Dagstuhl Workshop on Scenario M anagement

February 9-13, 1998

Organizers.

Matthias Jarke, RWTH Aachen, Germany
X. Tung Bui, University of Hawaii, USA
John M. Carr oll, Virginia Tech, USA



Contents

I ntroduction and Overview

Agenda

Subgroup Misgon Statements

Participant Abstracts

Scenario Management: An Interdisciplinary Approach

Editorial, Spedal Issue of |EEE Transactions on Software Engineering
Editorial, Spedal Issue of Requirements Engineering Journal



| ntroduction and Overview

A scenario can be defined as a description of a possble set of events that might reasonably take
place The purpose of scenarios is to stimulate thinking about possble occurrences, assumptions
relating these occurrences, possble opportunities and risks, and courses of adion. Recant surveys of
scenario research and pradice undertaken by the European CREWS projed show the enormous
variety, but also the fragmentation of the field. For example, HCI reseachers use scenarios to
enhance user-designer communicaions and managers use scenarios to explore dternative futures
and the impaad of systems. Software engineas e scenarios as a promising means to discover user
needs that are not obvious in analysis stuations, to better describe the use of system in work
processs, and to systematicaly explore normal-case and exceptiona behavior of a system and its
environment.

Reseachers from other disciplines have used scenario analysis for a long time. Economists have
succesdully used scenarios for long-range planning. Management scientists use scenarios for
strategic dedasion-making. Policy makers use scenarios to weigh the possble mnsequences of their
adions. In an interdisciplinary perspedive, scenarios are used to examine the interplay among
eanomic, socia, and technologicd issues.

This Dagstuhl Seminar convened twenty-four lealing reseachers and praditioners from various
disciplines to cross-examine the dfedivenessand efficiency of using scenarios as a modeling, design,
development, and implementation tool. A second issue of interest is the management of scenarios as
complex artifads throughout the planning and systems lifegycle.

The seminar was organized by the CREWS ESFRIT projed in cooperation with the IFIP Working
Group 29 (Requirements Engineaing) and the RENOIR European Network of Excdlence It
comprised plenary sessons as well as sibgroup dscussons, as siown on the Agenda on the next
pages. This is followed by short abstrads of presentations written by participants. Afterwards, the
results of the workshop discussons are summearized in an overview article by the organizers, titled
“Scenario Management: An Interdisciplinary Approach”. 13individual reseach contributions by the
participants and others, €elicited through an open Call for Papers, are published in Spedal Isaues of
the IEEE Transactions on Sdtware Engineeing (vol. 24, no. 12, Decanber 1998 and of the
Requirements Engineaing Journal (vol. 3, no. 3-4, Decamber 1998. The dlitorials and tables of
contents of both isaues conclude this report.

Thanks are due to the Dagstuhl Diredorate for accepting this interdisciplinary event, and to the
European Commisgon for supporting the travel of many participants via CREWS and RENOIR.
Without the enthusiastic cooperation of all participants, reading well to frequent agenda dhanges
and spontaneous discussons, this workshop would not have been the success we fed it has been.
Speda thanks go to the anveners of the subgroups, and to our students Camille Ben Achour,
Sebastian Brandt, George Chin, Peter Haumer, Patrick Heymans, Shelley Minocha, for their
support in organizaion and sesson recrding. As aways, the final thanks go to the deeaful people
at Dagstuhl without whose support these events would be much more work and much lessfun.

Aaden, Honolulu, and Bladksburg, November 1998
Matthias JBrke

X. Tung Bui
John M. Carroll



Dagstuhl Workshop on Scenario M anagement

Agenda

Monday, February 9

9.00- 9.30 Workshop Introduction (Jarke)
9.30- 10.15 Scenarios. HCI Perspedive (Carroll)
10.30-11.15 Management Perspedive (Bui/Sprague)
11.15-12.00 Requirements Engineaing Perspedive (Rolland/Pohl/Sutcliffe)

14.00-17.45 Subgroup Medings

S1: Fitting Scenarios to existing methods
Convenors. Rolland, Dzida

S2: Representing scenarios. informal  formal)
Convenors: Greengpan, Potts

S3: Scenario management in the large
Convenors. Francksson, Lyytinen

$4: Systematic capture and generation of scenarios
Convenors:. Sutcliffe, v. Lamsweeade

Tuesday, February 10

9.00-10.20 Subgroup interim reports
10.40-12.00 Panel: Where is the theoreticd basis for scenario reseach?
Moderator: Jarke
Panelists: Carroll, Dubois, Lyytinen, Maiden, Pomerol

14.00-16.30 Subgroups S1-$4 continue
16.45-17.45 Moderated Brainstorming Sesson: Overlooked Research Topics
Moderator: Bui
Wednesday, February 11
9.00-10.40 Fina Reports from Subgroups S1-$4
11.00-12.00 LessonsLeaned, Plansfor Thursday and Friday
Moderator: Carroll

Thursday, February 12 and Friday, February 13

Subgroup dscussons on empiricd evauation methodologies,
Work on joint publications



Subgroup Misgon Statements

Results of the subgroup dscussons are summerized in the aticle “ Scenario Management: An
Interdisciplinary Approadh” at the end of this report.

General questionsto be answered:

- what is known/not known about the topic in the threefields represented at the workshop?
- What isthe evidencefor this knowledge?

- What are important reseach/pradice questions, and why?

S1: Fitting scenariosto existing methods
Convenors. Rolland, Dzida

Do scenario-based techniques replaceor complement existing methods in planning, requirements
engineaing, design? Where do these techniques fit into the established processes, and what
adaptations of these processes, or of the scenario techniques, are needed to improve the fit? How do
we make the knowledge @out these improved methods available in work settings, how in
educaion? What are the limitations of scenario-based techniques?

S2: Representing scenarios. informal < formal)
Convenors: Greenspan, Potts

This group looks at the presentational issues of individual scenarios. When should scenarios be
represented formally, when informally? How should the two-way transition between formal and
informal representations be managed? What isthe gpropriate level of abstradion in a scenario,
given a cetain purpose?

S3: Scenario management in thelarge
Convenors. Francksson, Lyytinen

This group looks at the management and evolution of large sets of, possbly composite scenarios as
artifads throughout the software lifecycle. How do we manage families of scenarios, their version
and configuration management, their tracedility down to test cases for design and implementation,
and how do we handle scenario change in such integrated settings?

