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Abstract

Use cases, as part of the Unified Modelling Language, have become an industry standard.
The major focus has been on the use case diagram. It is only recently that any detailed
attention has been paid to the use case description. The description should be written in
such a way as to make it communicable to its reader. However, this does not always
appear to be the case. This thesis presents the 7 C’s of Communicability as quality
features of use case descriptions that make them more comprehensible. The 7 C’s are
derived from software engineering best practice on use case descriptions and from
theories of text comprehension. To help in writing descriptions, the CP Use Case Writing
Rules are proposed, a small set of guidelines derived from the 7 C’s. Going beyond
requirements, software engineers often employ use case descriptions to help them build
initial design models of the proposed system. Despite Jacobson’s claim that “objects
naturally fall out of use cases”, finding design-oriented classes and objects in use case
descriptions is shown not to be straightforward. This thesis proposes a Quesiion Set
which allows the engineer to interrogate the description for important elements of

specification and design.

Experimentation shows that the CP Writing Rules furnish descriptions that are as
comprehensible as those written by other guidelines proposed in the literature. It 1s also
suggested that descriptions be written from the perspective of their intended audience.
The limitations of conducting requirements engineering experiments using students are

considered and 1t 1s suggested that experimenters should not expect large effects from the

results.

An industrial case study shows that although the CP Rules could not be applied to all
events in the use case descriptions, they were applied to most and at varying levels of
abstraction. The case study showed that the 7 C’s did identify problems with the written
descriptions. The Question Set was well received by the case study stakeholders, but it
was considered time consuming. One of the overriding findings from the case study was
that project time constraints would not allow the company to use the techniques
suggested, although they recognised the need to do so. Automation would make industrial
application of the CP Rules and 7 C’s more feasible.
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Chapter One

Introduction
1.1 Scenarios and Use Cases

Scenarios can be defined as stories or descriptions of things or évents or behaviours that
might or do take place between a system and a user or between a user and their
environment. Scenarios have been used in different disciplines to describe situations at
work and instances of system usage. Social scientists have used scenarios to discuss
organisational behaviour (Jarke et al. 1998). Human Computer Interaction (HCI)
specialists have used scenarios in the development of interfaces and prototypes (Kyng
1995). It is only relatively recently that scenarios have become popular in software
engineering, primarily through use cases (Jacobson et al. 1992). For software
engineering, Jarke and Kurki-Suonio (1998) state that scenario work is still “somewhat
unconventional” (p.1035) and that scenarios are one of the recent success stories in

requirements engineering, human computer interaction and strategic management but that
almost nothing is known about them (Jarke 1998).

A technique that is often considered appropriate for requirements engineering is the use
case (Jacobson et al. 1992, Booch et al. 1999) because, amongst other reasons, it is used
as a means of communication between stakeholders when discussing requirements. The
use case’s industry-wide up-take is no doubt due to its apparent simplicity and integration
in the Unified Modelling Language (Rational 1997), which has become an industry
standard for modelling object-oriented systems (OMG 2001). The recent proliferation of
books and articles on the use case shows its diagrammatic potential and possible
problems (e.g. Jacobson 1994a, 1994b, Firesmith 1995, Cox and Phalp 1999, 2000a) but

in comparison the use case description has received much less attention.

It appears the use case is becoming an accepted tool for software engineers. Indeed,
Fowler (2000) states that he “cannot imagine a situation now where [he] would not use

use cases,” (p.46). Pooley and Stevens (1999), however, describe an example case study



of an electronic chess game (p.179). Just how, exactly, should one document all possible

chess plays with use cases? Nevertheless, there has been limited research into the
application of scenarios and use cases in software engineering (Jarke et al. 1998) and

practitioners consider scenario development more a craft than engineering (Weidenhaupt

et al. 1998). Indeed, Anda and Jorgensen (2000) state that the “lack of studies on Use
Case Model understanding means that the guidelines and practices on how Use Cases

should be described to ease their understandability... 1s highly subjective,” (p.2).

