The structure of an

application generated by SourceWriter is shown in table 6.2.

The designers of SourceWriter suggest the code produced by an
application generator can never totally sclve the problem of system
design, and programs will normally need to be manually amended after

generation.

Table 6.2 SourceWriter 20 Application Structure

(Source: ICL (1984d) pp 2/5)

Aston University

lustration removed for copyright restrictions
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6.2 Generating the Prototype Information System

The SourceWriter application generator was used to produce Cobol
programs for a prototype system. These programs covered control,
file handling and file maintenance aspects. Additional programs had
to be written in Cobol to handle the reporting functions required.
Major modifications had to be made to each of the SourceWriter
generated programs to tune them for what was actually required. The
following technical documentation was used for this: ICL (1982a,

1982b, 1983a, 1983b, 1984a, 1984b, 1984c, 1984d, 1985, 1986).

The design group was able to participate in the construction of
the system because a prototyping approach was used. The group viewed
screen and report layouts as they were ’painted’, and suggested any
changes they felt necessary. These were implemented and this

iterative cycle repeated.

The data dictionary documentation produced by SourceWriter is

contained in appendix 15. The original Cobol programs generated from

this dictionary are given in appendix 16.

6.2.1 Data Schema Sub-System

The documentation produced from the data schema detailed design stage
was used in conjunction with the physical attribute part of the
methodology’'s data dictionary to generate SourceWriter file

definitions. This procedure consisted of the following tasks:
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Application definition sub-system: For each file required, a mname

was specified, a2 unique prefix, and a sibling definition. Files with
similar record lengths were suitable for mapping onto one another in
order to minimise storage requirements. Nineteen file definitions

were mapped onto five physical files.

File definition sub-system: For each data file, the fields required

in the file were specified. For each field, the mname, format
(whether alphabetic, numeric or alphanumeric), length and type were
given. Types of field included key, mandatory or link field.
Repeating group items were also indicated as such, together with

an indication showing if validation was required on that field.

Validation /| derivation definition sub-system: For each field

requiring validation, the type of validation was specified and any
necessary range limits. Types of wvalidation include data table,
range or external subroutine search. Fields which derived their

values from sub-parts of other fields were identified.

Program generation: From these definitions, SourceWriter generated

a Cobol file handler program. This handles all file input and output
for the application and is permanently resident in main memory at
execution time. It is called by each of the other programs in the
system which pass parameter data to control its operation, receive

and send data records, and handle error status information.
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6.2.2 File Maintenance Sub-System

Programs for data file maintenance were generated by SourceWriter

from definitions made as follows:

Application definition sub-system: For each maintenance program

required, a name, description, program type, and screen name

reference were provided.

Screen definition sub-system: Using a screen painter, the layout for

each screen was designed and reviewed by the group. In an iterative
cycle, changes were suggested by the group and then implemented. 1In
this way, it was possible to involve the group participatively, even

in these physical generation tasks.

Screen field naming sub-system: For each screen defined above, the

files to be accessed and usage of the screen were identified. For
each blank field on a screen, field names were attached from the file

and usage data specified.

Program generation: From these definitions, maintenance programs

were generated by SourceWriter. These programs required substantial

modifications due to limitations imposed by SourceWriter.

6.2.3 Reporting Functions Sub-System

The design of individual reporting functions was carried out using

output from the 'function analysis' and 'design consolidation' stages
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of the methodology. These were converted into Cobol programs and
tested. It was not possible to make use of SourceWriter due to
inherent limitations for logic specification. Use was made however
of a ’'screen and print layout painter’ which allowed the design group
to collaborate on the production of screen and report layouts. An
iterative cycle of identifying and implementing changes was carried

out until the layouts were considered satisfactory by the group.

6.2.4 Security and Control Sub-System

A series of menus were designed to provide access through the system
in accordance with the recommendations from the human-computer
interaction analysis stage. A password security system was also
implemented. A number of Cobol programs were written to support this

sub-system.

The final Cobol program listings for this system are contained
in appendix 17. SourceWriter generated code contains line numbers in
columns 1 to 7 of the listings. Lines of code without numbers have
been manually inserted. It is therefore possible to note to what

extent programs have been amended for tailoring purposes.

Table 6.3 describes the purpose of the programs generated by
SourceWriter, and table 6.4 the purpose of the additional programs.

All of these programs are contained in appendix 17.

Following the guidelines described for implementation, the file

handler was used to generate data files, and test data was entered
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using the maintenance programs. Testing was carried out of the
reporting functions using the test data, and errors corrected. As
the system was only a prototype, detailed specifications for
monitoring, control and recovery were not set up. Nevertheless, a
security system was built into the control programs allowing password

protection of the main menu and sensitive sub-menu options-.

Table 6.3 Purpose of SourceWriter 20 Programs

I I I I
| No | Program Name | Purpose of Program |
— | |
| I I
| 1 | CHFLIO | File Handler |
| 2 | CHGROUP | ’Staff Group’ File Maintenance |
| 3 | CHTEAM | ’Staff Team’ File Maintenance |
| 4 | CHMEMBR | ’Staff Member’ File Maintenance |
| 5 | CHSTDNT | ’Student’ File Maintenance |
| 6 | CHCATEG | ’Programme Category’ File Maintenance |
| 7 | CHTYPE | ’Programme Type' File Maintenance |
| 8 | CHPROG | ‘'Programme’ File Maintenance |
| 9 | CHCODEF | ’'Code File’ File Maintenance |
| 10 | CHACTIV | ‘Activity’ File Maintenance |
| 11 | CHPERS1 | Patient Registration & Maintenance Page 1 |
| 12 | CHPERS2 | Patient Registration & Maintenance Page 2 |
| 13 | CHPERS3 | Patient Registration & Maintenance Page 3 |
| 14 | CHGRPSE | Diary Sheet - Group Sessions Input |
| 15 | CHOTRACT | Diary Sheet - Other Activities Input |
| 16 | CHTRAVL | Diary Sheet - Travel Details Input |
| 17 | CHCONTS | Diary Sheet - Contacts Input |
| 18 | CHENQR | Patient 'On-Line’ Enquiry |
| 19 | CHREGTR | Patient Register Listing Routine |
I I I I

6.3 Data Collection Methods

The traditional method of collecting data in the community services
has been achieved by the completion of paper forms designed by the
particular managers of each profession. All of the forms in use at

Darlington were studied. This proved illuminating and showed that
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frequently, the same data was being collected on more than one form.

Further, some forms seemed complex because they had been amended a
number of times over a period. Many of the forms were designed with

