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Abstract: Scenario-based approaches have proven useful for requirements
elicitation, validation and negotiation. Besides the direct and indirect
stated requirements current scenario-based approaches capture also contextual information about the existing or future system, but lack in a systematic support for representing and reasoning about this information.
Based on a literature survey we define a comprehensive set of concepts
needed to represent contextual usage knowledge of scenarios. In contrast
to existing approaches, we propose to relate contextual knowledge not only
to the whole scenario, but also to the scenario components, e.g. single
or sets of interactions between the system and the user of the system.
Consequently, we propose two contextual models, a scenario context model
(SCM) and an interaction context model (ICM).

1 Introduction
Requirements engineering itself can be understood as a process of establishing a overall system vision in context [12]. Thus, RE is not an indirect
analysis process, but a mutual learning process in which the various stakeholder involved have to reach an agreement about the requirements for
the future system [17].
Scenario-based approaches have proven useful to support the various
stakeholders in reaching such an agreement. Due to the grounding of
the indirect or direct expressed requirement on concrete examples, e.g. a
concrete application (use) case, scenarios help in bridging the gap between
the various stakeholders and the requirements engineers, i.e. they support
a common understanding of current and future requirements. Moreover,
they provide ideal means to elicit and validate the stakeholders needs as
well as to get aware of their knowledge about the current system and the
context the system is going to operate in (e.g. [20; 10; 6; 27]).
Although the need for expressing contextual knowledge (e.g. organizational information, social settings, goals) in scenarios is widely recognized, e.g. [14; 16], a comprehensive approach for expressing contextual
knowledge and relating this knowledge to the requirements expressed in

the scenarios is missing.
In this paper we propose to model contextual knowledge at two levels:
at the scenario level and at the interaction (task) level. We first provide
a structure for the context of information systems (Sect. 2) and discuss
the concepts and their relations used to represent contextual knowledge
in current scenario-based approaches (Sect. 3). We then define a conceptual model for representing the contextual information about a whole
scenario, called scenario context model, and a more fine-grained model
for capturing the contextual information about the interactions expressed
within a scenario, called interaction context model (Sect. 4). We finally
discuss their relations and provide an outlook on future work (Sect. 5).

2 Structuring the Context of Information Systems
2.1 Three Types of Scenario-Approaches
Each system is embedded in some context. To express the degree to
which a scenario addresses this context we first distinguish between three
main types of scenarios (Fig. 1):
A. System internal scenarios focus mainly on the system itself, i.e.
the scenario does not consider the context the system is embedded
in. Such scenarios are for example used to represent interactions
between system objects, e.g. object method calls:
B. Interaction scenarios represent knowledge about the interaction of
the system with its context. This may include interactions with
stakeholders and/or other systems. A common notation used to
represent such scenarios are message sequence (trace) diagrams;
C. Contextual scenarios represent, in addition to the direct interactions between the system and its context, also information about
the context of the system. For example business goals are stated
and related to the services provided by a system, system external
relations of stakeholders are represented, the use of the information obtained by a service of the system may be expressed, or
organizational policies may be stated.
The differentiation between type B and C scenarios corresponds to the
classification proposed by Kyng [14], who calls type C scenarios rich
scenarios, and type B scenarios narrow scenarios.
The classification of 20 scenario-based approaches using to the three
categories introduced above is depicted in Fig. 2. As the figure indicates, all scenario-based approaches consider knowledge about system-
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user or/and system-system interactions and thus fall under category B.
In addition, more than half of the classified approaches somehow model
information about the context the system is going to operate in whereas
only few approaches propose to model system internal interactions.
Before discussing the concepts used by the various approaches for
defining contextual information in detail, we provide a structure for the
context of information systems and discuss the classification of scenarios
along these structure.
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Armour et al. [1]
Bäumer et al. [2]
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Leite et al. [16]
Potts et al. [20]
Rawthorne [21]
Regnell et al. [22]
Rubin et al. [23]
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Scalzo [25]
Some et al. [26]
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2.2 Structuring the Context of Information Systems
Each type of system has its own typical context. For example, in the
case of information systems the output is typically used by humans to
fulfill a task better whereas in the case of embedded systems the output
of the software system is used by other systems, e.g. in an airplane the
output of the navigation system is used by the auto pilot system to adjust
the course. Due to these differences the context depends on the type of
system to be built. In the following we focus on information systems
which are increasingly becoming an integral part of our everyday lives.
An information system can be described in analogy to a sharable
telescope through which a user community observes a domain of interest
more effectively than without it [11]. The domain of interest may or may
not overlap with the user community itself and it may or may not be
changeable by the user community. But it makes sense to distinguish,
from a cognitive as well as a social viewpoint, between the usage world,
the subject domain world, and the system world, and to describe their
relationships (see [12; 18] for details). A fourth world, the development
world, has the basic task of assisting the vision holder in realizing the
vision in the context of the other worlds. In addition, the development
world must consider its internal development context of people, methods,
experiences, and tools. It is the development world in which the RE
process takes place.
Thus, the context of an information system can be structured by the
usage, subject, and system world. In the following we discuss the
contextual information which might be represented for the system, subject,
and usage world in more detail.
Context information about the usage world: The usage world comprises
stakeholders who are owners and direct/indirect users of the system. The
relationships between users and owners can vary widely, but might be
defined in the organizational structure [18]. Scenarios which capture the
interaction between the users and the system fall under category B. If in
addition to the direct user interactions also information about the relations
between the users, their role, the reasons (goals) for interacting with the
system etc. are stated, the scenario belongs to category C.
Context information about the system world: The system to be built may
have relations to the other systems, or the development of the system
may be constraint by, e.g. standards or the technical infrastructure. For
example, the system may exchange data with other systems or may receive
events from other systems. A scenario can deal with this interactions

