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Abstract. Enterprise information systems (EIS) development raises specific chal-
lenges related to the scale and complexity of the business processes that must be
supported. Techniques for managing the challenges of scale and complexity are
often based on modelling, and are targeted at different parts of the EIS develop-
ment process. This paper presents the results of an evaluation (based on EIS for
health care) of a number of goal-oriented analysis approaches in the domain of
EIS, and concludes that existing approaches lack process guidance and, in par-
ticular, guidance on the evaluation of the results of goal analysis. We present an
analysis of the problem of evaluation, and proposes a scenario-based approach to
evaluate the results of goal analysis.

1 Introduction

This paper summarises the results of assessing goal-oriented analysis approaches in the
context of Enterprise Information Systems (EIS) development, and identifies a scenario-
based evaluation approach that can be applied to the results of goal-oriented analysis.
The aim of the assessment is to investigate which approach is more suitable for our
example of EIS. We identify some limitations and strengths of each approach, as a
preliminary stage to develop a process model for goal analysis of EIS (see [26]).

The term EIS is widely used in academia, industry and business markets. Moreover,
other related terms are widely used, such as small and medium enterprises, enterprise
portals, enterprise solutions [5], enterprise architecture [22], enterprise services [20]
etc. Our study on the definition and domain of enterprise and EIS [25, 24] illustrates the
common uses of this term in relation to businesses. We observe in particular that a key
characteristic of EIS is having multiple linked business processes that create complex-
ity [24]. Developing this type of system is costly, and failure in IT projects generally
have a substantial effect on the whole of society. One of the examples of EIS that affects
the UK is its national health system (NHS) IT project. Our study of this type of EIS has
allowed us to categorise some of the common challenges of EIS [6]:

– lack of clear links between EIS and the organisation’s key priorities;
– lack of agreed measures of success;
– lack of effective engagement with stakeholders;
– lack of understanding of and contact with the supply industry at senior levels in the

organisation;
– lack of ability to visualise complex software systems.



An enterprise is a collection of small or medium-sized businesses (SMEs) and part-
ners that operates as a single organisation. An EIS is a software system that integrates
the business processes of organisation(s) to improve their functioning [24, P. 24] [25].
The challenges of developing and deploying EIS vary across enterprises, with many
challenges related to scale and complexity. Some factors that create complexity in EIS
are [25]:

– size and growth of information technology (IT), information systems (IS) and the
organisation itself;

– the interactions between different IT and IS;
– the involvement of many different parties in the constructions and use of IT and IS;

and,
– the ever-increasing rate of organisational and social change.

It is these factors that give rise to the failures of communication and understanding
identified as challenges [6] above. Techniques that can help us directly address these
challenges in communication may help to reduce the risk of developing and deploying
EIS.

Communication difficulties are typically apparent and critical to overcome in the
early stages of the information systems engineering lifecycle, i.e., when trying to iden-
tify clear requirements, policies, objectives, and regulatory constraints. We thus propose
a goal-oriented approach to facilitate communication and understanding in the devel-
opment of EIS. At this stage we cannot expect business people to design their own
software systems but we can provide the ability for them to identify and structure their
goals; similar actions could be taken on the part of the software systems developers as
well. Through a structured process of analysis and modelling, EIS developers are led
towards an understanding of the priorities of the enterprise organisation and its organi-
sational goals. Analysis requires identification of a sufficiently-complete sets of goals,
by engagement with the different group of stakeholders. Engagement with senior staff
can help to create understanding between developers and organisational seniors. Struc-
turing the goals of EIS leads towards a vision of the EIS-to-be and systems-as-is, and
can address the challenge of EIS structural visualisation.

The need to identify enterprise-level goals led us to review well-known goal-oriented
approaches (GOA) to requirements elicitation and engineering. Some of the GOAs that
we reviewed have been applied to examples of EIS. However, they have all been applied
by experts in the approach itself (instead of domain experts); as well, these approaches
generally are not associated with a clear process of how to extract and refine the goals
and goal structures, which is a critical concern for EIS where overlapping, contradic-
tory, and possibly inconsistent goals may lead to enterprise-wide problems. The reasons
for this may be because there are various types of EIS with very different requirements;
it may therefore not be possible to develop a generic process that can satisfy all of
them. Approaches tailored for specific EIS domains may be more profitable. Neverthe-
less, when there is no process the approach is likely to be dependent on experts, which
limits the usage of the approach.

To address these difficulties, we are developing and implementing a process based
on application of KAOS heuristics, and best practices taken from other goal-oriented



approaches. We have also tailored this process specifically to the kinds of EIS consid-
ered in our experiments so far: that is, EIS to support large governmental enterprises in
the domain of health care. We have not yet applied our process to other kinds of EIS in
other domains.