$4: Systematic capture and generation of scenarios
Convenors. Sutcliffe, v. Lamsweede

What should a scenario contain information about, under different contingencies? Are there
systematic ways to creae normal-case and exception-case scenarios? What does it mean for a set of
scenarios to be complete with resped to a particular task context?



Participant Abstracts
An Example of the Use of Scenariosin Eledronic Publishing Applications

Daniel M. Berry, Tecdhnion, Haifa, Israd

In looking badk over previously performed software system developments, it is clea that we have
been using scenarios al along, without cdling them such, as or embedded in requirements,
engineaing, design and code.

Validation, design and code optimization, inspedion ched list generation and validation, test case
generation and validation, user documentation, credion etc.. By rewgnizing that al of these
adivities are or can be scenario-driven, we now obtain a vocabulary to talk about their adivitiesin
away that might be deaer to the leaning or pradicing software enginee.

My contribution to the workshop shows how scenarios were used in all phases of the lifegycle of a
particular class of application for which there is an additional bonus, i.e., that the requirements
spedfications, the users manual, and the test case ae dl the same scenario-based documents.

Scenarios. A Strategic M anagement Perspedive
T.X. Bui, University of Hawaii, USA

For all pradicd reasons, one muld safely clam that using scenarios has aways been part of the
»homo emnomicus’ toolbox. In a strategic dedsion making context, a scenario can be defined as a
narrative description of a cnsistent set of fadors that define, in a visonary sense, future business
dedsions (as outcome of the procesg. These dedsions are purposeful, novel, made under conditions
of ambiguity and uncertainty. Yet, these dedsions are expeded to result in high impad outcomes.
Granted that the dedsion environment is constantly changing, scenario generation and analysis are
important and seem to be the only sensible way to do strategic management. The use of scenarios
has proved to be useful to (1) cgpture complex, future uncertainties, (2) to avoid extrapolation, (3)
support mentality shift and (4) define reasonable dternatives futures.

Given the increasingly fast paceof change in the way business operates in a digital economy, the
renewed interest in scenarios and management of scenarios (e.g., their creaion, maintenance, and
the relationships among the scenarios) is, to say the least, encouraging, inevitable, and challenging.

Scenarios are Privileged Cognitive Structures
John M. Carroll, VirginiaTech, USA

A striking fad about humans is that they encode significant meanings in narrative form — they dream
stories that expresstheir degoest concerns (Freud), convey their culture and religion in stories (Levi
Strausy. Indeead, photocopier technicians sare and develop their expertise by telling one another
stories (Orr). ,,Case-based” leaning and reasoning are widely regarded as the most effedive means
of organizing and using memory.



Why are stories privileged? Here ae four partia answers. First, concrete/red material is processed
more by the mind (depth of processng theory). Sewnd, incomplete materia is ineluctably
elaborated and better remembered (elaborative memory, generation effed). Third, spesker and
listener tadtly agreeto bad<ground what can be presumed and to emphasize what is novel (given-
new contrad). Fourth -- and this is a risk of relying on stories -- people overestimate the relevance
of things that are familiar (representational bias).

These ae powerful tendencies in human thought that suggest spedfic benefits, and a risk, of using
scenarios as cognitive atifads — versus closed, formal systems of expresson. Scenarios do not
resolve the tension between the forma and the informal, rather they make informality a serious
option for adivities that can be better served by informal expressons and approaches.

Progressve Design: An Integration of Ethnography, Scenario-Based Design, and
Participatory Design

George Chin, Virginia Tech, USA

We introduce adesign methodology cdled ,Progressve Design® which integrates the fields of
ethnography, scenario-based design, and participatory design. We seek a general design model that
will structure our design work with users in a onsistent fashion and that will ensure an orderly
progresson to a succesgul final design. The objedives of progressve design are to alow users
direaly participate in requirements analysis, to entrench requirements analysis in user adivities, to
empower users as analysts and designers by giving them the same tools and methods that designers
and developers apply, to employ consistent design representations throughout analysis and design,
to consider the design of both the target system and the workplace adivity that will exercise it, and
to evolve the underlying usage antext in an organized and principled fashion.

A Systems View of Scenariosfor Requirements Elicitation and Testing
David E. Corrall, GEC-Marconi Reseach Center, UK

There ae two mgjor areas of Requirements Engineeiing which currently lack both methods and tool
support, namely elicitation and analysis. Analysis of the Requirements Definition is needed in order
to bootstrap the generation of scenarios for €elicitation and testing of requirements, and the results of
elicitation drive the next iteration of analysis. In this way, the Requirements Definition can evolve to
ameasurable level of design answer, for example in terms of cost effediveness

Analysis entails the adievement of system level goals and constraints from the harmonisation of
stakeholder goals and constraints. The structures for goals and constraints, Requirement Definition
and scenarios are commensurate and informed by prior domain knowledge of policy, doctrine and
standards. The use of scenarios for €elicitation and testing has therefore to be cnsidered in a whole
system context.



Making Use of Scenariosfor Validating Analysisand Design
Wolfgang Dzida, GMD, St. Augustin, Germany

Scenarios can help remedy the most serious obstade in the design process that is, a dronic ladk of
knowledge of the gplication domain. Moreover, scenarios can be anployed in analysis and design
to serve both ill ustrating the context of an envisaged usage (user perspedive) and demonstrating the
design proposa in terms of the intended usage (designer perspedive). In contrasting both
perspedives by means of a dialedic process a synthesis can be adieved that incorporates a shared
understanding.

Validation is a process to adhieve such an understanding. The semantic structure of types of
scenarios is investigated, thusill ustrating how a @ntext of usage analysis acarding to 1SO 924111
can be eplicated for validation purposes. The role of scenarios in usability engineaing is contrasted
with traditional concepts of software engineeing to narrow the gap between neighboring disciplines.
Within the introduction of scenarios in analysis and design the traditional systems analysis approach
can broaden its ope, sinceit is no longer the system alone which is analysed. Now the dfort shifts
from analyzing the atifad to understanding the problem domain. In traditional systems analysis,
formal or semi-formal spedfication languages have been used as problem statement languages, thus
jumbling up divergent purposes implied in spedficaion and problem analysis. It may be necessary,
however, to enter the analysis processin terms of the user‘s language.