little thought to layout or instructions for use. Such forms are

Table 6.4 Purpose of Additional Cobol Programs

| | | I
| No | Program Name | Purpose of Program |
| | | |
I I l !
| 1 | CHMAIN | Menu and Security Control Program |
| 2 | CHSYSP | System Parameter/Password File Maintenance |
| 3 | CHDIARY | Daily Diary Sheet Input Control |
| 4 | CHCLEAR | Transaction Files Monthly Clear Down |
| 5 | CHPATI | Patient Analysis Menu and Indexing System |
| 6 | CHWORK | Workload Analysis Menu and Indexing System |
| 7 | CHCAR | Contact Analysis Reports Menu |
| 8 | CHEAR | Episode Analysis Reports Menu |
| 9 | CHAAR | Activity Analysis Reports Menu |
| 10 | CHKO1 | Contacts by Location Report |
| 11 | CHKO2 | Contacts by Referral Report |
| 12 | CHKO3 | Contacts by Age / Sex Report |
| 13 | CHKO4 | First Contacts by Location Report |
| 14 | CHKOS | First Contacts by Age / Sex Report |
| 15 | CHKO6 | Completed Episodes by Location Report |
| 16 | CHKO7 | Episodes by Length and Referral Report |
| 17 | CHKO8 | First Contact Result by Referral Report [
| 18 | CHKO9 | Contact Durations by Location Report |
| 19 | CHKO10 | Contact Durations by Age / Sex Report |
| 20 | CHKO12 | Home Assessments by Type Report |
| 21 | CHKOl4 | Group Sessions by Location Report |
| 22 | CHKO15 | Programme Analysis by Age / Sex Report |
| 23 | CHKO16 | Episodes by Length of Episode Report |
| 24 | CHKO19 | Contact Durations by Category Report |
| 25 | CHKO20 | "Discharge Analysis by Age Report |
| 26 | CHKO21 | Daily Mileage Summary Report |
| 27 | CcHKo022 | Activity Summary Report |
| 28 | CHKO25 | Programme Costings Report |
| 29 | CHKO27 | Voluntary Services Usage Report |
| 30 | CHKO28 | Other Non-NHS Services Usage Report |
| 31 | CHKO29 | Activity Summary by Referral Report |
| 32 | CHKO30 | Activity Summary by Location Report |
| 33 | CHKO33 | Activity Analysis Report [
| 34 | CHKO35 | Group Session Non-Attendance Report j
| 35 | CHKO36 | Social Support Analysis Report |
| 36 | CHKO37 | Functional Impairment Analysis Report |
1l | I 1
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difficult to f£1l1l in and error prone at the completion and

transcription stages.

The work of community health practitioners lends itself well to
automated data collection using hand held data recorders. This is
shown by Parkinson (1983). These data recorders are small, battery
powered devices, no bigger than a pocket calculator. They can be
programmed to collect data, storing it in a random access memory (of
up to 128 Kbytes capacity). Data can then be electronically drained

from the devices into a host computer for processing.

The design group, whose composition is outlined in section 5.1,
were particularly interested in exploring the use of these devices.
A small trial was therefore carried out in order to evaluate their

use for data collection in the community health service.

The wuse of the data recorders was evaluated alongside an
equivalent paper method of data collection so that comments could be
made on the method of data capture rather than on the type or nature
of the data captured. The data to be collected was for ’group
sessions’, describing the location of the session and the number of
attendees, and for individual ’client contacts’, describing the
client’'s ideniification, the location of the visit, the time spent,
and details of the health professional’'s activities during this time.

Data collected was of both a clinical and a workload nature.

Before the trial, the design group could see possible advantages
in using the hand held devices, in particular the fact that data

could be directly transferred to a main computer. A paper system
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requires careful administration and separate and significant
keying-in costs. A number of disadvantages were also apparent. Most
importantly, the professional staff may well dislike wusing the
devices. Although they had expressed a willingness to try them out,
they may well prefer the tried-and-tested paper methods. Further,
the keys on the devices available were quite small and this could
lead to several keys being pressed simultaneously or the wrong kgys
being depressed. The machines would be heavily used if adopted, and
the group also questioned their robustness. Finally, the 1liquid
crystal display (LCD) might be difficult to read, particularly in

strong sunlight.

There were some constraints which affected the size and duration
of the trial. The results should be interpreted in the light of
these constraints. Firstly, health professionals would be using part
of their working day to participate in the trial and this would
impact on their service during the trial period. Secondly, only two
recorders were available for the trial period. Finally, the
recorders contained a fixed demonstration program which was not
entirely suitable. If the recorders were adopted, then the program
would need to be adapted significantly. As a consequence, the design

group decided on a two week trial using six participants.

A number of staff were willing to participate in the trial and
it was possible to include participants from various disciplines so
that the effects of any working practices particular to any one staff
group would be minimised. The participants chosen - health visitors,
district nurses and specialist nurses - were representative of the

staff groups who would be involved in an operational system. They

203



were asked to report back to the design group through a written

questionnaire and informal discussions.

The six participants were divided into three teams of two, each
team spending two full days using the new paper system described
later, and two full days wusing the hand held data recorders.
Training sessions were held to instruct the participants in the
operation of both the paper and data recorder methods. The training
session started with a short presentation, followed by a debate on
possible problems and practical experience of using the two methods

through worked examples.

The data recorders used in the trial prompted completion of a
standard form by displaying the individual field names on a 40
character by 4 line display, several fields at a time. Many fields
consisted of coded information and the machine displayed the options
available where only a small number of options were involved. The
operator chooses the required code for entry. In some cases, for
example treatment codes, the number of alternatives were too large

and the options could not be displayed.

Given these fixed displays in the machines, any forms used for
comparison purposes would have to collect the same data, in the same
order, and wusing similar codes. Two forms were designed, one
collecting activity data such as time spent in clinics, on teaching,
administrative work and so on, and the second completed for all
face-to-face contacts. A rubric was added to the forms giving
instructions. Thus the two forms, designed to be completed each day,

matched the displays which were produced on the hand held data
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recorder allowing comparisons to be made.

To assess the results of the trial, questionnaires were issued
to all participants which consisted of three sections. These related
to the manual system, the hand held recorder system, and then a
comparison between both. Following completion of the trial, each
participant gave an informal interview and these were followed by a
lively group discussion. The results of an analysis of the
questionnaires and the discussion led to the following conclusions

which are discussed further in Catchpole, Avison and Peart (1987).

The hand held recorder was on the whole found to be easy to use,
was marginally preferred when compared to the current paper system,
and was regarded as being slightly faster. Further, the group
discussion was also favourably disposed to the hand held recorder and
four out of six respondents said they preferred it to‘ the paper
system. The two staff who preferred the paper system were health
visitors. The group discussion revealed that this was because much
of their work was of necessity unplanned, whereas the work of the
other groups tended to be more structured. Where work is unplanned,
the necessary information was not always to hand, therefore an entry

could not always be made on the spot using the recorder.

The main criticisms of the recorder were related to the
programming of the machine itself and therefore could be correctable.
Others suggested that it was not possible to review items already
entered; displays appeared too slowly and took a long time to clear;
and the keys were slow to respond and too closely grouped together.

The first of these criticisms can be resolved by programming and the
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second and third points concern speed and could perhaps be improved
with more thoughtful programming. The last criticism is one which
the design group feared would be the case, although the problem may

be alleviated with practice.

The design group were however, highly encouraged by this trial
of hand held data recorders. As well as points of criticism
mentioned above there were many positive points expressed, such as
the prompting made possible by the use of the recorders and immediate
validation of data, also its convenience and ’professional air’' were
considered very positively. The recommendations of the design group
were to consider re-programming the recorder, and to carry out a

further trial with a larger sample over an extended period of time.

For the purposes of the prototype information system, it was

decided by the group to proceed with a form based method of data

collection.

6.4 Implementation of the Prototype

Two pilot staff groups, one nursing and one para-medical, were to use
the prototype. These were chosen by the design group. The school
nurses were selected as the nursing group because they carry out
mainly ‘’group session' type activities. The chiropodists were
selected as the para-medical group because they carry out mainly
'face-to-face contact’ type activities. It was thought these two

groups provided a contrast to test different parts of the system.
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A smaller implementation group was selected from the main design
group to work on the production of operational documentation, to
consider code and form design, and to co-ordinate transition to the

new system. This group consisted of:

Management Grades

Director of Nursing Services (Community)
Assistant Director of Nursing Services (School Nurses)
District Chiropodist

Non-Management Grades

8 School Nurses
4 Chiropodists

The Facilitator

A key member of this group was again the facilitator, who took an
active lead role by controlling the tasks to be performed, carrying
out training where necessary, providing information, and

participating personally in some of the tasks involved.