(relations), similar to the user interactions, at both levels (B or C). A
scenario which only represents the data, events exchange with other
systems fall under category B. If the interactions between other systems
and their consequences are considered the scenario will be ranked in
category C. Similar, if the restrictions of the infrastructure or the standard
to be followed are defined, the scenario will be ranked as category
B scenario. If the rationale behind choosing a particular standard or
infrastructure are expressed, the scenario may be ranked as category C
scenario. Similar, if the new system requires a change in, e.g. the
technical infrastructure, and the influences of this change are expressed
in the scenario, the scenario will fall under category C.
Context information about the subject world: In addition to the above, a
scenario may focus on the relations to the subject world. A regular information system is intended to maintain information about some subjects
of the real world. A scenario will be classified as category B scenario,
if the direct relation to these subjects is considered within the scenario,
e.g. information update (the way how changes of the subjects are communicated to the system) or the correctness of representation (e.g. by
checking the represented information periodically with a domain expert).
If relations between different subjects are captured by the scenario, it will
fall under category C.

3 Representing Contextual Information: State of the Art
3.1 Concepts used for Representing Contextual Information
In this section we briefly describe the concepts used in existing scenario
approaches (classified as category C) for representing contextual knowledge. Existing approaches typically concentrate on the representation of
contextual knowledge about the usage world. Contextual information
about the system world is rarely represented. Contextual information
about the subject world is almost neglected.
Fig. 3 depicts the most common concepts used by existing approaches
for representing contextual information:
Agents/Users: In most approaches an agent can be a human or a system.
The concept of agent is mostly used to represent system-user and/or
system-system interaction [6; 10; 9; 13; 23]. In addition, some approaches
[3; 5; 8; 20; 25] propose to represent also interactions between the agents
and between the agents and other stakeholders and/or systems which are
not directly interacting with the system to be build.