Service Scenariosin Requirements Engineeing
Mark Feblowitz, GTE Laboratories, Waltham, MA, USA

The Requirements Engineeing projed at GTE Laboratories sipports GTE' s development and/or
purchase of large software systems, providing tools and techniques that help to record and explore
system requirements. The projed’s main orientation is toward the cgture and analysis of conceptual
models of the structure, behavior, and motivations of the various agents within the enterprise — the
environment of the new system(s) — thereby enabling the Requirements Enginee to exercise his’her
understanding of the environment and of the desired system(s). The RE projed has engaged in two
scenario-oriented adivities. a rule-based business process $mulator and a scenario-based technique
for studying the impaad of the potential aaquisition of ,,commercial, off-the-shelf“ (COTS) software.

In the ealy to mid-nineties the projed was involved in GTE's extensive Business Process
Reengineeing efforts, providing a method and toolset (ACME/PRIME) to transform a set of elicited
textual scenarios and corresponding informal Business Process Models (process maps) into a more
formal ,,exeautable” form. The resultant recorded conceptual model serves as as means of validating
the requirements analyst's understanding of the eaiterprise, and utimately as a means of
communicaing that understanding to software developers/procurers. With the support of ACME/
PRIME (IWSS96), models are constructed and simulations are performed using these models.
Eadh smulation ,thread” constitutes a tracethat either corresponds to one of the initially elicited
scenarios or constitutes a newly generated scenario that can be played badk to the relevant
stakeholder(s) for subsequent validation. ACME/PRIME was used in the field for 1.5 yeas until its
functionality was re-deployed in a production tool set.

The projed also developed a scenario-based technique for determining the impad of aquiring a
large COTS software system. This technique builds on the work of Potts and also Leite, using rich
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text scenarios of current enterprise operation and comparing these scenarios, in a meaningful way, to
the operation of the enterprise were aparticular COTS product to be aquired and deployed. This
technique aldresss the aurrently unmet need to identify salient impads of a COTS procurement,
e.g. the operation, costs, policies, and resources of the austomer's enterprise. The method
recoommends a means of performing a meaningful comparison of the arrent and hypotheticd
scenarios of enterprise operation, based on a theory-driven comparison and analysis of the narrative
texts of the arrent and hypotheticd scenarios.

Structure and Abstractions for Scenarios
Martin Glinz , Universitét Zurich, Switzerland

Working with scenarios requires gructure and abstradion. Structure within a single scenario is
required for understanding complex scenarios for assessng interesting properties; for generating
animations, etc. Structure between scenariosis required (a) to describe interrelationships such as
usage or component relations and (b) to manage scenarios, such as version management or tradng.

Abstradion helps us to manage @mplexity when we ded with large sets of scenarios. Type
abstradion leals from the extensional to the intensional level. Content abstradion allows us to use
boxes with names instead of full descriptions. Composition abstradion consolidates a set of
scenarios into a owmmon higher-level scenario. Generdlizaion abstradion fadors out common
properties. Usage abstradion lets one scenario make use of other scenarios that provide lower-level
services. Asped abstradion focuses senarios on one particular asped of the problem. To what
extent we need these kinds of abstradion in which situationsis gill areseach topic.

Scenarios Support the Acquisition and Impact Analysis of BusinessRules
Sol J. Greengpan, GTE Labs, Waltham, USA

Business Rules (BRs) are dedsions made to achieve the goals of an enterprise, and comprise an
important set of requirements on the (human and automated) systems that support the running of the
enterprise. For example, a bank with the goal of ,reducing fraud“ might impose the rule that chedks
over $ 5000require asecmnd signature, besides the bank tellers before being cashed. There may be a
large set of BRs involving many goals, adivities and agents. When a statement is made such as ,,in
context C use rule R to achieve goa G, there is typicdly uncertainty about the degree of
effedivenessif the rule is followed, the ansequences of not following it, and the acarracy of the
context in which it is considered applicable.

Scenarios of enterprise operation help in several ways, to explore and dedde on BRs; to discover
conflicts; and, if spedfied sufficiently formally, to support rapid deployment/evolution of the BRs.
Because BRs are usudly heuristic and speaulative, their effediveness risks and corredness of
context can often only be mnfirmed or measured by observing the adual running of the enterprise.
Scenarios are, again, the proposed toals for providing feedbadk to ched the BRs.

In our work at GTE Labs, we base BRs on a @mnceptual enterprise model and a dedsion support
system, and we simulate business senarios to develop and validate the rules.
Requirements Elicitation and Validation with Real World Scenes



Peter Haumer and Klaus Pohl, RWTH Aaden, Germany

Scenarios are a1 excdlent means for dliciting and validating requirements. In contrast to a
requirements gedficaion, which defines the requirements for the future system at a cnceptua
level (i.e. classor type level), a scenario represents a ancrete example of current or future system
usage, i.e. requirements are expressed at the instance level. We cdl a persistently recorded usage of
the aurrent system ared world scene (RWS).

We develop Conceptualization Guides which support the requirements-enginee in eliciting
requirements from RWS and in validating requirements against RWS. During the dicitation and
validation, the Conceptualization Guides relate the anceptual definition of the requirements to the
parts of the RWS, which have caised their definition or which have been used to validate the
requirements. Thereby a fine-grained interadion between the conceptual models and the RWS is
established. These interadions sgnificantly improve the tracedility and understandability of
conceptual models. The interrelation provides the basis for

- explaining and illustrating conceptual models to, e.g., untrained stakeholders or new team
members,

- comparing conceptual models defined by different stakeholders based on the same observation;

- comparing dfferent observations using computed links for the mnceptual models;

- refining or detailing the cnceptual model during later process $ages.

Scenario-based Tedhniquesfor Supporting the Elaboration of Formal Requirements
Patrick Heymans and Eric Dubois, University of Namur, Belgium

We study two scenario-based contributions for techniques and tools supporting the use of the Albert
Il language, a formal language designed for the purpose of expressng requirements inherent to
distributed red-time-systems.

The first contribution aims at improving the daboration process by providing a method for
constructing an Albert Il description from scenarios expressng the stakeholders requirements. These
are represented with Message Sequence Charts appropriately extended in order to ded with
composite systems.

