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Learning the First Step in Requirements Specification

R M C Short
Department of Computer Science, University of the Witwatersrand, P O, Wits, 2050

Abstract

Learning about the domain into which an information system will fit is an essential part of the system
development process.

In this paper it is argued that the first stage of the development process should be learning undertaken by the
designers in order to come to an understanding of the domain into which the information system is intended to
fit. More specifically it is argued that this understanding must be an understanding of the “intended information

» "

system’s user’s

own view of the domain. Based on this contention a suggested sequence of foci to be adopted

during the specification of information requirements is proposed.

Received August 1988, Accepted October 1988

1. Introduction

Every human artefact is a projection of thought.
Confusion and muddle will naturally project a poor
quality artefact. An information system is a human
artefact. It is important to get the thinking on which
it is to be founded correct. Requirements
specification is the phase of development which is
dedicated to this task.

Requirements specification is generally recognised
as an absolutely crucial stage in the development of
any information system and yet there are as yet no
known infallible ways of establishing the
requirements. ]

The very nature of the situation is probably such
that there never can be an absolutely infallible way
of determining requirements. Infallible that is in the
sense of producing a correct and complete set of
requirements. Not that a finally complete set of
requirements can in any event ever be achieved. The
reason for this is the volatile nature of the business
environment subject, as it is, to continuous change
and this in turn leads to changes in the information
requirements. There are however less successful and
more successful approaches to the specification of
requircments at a point in time. Davis [4] has
presented a strategy for selecting the approach best
suited to a particular situation.

This paper is founded on the belief that there are
less effective and more cffective approaches to
requirements specification. It is argued herein that the
conscious and deliberate exccution of an activity,
implicit in the requiremcnts specification of
information systems which give user satisfaction,
will help to improve performance generally in
requirements specification.

In pursuit of this objective, requirements
specification is first put into context in the systcm
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life cycle. Then some concepts which are central to
the following discussion are defined, user satisfaction
and requirements per se are explored before
considering the usual foci in requirements
specification and suggesting some slight changes in
the usual application of these foci.

2. Position in System Life-Cycle of
Requirements Specification

For more than fifteen years it has been generally
accepted that the development from inception
through to operational use of an information system
involves the execution of a number of
distinguishable phases in a known sequence. This is
known as the system life cycle.

The individually recognised phases of the life cycle
can be grouped together into larger stages termed
respectively Specification, Development,
Implementation, and Operation & Maintenance [5].

Specification embraces the phases of Problem
Definition, Feasibility Study, and Requirements
Specification.

Decvelopment embraces the phases of System
Design, Program Design and Code, Program and
System Test, and Manual Procedures Development.

Implementation embraces User Training, user
Acceptance Testing, and Production Installation.

Operation and Maintenance embraces the
opcrational use of the system as well as its
continuous adjustment and enhancement to suit
changing user requirements.

This paper addresses one aspect of Requirements
Specification which is one of the phases within the
Specification stage.

Requirements Specification, even though it is
preceded by the Problem Definition and Feasibility
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Study phases within the Specification stage is
nevertheless the foundation phase in the development
portion of a systems life cycle. In fact development
proper begins with Requirements Specification.

We turn now to an exploration of what is involved
in Requirements Specification and an exploration of
how the quality of its end result might be made more
certain than at present. But first it is necessary to
clearly dcfine some terms that are central to this
exploration.

3. Information Systems, Object Systems,
Users and Developers

For the purpose of this paper an information system
is defined as a data processing system which is
designed to output data that yiclds information about
the states of some other system,

This other system, after Davis [4], we refer to as
the object system.

The information system yiclds information about
the object system states by means of modelling the
object system [10].

The information system is uscd by actors on and
within the object system to gain information about
states of the object system in order to direct and
control it in various ways. In this paper these actors
arc referred to as users or the users.

The system created through the interaction of the
information system, the users and the object system
is referred to as the task domain in this paper.