The paper is structured as follows. Section 2 presents an example of an EIS for man-
aging stroke care across England. The example is used as the basis for our assessment of
goal-oriented analysis approaches. Section 3 presents a general review of goal-oriented
approaches. This leads to a more detailed review of the four most well-known goal-
oriented approaches, and summarises their shortcomings and strengths, thus allowing
us to propose improvements for EIS analysis. Section 4 explains the challenges of eval-
uating the results of a goal-oriented analysis, and proposes a scenario-based approach
that is sufficient for the health care EIS domain in which we are working, and which
deals with some of the shortcomings from Section 3. We then conclude with pointers
for future work.

2 EIS Domain: Stroke Care

We have been basing our recent research on a specific example of EIS in the health care
domain. The example is for an EIS for managing patient care, particularly for care of
people who have had a stroke. This section introduces the example and justifies why
it is a suitable EIS example; the next section presents an assessment of goal-oriented
approaches that we have applied to capturing and analysing the goals of enterprises in
this domain.

“Stroke has been described as ‘an earthquake in the brain’. The shock waves of
stroke can leave a lasting and profound impact on how people move, see, speak, feel or
understand their world” [27]. Stroke is the third biggest killer in the UK [27]. Stroke
Care is not only about supporting people who have just had a stroke, but also “help-
ing people of all ages establish and maintain a lifestyle that promotes good health and
minimises the risk of ever having a stroke” [27].

Stroke care is management of medical and care procedures related to stroke within
organisations such as NHS in UK. Stroke care is based on different business and organi-
sational processes relating to governmental and other organisations as well as hospitals.
There are different views over the goals and functionalities of stroke care system from
different groups of stakeholders, for instance, politician, health specialists, IT special-
ists, and different groups of society such as patient and their family. This organisational
and medical system requires a strong and clear connection between different business
processes and partners. Therefore, stroke care is an example of EIS. There are different
documents and proposals for this system that show the large group of society members
and organisations who are interested in achieving the goals of Stroke Care. After re-
viewing a group of the documents, “National Stroke Care” [27] from UK Department
of Health [27] became a primary resource in this research: this report lists and describes
non-functional requirements and soft goals, and strategies of stroke care management.
The other key sources of our information about Stroke Care are:

– Interview with IT expert;
– An IT proposal from a local health team [18];



– Public documents of an American version of stroke care systems [21];
– Public documents of electronic patient record systems in Denmark [8];

In some aspects, because of lack of available documents, realistic assumptions have
been made.

3 Goal-Oriented Approaches

In this section we review goal-oriented approaches to requirements engineering, and
then present an assessment of different leading approaches when applied to EIS for
stroke care.

There are at least 15 distinct GOAs [10] from areas of computer science such as
artificial intelligence [9], software assessment [29], requirements engineering [17, 3],
safety argumentation [13, 14].

Considering the definition of EIS, the aim of this research, and the internal charac-
teristics of each GOA, four approaches related to requirements engineering and argu-
mentation were identified for detailed analysis: GSN [13], KAOS [17], GBRAM [2],
and i∗ [3]. KAOS and GBRAM have approaches for defining and refining the goals of
an organisation; KAOS is the better-documented approach, and has been used in many
successful projects. i∗ is a well-known and successful approach that has been applied to
health care [1]; it claims to encourage the involvement of stakeholders in requirement
analysis, and to help the developers to achieve a deep understanding of the domain.
GSN is widely used for presenting the structure of arguments (for example in relation
to safety certification), and has been applied in research contexts to requirements analy-
sis [7]. GSN structures an argument using goals, for presentation to stakeholders; in this
way it can be a bridge between developers and stakeholders. GSN is used in practice in
the domain of safety cases and has been used in many large projects.

The following critique of these methods is based on their literature and on applying
each of the approaches to an example of EIS development (Section 2).

3.1 Critique of GSN [23]

Whilst GSN provides a powerful structuring notation, it lacks a supporting process.
GSN is typically used to summarise the evidence of safety from traditional safety anal-
ysis techniques. GSN does not provide a goal identification method, which compares
unfavourably with other approaches: for example, GBRAM goal identification uses in-
stance scenarios [2].

The basic GSN guidelines that exist [15, 13] have no requirement to document
sources of goals. Despite its use to structure an argument over evidence, GSN does not
enforce traceability between goals and sources (though there are examples of accept-
able types of goal reference [15], and textual references are often included in element
labels). This hampers the use of GSN for goal analysis and complicates the process of
applying changes to the goal structure, even in the context of safety-case maintenance
for which it is designed [28]. There are patterns and suggestions to address the mainte-
nance problem but no mechanism of validation or enforcement to clarify the source of
the goals structure [30, 14].