1.2 Problems with Scenarios and Use Cases

Recent industrial surveys conducted by the CREWS' research project show that much of
industry is using scenarios and use cases in one form or other but in an ad hoc manner.
There are problems that need to be resolved regarding their usage and development
(Weidenhaupt et al. 1998, Jarke et al. 1997). An identified problem is that of the form of
the scenario or use case description. How should it be written? How is it to be managed
and used? (Jarke et al. 1998). Jarke (1999) elaborates upon this. The UML “hardly

satisfies the demand for an adequate communications medium between users, developers,

and other stakeholders.” The problem is fourfold:

e “The process by which use cases are selected, and by which scenarios are

developed from them, is only vaguely defined.

o Systematic guidance [of which] specific scenarios to elaborate within a given use

case is completely missing.
e There is no systematic procedure [of] how to validate the use cases and scenarios

against the requirements, and how to feed the results back 1n order to expand the
scenarios, and to refine or correct the requirements.

e Use cases and scenarios are hardly supported by present UML-oriented tools.”
(Jarke 1999)

! Co-operative Requirements Engineering With Scenarios, EU-funded ESPRIT project 21903



Maiden and Corrall (2000) point out that “engineers rarely know... what the content and
structure of ... scenarios should be,” (p2/1) because they lack usage guidance. Alexander
(2002a) confirms this and suggests two views: minimalist against full blown detail. These
should compromise to deliver a concrete scenario that is neither too verbalised nor too
abstract in its contextual description. Importantly, (and especially in consideration of
chapter 8, the industrial case study) it depends upon the context the analyst finds himself

in.

This work does not explore the scenario per se (though Appendix A does detail those that
relate more closely to use cases ahd software engineering) because its diversity in form,
style and usage across many fields would require a much larger body of work than one
thesis alone. This work confines itself to the use case description because the UML has
become the de facto object-oriented modelling language 1n recent years and the use case
1s an important part of the UML. There will be, though, occasional, inevitable, reference
to the scenario because one can argue that good use case descriptions will beget good use
case scenarios. The use case diagram is not explored in this thesis because the concepts of
the diagram are generally understood and are documented in various texts (see, for

example, Jacobson et al. 1992, Booch et al. 1999, Arlow and Neustadt 2002).

1.3 Ways to Solve the Use Case Problem

A fundamental purpose in writing a document is that it will be read sooner or later.
Therefore, the document should be written in such a way that it is easily understood. The
use case (and the scenario) should not escape this simple yet vital characteristic. Since the
scenario and use case have an underlying principle that they should serve as a means of
communication among stakeholders, their ability to be read and understood is paramount.
When the writer writes a description for the first time, he will no doubt read and check
for problems of understanding. However, the writer’s understanding is not necessarily the
same as the reader’s. To enable better understandability, the use case ought to be written
in such a manner that allows ease of comprehension and this in turn should help 1n

recognition of the completeness and consistency of the description. This thesis explores



the use case description and attempts to solve part of the larger problems outlined above
by proposing heuristics for writing and validating a well-structured and comprehensible

description. The writing guidelines are compared against an alternative set to test their

efficacy.

It has been stated that the use case description is meant to provide a simple means for
locating objects. Though Jacobson (2001) claims that “objects naturally fall out of use
cases,” (p.xiii) this 1s not always the case. This thesis proposes some guidance, in the
form of a question set, to allow the designer to interrogate the use case for elements of
structural design that might be implicit or ‘hidden’ in the description. Hall et al. (2002)
note that developers found more problems in requirements than other stakeholder groups;
by proposing heuristics in writing, assessing and exploiting the use case description, this

might help reduce some of those problems.

1.4 Aims of this Thesis
As suggested above, this thesis has two key aims:
1. How to make textual use case descriptions more understandable.

This will be done by exploring the literature to identify aspects that are considered
important to this aim. From this, the suggestion is to present guidelines that can help the
writer in creating comprehensible use case descriptions and then to test this through

experimentation and a case study. The second aim continues the use case description

theme,

2. To present guidelines that help the software engineer in extracting relevant

specification and design information from use case descriptions.