6.4.1 Forms Design

After the trial of hand held data recorders and an equivalent manual
system, it was decided that a form based method of data collection
would be employed for the prototype. The implementation group took
the general forms produced at the ’design consolidation’ stage, and
tailored them by removing data items not required by the pilot

groups. Appendix 18 shows the forms which were produced,
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6.4.2 Selection of Codes

Many of the data items in the system are held in coded format. This
both simplifies data collection and reduces storage space. Examples
of these items include locations, sources of referral, activities and
programmes. For each coded data item, all the possible different
values to be taken by that item were identified by the implementation
group. After all values had been identified, wunique codes were
attached to each value. Uniqueness was only required for values

pertaining to the same data item.

The group spent some time deliberating over whether numeric or
alphabetic codes (based on perhaps the initial letters of the textual
value) were preferable. A decision was made by the group to use
numeric codes allocated on a sequential basis. A code book was
produced containing all coded data values. Appendix 19 contains a

copy of the school nursing service code book.

6.4.3 Training and Education

The facilitator carried out the training of an operator, whose tasks
included controlling the circulation of input forms, data entry,
report extraction and distribution, and the handling of security

procedures.

Training was then carried out by the facilitator, with each
school nurse and chiropodist on a small group basis, covering form

filling and submission, and the use of code books. The comments of
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the DHSS on implementing computer systems in the health service were

considered in DHSS (1985b).

6.4.4 Operation of the Prototype

The prototype operated around the following cycle. Daily diary
sheets and patient registration forms were batched together and
submitted by individual staff at the end of each week. These were
entered into the system during the following week. After the
completion of one month’s data, reports were extracted for each staff
group and sent out to appropriate managers for distribution and
perusal. The system was then cleared down and data entry recommenced
for the next month. The design group produced operational
documentation for users of the system in conjunction with the

facilitator.

The prototype system was operated for a period of four months
with the two staff groups described. During this time, four cycles
of operation were completed, resulting in four sets of réports for
use by management and staff. A telephone 'help 1line' service

operated during this period to assist users.

A series of review meetings were held to evaluate progress
throughout the period, and consider any problems which had arisen.
Reactions by both management and staff to the ’new’ information
available were favourable. In fact, during the first few months of
operation, a number of assumptions concerning the workload of one of

the staff groups which had been held for many years, were proved to be
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incorrect. Appendix 20 contains sample reports produced during one

month's operation.

6.5 Conclusion

A prototype information system was developed by initially using the
SourceWriter application generator. This package was found to be
useful in defining file structures, validations and derivations on
data, and screen and print layouts. It did however possess a number
of arbitrary restrictions such as a limitation of only 20 variable
field locations per screen; restrictions on the use of concatenated
fields as keys; and very limited logic which allowed only

straightforward selection of data for reports.

A major benefit of SourceWriter was that it allowed a
prototyping approach to systems development to be utilised. It also
allowed the participation that occurred in the application of the
methodology to be extended right through into implementation. The
cycle of changes suggested and followed through by the design group,
implied that the final system was much more acceptable to the group
than would have been the case if a more traditional approach to

implementation had been used.

It is concluded that the use of an application generator offers
many advantages for a methodology which utilises participative and
prototyping approaches to system development. Changes suggested by
the design group were implemented quickly and at little cost, and a

large amount of overall development time was saved.
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The headings in the documentation produced by SourceWriter shown
in appendix 15 are not easily understandable by non-technical
readers. This confirms the view that SourceWriter falls very much at
the 'technologist orientated’ product end of the 4GL continuum. This
type of application generator can really only be successfully applied

by technical staff with a programming background.

The code generated by SourceWriter was inefficient in some
aspects, although this was not a major worry. All of the programs
generated did need substantial modification to tailor them to
requirements, an& all the reporting functions had to be coded
manually. An application generator such as the one used, can never
totally solve the problem of system development. It is estimated
that about 257 of the code for this system was generated by

SourceWriter and the remainder coded manually.

SourceWriter is only a very limited 4GL with restricted
facilities. It was however, all that was available at the time on

the equipment, and did serve a valuable purpose in this research.

The hand held data recorder trial was the first of its kind in
the national health service to evaluate the particular type of
recorder used. The results of this trial showed that for certain
staff groups, this method of data collection could be wused
successfully. The results of the trial were requested and presented
to the DHSS, who are mounting a larger trial over a longer period of

time.
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7. CONCLUSIONS

7.1 Evaluating Information Systems

One of the most critical issues in information systems management
concerns how to assess the information systems in an organisation.
Assessment or evaluation is an act of placing a value on an
information system. This can take place from a number of different
points of view, for example, those of the sponsors or owners of a

system, the users, or the system designers.

The sponsors of a system are most likely to be interested in
economic assessment criteria and less interested in technical or
operational aspects. They will be concerned with effects at an
institutional level such as the way the organisation does business
and how interactions with other organisations occur. System users
will be interested in operational aspects and perhaps impact on work
quality at an operational level. System designers may be concerned
with the impact of an information system on the computing resources

of the organisation.

There are techniques which attempt to measure the degree to
which a system is effective (how the information system meets
organisational type objectives) and efficient (how accurate, timely

or appropriate information provided by the system is).

Hawgood and Land (1986) describe three fundamental difficulties

in assessing information systems. Firstly, effectiveness is a
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subjective concept and different people will have different views on
the effectiveness of a system. Secondly, information systems are
immensely diverse in the functions that they carry out and in the
objectives that they seek to meet. Thirdly, an evaluation should
really take place by comparing the running of the organisation with
and without the aid of the information system. In reality, this

comparison is not usually possible.

Blackler and Brown (1986) show that technical difficulties of
evaluation are not the only issues which result in so little
attention being devoted to post-systems evaluation. They describe
attitudes of the form ’'if a system works, then that is enough’, 'in
this organisation there is a lack of any need to demonstrate
success’, 'top management are not interested in evaluation and
quantifying indirect benefits’ or ’resources are not made available

for evaluation’ and so on.

Despite these drawbacks there is an important need to quantify
the benefits of an information system and perform evaluation. A
multi-disciplinary approach is needed to do this because evaluation
can take place from a technical, economic, organisational or societal
perspective. There are three stages in the life of a system during
which information systems assessment may be applied. In a
feasibility study, a cost/benefit analysis may identify economic,
technical and operational costs and benefits. During the analysis
and design of an information system, quality assurance checks may be
applied which cover technical and operational aspects. Finally, a
post-implementation audit may be performed which assesses a working

information system recently implemented. A number of methods for
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assessment have been classified by Blackler and Brown (1986):

Cost substitution: The old and new systems may be compared, and

relative costs assessed using cost effectiveness or quantitative cost

benefit analysis approaches.

Value added: Both quantitative and qualitative comparisons may be

made on issues covering improved services to clients, product
quality, or increased flexibility offered through the use of the

information system.

Organisational evaluation: In this method, the need is stressed to

study the impact any system has on hierarchies of control, work and

job design. Attitudes of users are considered important here.

Process evaluation: Attention is given here to the evaluation of the

processes by which a system is designed and introduced, in other
words, the system design methodology. Project management,

participation and end user support and development are key issues.

In each of these methods, aspects of the information system can
be compared relative to a competitor’s system, theoretical ideals,
stated goals and objectives, or past performance targets. The
methods may employ the gathering of statistics through interviewing
techniques, observation, sampling, or the use of questionnaires.
Capron (1986) suggests ways of using these techniques for evaluation

purposes.