Roles or Actors or user types represent classes of users. They are used to
classify users or other systems interacting with the system with respect to
their roles they play or the responsibilities they have [1; 2; 5; 16; 20; 22].
Goals: For representing the reasons why a particular action is performed
within a scenario the concept of goal is used. In most approaches goals
are related to the whole scenario (e.g. [16]). In addition, some approaches
propose to relate goals to the agents involved in a scenario (e.g. [22] or
even to a subset of the scenario [5]).
Location: This concept is used to represent that the execution of a scenario
is bound to some geographical location, e.g. a particular kind of office[5;
16; 25]. Mostly a location is identified by a name which might be further
defined in some kind of dictionary [16].
Resources: The concept of resources is used to represent other systems
or agents, information, money, time, or any other material/product which
are crucial for the performance of a scenario [2; 16]. In addition, some
approaches propose to model the providers of resources [25].
Pre-/Postconditions: Preconditions are used to describe the conditions
to initiate the execution of a given scenario [4; 7; 16; 22; 23; 26].
Postconditions are used to indicate the states of the system and the
environment after scenario termination [4; 7; 22; 23]. Some approaches
propose to express the pre- and postconditions as object states of agents
and/or resources [23]. Others represent pre- and postconditions using
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Bäumer et
al. [2]
Benner et
al. [3]
Cockburn
[5]
Holbrook
[8]
Kyng [15]
Leite et al.
[16]
Potts et al.
[20]
Rawthorne
[21]
Regnell et
al. [22]
Scalzo [25]

Agent/
User

Org. Role

Goals

Location

Resource

X

precond.

postcond.

X

X

X

X

X
X
X
X

X

X

X

X

X

X

X

X

X
X

X

X
X

X

X

X
X

X
X

X

X

X

X

Fig. 3 Concepts used to represent contextual knowledge.
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Fig. 4 Conceptual model for representing conceptual information of Regnell et al. [22].

prosa text [7; 25] or using a restricted grammar [16].
3.2 Modelling Contextual Knowledge: Two Examples
In the following we present two “comprehensive” approaches which
explicitly define a set of concepts and relations needed to represent
contextual knowledge about scenarios.
3.2.1 Capturing contextual knowledge about use cases (Regnell et al.[22])
Regnell et al. [22] define scenarios as instances of use cases. A use case
describes a usage situation of the system. In addition to other use case
approaches, they propose a set of concepts and relations for describing the
usage context of use cases. A conceptual model of the proposed concepts
is depicted in Fig. 4.
The concept context is used to express pre- and postconditions which
constrain the scope of the use case. A precondition is defined as properties
of the system (target system) and its environment (host system) that need
to be fulfilled in order to invoke the use case. A postcondition describes
the state of the host and target system after the use case has terminated.
A user belongs to the environment the system is going to operate in. A
user can be either a human or another software and/or hardware system.
A service is described by a set of use cases. It subsumes a package
of functional entities (features) the environment (user) expects from the
system. A service is invoked by an actor to satisfy a goal or a set of goals
the actor wants to achieve (the actor has).
An actor (or user type) represents a set of users that have some common
characteristics with respects of why and how they use the system (set of
services).
Goals are used to categorize users into actors, i.e. an actor (user type)
is defined by the goals s/he is related to. In addition, the goals represent
the objectives an actor wants to achieve when requesting a certain service.

To model this information they propose a so-called environment model
where the actors and services are defined and related to the use cases.
Although the need for representing goals and their relations to actors
and services was stated, these relations are not discussed in detailed.
Consequently no concepts for representing goals and their relations are
provided in the environment model. Similar, no concepts for representing
pre- and postconditions are provided in the proposed environment model.
3.2.2 Capturing contextual knowledge about scenarios (Leite et al.[16])
Similar to Regnell et al. [22] the concept of actor is used to define a
person or an organization structure that has a role in the scenario. In
contrast to Regnell et al. no differentiation between actor (user type) and
a concrete user is made.
The concept of goal is used to describe an objective to be achieved
in the macrosystem, e.g. business goal, personal goal etc. The scenario
itself defines how the stated goal can be achieved. In contrast to Regnell
et al. a goal is only related to a scenario but not to the actor (user type).
Whereas Regnell et al. propose to categorize actors based on the set of
goals which are associated to the actor, the categorization of actors in
Leite et al. is an open questions.
In addition to Regnell et al. Leite et al. propose to model the resources
required for performing a scenario. The availability of a certain resource
can be restricted by a textual constraint.
The concept context is used to define the geographical location (setting)
of a scenario and to express the required initial state (precondition).
In comparison with Regnell et al. no postconditions are represented
but, in addition, the definition of the geographical location is requested.
A location is defined by a name which can be further described in a
dictionary. The concepts of location is used to express that the scenario
can only be performed in a given (geographical) location, e.g. in the
office of the secretary of the vice president.
To describe the proposed contextual usage information, Leite et al. sug-
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gest to use structured text which is, in comparison with the environmental
model proposed by Regnell et al., more expressive, but, on the other
hand, lacks a graphical notation.