As stated, these guidelines will be 1n the form of questions to enable an ‘interrogation’ of
the use case description. These will be explored through experimentation and a case study

to test their efficacy.

The focus on the use case description 1s at the micro level, in that it explores the

individual events (sentences) in descriptions in terms of,

1. Grammar (syntactic structure) and style and, (aim 1)
2. The detail that can elicited from the descriptions (aim 2)

Though the use case description can be represented in a number of formats (OMG 2001),
the thesis only considers its textual representation because this 1s its most common format

in texts.

There 15 little consideration of templates (which can be viewed as being the macro level)
since the aim is to be more fine-grained than the template addresses (chapter 2). There 1s
no consideration of use case decomposition since this 1s does not address the grammar

and style of individual events in aim 1.
1.5 Thesis Chapters

Chapter two describes a survey of the literature on use cases and explores what has been
said about wnting them. Exploration of theories in discourse processes suggests ways 1n
which text can become more comprehensible. The chapter suggests qualities of good use
case descriptions. It 1s suggested that use case writers take this into consideration by
building them into a guideline set. The chapter also considers how use cases have been

exploited to enable design and suggests that a questioning approach might be of benefit.

Chapter three outlines the methodological approach taken to the study, considers the
strengths and weaknesses of the alternative approaches and justifies the approach taken in

this thesis.



Chapter four proposes a set of writing rules (the CP Use Case Writing Rules) developed
from the literature survey in chapter two. A grammar survey of use cases and scenarios

reveals that writers have been liberal in their use of grammar structures.

Chapter five describes a pilot study that explores the application of writing guidelines to
use cases. This compares the CREWS Use Case Authoring Guidelines (Achour 1998a,
Achour et al. 1999) against those suggested by the author (CP Rules). The results indicate
that both sets provide equally comprehensible descriptions with CP performing better
than CREWS in one domain. The pilot also explores the comprehension and logic of the

descriptions. There appears to be little difference in terms of comprehension.

Chapter six presents an experiment that replicates the first part of the pilot. The CP
Writing Rules are again compared against the CREWS Guidelines. The results show that

the CP Rules perform at least as well as CREWS, but that there is no overall significant

difference.

Chapter seven describes an experiment that builds upon the second part of the pilot
study. Namely, what information can be extracted from the use case description? Subjects

were asked specific questions on the experimental material and generic questions that

might be applicable to all use cases. The results indicate that the generic Question Set is a

potentially useful tool in identifying elements of specification and design.

Chapter eight describes an industrial case study that applies the heuristics suggested in
this thesis, with varying degrees of success. The study 1s 1n two parts: firstly, it discusses
the issues in writing descriptions and, secondly, shows that the Question Set has potential
but needs refinement. Feedback also shows that although the company recognises the
importance of the requirements engineering and design techniques used by the author,

project deadlines would not allow them to use these techniques.

Chapter nine comments upon the successes, and weaknesses, of the research. The

chapter concludes by outlining where future work 1s required to provide a larger body of



experimental evidence and identifies the need for further case studies and tool support.

The chapter also assesses threats to the validity of this thesis and discusses the

contributions to software engineering knowledge made.



Chapter Two

Literature Survey

2.1 Introduction
2.1.1 Requirements Engineering

Requirements engineering 1s about describing the problem domain, determining what
desired effects the client wants to exert upon that domain (the requirements) and
specifying the external face of the proposed system to (a) enable those desired effects to
occur and, (b) to give designers a specification to help them build the proposed system.
The identification of requirements engineering as a key phase of the software
development process is nothing new (Boehm 1981) but it is still often neglected in .
education as well as industry (Bray 2002). Many software projects fail due to poor or
non-existent requirements processes (Glass 1998). Pressman (1997) states: “No matter

how well designed or well coded, a poorly analysed and specified program will
disappoint the user and bring grief to the developer,” (p.286). The Standish Report (1995)
“estimates that in 1995 American companies and government agencies will spend $81
billion for cancelled software projects” and $59 billion for those (‘challenged’ projects)