The second contribution takes the form of a requirements validation tool (a so-cdled animator), that

the stakeholders use interadively and cooperatively in order to explore different possble behavior
(or instance-level scenarios) of the future system allowed by the formal requirements edfication.
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Scenariosasa Tod to Clarify Requirements
Pel Hsia, University of Texas at Arlington, USA

Many systems developers typicdly use EXAMPLES to clarify the astrad concepts represented by
requirements. These examples are redly what we cd scenarios today. For most of the single-user
systems, we can construct a 1-1 mapping between scenarios and prototypes. We have developed a
processto construct a scenario-based prototype which is chedkable. This approach can be extended
to generate an acceptance testing suite for a system. The &ove described approach was applied to a
safety-criticd system, Therac25, and the set of test cases were generated which include the aulprit
that caused six overdoses.

The CREWS Projed
Matthias Jarke, RWTH Aaden, Germany

The CREWS Rojed does long-term research on foundations of scenario usage and management in
requirements engineeing. First resultsinclude

- the CREWS framework which caegorizes senario-based techniques acording to four views
(form, content, lifegycle, purpose) and thus offers a dassfication of the reseach literature

- afield study of more than 20 requirements engineeaing projeds which pointed out which aspeds
of the framework seem nost relevant to businesspradice

In addition, the main goa of the projed is to develop and validate novel components of software
support for scenario-based requirements engineeaing, including tools for requirements elicitation
from red-world scenes and structured natural language statements , as well as for the generation of
scenario permutations for exeption analysis and for the animation of requirements edfication.

Scenario-based Rdiability Testing
Stefan Jungmayr, Fraunhofer IESE, Kaiserdautern, Germany

Software reliability is grongly related to system usage, i.e., it is not only the number of faults within
aproduct but also the probability of invoking particular functions that determine reliability. A usage
model that describe dl possble system usage scenarios can be used to generate any number of text
scenarios. The test results can than be used to draw scientific valid conclusions about reliability. The
notation used to describe usage models within the deanroom context are finite state madines, in
particular Markov chains, that additionally provide the test team with test exit criteria and a measure
of the trustworthiness of the reliability predictions.
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Demmposing Functional Requirements Using Scenarios
Hermann Kaindl, Siemens Osterreich

Potential users of a proposed system sometimes tend not to formulate functional requirements on
that system. Rather, they define  requirements in the compound that includes the proposed
software/hardware & well as other objeds and even people such as the users themselves. Since such
requirements do not make explicit what exadly the proposed system is supposed to do, they are
insufficient for developing it. We show that functional requirements can be succesgully decomposed
using scenarios. According to our approad, for ead of the functional requirements of the
compound system, a arresponding scenario is developed. The scenario descriptions include steps to
be performed by the proposed system. For ead of the steps, one or more functions will be
developed that will enable the system to perform these steps. These functions correspond to
functional requirements on the proposed system. As a aonsequence of our case study, we propose to
use this approach for decomposing functional requirements whenever they are requirements on the
compound system rather than the system that is to be built.

Scenario Issuesfrom an HCI Perspedive
Jurgen Koenemann, GMD-H T, Germany

Prototypicd Scenarios are narrative, informal, mostly textural structures (,prototypicd” in the
psychologicd sense of Prototype Theory) and these scenarios are refleding natural ways of people
to communicae their knowledge. Since System Engineering requires user participation we must ded
with these structures. Toals that support scenario management should impose the minimal structure
required to index and retrieve use scenarios, e.g. by making use of meta data while preserving the
narrative freeform content. Given a well understood domain, it may be possble to relate scenarios
to conceptsin a anceptual model as a means of organizing them and providing accessto them.

Componentsin a Theory for Scnarios Regresculation

Reino Kurki-Suonio, Tampere University of Technology, Finland

A variety of interrelated issies are involved in developing a pradicd theory for interadive
behaviors. fundamental philosophy, logic for reasoning, design methods, languag @ncepts, and
exeaition model.

Classcd theories of computing are intended for algorithms and sequential computing. Scenarios and
interadions require aparadigm shift to ,readive" theories, which can be used for modeling of closed
systems (= system + environment). One suitable logic for reasoning on scenarios (used in the
authors swork), is Lamport’s TLA (=Tempora Logic of Actions). Canonicd TLA expressons are
suited for operational spedficaion/regresculation of scenarios:

P Alv...v An F

initial condition  posshble adions livenessrequirements
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Asfor the exeaution model, nondeterminism and atomicity of adions is esential, since awvironment
and the system can operate @ncurrently. This deviates grongly from customary exeautive models
of programming languages.

At the language level, the adions of the exeaution model can be given as multi-party adions, in
which inter-party communication is implicit. This makes it possble to model scenarios at higher
levels of abstradion than is allowed in conventional objed-oriented models, for instance Together
with the logic, language structures aso have to give dfedive support for refinement and
composition (synthesis) of scenarios.

As a onclusion, the different parts of a theory have to support ead other effedively. Therefore,
one canot just take cmponents that have been useful for different purposes and pu them together.

Inferring Dedarative Requirements Spedfications from Operational Scenarios

Axel van Lamsweede, Université Catholique de Louvain, Belgium (on sabbeticd leare, SRI
International, USA)

Scenarios are increasingly recognized as an effedive means for dliciting, validating, and
documenting software requirements. Our interest is in the process of infering requirements
gpedficaions from scenario descriptions. While the former neel to state properties about the
intended system in an explicit and dedarative form for consistency/ completenessanalysis, the latter
are inherently partial, procedural, and leave such properties implicit. A technique is proposed for
supporting the inference of spedfications of systems goals and requirements from usage scenarios
provided by stakeholders. The technique is based on an inductive leaning algorithm that takes
scenarios as examples/counterexamples and generates tempora logic assertions that cover all
positive scenarios and exclude dl negative ones.

The input scenarios are epresed as ftware-environment interadion diagrams; the output
language in which requirements are obtained is the KA OS goal-based spedfication language.