4 The Scenario Context Model and Interaction Context Model
We first discuss the needs to represent contextual knowledge at two
levels: the scenario and the interaction level (Sect. 4.1). We then
propose a conceptual model for representing contextual information at
the scenario-level which subsumes the concepts suggested for representing
contextual information in other scenario-based approaches and allows the
stakeholders to specify the context of complete scenarios (Sect. 4.2).
The more fine grained model for representing contextual information for
the interactions captured within a scenario is described in section 4.3. This
model enables the stakeholders to express contextual knowledge about
parts of a scenario and thus supports the understanding of a particular
(sequence of) interaction(s). Finally we discuss the relations between the
scenario context and the interaction context models (Sect. 4.4).
4.1 Representing Contextual Information
Most scenario-based approaches relate the contextual information to a top
level concept, e.g. scenario (e.g. [16]), use case or service (e.g. [22]).
Although most of them provide concepts for structuring scenarios (e.g.
episodes, interactions, events, views on message sequence diagrams, ...)
they do not provide any means for relating the contextual information
presented at the top level to lower level constructs.
This is a bit surprising since the contextual information expressed at
the scenario level is mostly build up from more detailed description or
observations. For example, an agent related to a scenario is normally
involved in an interaction with the system or performs some kind of
task within the scenario. Similar, each role (actor, user type) defined
for a scenario appears in one or more interactions or other statements
within the scenario. Furthermore, the resources required to perform a
scenario should be equal with the set of resources required for performing
the interactions and tasks defined in the scenario. In other words, the
contextual information of a scenario is typically defined by collecting the
information about the context expressed in the scenario description or by
observing the interactions and tasks subsumed by the scenario. Briefly,
the contextual information related to a scenario subsumes the contextual
information expressed for the various tasks and interactions the scenario
consists of.

Representing contextual information on the lower level (e.g. for each
interaction and/or task performed) enables the stakeholders to understand
why a certain interaction or a set of interactions should be performed
in the expressed manner or why the performance of a particular task is
important for the organization. Thus, contextual knowledge should also
be expressed at a lower level, i.e. for the interactions and tasks performed.
As a consequence we propose to defined contextual information at two
levels, namely at the scenario (or use case) level and at the interaction
(task) level.
4.2 Scenario Context Model
The Scenario Context Model (SCM) defines the concepts and their relations needed to capture and structure contextual knowledge of a scenario.
The model is depicted in Fig. 6. The concepts and their relations are
described below.
Preconditions: As in most approaches, preconditions are used to restrict
the invocations of a scenario. They state the prerequisites for a scenario.
A precondition may be defined in textual form or may be expressed as a
constraint about the other concepts introduced in the SCM. For example, a
precondition can express that a certain type of resource must be available.
Postconditions: A postcondition is used to express the result of a scenario,
business
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again in textual form, or/and the states of the captured context of the
scenario and/or the system itself. For example, a postcondition can name
the products (information) produced and/or the state a certain agent is in
after the scenario has terminated.
Location: Similar to Leite et al. a location expresses geographical
constraints about the scenario.
Resources: As in other approaches, the concepts of resources is used to
represent information, money, time, other systems or agents, or any other
material/product which are crucial for the performance of a scenario. In
addition to other approaches we propose to model the resources (information) produced and required in a scenario as well as the fact that a resource
(information) was passed to an agent which must not be involved in the
scenario itself. This enables us to represent the use of resources outside
the scenario. Among others, such contextual knowledge is useful if the
scenario is going to be changed or if the produced information (resource)
is not required anymore.
Agent: As in most approaches an agent can be a human or another
system. An agent can play different (organizational) roles within a
scenario. The participates relationship expresses the involvement of an
agent in a scenario, states the goals to be achieved and the organizational
roles required for a particular participation. An agent need not to have
a participates relationship. Thus agents which are not directly involved
in the scenario can be represented, e.g. agents which obtain information
produced in the scenario from an agent participating in the scenario.
Organizational role: We propose to explicitly define the roles an agent has
within an organization instead of defining a set of user types or actors (e.g.
like in [22]) to differentiate between the various roles of a system user.
In addition we suggest to relate the organization roles to the goals which
must be achieved and to the responsibilities which are associated with
the role. Of course an organizational role can be associated to more than
one agent. Since for most organizations an organizational structure exists,
we think it is much more effective to reuse the concepts defined in these
structure instead of defining new ones. In addition, misunderstandings are
avoided since an existing terminology is used.
Goal: Similar to most other approaches we suggest to represent the overall
goal of a scenario. In addition we propose to represent, via the participates
relation, the goals a particular agent has and the interactions by which
s/he tries to satisfy these goals. Moreover, an organizational roles can
be associated with a set of goals. Thus, if an agent is assigned to an