Those responsible for carrying out the specification
of the requirements of the information system arc
termed the developers or developer. The developers’
role is regarded as quite distinct and separate from the
users’ role.

4. Requirements Specification and User
Satisfaction .

The specification of the requirements for a proposed
information system is neither a simple nor trivial
task.

It is not a simplc task because of the great
multiplicity of interrelated issucs and factors that
have to be considcred. It is also not a trivial task
because its end result is the set of design objectives
to which the developed information system is
intended to conform. ‘

It is absolutely essential that the satisfaction of
these design objectives should in its turn result in an
information system which satisfies its intended
users. To the degree that the users are not satisficd
with the product even though it mcets the design
objectives then to that degrec the development effort
can be said to have been misdirected and therefore
wasted. The misdirection of the effort in such cases
can only have arisen from inadequate or inappropriate
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design objectives and they in their turn are the result
of failures in requirements specification.

McKeen [12] in a field study of the effort expended
on the development of 32 business application
systems found that the level of user satisfaction
varicd in direct proportion to the amount of effort
expended in the Specification stage as opposed to the
Development stage in the production of the
application systems.

At the present time ways and means of ensuring
zero failures in requirements specification are not
known. There are however a number of different
ways of determining requirements and Davis [4] has
suggested a means by which the most effective way
for a particular situation can be selected.

In this paper it is suggested that no matter which of
the approaches to Requirements Specification is
adopted it will have an enhanced chance of achieving
ultimate user satisfaction if it is prefixed by an
explicit attempt by the developers to come to an
understanding of how the users understand the task
domain of which the information system will form a
componcent.

Greenspan [8] recognises the importance of domain
knowlcdge in software development contending that
an understanding of this issue will lead to greatly
improved software development practices. He does
not however explicitly state whose domain
knowledge he is referring to; that of the users
presumably, but it could also be to some implicitly
assumed abstract absolute. In the author’s experience
this lattcr unspoken assumption is often operational
in practice - he once held it himself.

Langefors [11] in discussing information’s
relationship with data says “data alone cannot carry
information, they can only, at best, give rise to
information in the minds of people and only in those
people who hold a suitable frame of reference, or
world view, or receiving structure in the mind.”

Giddings [7] says “The complexities associated
with designing an easy to use system are related to
human factors and cognitive psychology more than
to data processing.”

The obvious implication of the foregoing is that
the developers need to come to an understanding of
the users’ conceptualisation of the task domain in
addition to and distinct from their own understanding
if they arc to be able to develop a system which
gives user satisfaction.

5. Requirements, what are they?

There is, in the view of the author, a fundamental
lack of conccptual clarity amongst many within the
information systems discipline as to exactly what is
being referred to when we talk of requirements. This
is undoubtedly because requirements embrace a very
wide spectrum of issues.



In a paper titled “A Taxonomy of Current Issues in
Requirements Engineering” Roman [15] identifics
two major groupings of requircments.

The first category he labels functional and the
second non-functional. It is interesting to note the
use of the term functional here. It is an indicator of
the information industry’s historical and initially
nccessary pre-occupation with data processing
functions rather with than their product namely
information. In contrast the chief pre-occupation of
this paper is with information requircments per se
and their specification.

In respect of the specification of the functional
requirements Roman says that “it involves the
modelling of the relevant internal states of both the
component and its environment.”

This statement and the further narrative linked to it
encompass an understanding of the nature of
requirements which is worthy of further consideration
in order to draw out some uscful finer distinctions.

First, for the particular purpose of this paper the
word component in Roman’s description of
functional requircments specification is taken to refer
to a whole information system and the word
environment is taken to refer to the object system as
well as the user’s conceptualisations of the objcct
system.

In respect of the modelling referred to in the
description, Roman gocs on to quote Balzer and
Goldman [2] who have noted that the model (of
requirements) must be cognitive in nature and
embrace concepts that arc rclcvant to the milicu in
which the component is used. The concepts must not
be related to the design or implementation of the
component they say.