Scenario Evolution
Julio Cesar Sampaio do Prado Leite - Departamento de Informatica PUC-RIo, Braal

Software & a thameleon artifad will have, more and more, a huge impad on the society as whole.
Change in global terms will be a catral issie, as we move to a world where the rules and processes
are more and more dependent on software. As auch, not only the society will demand that software
be dangedble, like it demands today, but the world itself will be dangeable & ftware becomes
pervasive in several day-to-day adivities.

From the point of view of requirements engineaing, | understand that a requirement baseline is
fundamental to provide a basis for managing change in the software evolution process The
requirements baseline is an anchor in the universe of discourse and as such the communication
channel with the world in which the software works.
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A basdline evolves both from a maintenance time perspedive & well as from a development time
perspedive. Thus, a requirement baseline has to be cgable of evolving in two dimensions, in the
interadions akin to the requirements definition and the interadions due to the reificaion of the
client’s neals. Feedbadk is aways present as a readion to the availability of the software in the
universe of discourse, which also changes due to the presence of software.

At PUC-Rio, we propose to integrate scenarios, an evolving description of stuations in the
environment, into a requirements baseline, making possble their evolution as well as the tracedility
of the different views of the requirements baseline. There ae three important aspeds of our
proposal: use of scenarios as means for describing evolution, the vision that scenarios gart from
situations in the maaosystem, and the integration of their representation into a environment oriented
towards hypertext navigation and configuration in management.

Scenariosin Strategic IT Management
Kalle Lyytinen, University of Jyvaskyla, Finland

The environment of future organizationsis volatile, involves high risk, and requires the capability for
rapid shifts in strategy. The reseach reported in the workshop deds with the use of scenarios to
reducethe likelihood of choosing awrong and/or rigid strategy. Three evironmental scenarios were
developed to asessthe variability of strategy options of a large Finnish bank. Each environmental
scenario/strategy option pass was narrativized with a @ncrete scenario of customer service
processes which were used to validate and exemplify the variability of the strategy. The use of
scenarios was in particular justified to overcome barriersto organizational learning.

Scenarios, Requirements, and Patterns: A Practical and Theoretical Approach for the Future
Neil Maiden, City University London, UK

Scenarios model a software system in its usage cntext. This context, and the way in which the
system interads with the environment, are cmplex and structured. Furthermore, contexts often re-
occur, thus enabling us as people to transfer experiences aaoss instances. Patterns provide huge
potential for identifying, naming, classfying and reusing context information. The combination of
scenarios, requirements, and context lends itself to patterns. This is the way forward. Note & you
head it here first from me, on Friday 15th February 1999

Scenarios and BusinessProcessM anagement
Andreas Oberweis, JW. Goethe-Universitdt Frankfurt

In the aea of business process management, scenarios are used as a starting point for process
modeling. In my opinion, scenarios are informa (natural language) or semi-formal (diagram)
descriptions of situations, where abusiness processmay be extended. In this ®nse ascenario may
include adescription of the processenviroment (context) as well as a description of other relevant
isaues, such as e.g., organizational aspeds, data structures, rules, process goals, costs, and time. A
part of this processknowledge is g/stem use.
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Levelsof Interaction Description in Task-Driven Software Development
Barbara Paed, TU Minchen, Germany

Jambson’'s use caes have made popular the description of tasks in terms of interadion between
users and the software system as a preliminary to the analysis objed model. However, interadion is
much too rich to be cvered by one kind of description. For separation of concerns we distinguish

- work processes (describing the data flow between user and system adivities, i.e., the basic
system functionality)

- performance narratives (describing the detailed interacion, i.e., the usability functionality like
undo-functions)

- dialogs (describing the information conveyed to the user at the user interface ad the possble
user adions, abstracding from layout, navigation, ...

- Objed interadion diagrams (describing how system functions are adieved through method cdls
between objeds)

Ead level uses its own modeling technique, but the different models are related by a common
underlying system model. Depending on the overall method, ead model can be ather exemplary and
partia (like scenarios) or aiming at completenessat the respedive level of abstradion.

Scenario Development and Practical Dedsion Making under Uncertainty:
Robustness Case-based Reasoning and ,, Risk Control*

Jean Charles Pomerol, Université Pierre & Marie Curie, Paris V1, France

We try to figure out how dedsion theory would be used to formalize what could be in a scenario
framework. It is $rown that dedsion theory has grong connedions to scenario description in an
HCI setting, provided that the purpose of scenario using is well-defined and that the side of the
scenario rather is defined, either the system or the user side.

Discovering Robust Designswith Scenarios
Colin Potts, Georgia Institute of Technology, Atlanta, USA

Many design praditioners and method authors now agreethat scenarios are valuable for discovering
and analyzing design choices in the face of uncertainty. Further advances in design method are
unlikely, however, until the production and use of scenarios in design are done more systematicaly.
Our approach is to use scenarios to develop and refine the semantic description of a software system
(goals, rules, dlocaions) by emphasizing what can \violate the asumptions on which such
descriptions are based. Our view of robustnessincludes but does not step with engineaing relativity
and safety concerns. A system is also not robust if it Sis convenient to use and requires work-around
methods from its cases in red work situations. Obstades are the key concept in this g/nthetic/
analytic dialog, and we ae airrently developing and evaluating in pradice a tassfication scheme for
obstades and strategies for resolving them.
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Towards Integration of Scenario-based Requirements and Statistical Usage Testing
Bjorn Regnell, Dept. of Communicaion Systems, Lund University, Sweden

When scenario-based approadies are introduced in the software development process the question
rises how to integrate, manage and uili ze scenarios throughout the software lifegycle. An obvious
opportunity is to use the information cgptured by scenario-based requirements in the system
verification adivity at the badk-end of development.

The field of reliability testing assumes a model of usage including an operational profile that
guantifies the frequency of different system uses. In particular, statisticd usage testing uilizes a
State- Hierarchy Model that captures both the structura behavior of different user types and their
dynamic usage profiles. The focus on usage is thus apparent in both scenario-based requirements
engineaing and reliability testing. By conneding these two views on usage, we may find synergy
effeds promoting tracedili ty from requirements to system verification. Such an integration may also
deaease the modeling effort if information is cgptured in a way that may be utilized for both
requirements and test.