organization role (via the has role relationship), the agent has to achieve
the goals related to the role.
Responsibilities are defined for each organizational roles. By assigning
an organizational role to a certain agent (via the has role relationship),
the agent automatically “inherits” the responsibilities related to the role.
Business process: We suggest to explicitly relate the scenario to the
business process (or set of business process) it contributes to. Thereby
the role of the scenario within the usage world can be represented.
4.3 Interaction Context Model
The Interaction Context Model (ICM) defines the concepts and their relations needed to capture and structure contextual knowledge about the
interactions represented in a scenario. To be able to relate contextual
information to the interaction one has to assume some kind of representations for the interactions.
We have decided to base our contextual interaction model on the
widely used message sequence (trace) diagrams (MSDs) which are used to
represent the interaction between the (target) system and its environment.
An interaction is represented as simple object association between the
system and agents (see Fig. 7). An agent (human or other system)
can either initiate an agent-system interaction by requesting a particular
information or task of the system. Vice versa, the system can request an
interaction with an agent
For representing contextual information about the interactions we suggest to extend MSDs by the concepts described below (see Fig. 7).
Task: When asking a stakeholder to describe interactions with the system
he typically explains the tasks (part of a business process) he has to
perform. To capture a broader context of the scenario at hand we suggest
to represent the business tasks the agent performs. In addition, each
interaction the agent is involved in should be related to the business
task for which it was performed (part-of relation between agent/system
interaction and business task; not depicted in Fig. 7).
Goal: The interactions and tasks performed in a scenario serve a specific
purposes, i.e. the interaction are performed to attain a goal the agent has.
To be able to understand the purpose of an interaction we suggest to relate
each interaction to the goal which should be achieved by the interaction.
Similar, each task should be related to a higher level goal the agent wants
to achieve by performing the task.
Resource: To be able to define the resources required for a scenario on the
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top level, we suggest to model the resources required for the agent/system
interaction. In the case of an information system the resources used and
produced within a scenario are most often information or data. Thus,
for each agent/system or system/agent interaction the data/information
exchanged has to be defined. In addition, the fact that a task executed in
a scenario produces resources (information) or requires resources has to
be represented (see Fig. 7).
Agent/Agent interaction: Interactions between external agents and agents
interacting with the system are quite common. An agent may pass
information obtained by the system to another agent, or request the
performance of a task by an external agent. Moreover, an agent may
receive the information required for a system interaction from an external
agent. The interaction which we have observed in concrete scenarios can
be classified using the three types of agent dependencies proposed by the
I* model [28; 29]. Goal dependency: In a goal dependency an agent
depends on another agent to make a condition in the world come true. A
goal dependency is used if the agent who has received the request can
decide how to fulfill the request. In a task dependency, an agent depends
on another agent to perform a task. In contrast to a goal dependency,
in a task dependency the requesting agent specifies a particular course
of actions which describe the task. In a resource dependency an agent
depends on another agent for the availability of an resource, e.g. a