that overrun in time, in budget and on average deliver only 61% of specified features and
functions. Standish surveyed IT executive managers for factors on why projects succeed,

are challenged and fail. Success primarily needs: user involvement, executive
management support and a clear statement of requirements. Projects are challenged
primarily due to: a lack of user input, incomplete requirements and specifications, and
changing requirements and specifications. Projects fail primarily because of incomplete
requirements and a lack of user involvement. There 1s no reason to believe the UK is
particularly different. After a survey of twelve software companies, (although there are
no financial figures) Hall et al. (2002) report that 48% of development problems are in
the requirements phase. Of this, 63% is organisational; within this, communication
among stakeholders is the biggest problem (24%). Hall et al. state “...immature

companies are especially susceptible to problems in requirements. Given that 70% of



software companies are said to remain at CMM level 1, the scale of requirements
problems across the industry could be very large. This is worrying considering the

criticality of requirements to project success,” (p.8).
2.1.2 Introduction to Use Cases

The use case approach is generally considered a tool for eliciting, describing and
validating functional requirements and a guide for conducting design (Jacobson et al.
1992). The use case approach became accepted by object-oriented methodologists (e.g.
Rumbaugh 1994, Booch 1994) and has achieved wide recognition as a key requirements
tool with its inclusion in the Unified Modelling Language (UML). Some methods that
avoided use cases adapted their notations to accommodate scenarios through object
sequence diagrams (Coad et al. 1995). These types of scenario are (generally) system
internal. (For discussion of the diagram see, for example, Christerson and Jacobson
(1995), Booch et al. (1999), Cox (2000b). The Object Modelling Language (OML)
(Graham et al. 1997) has different use case relationships (stereotypes) to UML. The
principles described in the thesis are as applicable to the OML as they are to the IjML

since they concern descriptions rather than diagrams.)

Jacobson et al. (1995) define a use case thus: “A use case is a sequence of transactions in
a system whose task 1s to yield a result of measurable value to an individual actor of the
system,” (p.105). Reenskaug et al. (1996) make this definition: “A use case is a set of
interactions between the environment and the system, followed from beginning to end. A
use case can be seen as a set whose members are actual sequences of interactions. A use
case is thus more than a scenano; it is a set of all the possible scenarios that can result
from the user stimulus of the system,” (p.21). These definitions are quite general.
Reenskaug’s point is important: the use case contains scenarios, that is, the use case

description can be defined as a general store for use case instances or scenarios.

The use case is also considered a style of scenario (Alexander 2000a) and as such some

of this discussion will inevitably consider the scenario. Appendix A examines the
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scenario further. However, some consideration of the scenario is useful in that it helps
define the use case and helps shape the author’s viewpoint and subsequent discussions
regarding abstraction in descriptions. This is especially important in chapters 7 and 8.

Thus, the early parts of this chapter explore and define the use case description.

The use case description 1s composed of many elements. These form what is termed a use

case template. The typical elements are:

Use case name (including a reference number, and describes the actor’s goal), actors
(humans and things that interact directly with the system), context (reason for the use
case), trigger (what starts the use case), pre- and post-conditions (system states before
and after the use case 1s instantiated (performed)). The main flow of events describes a
typical usage of the system to perform a complete transaction. There are also alternative
and exceptional flows of events that should be placed after the main flow. Alternatives
describe different, equally plausible events in the description and exceptions describe
unusual events or threats to the success of the description and (hopefully) ways to avoid

these potentially fatal events.

Templates are sometimes organised into tables to separate the elements. See Harwood
(1997) and Wiegers (1999), or Sindre and Opdahl (2001) for a different perspective on
this subject. Others have divided the main flow of events section into two columns, one
describing actor actions and the other system responses (e.g. Wirfs-Brock 1995,
Constantine and Lockwood 1999). The focus of this thesis is finer-grained, that is, it is
the individual sentences and their relationship to other individual sentences within the

flows of events that 1s considered. To bound text in boxes is fine, but these authors have

still not addressed the structures of the individual sentences that make up the use case

description.