The presented work proposes two aternative ways of integrating scenario-based requirements
models with statisticd usage testing. The first aternative (Model Transformation) uses the
information in a scenario model to build a state-hierarchy , e.g. by setting the transition paths in the
state-based model to refled the scenarios. The second alternative (Model Extension) incorporates
the information recessry for datisticd testing into an extended scenario model by adding
probabilities to the different aternatives (choices) in the scenario model. The Model extension
alternative may be based on event-based notations, such as Hierarchicd Message Sequence Charts.
In order to avoid that scenarios are outdated when system verificaion occurs, we neel to ensure
that the scenarios evolve throughout the development life-cycle.

Guiding the Construction of Textual Use Case Spedfications
Colette Rolland, Camille Ben Achour, Université de Paris 1 —Pantheon Sorbonne, France

An approach for guiding the nstruction of use cae spedficaions is presented. A use cae
spedfication comprises contextual information of the use cae, its change history, the mmplete
graph of possble pathways, attadched requirements and open isues. The proposed approach delivers
a use cae spedficaion as an unambiguous natural language text. This is done by a stepwise and
guided process which progressvely transforms initial and pertial natural language descriptions of
scenarios into well structured, integrated use cae spedfications.

The basis of the gproach is a set of linguistic patterns and linguistic structures. The former
congtitutes the deep structure of the use cae spedficaion whereas the latter corresponds to the
surface structures. The paper presents the use cae model, the linguistic basis and the guided
process along with the asciated gudelines an support unless The processis illustrated with the
automated teller machine (ATM) case study.
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Integrating Usage and Software Concernsin Scenario-Based Development
Mary B. Roson, Virginia Tech, USA

The gap between spedficaion and implementation in system development is well-estabili shed:
requirements analysis and designers prepare spedfications which are then ,,developed” in sometimes
unexpeded (and undesirable) ways. Scenarios are one gproac to this problem, in that they can be
used to carry through a usage @ntext and rationale & a projed develops. However, generally the
focus is on using task scenarios for illustrating ,,upstream” user concerns and requirements to the
»downstream" processes of software design and construction. We ae now investigating mechanisms
for also capturing software concerns and opportunities in the upstream processes of task design
(these ae the sorts of impads normally felt through socio-technicd systems evolution.)

The Scenario Browser environment provides tools for exploring at once the task space ad software
gpace aciated with system design. The analyst begins with a set of task scenarios (typicdly
developed through participatory design and/or anaysis of existing artifads in use). These task
scenarios are then elaborated in several ways. the analyst adds details to the envisioned task, aong
with ,clams* documenting possble mnsequences of proposed feaures. However, the analyst also
begins to develop a rudimentary software model — a network of interading objeds, where objeds
are given attributes, collaborators, and responsibilities. As these objeds are modeled, the analyst
also considers opportunities and constraints. They suggest (e.g. the pros and cons of an ,,intelli gent*
room), transferring this reasoning badk to the task scenario and revising it acardingly. Again, the
claims implied by the design changes are documented. In this fashion, task and software ae explored
together, and their mutual influences are analyzed, resourced and documented.

Scenariosfor Strategic Management and Dedsion Support Systems
Ralph H. Sprague, Jr., University of Hawaii, USA

There ae two applications for which scenarios are particularly important. The first is drategic
planning for an organizaion. Such planning must avoid the typicd extrapolation approades,
because the strategic future is not an extension of the past. In fad, scenarios provide support for the
mentality shift required to make dedsions for a future that will i nevitably be structuraly different
from the past. Scenarios may be the only methodology which provides this support, and dsrupts the
traditional ,,mindsets* which limit the aeaivity of planning.

The other applicaion for which scenarios are important, is the develpopment of Dedsion Support
Systems. Scenarios are often used to determine, refine, validate system requirements, but for DSS
the system requirements are constantly changing. So the scenario beames the system, compressng
the typicd steps of the system development cycle into just two - use and change! Thus, the scenario
beoomes a permanent part of the system use.
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A Theory of Scenarios?
Aligtair Sutcliffe, City University, London, UK

If there were such a theory, it would have to address the problem of knowledge representation.
Scenarios differ radicdly in their usage in requirements engineeing, HCI and management science
Ead do mark and usage tasks within a domain imply a schema of the necessary knowledge that an
ided scenario for such context should contain. Many of the cmponents are adions and events;
unfortunately that gives little guidance for what we should cgpture (or generate) within a scenario
for a particular domain. Accordingly a theory with have to addressdomain orientation, contents and
sdlience of information in the perspedive of a usage task for the scenario.

The mognitive dimension of a scenario theory may be eaier to formulate. Scenarios can be explained
in terms of their effedivenessin example based leaning, recognition and recdl in episodic memory,
and grounded examples for hypothesis generation and validation. The @gnitive perspedive,
however, raises another challenge. How are scenarios as grounded instances related to abstradions
in models and spedficaions? | exped the answers to such questions will be founded in a more wide
ranging theory of design.

Scenarios and BusinessProcesses. Parallels and Differences
Veronika Thurner, Dept. of Computer Science, TU Munchen, Germany

Scenarios are avauable means for understanding interadion aspeds of system behavior. They
cgpture sets of temporally ordered interadions between agents, roles or system components. Thus,
scenarios drealy refled some isaues of design, namely the tempora ordering of adions and the
assgnment of task exeaution to agents/roles/system components.

However, at an ealy stage of system analysis and modeling, it can be helpful not to be forced to also
cgpture these design isaues, but rather focus on adions, adivities and their interdependencies that
are due to the exchange of information and material.

A question common to both approaches is the value and handling of a set of exemplary behavior
documentation to the modeling and system development process Furthermore, the degree of
formalism that is appropriate & which stage of development and for which purpose of behavior
modeling isa aucia question to both approades.
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Scenario management (SM) means different things to different people, even though
everyone seams to admit its current importance and its further potential. In this paper, we
seek to provide an interdisciplinary framework for SM from threemajor disciplines that use
scenarios — strategic management, human-computer interadion, and software and systems
engineaing — to ded with description of current and future redities. In particular, we
attempt to answer to the following questions. How are scenarios developed and used in
ead of the threedisciplines? Why are they becoming important? What are aurrent research
contributions in scenario management? What are the research and pradicd issues related to
the aeaion and use of scenarios, in particular in the aea of requirements engineaing?
Based on krainstorming tedhniques, this paper proposes an interdisciplinary definition of
scenarios, frameworks for scenario development, use and evaluation, and dredions for
future reseach.