Balzer and Goldinan’s use of the word milieu here
rather than the word environment may or may not
signify anything. However it could have been uscd
because Balzer and Goldman wanted to refer to more
in this phrase than the object system purc and
simple. They wanted perhaps to also capture or
include the users’ and their conceptualisations of the
object system, This latter interpretation is the one
which appeals especially as they say that the modecl
of requirements must be cognitive in nature.

If this interpretation of the meaning of the word
milieu, as used by Balzer and Goldman, is correct
then what they are saying supports the view that the
users’ conceptual model of the object system is of
significant importance in the specification of
requirements.

In fact it is probably true to say that to the degree
that the concepts reflected in the requirements arc not
those of the users then to that degree the users will
not feel comfortable with the resultant information
system and may not even be able to understand the
information that it produccs.

Roman puts it this way, he says that if the
environment (milicu) is not well understood (by the
developers) it is unlikely that the requircments (as
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specified by them) will reflect the actual needs the
component must fulfil.

Ahituv [1] when discussing the value of
information says “value cannot be assigned to a set
of data, but only to the set of concepts perceived
when the data are displayed to the decision-maker.”

In other words the data supplied by the information
system must relate to the concepts that the users
hold in respect of the object system. If they do not
the uscrs will be unable to glean meaningful
information about the state of the object system
from them.

Shemer [16] also emphasises the need to understand
the object system. He says “requirements
specification should reflect an understanding of a
system (object system), guide the subsequent design
and programming phases and serve as a basis for all
communications concerning the software system
(information system) being developed.”

He does not however draw a distinction between the
users’ understanding and the developers’ under-
standing as such, assuming, presumably, that these
will be the same. Such is, in the nature of things,
not necessarily the case however.

Borgida, Greenspan and Mylopoulos [3] also see
requirements specification as modelling. They say
“the task of requirements specification thus has at its
core the building of a requirements model for some
portion of the world.” They then go on to say “that
most information systems being developed reflect the
designer’s perceptions of the world.” They do not
however go on to point out the obvious problem
inherent in this which is that the users deal with this
world in terms of their own perceptions not
nccessarily those of the designers.

Rcturning once again to Roman. The purpose of
modclling the internal states of the environment
(object system only in this case) is to enable the
information system, built according to the
requircments, to give to the user relevant information
about the states of the environment. In his
description of functional requirements Roman does
not make so direct a statement as the foregoing but
that it is as stated therein is surely unquestionable.

Thus it can be argued that Roman’s functional
requirement specifications are first and foremost
statements about the users’ information needs in
respect of the object system. They are only
secondarily about any information system processes
deemed to be necessary to provide the information.
This fact is worth emphasising because different
processes can yield equivalent information. A
number added to itsclf produces the same result as
multiplying it by 2 for instance.

Thus Roman’s label functional requirements is a
misnomer for this grouping of requirements. The
grouping should really be divided into two,
information requirements and functional
requircments. From henceforth when referring in this
paper to functional requirements as defined by



Roman they will continue to be referred to as
Roman’s functional requirements whilst the term
functional requirements will be used to refer to
processing requirements as distinct from information
requirements. The specification of information
requirements takes natural procedural precedence over
the specification of functional requirements. This is
because it is the users’ nced to know about the states
of the object system which generates the information
requirements and the functional requirements then
arise naturally from the need to produce the specified
information.

As stated earlier it is essential that the specified
information rcquirements match with the users’
conceptualisations of the object system. Specified
functional requirements that refer to functions of
which the user needs to be aware must match with
users’ conceptualisation of the task domain. Other
specified functional requirements have no need to
match with users’ concepts but they must in no way
damage the integrity of concept match for those that
do need to match.