Use cases are a recommended means of establishing a model of the problem domain and
then as a driver to enable the first steps into the structural design of the system (Jacobson
et al. 1992, Rosenberg 1999, Booch et al. 1999). Thus they are more than a tool to help
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describe requirements. The notion of crossing from a problem domain-oriented view to a
solution-oriented view of the system is not new to software engineering. An example is
the object-oriented analysis view feeding the object-oriented design view (Coad and
Yourdon 1991). “What 1s often not so clear is how to properly use use cases from a
methodological point of view and within a precise production process,” (Insfran et al.
2002, p.65). Hurlbut (1997) states that “detailed mappings from use cases to other
modelling constructs that implement these use cases... 1s ambiguous,” (p.2). It can be
construed that there is a lack of detailed guidance about moving from a use case
description to elements of design. The assumption here, as explained in section 2.3.1, 1s
that use case descriptions are essentially a means for describing specification and if
specification work has been done, there should already be a representation of the problem

domain to work from.

The chapter begins by defining the use case description (section 2.2). Section 2.3
examines CREWS scenario definitions and considers how abstraction should be used in
use cases. Section 2.4 examines software engineering approaches to writing use case
descniptions, showing that there is little consideration of this important 1ssue. Section 2.5
considers various models of comprehending text as an identification of the principles of
understanding and writing more comprehensible text. Section 2.6 discusses metaphors
applicable to these models, describing ways that might help provide for more
comprehensible use cases. Section 2.7 establishes important qualities of good use case
descriptions. Section 2.8 explores ways in which use cases and scenarios are used to feed
design models and section 2.9 concludes that there needs to be guidance in the writing of

use case descriptions and helping identify elements of design.
2.2 Use Cases and Scenarios

2.2.1 Defining the Use Case

Figure 2-1 defines the use case using an entity relationship diagram. The use case is a

vehicle for describing scenarios — use cases describe general system use whilst scenarios
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depict concrete instances of this use. A use case approach is a means of collating and
organising scenarios, provides a template for scenario descriptions and gives an overview
of possible user-machine scenarios via the use case diagram. There are also use case
instances that become scenarios when they are instantiated (OMG 1999). This author
considers a use case instance and a use case scenario to mean the same thing. Schneider
and Winters (1998) introduce primary and secondary scenarios to use cases. The primary
scenario describes a most typical success scenario without any exceptions or alternatives,
referred to as a “happy day scenario0” (p.31). Secondary scenarios are the exceptions and
alternatives not addressed in the primary scenario. Taken together, the primary and

secondary scenarios combine to make the complete use case.

Use Case(s)
<<include>>
<<gxtend>>

Generalisation

System boundary
Comrmunication

TEXTUALOR
GRAPHICAL

Flow of events REPRESENTATION

Relationships

Figure 2-1. Use Case Entity Relationship Diagram

Fowler (2000) describes a use case as a collection of scenarios that share a “common user
goal,” (p.40). How is this done? Cockburn (2001) helps by defining abstraction levels of
use cases based on goals: summary (overview), user (at the interface — to varying
degrees) and subfunction (goals that carry out user goals). The summary level use cases

allow the reader to go through other use cases at a lower level of abstraction or
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granularity. Yet, these summary use cases are still stepped through from start to finish.
This thus makes them scenarios since they are a single thread (figure 2-1). This thesis is
concerned with the grammar and style of individual events of use cases, so does not
consider use case decomposition. Grammar and style occur in each and every event in a

description so it does not matter at which level of decomposition one 1s considering.

It is worthwhile defining what a scenario and a use case description should be. Alexander
(2000a) provides the clearest scenario definition: “...a scenario means some kind of
description of a set of activities, most commonly sequential,” (p.1/1). For the use case,
Jacobson’s definition is generally accepted (in section 2.1.2), that a use case describes an
actor’s transactions with the system to achieve some discernible result or value once the
use case is completed. Of course, Jacobson’s perspective 1s qualified once the use cases

are at a subsystem level. The actors there are other subsystems (see chapter 8).