IBM market an evaluation methodology known as 'Sesame’ for the
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retrospective evaluation of information technology in organisations.
Sesame tries to identify the full costs and benefits achieved from an
information system by producing a data base of proven f£financial
returns from the system. Once these are established, projections can
be made over the expected life of the system to a maximum of five
years by using cost benefit post audits. These give a comparison
between two states. New system costs and benefits can be compared

with current or old system costs.

A Sesame study attempts to identify the full costs associated
with each system under review. Categories for costing may include
system development, operations, training, data input and acquisition,
management time required, and general overheads. The methodology
uses standard questionnaires and interviewing techniques to gather
information on system usage, importance, costs and benefits, user
requested enhancements and comments and quotes from the wuser

community about a system.

Lincoln (1986) describes experiences of wusing Sesame and
concludes that there is no single financial measure which adequately
describes the full performance of an application. However, by using
Sesame it is possible to post-audit the financial returns of a
computer'system, which in Lincoln’s view is a necessary requirement

for all major applications.
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7.2 A Method for Evaluating the Prototype

In order to evaluate the prototype it was decided to attempt to
determine the degree of effectiveness and the degree of efficiency of
the system. Effectiveness measurement for the purposes of this study
is defined as being the proportion by which the system meets
organisational objectives and goals. Efficiency measurement is
defined as a measure of the ’'mechanical’ aspects of the system such

as the accuracy, timeliness and speed of access to information.

It was decided to evaluate the prototype by soliciting opinions
from the system owners or sponsors, who are senior managers in the
organisation and system users, who operate, provide data or make use
of information from the system. It is also possible for users to be
owners of the system. System owners will evaluate the effectiveness

of the system, and system users will evaluate the efficiency aspects.

Where possible, comparison of the prototype was made relative to
the previous equivalent manual system which was replaced by the
prototype, and both of these comparisons were related to theoretical
objectives, goals and needs which were identified by the design group
during application of the methodology. Costs and benefits associated
with the o0ld and new systems were identified, and then qualitative
and quantitative items evaluated covering such issues as services to
clients, value added features, changes in the decision making

process, and so on.

As well as the above, an indication of the success of the

training programme used during implementation was desirable, as were
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comments on the design process used to produce the system, including

the participative aspects.

A number of data collection methods could be used for this type
of evaluation. Easterby-Smith (1986) describes many of these. A
questionnaire study was selected as being appropriate, because both
'open’ and ’'closed’ questions could be asked, and qualitative and
quantitative assessments recorded by the participants. The use of
attitude and rating scales was made to gather quantitative data.
Attitude scales such as those proposed by Likert and Thurstone are
described by Rae (1986) and East;rby-Smith (1986). Follow up
interviews were also used to gather further information and to

clarify certain points made on the questionnaires.

The Qquestionnaire used contained three sections covering
effectiveness, efficiency. training, and design process. Appendix 21
contains a copy of this questionnaire. The following framework was

defined for this questionnaire:

R — Objectives fulfilled

I

R S Problems addressed

I

e Needs addressed
EFFECTIVENESS ----- +

E R Costs and achieved benefits

I

fommm—- Impact on work and clients

I

e Impact on decision making and control
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e Attributes of the information produced

$mmmeme Aspects of using the information system

l ...... Value placed on information generated
EFFICIENCY  ----.- +

P uwme Data collection methods

l ...... Working practices of staff

l ------ Personal aspirations of staff
TRAINING

R T Perceived ’success’ of implementation
DESIGN PROCESS ----- Foommm- Contribution made by ’participation’

l ------ Personal benefits and gains of staff’

7.3 Results of Evaluation and Conclusions

In measuring the effectiveness of the information system, tables 7.1
to 7.10 have been produced. These tables reflect the views of those
who participated in the project. Table 7.1 would seem to show that
the overall objectives for an information system have now been met to

a much greater extent than in the past.

Tables 7.2 and 7.3 seem to indicate a similar success, although
the chiropody service considered its objectives to have been more
fully met than was the case in the school nursing service. For
example, the objective of maintaining effective communication with
other disciplines has not been addressed successfully and that of
maintaining accurate health records for school children has not been
improved. A number of problems identified by both services would

seem to have been successfully addressed by the information system
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and tables 7.4 and 7.5 indicate a large increase in the extent to

which these problems have been alleviated.

The survey also indicates that specific information objectives
for both staff groups have also been fulfilled to a greater extent,
although two objectives, for school nursing to provide a scheduling
system and to help control stock items, were only partly fulfilled
because the system was not designed to offer these facilities.
Tables 7.7 and'7.8 show these results., The costs and benefits of the
previous system and the new one have been identified and recorded

directly from the questionnaire in tables 7.9 and 7.10.

Respondents commented on a number of other organisational issues

which are discussed below:

Work tasks: The respondents considered that the system has helped
people to perform their work tasks more effectively. The system has
directed attention to what is actually being done by staff, thereby
improving time management, especially concerning clerical tasks and
travelling time. Breaking down the day into time units allows the
percentage of time spent on each aspect of the job to be seen. The
strengths and weaknesses identified have resulted in a change of
working practices. It is now possible to identify constructive and

non-constructive tasks.

Quality of service: The system has improved the handling of case

loads, and improved timetabling and the utilisation of clinical time.
More up-to-date, accurate and easily accessible information will help

in both short and long term service planning.
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Table 7.1 Overall Objectives for the Information System

I Objective (Maximum score is 20) I 0ld Sys I New Sys I
I | Score | Score |
I (N = 4) I | I
| | N 2| N z|
I I I I I I
| Information should be as unified as | 0| 0] 16 | 80 |
| possible throughout all services | | | | |
1 | | | | 1
I | I I I |
| Systems for information collection and | | [ | |
| processing should be such as to increase | 8] 40 | 15 | 75 |
| the time available for patient contact [ | | | |
| I I I l 1
Table 7.2 Objectives for the School Nursing Service

I I | I
| Objective (Maximum score is 10) | 01d Sys | New Sys |
| | Score | Score |
I (N = 2) I I I
| | N Z | N z 1
I I I I I I
| Recognition and identification of needs, | | | | |
| and mobilisation of the appropriate | 4] 40 | 8| 80 |
| resources where necessary | | | | |
I | 1 | I 1
| | I I I |
| Maintaining accurate health records for | 6] 60| 6 | 60 |
| all school children | | | | |
I | I | | |
I N
| Provision of information and statistics to | 5 | 50 | 9 | 90 |
| managers ’ | | | | |
I | | I I I
I I N R
| Maintaining effective communication with | 2] 20| & | 40 |
| all other disciplines | | | | |
] I I I I 1
| | | | I |
| To monitor activity in terms of work done, | | | | |
| time spent, point of treatment and source | 2 | 20 | 9 | 90 |
| of referral | | | | |
| I I I I 1
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Table 7.3 Objectives for the Chiropody Service

purposes

I

I Objective (Maximum score is 10) I 01d Sys | New Sys I
| | Score | Score |
| (N = 2) | I |
| | N 2z | N| 2]
| I | I | I
| To provide treatment where necessary, and | | | |
| advice to school children, pre-school 6 | 60 | 10 |100 |
| children and expectant mothers | | | | [
if I I I
| A R
| To monitor activity in terms of work done, | | | |
| time spent, point of treatment and source | 3 | 30 | 10 |100 |
| of referral | | | |
| I | 1 [
Table 7.4 Problems of the School Nursing Service