Roman’s second grouping of requirements is
labelled non-functional. By non-functional
requirements is meant general real world constraints
on the design such things as performance, costs etc.
fall within non-functional requirements. These
requirements are not considered in this paper. It is
probable however that the approach to requirements
specification that is proposed here could make a
contribution to their specification.

Non-functional requirecments are secondary to
Roman’s functional requirements but, they are never-
the-less important. They might mean that an
information system cannot be built because of an
inability to satisfy some of them e.g. cost
constraints.

Having considered what is meant by requirements
we turn now to a consideration of the process
involved in specifying Roman’s functional
requircments.

6. Requirements Specification — the Foci

The process of requirements specification has
traditionally tended to have a single or main focus.
This focus has altered with the evolution of the
information systems discipline.

At the beginning of the evolutionary process the
focus tended to be on “the how” of producing
information, the process in other words. Hence the
term functional requirements already discussed.

The focus then shifted more towards “the what”,
what is the information that is to be produced. This
particular focus was fuelled by the development of
database technology which gave a large increase in
the ease and facility with which data could be
manipulated to produce information.
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In more recent times there has been an increasing
recognition that “the why” needs to be addressed.
Namely, why is the information needed in the first
place, for what is it wanted. This is exemplified by
the growing recognition of information as a strategic
weapon in the market place [9].

In reality all three foci are important and should be
adopted by the developers in the reverse sequence to
that of their historical recognition as given above.

Thus the first focus that should be addressed is
“why is the information needed” and the second
should be “what information is needed” and the third
should be “how is the information to be produced”.

Suitable conditions for addressing the first focus,
“the why” are the concern of the next section.

7. Conditions for Addressing The Why
Focus

In order to be able to adopt “the why” focus when
specifying information requirements this paper
contends that developers need to develop a number of
distinct understandings. And in order for these
understandings to be able to develop it further
contends that the developers need to accept and
acknowledge the existence of the following
distinctions:

a) the object system

b) the current information system

c) their own understanding of a)

d) their own understanding of b)

¢) the users’ understanding of a)

f) the users’ understanding of b)

If the developers are not consciously aware of these
distinctions many conceptual confusions can arise in
the developers as well as mismatches between the
devcelopers’ concepts and those of the users [16].

The particular set of mismatches that the approach
suggested in this paper is intended to prevent are
where the developers recognise the distinct existence
of a) and b) but do not distinguish c) to f).

The consequence of recognising only a) and b) is
that the developers then operate on the unspoken
assumption that how they see (conceptualise) a) and
b) is how they actually are and therefore how the
users see them,

When this is actually the case i.e. there are no mis-
matches between the users’ and developers’ concepts
then it is likely that the resultant information system
will be acceptable to the users as it will fit with their
conceptual models of the object system and the task
domain.

However if this is not the case then to the degree
that it is not so then the resulting information
system will be found to be unsatisfactory by the
users due to conceptual mismatches between their
undcrstandings of the object system and task domain



and those reflected in the information system.

8. The Current Chief Focus and its Problems

The current predominant focus in information
requirements specification is on “the what”. This
focus should ideally come after “the why” focus. It
should not take up the whole field of view and
exclude it. Recognition of distinctions a) to f) is not
a strong or really necessary characteristic of “the
what” focus. Consequently it has potential for
leaving hidden mismatches between the users’
conceptual model of the object system and that of the
developers.

Enmeshed in this focus developers have sought to
determine from the users what information they will
require, when they will require it and how they will
require it to be presented.

Now there is nothing intrinsically inappropriate
about determining the above things. It is in fact
essential that they should be made explicit at some
point there are however two unfortunate issues which
arise as a result of this single minded focus.

Firstly it evades the fact that these things are
consequences not causes. They are the consequences
of the users’ need for information about the object
system in order to better direct and control it. In view
of this fact it is surely better that the users’
understanding of the object system should be the first
focus of study. Otherwise an appropriate model of it,
in the shape of an information system, is not likely
to be built. It is putting the cart before the horse to
focus study on the information to be output by the
model rather than to begin with a study of what is to
be modelled.