particular information required for an interaction (see Fig. 7).
To ease the modelling task we propose to introduce a view concept which
aggregates a set of agent-system and/or system-agent interactions and
relate the contextual concepts defined above to this view concept in the
same way they are related to single interactions (not shown in Fig. 7).
Through this extension it can be represented that, e.g., a particular goal
is achieved through a sequence of actions or that a task requires the
performance of a particular set of interactions.
For representing a particular goal, task, resource, agent, etc. we propose
to relate each of the concepts and relations defined above to a hypertext
node. By specializing our hypertext model and tool described in [19]
according to the above defined conceptual model, knowledge base support
for navigating in the hypertext and for enabling selective retrieval of model
components can be achieved.
The representation of such contextual knowledge at the interaction level
provides an invaluable source for representing the context of the whole
scenario. Most of the contextual information for the interactions (or
sequence of interaction) is easy to access (e.g. can be observed) and thus
the contextual interaction information provides a solid basis for defining
the context information of the whole scenario; it is much more difficult
to express the context of a scenario without such a basis.
In the next section we discuss the relations of the interaction context
model and the scenario context model and describe how a scenario context
model can be defined based on the context interaction (sequences) model.
4.4 Relations of the SCM and ICM Models
First of all a ICM model must be related to the corresponding SCM model
using a consist-of relation which subsumes the set of interactions which
are described in a given scenario. In addition, a set of constraints can be
defined between the SCM model and the associated set of interactions:
Agent: The agents defined in the SCM model should subsume the agents
defined in the ICM model. If an agent is involved in an agent/system or
system/agent interaction at the ICM level, a participates relation should be
defined at the SCM level. Vice versa, external agents, i.e. agents which
do not directly interact with the system, must not have a participates
relationship at the SCM level.
Goal: In the SCM model agents are associated to goals through their
organizational roles and via the participates relationship. In the ICM
model goals are stated for the tasks performed and the interactions. The

relations between the goals expressed at the ICM level and the SCM
level typically differ in their granularity. We thus propose to introduce
a subgoal relationship for representing that a given goal is a subgoal of
another one. The subgoal relations have to be defined by the requirements
engineer. However, on could request that each goal represented at the
ICM level is either part of the set of goals defined at the SCM level or
related to a goal at the SCM level via a subgoal relation.
Resource: There are three types of resources: (1) resources which are
required at the beginning of the scenario; (2) resources which are produced
by the scenario, i.e. which are available after termination; and (3)
resources which are used and consumed by the scenario. The resources
defined at the ICM level have to be classified according to this three
categories at the SCM level. Whereas resources of the type (1) are
expressed in the precondition of the scenario, resources of the type (2) are
expressed in postcondition. All three types are subsumed by the concept
resource at the SCM level.
Business process: In the ICM model business tasks are defined. In the
SCM model a scenario is related to business processes. If a business
process model exist it can be required that for each task represented at
the ICM level the corresponding business process is defined at the SCM
level. If there is no business process model either the tasks can be related
to the scenarios at the SCM level or one has to identify and define the
business processes the tasks are part of.

5 Conclusions
It is widely accepted that representing contextual information about scenarios is important for the understanding and the correct use of the scenarios during the system development process. To access the degree to
which contextual information is represented in existing scenario-based
approaches we distinguished between three types of scenarios (system
internal, interaction and contextual scenarios) and classified 20 existing
scenario-based approaches using the three categories.
Based on a more detailed analysis of the scenarios classified as contextual scenarios we discussed the concepts and relations provided by
those approaches for representing contextual information. Given the four
worlds of information systems it is interesting to observe that current approaches mainly focus on the usage world and pay less attention to the
subject and system worlds.
In contrast to all existing scenario-based approaches we argued that
contextual information has to be represented at two levels, namely at

the scenario and at the interaction (task) level. Consequently, we proposed two conceptual models: The scenario context model subsumes the
concepts and relations for representing contextual information used by
existing scenario-based approaches and allows the stakeholders to specify
the context of complete scenarios. The interaction context model enables
the stakeholders to express contextual knowledge about parts of a scenario
to specifically support the understanding of these parts for stakeholders.
A part can be an individual interaction of a scenario or a particular set
of interactions grouped together using the View concept. Views can be
used to introduce several levels of granularity for contextual information
related to scenarios (e.g., goals for a set of interactions, sub-goals related
to sub-sets of this set, sub-goals related to individual interactions of the
sub-sets).
Finally, we outlined a first set of rules and constraints for ensuring
consistency between scenario context and interaction context models.
Future research is concerned with an elaboration of those rules and
the development of appropriate tool support. In addition we will extend
the proposed models to capture relevant contextual information about the
subject and system world.
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