It is quite easy to substitute scenario for use case and vice versa. The use case entity
relationship diagram (figure 2-1) can be described as a class diagram (figure 2-2). This only
provides the barest outline of the use case description. Figure 2-2 shows that for each use case
description class there can be zero-to-many associated include (using another use case
description to save repeating oneself) and extend (when some unusual behaviour interrupts the
main flow) use cases. Each description can have zero-to-many exception and alternative paths
which are part of, rather than associates to, the use case description, because they form an
actual detailed part of that description and are considered very important to use case modelling
(Alexander 2000c). The include and extend classes associate because they act as links from
this use case description to others. The description can have one-to-many scenarios. There
must be at least one scenario per description because each description can be considered a

scenario in itself.

The structure of the use case description is rather similar to that of the scenario. Perhaps the
major difference is that of contextual information. Use cases prefer to ignore parochial end
user details in favour of generality. Even use case instances (or use case scenarios) lack the

depth of contextual awareness that a scenario necessarily must convey. This 1s both a strength
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and a weakness. A strength because generality breeds reusability. A weakness because the
influence of the individuals who want to shape how the system 1s used will possibly be

compromised.
include Use Case Use Case Description extend Use Case
R o
0..* L I R ¢ A
[ 1\
0..* 0.
Exception Path 1..* Altemative Path
- e
R ]

Figure 2-2. Use Case Description Class Diagram

2.2.2 Identified Problems with Textual Representation

In an attempt to gain greater understanding of scenarios, various classification
frameworks have been suggested (e.g. Rolland et al. 1998a, Filippidou 1998, Alexander
2002a). For the purpose of this thesis, only one element of classification is considered.

This is the Description Facet measure of the Form View (the Form View considers in -

what format the scenario is represented):

“Medium: SET (ENUM { text, graphics, image, video, software prototype })
Notations: ENUM { formal, semiformal, informal }” (Rolland et al. 1998a, p.30)

The Medium this thesis will discuss is text because this 1s the way use case descriptions
are generally represented. Jarke et al. (1998) state that a semiformal representation is
“probably the most important form™ (p.167). A reason they give for this 1s to eliminate

ambiguity in “representing the result of an agreement process” (p.167). However, they

recognise that the desired semi-formality is constrained by a need for understandability
without special training to enable a rapid feedback cycle between stakeholders. This
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suggests that use case descriptions should be grounded by specific sentence formats
(grammar structures), but that they should also be comprehensible to all stakeholders
without special training. In 1992 Nardi wrote that the format of a scenario should be a
one-to-two page narrative of “well-crafted prose” (p.14). A decade on, this, apparently,
has not been achieved. Wieringa (2001) pleads that text still needs clarity and precision,
that there should be “no room for vagueness” (p.134) and Hooks (2000) has not seen any

“improvement in the quality of requirements being written today,” (p.194).

2.2.2.1 A Problem

Since use case descriptions are a recognised tool for describing requirements, they ought
to be well crafted. Use case descriptions should meet the demand for semi-formality to
remove vagueness. There ought to be “systematic ways to create normal-case...
scenarios” (Jarke et al. 1998, p.165). Importantly, use case descriptions ought to be

understandable to readers without the need for special training. One eminent research

project that has explored these issues is CREWS.

2.3 CREWS Scenario Definitions

From 1996 to 1999 the CREWS project (Co-operative Requirements Engineering With
Scenarios) explored the usage of scenarios and use cases in systems development.
CREWS was a Europe-wide research group. Their work is perhaps the most important
contribution to scenario research in recent times. As part of their initial research they
surveyed companies across Europe (Weidenhaupt et al. 1998, Jarke et al. 1997) to
explore if and how industry use scenarios in their work. From this and academic work
conducted, CREWS (Jarke 1999, Jarke et al. 1998) suggested there are three common
scenario types (figure 2-3), thus providing three core scenario definitions: system internal

scenario, interaction scenario and environmental scenario.