I I | I
| Problem (Maximum score is 10) (N = 2) | 0ld Sys | New Sys |
| | Score | Score |
| The Score indicates the Extent to which | | |
| each Problem was addressed by each System | | |
] | N Z | N z |
[ I | | | I
| A manual system currently records all | 2] 20| 8] 80|
| information | | | | |
1 | | | | |
I | I | | |
| Data is incomplete for management purposes | O | 0 | 8 | 80 |
I | | I | I
| N
| Too many separate forms are in use | of o] 8] 80|
1 | | | | |
| I | | | I
| It is time consuming to record information | 2 | 20 | 7 | 70 |
| L b L 1 |
| b
| The emphasis of data collection is for | | [ | |
| DHSS, rather than local management | 4| 40| 9] 90|
I [
| | I | I |
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Table 7.5 Problems of the Chiropody Service

|

I Problem (Maximum score is 10) (N = 2) I 0ld Sys | New Sys I
| | Score | Score |
| The Score indicates the Extent to which | [ |
| each Problem was addressed by each System | [ |
1 | N z| N 2]
I | | | | I
| Lack of communication between departments | 0 | 0 | 7 | 70 |
| I | I ]
I I | [
| Lack of information regarding planning | | | | |
| development in other disciplines, which | o] o] 7| 70 |
| will ultimately effect the chiropody | | [ | |
| service | | | | |
I I | | I 1
I | | | | |
| Data is not unified with other types of | o o] 7| 70 |
| community information | | | | |
1 | I | 1 1
Table 7.6 Needs of the Community Health Services

| | I I
| Need (Maximum score is 20) | 0ld Sys | New Sys |
| | Score | Score |
I (N = 4) | | |
| | N 2| N 2]
| I | | | |
| A unified information system for recording | 0 | 0 | 18 | 90 |
| and presenting information | | | | |
| | | | | 1
Note:

In each of the tables, a low score indicates that a particular system
has not addressed an issue successfully, and a high score indicates
an issue has been addressed to a much greater extent. None of the
items in the tables are in priority order, and future work might seek

to perform further evaluation by ranking each item by priority.
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Table 7.7 1Information objectives for the School Nursing Service

I Information Objective (Maximum score is 10) I 0ld Sys I New Sys I
| | Score | Score |
| (N = 2) I I I
| | N 2] N z |
I I | I | I
| To meet the Korner requirements | o] o] 8] 80 |
I | I I [ |
I | I | | I
| To avoid the storage of duplicate | o O] 9| 90 |
| information I I I I I
1! | | | |
| [ | | I
| To provide on-line access to basic patient | 3 | 30 | 9 | 90 |
| details and recent contacts | | | | |
J | | | | 1
I | I I I |
| To save time in accessing information | 1] 10 | 10 |100 |
1 I I I ] 1
I | | | I I
| To provide an up-to-date patient register | o] o] 10 |100 |
1 | | | I |
| l I | I I
| To decrease time spent by staff on form | 1|10} 9] 90|
| £illing R
| | I I | |
| | I | I I
| To remove the need to manually aggregate | o| 0] 10 [100 |
| statistics | | | | |
| I | | l |
| | I | | |
| To provide more meaningful statistics to | 2] 20 | 10 |100 |
| staff and management | | | | |
1 | I | | 1
I | | I | I
| To provide better information for strategic | | | | ]
| manpower and service planning; education; | 1|10 | 8 | 80 |
| epidemiology and demography [ | | [ |
il | | | |
| | I I |
| To provide a scheduling system for workload | 2 | 20 | 5 | 50 |
I I [ | 1
| I I | |
| To provide a better controlled stock system | 3 | 30 | 5 | 50 |
| from workload | | | | |
| I I I | |
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Table 7.8 Information objectives for the Chiropody Service

I I | I

| Information Objective (Maximum score is 10) | 0ld Sys | New Sys |

| | Score | Score |

| (N = 2) I I I

I | N 2| N z |

| I | l I I

| To meet the Korner requirements | 1]10] 9] 90 |

1 | i | | [

I I | I | I

| To provide information for planning over | 2] 20| 9| 90 |

| and above the Korner minimum data set | | | | |

1 | | | 1 1

I | | I | I

| To provide patient registers | o] o] 10 |100 |

g | | | | 1

I I | I | I

| To provide a domiciliary appointments | o} o] 7| 70 |

| system | I I | I

I I I | | 1

Table 7.9 Costs and Benefits of the Previous System

I I I

| COSTS (Sacrifices) I I

I | I

| |Priority|

| [ |

I | |

| Time taken by professional staff to collect data | 1 i

I I l

| Time taken by clerical staff to collate and present data | 2 ] §

| I |

| Storage space for data collected | 3 |

I I l

| Diversity of forms in use e.g., 10M, diary, notebooks | 4 1

| I I

| ACHIEVED BENEFITS (Gains) | |

I I I

| |Priority|

| I |

I I |

| Showed the need for a better system | 1 |
I I

| The old and familiar - 'comfortable’ to staff | 2 1.

| I |

| Gave a rough guide for planning and development | 3 |
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Table 7.10 Costs and Benefits of the new Information System

COSTS (Sacrifices)

I |

| ]

| |Priority
I | I
| | |
| I I
| Hardware and Software costs | 1 N
l I l
| Extra time for coding ‘'patient identifiers’ | 2 L
l I |
| Initially, staff morale | 3 |
I I I
| Initially, more time needed to code and fill in forms | 4 |
| I l
| | |
| I I
| ACHIEVED BENEFITS (Gains) | |
| |Priority|
| | |
| | |
I | I
| Local, regional and DHSS needs for information are met | 1 |
| | |
] Information is up-to-date, accurate, wider ranging, and | 2 il
| I I
| more easily accessible | g |
I | I
| Information threw new light on time management | 3 I
| | I
| Information can be fed back to staff | 4 |
| I I
| Opportunity to reorganise clerical staff workload | S ]
I | I
| Involving staff in the management function | 6 |
| I |
| Learning new skills | 7 |
I | l
| Data is electronically aggregated | 8 |
I | |
| | 1
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Impact on patients or clients: The maintenance of patient registers

has provided better information, allowing better co-ordination of
services to particular clients. Improved time management has lead to

improved client access.

Impact on decision making and control: The respondents suggested that

using the prototype has confirmed their views that this type of
system is essential to service management and planning for good care
delivery. Decision making will be speeded up because appropriate
information will be available at regular intervals. The potential is
rec;gnised. but the system has not yet been in use for long enough to
make an impact on decision making and control. 1In the future, it

should be possible to identify areas where more staff are required.

Respondents suggested a number of enhancements which could be
made to the system:
- making use of the ad hoc research option which although
provided had not yet been utilised
- enhancing the information provided on patient registers to
show more details about other professions and agencies
involved with a a client
- provision of a full workload scheduling system
- provision of a stock control system for nursing equipment
or an interface to an existing stock system
The efficiency of the system has been measured and presented in
tables 7.11 to 7.13. The wvalue placed on aspects of information
provided from the system is shown in tables 7.11 and 7.12. These
show & much higher satisfaction with the information provided from

the new system over that from the previous system, and certainly show

a very positive attitude towards the value of the information
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generated.

The views of those using the information system are shown in
table 7.13. Generally, positive responses were obtained to most
aspects, however a negative response was obtained concerning the time
saving aspect of the system. From follow up interviews however, it
seemed that respondents answers had included an initial period when
the system was brought into use, during which time data collection
was slower, as staff became familiar with the forms and code books.
The fact that the speed of data collection did increase was borne out
by further follow up interviews and the responses made to some of the

other questions.