In addition going straight for the users’ perception
of their information requirements skips past the
opportunity to perhaps uncover any weaknesses,
inconsistencies and gaps in the users’ conceptual
models of the object system and to remedy thesc by
suggesting improvements.

Thus the current single-minded focus on the output
information has unfortunate potential consequences.
Luckily however as anybody who has been involved
in requirements specification whether with an
information or a functional focus will know, in the
process of determining the requirements it is
inevitably necessary to learn about the object system
in order to be able to make logical sense of the
requirements uncovered.

This learning however docs not entail recognising
the distinction between c¢) and ¢) and between d) and
f), i.e. between the developers’ and the users’
conceptual models thus it does not necessarily result
in specifications which yield an information system
that matches the users conceptual model of the object
system or task domain.
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9. Some Foci in the Literature

There are few situations where a predominant “what”
focus has not been wholly the case. One of these is
where a number of information systems are to utilise
a common data base [17]. Here there is active
recognition that the purpose of the data base is to
represent some aspects of the world, not the other
way round, and thus this world must be understood
before an effective data base can be constructed.
Nevertheless even in this situation the first objective
right from the start is to define suitable data rather
than to understand the object system per se let alone
the user’s conceptual models of it and the task
domain.

Davis [4] sees the basis of the users’ information
nceds as lying either in the nature and characteristics
of

the system to be served
or the users of the information system
or the interplay of these two factors.

Davis has described various different ways of
determining information requirements. He also
presents a strategy for selecting the most appropriate
way to follow in a particular situation. This strategy
for selection takes cognisance of both user
characteristics and the characteristics of the system to
be served.

Mumford [14] says that both organisational and
user personal factors are central factors in the
formation of information requirements but she does
not specifically make reference to the users’
conceptual models of the object system and task
domain.

We turn now to suggest an approach to
requirements specification which should ensure that
the specified information requirements are more
likely to correspond with the users’ conceptual model
of the object system and thus lead to greater user
satisfaction.

10. A Suggested Sequence of Foci for
Requirements Specification

Virtually all authors consistently affirm that user
involvement in requirements specification is a key
contributor to the success of the process. De
Brabander [6] cites eight authors who support this
vicw. i

Various reasons are advanced as to why this should
be so. Human information processing limitations
(Davis [4]), job satisfaction and motivation
(Mumford [14]) match between information system
and users’ view of how its environment operates

 (Montazemi and Conrath [13]).

This paper shares the view of Montazemi and



Conrath arguing that the users’ conceptual model of
the object system is a crucial dctcrminant of the
information requircments. It is also argued that the
reality of this model is one of the chief recasons why
the involvement of the user in the specification of
rcquircments is found to be so important and
necessary.

Thus it is suggested that the performance of
developers in requirements specification would be of
more certain quality if devclopers recognised the
distinct existence of a) to f) and conducted
requirements specification with the following
sequence of deliberate shifts in focus:

1. Activity focuscs on dcvcloping, an

understanding of

« the object system

« the current information system

» the users’ conceptual model of the object
system

» the users’ conceptual model of the current
information system

This focus enables the dcvelopers to enter steps

2 t0 4 mentally well prepared to carry them out.

2. Activity focuses on the specification of “the
why” and *“the what” of the information requircd
by the users always maintaining a good match
with the user’s conceptual model of the object
system (which should be adjusted as proves
necessary).

3. Activity focuses on the specification of the
necessary logical functions, “the how”; always,
for those functions with which the user intcr-
acts directly, maintaining a good match with the
users conceptual modcl of the task domain
(which should be adjusted as proves necessary).

4. Activity focuses on the specification of the non-
functional requircments. :

A suggested technique to assist with the execution

of step 1 above is Semantic Ncts, which will be
addressed in a future paper.
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