Scenarios can be represented at different levels of abstraction. Benner et al. (1993)

suggest that a scenario can contain several levels: “It is crucial that scenarios be
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expressible 1n concrete terms, yet at arbitrary levels of abstraction,” (p.120). This
suggests that differing levels of detail can be represented in one scenario and that it might
be possible to trace a scenario from the problem environment (C) through interaction (B)
to the system 1tselt (A). This would be important in tracing the design of the system to the
requirements. Indeed, Jarke et al. (1998) propose the possibility of a white-box scenario
which would be a combination of an interaction scenario (type B in figure 2-3) and a
system internal scenario (type A). This could be a sequence diagram (Jacobson et al.
1992, Booch et al. 1999). This indicates it 1s possible to trace a scenario from something
that 1s environmental (scenario type C), which 1s fundamentally described as linking the
work environment and system interaction (scenario type B), to scenario type A. How the
scenario life cycle 1s managed 1s another matter (Weidenhaupt et al. 1998). For the

purposes of requirements, the engineer should only concern himself with scenario types

B and C.

A System internal

scenarios
no consideration of external
context of system

i O e e Y @ R .
L "' o *.|I.. rﬂl}s’ .-lﬁ.-\."' o5, x v a ;
L) ] ‘s

Figure 2-3 CREWS scenario-type model (Jarke et al. 1998, p.158)

(Note that the “stakeholders™ in figure 2-3 do not necessarily equate to actors. If they
directly interact with they system they can be considered actors (Leibundgut 2002),
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otherwise they are defined as people or things that have an indirect interest in the

system.)

2.3.1 Abstraction

Use cases are often used to describe requirements for systems to be designed and
implemented in the object-oriented paradigm (Arlow 1998). However, there has been
much debate as to where the use case 1s most effective. Jacobson et al. (1992) see the use
case as useful for requirements, specification and design. The UML community takes a
similar viewpoint, e.g. Booch et al. (1999). Jackson (1998, 2001) and Kovitz (1999) see
use cases as a means for describing a specification, because use cases deal with
interactions between a user (actor) and the machine (system). Rosenberg (1999) has a
slightly different take on the matter. He sees use cases as ways of describing “units of
behaviour”, requirements as describing the “laws that govern that behaviour” and
functions as “the individual actions that occur within that behaviour” (p.123). Jarke et al.
(1998) ask a key research question, “[w]hat is the appropriate level of abstraction in a
scenario, given a certain purpose?” (p.165). This question is equally applicable to use
case descriptions. Scenarios can be represented at varying levels of abstraction from the
problem domain to system design (Carroll 2000a, 2000b). Mixing abstraction
representations 1n one scenarlo is considered possible (Carroll 2000b) and indeed this is
commonly seen 1n scenarios (see Appendices Al and A2) and use case descriptions (e.g.
Regnell et al. 1995). Alexander (2002a) notes that authors should be careful not to mix
abstraction levels. This author argues that such internal design representation (describing
the solution system’s internal structure) in the requirements and specification phase
forces consideration of solution information when it is not required. Indeed, the Object
Management Group (OMG 2001), who have standardised the UML for industry, state,
“The use case construct is used to define the behaviour of a system or other semantic
entity without revealing the entity’s internal structure,” (p.2-137). However, they then
backtrack somewhat: “A use case describes the interactions between the users and the
entity as well as the responses performed by the entity, as these responses are perceived

from the outside of the entity”” (author’s italics, p.2-141). This could mean that only
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external events are documented because the user has visual, aural or tactile awareness of
the event. Or it could mean that the user (outside the entity) is somehow aware of what
the entity or system is doing internally because he is curious to know how the system
works. In light of this confusion, the author here presents his own view on the abstraction
argument: A use case can be considered more cohesive (a good design quality (Budgen

1994)) 1t 1t does not combine different abstraction levels into one description.