The following responses were obtained about various aspects of

using the system:

Data collection: Almost all respondents found the method easy to

operate. Five respondents found the method very easy to use, twelve,
easy to use, and two about average. Two respondents considered the
method faster than the previous system, four about the same, and
seven slower, but this apparent slowness was not borne out by the

discussions described above.
Advantages of the data collection method included a reduction in

clerical time, single sheet data collection, greater accuracy and

comprehensiveness, and daily recording of data rather than weekly or
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Table 7.11 Attributes of the Information System

| I | |
| Attribute (Maximum score is 95) | 0ld Sys | New Sys |
| | Score | Score |
| (N = 19) I I |
. | N 2| N |
I I | I I I
| Accuracy of information | 38 | 40 | 80 | 84 |
I I [ | I I
| I I I I I
| Timeliness of information | 26 | 27 | 60 | 63 |
| I I l | |
| Lo
| Appropriateness to your needs | 37 | 39 | 70 | 74 |
1 I | | I |
| | I | | |
| Reliability of information | 41 | 43 | 83 | 87 |
I L1 | I 1
| | I I | I
| Completeness of information | 34 | 36 | 81 | 85 |
I [ [ I | I
| T I
| Speed of access to information | 41 | 43 | 64 | 67 |
L I I | 1

Tsble 7.12 Views on the Value of the Information Provided

| | |
| -2 -1 0 +1 42 | Ave. |
I I [
I | |
| : | |
I Trivial ----- ¥ommmo L *X---- Sophisticated | +1.19 |
I | |
| Useless ----- LR oo %--X-- Useful | +1.50 |
| | I
I Un-important ----- Heooe Hommeo *--X-~ Important | +1.50 |
| | |
I Boring ----- Weoomo Fommmm *¥X---- Interesting | +#1.13 |
I | I
I Valueless ----- LT I *.X--- Valuable | +1.44 |
| | |
I Meaningless -----  J ¥.X--- Meaningful | +1.38 |
| I |
| Un-clear =----- L TR LT *¥.X--- Clear | +1.25 |
| I |
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Table 7.13 Views on Using the Information System

I I I
| -2 -1 0 41 +2 | Ave. |
| I i |
I I |
|[Difficult to Learn ----- ¥ooome ¥ %-X--- Easy to Learn | +1.38 |
I I I
| Difficult to Use «---- T Wi *.X--- Easy to Use | +1.25 |
I I |
I Troublesome ----- R L Un-troublesome| -0.13 |
I I I
[ Time Consuming ----- *oXemoHomemm L S Time Saving | -0.81 |
I I I
I Imposing ----- e oo Un-imposing | -0.19 |
I I I
| Inflexible =w--- ¥ommmem L LT Xemmue Flexible | 41.06 |
1 I 1
monthly recording. Disadvantages included the problems concerning

breaking the day down into time units by estimation, getting used to
the codes, and sometimes a difficulty in obtaining the required data
for forms. One particular problem proved to be that dates of birth

were not always to hand when formulating 'patient identifiers’.

Effect on working practices: A slight reorganisation of working

practices to collect and record data was needed. Some other comments
collected were: 'it was satisfying to see what work had been done at
the end of the month'’, 'I have been made more aware of what I have
been doing’, 'we can see what has been done on a day-to-day basis’,
'I have realised what a large amount of time is spent travelling and
walking to homes and schools’ and ’'our time management has been

improved and certain practices re-assessed’.

Personal aspirations and hopes: The following comments were made and

considered to have been satisfied by varying degrees:
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'To have a better overview of what the staff are doing’
'To reduce time spent on clerical duties’

'To have accurate, up-to-date, accessible details of each
client’

'To have help with workload planning’

'Simplification of record keeping and collection of
statistics’

'More valuable feedback of information to staff’

'That the information we recorded would be useful to
management’

'To learn the codes off by heart and speed up form filling’

'To show how much time is spent on clerical and ’other’
activities’

Training: An evaluation of the training programme is shown in table
7.14., This table shows that perhaps the duration of the programme

should have been longer.

Success of implementation: Twelve respondents thought the system had

been successful, six were unsure, and nobody thought the system was
unsuccessful. The respondents attributed a number of reasons to this
success: firstly, the fact that staff were involved from the
beginning in the development process and were clearly instructed;
secondly, the provision of a telephone ’help line’ service, regular
assessment meetings and quick response to problems; thirdly, the
fact that all requirements had been fulfilled; and fourthly, that
the school nursing service had lent itself well to the system. These
were all thought to have contributed to the success of the project.
As one school nurse recorded, the system had been a success 'because

we are all still using it after the pilot has been completed’.
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Table 7.14 Evaluation of Traininpg Aspects

I I I |
| Aspect of Training (Maximum score is 90) | Score | b4 |
I I I I
| (N = 18) I I I
1 I I I
| | I I
| Duration | 67 | 74 |
1 I I ]
I I I I
| Level of Detail | 71| 79 |
L I I i3
I | I |
| Comprehensiveness | 73 | 81 |
I I I I
I [ I [
| Appropriateness | 76 | 80 |
I I I 1
Participation: Seventeen respondents considered that participation

by staff in the project had contributed to its success, and two were
unsure. The following reasons were given for this. Respondents felt
that participation lowered anxiety, created an interest in the
system, reduced fears as to the ability of staff to cope, and created
the feeling that the system took into account the needs of each
particular service and those who ran them. Additionally, respondents
thought that without a clear understanding of the rules and functions
of the staff concerned and work practices carried out, the design of
the system would not have been as effective. As one school nurse
commented 'as it 1is the community health professionals who have to
use the system, we are in the best place to help design it; we know

what information is important and relevant for recording’.

Personal benefits from participation: The following comments were

recorded:
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'l have gained a knowledge of modelling techniques and now
find that they are applicable in other areas of my work’

'Taking part in the design has given me a greater insight
into how these systems work’

’I have been made aware of the difficulties in the system
design process’

’I have benefited and gained experience in collecting more
detailed data to provide more accurate statistics’ :

'I have improved my understanding of information systems’

'I have gained experience in designing stationery and
code books’

'I have discovered areas of neglect in my job and seen
just how diverse my contacts are within a multi-

disciplinary team’

'Ll have learned something of how systems are set up and
work’

'I have gone through a period of personal re-assessment
in my job’

'I have improved my knowledge of computer systems, and
found this experience both interesting and beneficial’

'It is good to be involved with developing new systems’

'The system created an awareness of the different aspects
of my job, and the time spent on each’

'I have been made aware of the potential of such a system’

I feel I have been able to make a valid input in the
designing of 2 system which meets our needs’

General comments: Some of the respondents offered general comments

about the project. Many of the participants had enjoyed being
involved with the development, and recognised that with a flexible
attitude as the system operates, it is 1likely that future
enhancements can be made successfully. Users suggested that speed of
data collection had increased greatly throughout the trial, as users
became familiar with the new forms and code books. Although the

system was a management tool, the information provided has had =a
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beneficial effect upon clinical service provision, as staff took a
new look at their individual performance, time management and
effectiveness, In the long term, the system should help produce a

better service.

To conclude, the design and implementation of this information
system seems to have been successful, at least according to the
questionnaire evaluation performed. Group discussions and follow up

interviews also seemed to confirm this.

7.4 General Conclusions of the Research Programme

This research programme has attempted to address four sub-objectives

(1 to 4) which helped fulfil the primary objective (5):

1. *Identify and document the current state of computer

applications in the community health services’

A national survey mounted to determine the present position of
community health applications addressed this sub-objective. It
confirmed that there was no existing information system which covered
all staff groups, met the local needs of community health service

staff and the statutory recommendations of the Korner steering group.
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25 'Identify the requirements of a successful design

methodology suitable for producing a community

health information system’

A literature search and study of the problem situation allowed the
formulation of a series of general and specific requirements for a

methodology to be used in the problem situation.