Because of its origins in safety-case argumentation, the GSN notation includes use-
ful features such as modularity, but cannot easily express contradiction or priority of
goals. In EIS, it is invariably the case that the enterprise assigns priorities to its goals,
and it is generally the case that some identified goals will conflict (excellence vs cost-
saving is a common instance). Similarly, because of its origins, each GSN requirement
is expressed as a claim over evidence and the goals are derived from requirements –
in most analytical uses of GOA [11, 2, 17], goals are expressed before identifying the
requirements and are a source for identifying the requirements.

3.2 Critique of i∗

The motivation of i∗ is to understand why a business process is the way it is, rather than
just to describe the requirements of a business process. i∗ supports process modelling
and reengineering [31]. i∗ was chosen for review because of: its focus on understand-
ing of the business environment [31] and the domain; its encouragement of stakeholders
involvement in requirements analysis; its visual virtual notation for communication be-
tween stakeholders; and, finally, its successful use in health care systems [1]. These
positive attributes in addition to the tool support influence our eventual process.

However, like [1], we find that i∗ requires too much detailed information early in
the design process. Whilst the level of detail may exist in business-specific IS develop-
ment, it is not appropriate for analysis of enterprise goals. This problem applies in some
part to the other GOAs, but is particularly problematic in i∗. The main question before
using i∗ is whether the developers have the required amount of detailed information for
allocating the dependency relationships and whether they need the detailed level of goal
structure that includes implementation information.

3.3 Critique of GBRAM

[2] presents GBRAM as an approach for analysing, identifying, and classifying the
goals, agents and stakeholders without providing detailed instruction. The detail level
of GBRAM is more appropriate than that of i∗: goals are a “logical mechanism for
identifying, organizing and justifying software requirements” [2]. GBRAM provides
a top-down approach to refining and structuring the goals; it addresses documenting
and identifying goals, as well as the issue of knowing when the goals are adequately
specified. The disadvantage of GBRAM is its lack of a generic process for analysis:
GBRAM is helpful in starting the collecting and refining of goals, and influences our
eventual process, but the lack of documentation does not allow us to use the method
as-is for EIS.

3.4 Critique of KAOS

The KAOS is an tool-supported approach to goal-based requirement engineering that
has a comparatively well-defined process, with many conceptual similarities to GBRAM.
It has both a top-down approach and a bottom-up approach to identifying and refining
goals. In this sense, it is more detailed and complete than GBRAM; KAOS’ approach



is also at an appropriate level for EIS, and in early stages does not seem to require the
sort of detailed information of the organisation in analysis that i∗ seeks. The rigorous
approach to goal definition in KAOS can cause difficulties for stakeholders who are
outside IT or IS development, but adds its own value in respect of concrete definition.
KAOS methodology is actively evolving and is well-documented; it is applied in many
industrial cases. As in other approaches, the process of applying KAOS is not well-
defined even though examples illustrates that it exist at some level [17, P. 502], but the
advantage of documentation makes it the basis for our EIS process.

In conclusion, firstly, we find a general lack of clear process guidance for GOAs,
which makes the approaches heavily reliant on the expertise of practitioners. It is ar-
guable that there is insufficient world-wide expertise to support the needs of EIS de-
velopment, and thus more guidance in the application of approaches is necessary.
Secondly, a key limitation of all the reviewed GOAs is the lack of evaluation tech-
niques. Evaluation, again, relies heavily on expertise. Whilst this can work in practice,
more systematic consideration of evaluation is needed. KAOS suggests evaluation us-
ing bottom-up and top-down approaches to evaluate the goal models created - asking a
“why question” from child goals to their parents and vice versa [17]. We are interested
in ways of evaluate the results of goal-oriented approaches.

4 Evaluating a Goal-Oriented Analysis

A goal-oriented analysis must be evaluated to ensure that its results are valid and appro-
priate. In particular, how we can ensure that the collected goals and the goal structure is
sufficient to allow EIS developers to start with the next phase? This section addresses
how to evaluate the results of a GOA in the domain of our health care EIS.

The four goal-oriented approaches discuses above are heavily reliant on expert re-
view. It is clear that expert review has an essential role in evaluating the final results in
this area of research, however we believe that other evaluation options could allow the
developers to evaluate the analysis results, complementing and focussing expert review.

In GSN there are four steps to check the results:

– Step 1 - Argument comprehension check
– Step 2 - Well-formedness checks
– Step 3 - Expressive sufficiency checks
– Step 4 - Argument criticism and defeat

The checklist approach and criteria based approach are beneficial in general cases
and the obvious type of problems that can happen frequently in different projects, but
may miss special issues that can happen in some cases [12]. To cover special cases
we propose to use scenario-based evaluation. Scenarios are used for collecting data
in requirement engineering and goal-oriented approaches, nevertheless to the best of
our knowledge, not in the evaluation phase of GOA. However, the technique is very
successful in software architecture domain [4]. Scenarios are easy to create and under-
stand, they are simple to use and inexpensive, hence they are suitable to use in many
fields [4]. Scenarios have the ability to define the goals of actors [19] thus they can be
easily adapted for goal-oriented approaches. They can be detailed and narrowed down



as much as required. Scenarios “can be made deliberately incomplete to help developers
cope with uncertainty” [19].