1 Introduction

A scenario can be defined as a description of a possble set of events that might reasonably take
place The main purpose of developing scenariosisto stimulate thinking about possble occurrences,
assumptions relating these occurrences, possble opportunities and risks, and courses of adion.
Given the renewed interest in scenarios, recet surveys of scenario reseach and pradice suggest
that scenarios management means different things to different people, even within disciplines [5, 9,
22,58, 73]. Clealy, however, scenarios are not just abstrad artifads but a aiticd representation of
the redities as £ by those who creae them.

Historicdly, reseachers and praditioners from other disciplines have long used scenarios. The
scenario concept came into reseach via military and strategic gaming but found its origin in
thedricd studies [4; 7]. Economists have succesdully used scenarios for long range planning.
Management scientists use them for strategic dedsion making. Policy makers use them to weigh the
consequences of their adions. Scenarios are dso used as a means to examine the interplay among
eonomic, socia, and technologicd issues.
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Since the late 1980s, reseachers in HClI (Human-Computer Interadion) use scenarios as
representation of system requirements to improve cmmunicaion between developers and users.
Software enginea's look at scenarios as an effedive means to discover user needs, to better embed
the use of systems in work processes, and to systematicdly explore system behavior — under both
normal and exceptional situations. In the past few yeas, scenarios have gained enormous popularity
through Ivar Jacmbsen’'s Use Case gproach which is now fealding into the dforts to establish a
Unified Modeling Language (UML) for systems engineaing based on the objed-oriented approach
[30].

The grea variety of scenario usage in many different disciplines is probably the reason for the ladk
of aunified reseach framework of the field of scenario management. Indeed, despite some dforts to
bring together various SM approadies in the last few yeas [9], there is not yet a wherent scenario
management reseach community. The purpose of this paper is to provide a synoptic view of
scenario management. The proposed interdisciplinary framework should shed some insights for
reseachers and praditioners for their own work. This paper draws on badkground research of the
authors in their respedive fields, as well as on findings of a workshop the aithors organized at
Dagstuhl Castle, Germany, in February 1998 in an attempt to promote mutual understanding and
reseach focus acossdisciplines'.

The paper is organized as follows. We first propose an interdisciplinary framework charaderizing
the role of scenarios in the cntext of change management. Then, for ead of the threedisciplines of
HCI, requirements engineeing, and strategic management, we discusstheir theoreticd perspedive
and pradicd results on what scenarios are good for, what properties they should have, and how they
should be managed. We next summarize questions and results concerning four research issues the
workshop participants considered crucial acossdisciplines. Finally, we synthesize the main reseach
isaues clamed by participating experts, and the reseach methods adopted for evaluating these
claims. The goal is to provide a @mprehensive reseach method that could be used as a guide to
foster interdisciplinary research in scenario management.

2 Scenarios as Enablers of Change

Why have scenarios bemme so popular in the 1990s? Many proponents clam that scenarios are
taking center stage in a problem areathat appeas prominent in all the disciplines represented at the
workshop (and in many others): management of change.

In strategic management, turbulence of the organizaiona environment is driven by the interading
forces of globalization and technologicd progress[29]. In systems engineeing, the need for more
customer orientation, as well as continuous adaptation to organizational, environment, legal, and
technologica change places new demands on requirements engineeing, system architecures, and

! Theinitiative for this effort s,emmed from a European Long Term Research Projed within the ESFRIT program of
the European Union, called CREWS (Cooperative Requirements Engineging With Scenarios), which is
coordinated by the first author. Workshop perticipants listed in the acknowledgments at the end of this paper have
contributed to these results in the stimulating atmosphere of Dagstuhl Castle. The workshop was also arganized in
cooperation with the IFIP Working Group 29 (Requirements Engineaing), the RENOIR Network of Excdlence
and with the RE groups in the British Computer Society and the German Informatics Society. The workshop
convened leading researchers and practiti oners from various disciplines, in order to crossexamine the effediveness
and efficiency of using scenarios as a tod for modeling, design, development and (tedhnical and organizéational)
implementation. A corollary theme was the question how the three different disciplines manage scenarios as
complex artifacts throughout the planning and systems lifegcle. Seleded individual research results by the
workshop participants and other researchers have been colleded in spedal issles of the IEEE Transactions on
Sdtware Engineeaing [31] and the Requirements Engineering Journal
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traceability of development processes [17]. With the usability goal in mind, HCI researchers for &
long time have paid attention into improving user-designer communication in change situations. Fo
example, they focus on problems such as design fluidity, the mutual influence between user tasks a
system object models, and rapid progress in interface technologies [9].

In this section, we view scenarios as tools to enable change in both the HCI and Informatiol
Systems communities, with a varying degree of interpretation and use.

In particular, we refer to a framework used for a long time in system evolution [45, 12] and made
explicit in [33] as in figure 1a. According to this framework, change management involves four basic
tasks:

(a) re-constructing the concepts and rationale behind the current system,
(b) defining the desired change at the conceptual level,

(c) implementing the changed concepts to reach the new system while
(d) taking the legacy context into account.

In practice, the cycle in Figure 1a is but one step in a continuous change process. Traceability acro
multiple changes in reality and concepts is essential. This is also reflected in decision theory, whic
often considers multiple related decisions or sequences of decisions.

initi change
cee — | Initial specificgtion - MW |——— o0
model model
ﬂ\
reverse
analysis/ change
engineering implementation
e legacy
eoe — > existing | integration —__ > A e T
system system

Figure 1a: Model-based change management [33]
However, this focus on modeling has faced two major critiques:

(a) How can we make sure that the models enable a sufficiently deep and shared understanding
the contextual issues, and preserve it over a long period of time?
(b) How can we capture and preserve the “vision” that drives and focuses the change cycle [33]?

This kind of critique of purely model-based approaches is not new. In Operations Research, it goe
back to the 1970’s [1, 14]. Scenario-based approaches provide one promising response to the
critiques. By offering a down-to-earth middle-level abstraction between models and reality, they
promote shared understanding of the current system, and joint creativity towards the future. But th
number of possible scenarios is even greater than the number of models for a given syster
Therefore, many researchers have begun to recognize the need to make the goal hierarchies driv
scenario-based processes explicit (e.g., [2, 16, 49]).
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By combining these two extensions, we obtain a basic framework for scenario-supported chang
processes, as shown in Figure 1b. In this figure, current-state and future-state scenarios are plac:
as intermediate abstractions between immediate reality and abstract models. Goals (usually refine
into more detailed requirements) focus the definition of change and the selection of scenarios, bt
also conversely, scenarios may help in goal discovery.