Use case descriptions were originally designed to describe interactions at the machine
interface (Jacobson et al. 1992) without consideration of internal design (type A, figure 2-
3) or the problem environment (type C, figure 2-3). Use cases are tentatively labelled
specification, and also (entirely) internal design descriptions. However, if one examines
the texts describing use cases and scenarios in requirements and design, then their usage
appears in almost all phases (see Cox (2000a) and Appendix A3). For example, Insfran et
al. (2002) explicitly describe system internal responses in a three-column format. They
employ the CREWS scenario definitions in this. Column 1 depicts general information
that equates to environmental type scenario C in figure 2-3. Column 2 represents system
interation (type B, figure 2-3) and column 3 represents system internal type A (figure 2-

3). This underlying assumption that use cases are universally applicable is a dangerous

one since the use case does not model what happens away from the machine interface
where the requirements will have their effect. Jackson (2001) provides a clear example of
this use case weakness (pp.5-6). External design (describing the external appearance and
behaviour of the system), though, i1s another matter. Indeed, Rosenberg (1999)
recommends that use cases are used to help develop prototypes and the graphical user
interface (GUI). The question arises, then, whether internal design issues are necessary in
requirements and specifications. For instance, in the example of Regnell et al. (1995) they
consider events 1n a use case description such as card validation as something that will
“have [an] effect on the users” (p.4) of ATMs. Interestingly, Regnell and Davidson
(1997) state “A use case may be described either from an external (black-box) point of
view suitable for requirements, or from an internal (white-box) point of view suitable for
design,” (p.1). They do not state that a use case can contain both black and white box
events in the same description. An ATM card validation concerns how the ATM
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internally checks that this 1s a valid card (and is white box). Is the card validation a
shared phenomenon (Jackson 1995) between the problem domain (ATM user) and the
machine domain (ATM banking system)? Events such as card validation are indeed
important to the user but they are internal design. From the user’s viewpoint, although he
might be implicitly aware that some card validation occurs, he is (generally) visually
unaware of it unless the card is rejected. Bray (2002) suggests that such validation checks
(which could be design constraints) should be specified separately (p.249) although
different viewpoints might require different information. For instance, a bank might need
to know when a card is validated although the customer probably will not be concerned.
Even so, in terms of the bank’s viewpoint, when the card is validated is still a matter of
internal design for the system itself (and obviously this should occur before the customer
is allowed to withdraw money). Indeed, Mattingly and Rao (1998) note that “internal
(white box) interactions, although important for design, should be separate from the use
case. They do not describe the interface to the system, and confuse the simplicity of what
use cases should strive to be,” (p.78). A specification documents inputs and outputs to a
system and the relationship between those inputs and outputs (Davis 1991). It is this
author’s contention that such ‘relationships’ between input and output should not form
part of a use case description (although they might be valid as specification per se) and

that use cases should take the viewpoint of the actor, not the system.

2.4 Software Engineering and Use Case Descriptions

“Reading comprehension is one of the most complex and uniquely human of
cognitive activities. During reading, the successful comprehender connects the
various events, persons, and objects that he or she encounters so that the text appears
to be a coherent whole rather than a random list of facts and events. Frequently, the
relations between parts of a text are implicit and, therefore, must be inferred. If all
goes well, the result of the inferential processing is a mental representation of the
text that is relatively stable and that can be accessed at a later point in time to answer

questions, retell the story, and so forth.” (van den Broek et al. 1996, p.165).
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The ability to read a description in a coherent way and to build a representational model
that the writer has in mind is vital to the description’s ease of understanding. Conversely,
the writer must also realise the perspective of the reader to be able to present a
description that matches the reader’s mental model (Traxler and Gemsbacher 1995).
Communicating the same understood message from the writer and reader’s perspective is
important. Therefore, the writer must construct their description 1n a coherent and
straightforward manner. The next subsection reviews recent software engineering

literature that has commented upon the way use case descriptions (and scenarios) are

written.

2.4.1 On Writing Use Case Descriptions and Scenarios

Some authors have little to say on writing descriptions, others proffer examples and a few
provide detailed guidance. Fowler (2000), for instance, does not give much information
except offer a few alternatives, such as to number events discretely or write between one

and three paragraphs of text. He suggests the writer describe primitive steps in the base
scenarios and some alternative scenarios. One might expect The UML User Guide to

provide guidance, but Booch et al. (1999) do not consider the use case description in any

detail. They present a paragraph of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>