All these characteristics lead us to use this approach for evaluation in addition to
other possible techniques such as expert review. For this research a scenario is a short
statement describing the goals and expectations of one of the stakeholders from the
system.

The review of current categories of scenarios illustrates two different groups that
could be applied for goal-oriented approaches: one from software architecture point of
view [4], and one from the goal-model point of view [12].

The goal-model point of view defines different roles for scenarios: Introduction,
planing, automation, operationalisation, evaluation [12, P. 312].

An architectural point of view is given by the ATAM approach [4], which presents
the following scenario types:

Use case scenario: “Use case scenario describes a user’s intended interaction with the
completed running system”. “use case scenario expresses a specific stakeholder’s
desires” [4, P. 54]. This scenario could be used in our case of scenarios for goal-
model evaluation.

Growth scenario: “Represent typical anticipated changes to a system” [4, P. 54].
Changes and evolution is one of the features in EIS. Scenarios that represent the
functionalities of this type of systems should cover this aspect and feature of EIS.

Exploratory scenarios: “the goal of these scenarios is to expose the limits or boundary
conditions of the current design, exposing possibly implicit assumptions” [4, P. 54].
This type of scenario also could be used for goal model.

To investigate which categories are suitable for evaluating the results of EIS goal
models, we generated some scenarios that could cover some of the primary functional-
ities of the Stroke Care system. After generating the scenarios, we reviewed the criteria
to evaluate which set of scenarios are most appropriate. The results illustrate that cat-
egories in [12] ( Introduction, planing, automation, operationalisation, evaluation) are
detailed and focused on different stages of software development such as planing, au-
tomation, and operation. However, at this stage it is more practical to generate scenarios
for the categories given in ATAM: some of the categories in [12] cannot be generated at
the early stages of development, and the categories are not always helpful. Therefore,
allocating the scenarios to ATAM categories are more applicable in the Stroke Care
example. We tailored the description of ATAM categories to match with the research
domain as follows:

– Use case scenario to describe the desires and goals of stakeholders from the running
system.

– growth scenario to describe the anticipated goals if the system changes in future,
or the scenarios that describe the possibility of goals that change in future.

– exploratory scenarios that describe the limits and boundary goals.

We define the requirements for the the scenarios in GOA and the style of presenting
the scenarios. As the results of our study on approaches to use scenarios such as [16]
the following process is extracted:



– Select a few high priority scenarios from one group each time
– Present each scenario as a sequence diagram
– Check if the agents are captured in the diagram
– Check if the goals are captured in the diagram
– Generate requirements if possible
– Generate expectations if possible
– Generate operations if possible

By applying this evaluation process to scenarios related to Stroke Care we addressed
the following evaluation criteria:

– Understandable: The goals are understandable because at least one scenario justi-
fies the condition under which the goal (s) could exist.

– Correct: The correctness of goal structure is checked against the scenarios.
– Right level of detail: evaluate the level of detail for goals by creating a sensible and

understandable scenario out of the documented goal (s)
– Unambiguous: Detect ambiguity by presenting the ambiguous scenarios for goals.
– Redundancy: Address the redundancy if no rational scenario could justify the exis-

tence of goal.
– Organised: It address the structure and organisation of goal-structure by creating

scenarios that includes several goals.

5 Conclusion and Future Work

Goal-oriented approaches to modelling and analysis can facilitate the development of
EIS, particularly for health care. Facilitation comes from better structuring and explicit
modelling of goals and points of contention amongst stakeholders. The review of goal-
oriented approaches illustrates three different approaches that have been used in exam-
ples similar to our EIS for health care. A detailed review using an EIS example was used
to analyse which approach(es) could beneficially be applied. The analysis illustrated
that KAOS methodology is the most convenient approach for our example. However,
this technique same as other goal-oriented approaches has limitations on evaluating the
results. Therefore, we proposed and tested scenario-based evaluation to evaluate the re-
sults of goals. It is possible that stakeholders can understand the scenarios related to the
goals more easily than the goal structure; hence, this technique not only can help the
developers to do the evaluation but also helps to engage the experts with the process of
evaluating more systematic.

Work is continuing on the testing and documentation of scenario-based evaluation.
More work is needed in testing scenario-based evaluation and identifying and applying
possible appropriate evaluation techniques.
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