3. By using the requirements, identify, or define

instead, a methodology suitable for producing

a community health information system’

A further literature search identified and assessed the suitability
of a number of methodologies for possible application. None were
found to be totally suitable. It proved unreasonable to rely on a
single methodology to develop applications in this type of problem
situation. It was decided instead to define a methodology based on
current approaches, tools and techniques. The proven ideas of the
past were utilised to provide a sound basis for information system

development. The following conclusion is presented:

Adaptive methodologies: A methodology for developing information

systems should not be used with the expectancy that it can be rigidly
applied for all applications. It may need to be adapted. This could
involve selection from a ’'box’' of tools and techniques those which
are appropriate for the problem situation. It may be necessary to
add or delete stages from the overall structure of the methodology.
A specific stage in this community methodology involved ’Korner

analysis’ which dealt with the statutory requirements for community
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information. Aspects of a methodology may not be appropriate in all
situations, for example user participation, which was appropriate in
'process analysis’, was not appropriate during ’Korner analysis’.

There is a need for adaption and flexibility.

4, 'To involve members of the community health service

in the design and implementation of a new system’

This was considered an essential sub-objective, and was fulfilled by
using a representative design group approach to participation at
points considered appropriate throughout application of the

methodology. The following conclusion is presented:

Participation: By involving those people who are to wuse an

information system in its design, a project is more 1likely to

succeed.

Participation was helpful in a number of areas, for example, in
applying the tools and techniques wused in analysing the current
system, defining information requirements, defining data and
functions, and implementing the prototype. Users were willing to use
techniques which were new to them, for example, drawing up rich
pictures, which would then be discussed, modified and used as a basis
for further analysis. In addition, no resistance was encountered to
a trial of portable data capture equipment or to the introduction of
the prototype system using a form driven method of data collection.
This was regarded as quite a major change in the organisation. 1In

fact, users responded positively and accepted the new system, which
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appeared to be well liked by them.

The author was fortunate to receive such participation in the
project, and notes that the active co-operation from wusers has
resulted in the production of a much more successful and
enthusiastically received system than would otherwise be the case.
Section 7.3 seems to indicate the success of using participation in

this research programme.

5. 'Design and implement a prototype version of a

community health information system, which

has as its strategic objectives:

1 Fuifilment of the local needs of all

community health service staff groups, and

2. Fulfilment of the statutory requirements
of the Korner steering group concerning

community and para-medical information’

To fulfil the primary objective above, a system has been designed 'and
implemented by applying the methodology developed in the research
programme . After a period of operation, a formal evaluation was
carried out which determined how closely the system did meet the
needs of users and address the strategic objectives defined above.
Section 7.3 discussed the results of this evaluation which were

encouraging.

Some further general conclusions are presented below:
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Systems approach: One option that could have been implemented was

the development of separate information systems for each staff group,
and a separate system to provide the information required for Korner.
The previous manual systems were designed in this way and inevitably,

information was frequently duplicated.

Some district health authorities are pursuing the wuse of
discrete information systems covering physiotherapy, district
nursing, and so on. By integration of the requirements of each of
the fourteen disciplines, originally defined in terms of 110 separate
reports, a series of 38 report definitions were produced which went
some way towards satisfying the requirements of each individual

discipline and those of Korner.

Although there is a greater risk involved wusing integrated
instead of discrete systems, if failure was to occur, it was felt
that this risk was justified. In taking a holistic view, a large
saving in data collection, validation and storage costs has been
made. A great deal of overall development time has also been saved.
There is still however the flexibility in this approach to give users
their own reports on their own terminals. These aspects are

described in Avison and Catchpole (1987a).

Job satisfaction: The introduction of the system has led to a much

better feedback of information to the staff originally collecting
source data. This, combined with the benefits resulting from
participation has, it 1is felt, increased the job satisfaction of the
professionals working in the field. Avison and Catchpole (1987b)

describe this further.
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Achieved benefits: Many of the reasons outlined in section 1.3 for

originally developing a community health information system have been
realised. These include the following: a single integrated system
now provides information for many staff groups; previous duplication
of information has been reduced; the recommendations of aspects of
the Korner steering group reports have been addressed; data
collection costs have been reduced; and information in the form of
reports, can now be fed back to staff; and the value of information

has been increased.

7.5 Directions for Future Research

There are a number of areas concerned with methodological issues and
the further development of a community health information system

worthy of exploration. These are outlined below:

Tools |/ techniques in the methodology: A study of whether there are

other tools or techniques which could be incorporated into _the
methodology to enhance it. There may be other, more appropriate
tools for deséribing logic (to replace decision trees, decision
tables and structured English) which better suit systems which are
developed using 4GLs. Further work may involve the use of a more

advanced 4GL which is more 'end user’ orientated.

Internal evaluation: The methodology might be developed to provide

evaluation and assessment facilities during its application. More
use of interviewing and questionnaires might be made to enhance

assessment and quality assurance in each stage of the methodology.
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Automated data collection: A larger trial might be held to evaluate

hand held recorders for data collection with the prototype. It is
possible to hold a case load (giving basic details of each client
seen by an individual staff member) within the memory of a recorder,
thereby utilising the devices not just for data collection, but also
for the presentation of relevant client information to users. A
study of the practicalities of operating such a method could be

carried out.

Improvements to the prototype: Incorporation of a number of the

enhancements suggested by users in the evaluation phase. These were

listed in section 7.3.

Links to other NHS systems: The possibility of electronic links to

down-load or up-load data from family practitioner committee (FPC),
or other hospital based information systems could be explored.
Common data items might be identified for possible electronic
transfer. The use of a district ’'community index’ might be explored

to provide a link between all district based computer systems.

Validation of Korner minimum data set: A comparison of the Korner

minimum data set items with the locally requested data items of
district management would help to demonstrate the appropriateness of
collecting Korner data. One of the assumptions of the Korner
steering group was that all management information can be derived
from ’'off the back’ of operational systems. An assessment of
whether this 1s the case could be performed. Scrivens (1987)
addresses this issue in her assessment of the information needs of

district general managers. A 'shift’ in information requirements may
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be occurring to satisfy the needs of NHS general management.

National survey of applications: The questionnaire survey to health

authorities to determine what community systems are in use could be
repeated to identify the response of the NHS as a whole to the Korner
exercise. At the present time, it is known that there are a number

of districts who failed to implement systems by the first deadlines.

This research programme has attempted to provide a prototype
system to fulfil some aspects of the Korner recommendations covering
community and para-medical services within the framework of a much
larger community health information system, designed by, and geared
to, the needs of the practitioners working in and managing the

community health services.
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Appendix 1 - Survey Questionnaire and Standard Letter
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Darlington Health Authority

Camumity Health Service Camputer Systems

Questionnaire
for Durham Health Authority
General
Neme of Package / System R T R TR R A R ite O P P W N e S LS PR PR
Description of what the VERE T e R R AR R R e vesesvessesuee
Package | System does
and the Application Area T T P PN NI A . cessesessestens
Name and Contact Address or ......... T L savea T T
Telephone No. of Person who -
is knowledgeable about the ........ e oA A O SR G W T B
System

Please tick which of the following apply to your package /[ system :

1. The package was written by an outside agency for your District ||
2. The package was written by sameone within your District/Region ||
3. The package is a standard or camercial package bought 'off-the-shelf’ ||

a. The package is generally available free of charge to NHS Users | ]
b. The package is generally available at a cost to NHS Users ||
c. The package is not available for distribution through the service | ]
d. The package may be available in the future for general distribution ||

e. Is the package : Operational | | Number of Sites
Under Development | | using the System : ......
Undergoing Trials

Please indicate the approximate Date the package became or will became Operational ...........

What is the Expected Lifespan (in Years) of the System e aataTats e

Please Turn Over
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Technical

Please tick the appropriate boxes in response to the following :

1. Is the package Micro-camputer || 2. What is the name of the camputer hardware
rumning on a Mini-camputer |
Mainframe | In use ...cerenenaces RGN .
3. Do you have : Sole access to the computer |
Share the camputer with another department |
4. Is the camputer : Sited locally in your Department |
Sited at another Location or Department |
5. Which of the following Magnetic Tape Drive |:|
peripherals does the package Floppy Disc Drive ||
need access to @ Hard Disc Drive [ |
Printer ||
Other Peripherals, please specify ...c.evenveicncnnss .

6. What are the minimm  Up to 8K

memory requirements Up to 3K

| 7. What are the backing Up to 64K
|
for the package : Up to 64K |
I
|

| I
| storage (e.g. Disc) Up to 256K |
| requirements for the Up to 512K |
I package t Up to 1M I
I |

I

I

Up to 256K Wl L
More than 256K Up to b
- Up to 1Mb
More than 1M
8. Which language are the programs written in :  Basic |
Cobol ||
Muaps [__I
dBASE IT (DBMS) |_| or
If Other Language, please give Name and Type (e.g., High Level) ....... e ean
9. Wwhich operating system does the package CPM Il
run under : WE |
MS/DOS ||
DRK I_l
Other, please specify ....cvieivevevevananss
10. Would you describe the user documentation .
available for the system as : Non-Existent -
Inadequate

Concise and Easily Understandable

|
Concise but Difficult to Understand |
I
Fully Comprehensive and Simple to Use |

11. Was there any systems analysis . 12. Could the system be _
work carried out before the Yes |_| transferred to other Yes |_|
system was designed : No |_| hardware ? N | |

13. What was the Development Effort/Cost that went into
producing the Software (e.g. Money or Man/Months) 7 ....vvvevennss SR AR s A v n e
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District Informmation / Camputer Officer
Durham Health Authority
Appleton House
Earls House Hospital
DURHAM
DH1 5XZ
November 1984

Dear Sir,

I am currently researching into the applications of camputers within the commmity health
services, with a particular interest in producing a camumity health information system for
Darlington, suitable for adoption by other health authorities who may be interested.

To further this research, I am campiling a register of current camputer applications within
the camumnity, and to aid this, the enclosed questiommaire has been produced. A camputerised
register will be made nationally available to participating authorities once camplete.

If your authority has camputerised any applications in the cammmity, or just as importantly,
is developing any applications, I would be very grateful, if you could arrange for the
questiormaire to be campleted, by an appropriate member, or members of staff, with knowledge
of the systems in use. The enclosed envelope should be used to return the questiommaire. If
you have no applications or developments in progress, I should be grateful if you could
carmplete the tear off slip at the bottam of this letter, and return it to me in the emnvelope
provided.

Should you be running more than one application, it would be most helpful if you could take a
photocopy of the questiommaire, and complete one for each application you rum.

When campleting the questiomnaire, I should be grateful if you could leave the responses
blank to any questions you cammot answer. This may be the case for programs which are
currently being developed, since same of the information asked for may not yet be known.

To indicate a response to most of the questions, simply place a tick in the appropriate box

on the questiomnaire. For same questions, it will be appropriate to tick more than one box.
Please feel free to add more information or camments if you wish to do so.

Many thanks for your participation.

Yours sincerely,

C. P. Catchpole

To: Mr C P Catchpole, Researcher, Darlington Health Authority

Within the Durham Health Authority we have no applications in the camunity using camputers,
or developments in progress.

Signed ...ivveevrennnnns L
District Information / Camputer Officer
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Appendix 2 - Community Health Applications Register
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Note

The names given to each of the fields on the questionnaire shown
overleaf, correspond with the names given in the heading line of the
register. Where a questién response consists of a series of boxes, a
coding system is used in the register whereby a 'l1’ is used to
indicate a tick being placed in a corresponding box, and a '0’' no

tick.

For example, in response to the question:

Is the Package running on a: Micro
Mini
Mainframe

na

the above response would be coded in the TYPE field as '101’ in the

register.
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Darlington Health Authority

Camunity Health Service Camputer Systems

Questiomaire

for HEALTH AUTHORITY

General
TITLE OF PROGRAM
Name of Package / System swsiseen s TP SRR e b e s
DESCRIPTION LINE 1
Description of what the Semanbeitansn ettt hss Saaesesees sennes GessssEsentes e
Package [ System does DESCRIPTION LINE 2
and the Application Area cesssessavanss csseaseseroseases evescesescnas S sesessene
DESCRIPTION LINE 3
DESCRTPTION LINE 4
PESCRIPTION LINE 5
DESCRIPTION LINE 6
NAME OF CONTACT
Name and Contact Address or ........ e N R SIS S
Telephone No. of Person who CONTACT ADDRESS LINE 1
is knowledgeable about the  .cccssessccrssssscsesscossovsasesancsacssassssnassssassasesss
System CONTACT ALIRESS LINE 2
CONTACT AITRESS LINE 3
Please tick which of the following apply to your package / system :
1. The package was written by an outside agency for your District WRITTEN BY |___-!
2. The package was written by sameone within your District/Region ||
3. The package is a standard or cammercial package bought ’'off-the-shelf’ |
a. The package is generally available free of charge to NHS Users [:|
b. The package is generally available at a cost to NHS Users AVATLABILITY | |
c. The package is not available for distribution through the service ||
d. The package may be available in the future for general distribution ||
e. Is the package : Operational Il Number of Sites NMEER OF
Under Development  STATE | _| using the System : STTES
Undergoing Trials |
DATE
Please indicate the approximate Date the package became or will becare Operational ...........
What is the Expected Lifespan (in Years) of the System  ............. LIFESPAN OF SYSTEM

Please Turn Over
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Technical

Please tick the appropriate boxes in response to the following :

1. Is the package Micro-computer | _| 2. What is the name of the camputer hardware
ruming on a Mini-camputer ||

Mainframe  TYPE |_| in use ..... NAME OF COMPUTER .....
3. Do you have ; Sole access to the camputer ACCESS |:|
Share the camputer with another department [ |
4. Is the camputer : Sited locally in your Department SITED |_|
Sited at another Location or Department |_|
S. Which of the following Magnetic Tape Drive I:l
peripherals does the package Floppy Disc Drive PERTPHERALS | |
need access to Hard Disc Drive ||
Printer R

Other Peripherals, please specify .....cccivieiiinennnns

6. What are the minimm  Up to 8K | | 7. what are the backing
memory requirements Up to 32K | | storage (e.g. Disc)
for the package : Up to 64K | requirements for the

Up to 256K | package :
|_|

More than 256K
BACKING STORAGE

8. Which language are the programs written in : Basic

[
Cobol ||
Maps ||
dBASE II (DRS) | _ | or
If Other Language, please give Name and Type (e.g., High Level) ... OTHER LANGUAGE ...
9. Which operating system does the package CPM | |
run under : WE || 0s
Ms/DOS [ e
DRX [ |
Other, please specify ......ciiveinnenns
10. Would you describe the user documentation _
available for the system as : Non-Existent USERDOC .
Inadequate

Concise and Easily Understandable

I

[
Concise but Difficult to Understand |

I
Fully Camprehensive and Simple to Use |

11. Was there any systems analysis SYSTEMDOC 12. Could the system be TRANSFER

work carried out before the Yes |:| transferred to other Yes [:(

system was designed : No || hardware ? N ||
13. What was the Development Effort/Cost that went into DEVELOPMENT EFFORT

producing the Software (e.g. Money or Man/Months) ? ........ R A T o —
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