This framework covers a broad variety of different techniques found in research and practice. Fc
example, market-oriented development organizations tend to follow a development cycle tha
contains just general constraints (e.g., “must have a market of at least one million copies”) an
change envisioning via future scenarios, but no models. The operational goal is to achieve th
agreed collection of future-system scenario. Re-interpreted as test cases, these scenarios
complemented by concrete (initially mock-up) system usage demos at design and implementatic
stage.

scenario generation
<& forvalidatiorf

observation focus oal/requirement .
goal discovery / 9 a9 refinement

l refinementnegotiation

initial change ; new
oo specification oo
model model
animate
reverse S R |
analysis L e
e — "1 scenario |
current change envisioning '—- 22— Z 1
, scenario
-——-7---1 change
capture -\- implementation
existin legacy new
eoe d integration > > eoeo
system system

Figure 1b: Goal-driven change process with scenarios

At the other extreme, decision theory abstracts reality to the values of a few variables in som
eqguation system which is then optimized according to multiple objective functions under uncertainty
Scenarios in this setting are still highly abstract, namely the decisions and outcomes resulting from
particular set of assumptions about future (system-external) events.

To illustrate the full process shown in Figure 1b, consider the scenario-based requirement
management tool suite under development in the CREWS project. In CREWS, current state
scenarios are technically supported by real-world scenes captured in multimedia. The capture ¢
these scenes, and their abstraction to conceptual models, is driven by hierarchically organize
goals. Traceability is maintained to all the artifacts captured this way, in order to ground a
persistent, shared understanding [25], that will enable stakeholders later on to recognize modelir
errors, impacts of changing assumptions, etc. For the special case of textual scenario descriptiol
additional support is provided through structuring/authoring guidelines and partially automated
natural language understanding and indexing [57].
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To define dhange and future system elaboration, the CREWS tools support user-developer teans
firstly by chedlists to creae broad-brush future state scenarios of normal-case ad exceptional case
behavior of system interadion and system environment based on reusable, partially domain-
dependent classes of functional and non-functional requirements [67]. This is complemented by
more aitomated animation support for criticad portions of system interadion and system
organization that allows users and developers to investigate onsistency and impad of the system
requirements definition in a smulated usage setting [27].

Scenarios can aso be cdegorized acmrding to the mntent scope they address In the most frequent
cae (e.g., in the Use Case gproach [30]), scenarios focus on the interaction between the system
and its environment (case B in Figure 2). However, scenarios can also address an organizaional
work context [39] without considering the system to be designed (C). Equally, they can represent
the internal interplay of system componrents within system (A). Interadion scenarios, in turn, can be
studied in an in-bound dredion (what constraints does the environment place on the system?) or in
an outbound diredion (what impact will the system have on its environment?). Inbound interacion
scenarios are cdled blackbox scenarios if they do not consider any system internals, whereas
combinations of interadion with internal scenarios are cdled whitebox scenarios.

A System internal scenarios

no consideration of external
context of system

B Interaction scenarios

direct system interactions of
= actors and other systems

resources,
business .

systems

C Environmental scenarios

B + system environment

Figure 2: Scenario types and system boundaries

Scenario research and pradice in ead discipline have explored spedfic kinds of scenarios, and
theories underlying their usage, in a complementary but partially overlapping manner. In the next
sedion, we shall review their frameworks and results, before focusing on shared interdisciplinary
reseach isaues and agendas.

3 Three Disciplinary Perspectives on Scenario Management

An enormous and dfficult-to-classfy number of approadies and tedhniques for scenario-based
analysis and scenario management exist in severa fields. Many of these emerge in a haphazad
fashion, formed by some methodologicd prejudices or theories from one spedfic domain but often
without a broad grounding. While general frameworks such as the one proposed in the previous
sedion may be useful for achieving the necessary conceptual overview, we believe that theories that
allow us to evaluate scenario-based approacdhes in a systematicaly robust manner are still missng.
The main question remains unanswered:
(under what circumstances) is my scenario-based appoach reasonalde?
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An overall theoreticd basis does not, and may not for a while, exist. However, many disciplines can
bring about certain facds. The Dagstuhl workshop brought together experts with considerable
experience in using and managing scenarios from three broad fields: human-computer interaction
(HCI) where scenarios have been used for interface spedfication; requirements engineeing where
scenarios are used to illustrate aurrent problems as well as future redity of software-intensive
systems; and strategic management where scenarios have been used to explore apurposeful set of
aternative futures. The workshop included brief tutorials intended to clarify the perspedives and
main reseach results within ead of these reseach areas. We dso asked seleded participants which
theories from their areaof expertise they would consider most relevant for designing and evaluating
scenario-based techniques. The scope of theories mentioned in this dionisillustrated in Figure 3.
approach

Decision
theory
Organizational
theory T Psychology
reasonable?
Concurrent / \A Cognitive
science

Is my
scenario-based
specification
theory

Knowledge
representation

theory

Figure 3: Theories related to scenario management

3.1 TheRoleof Scenariosin Human-Computer I nteraction

In human-computer interacion (HCI), scenario-based design has emerged as a paradigm reconciling
a longlasting methodologicd conflict : forma modeling approades proved too narrow to provide
effedive guidance to designers, whereas purely experiential approaches could not be verified,
replicated, or explained. Scenarios were dso proposed as working design representation of user
experiences with, and readions to system functionality in the context of pursuing atask [11].

In HCI, scenarios therefore describe key situations of use in the form of narrative, with the goal of
making design objeds concrete. Designers and users develop, and reason about, these descriptions
throughout the lifegycle in a variety of media, purposes, and views, either to discussexisting options
or to stimulate imagination. Five key properties of scenarios motivate their widespread use in HCI
[10]:

1. First and foremost, scenarios focus design efforts on use. What people can do with the old/new
system, and the mnsequences for themselves and for their organizaions, is described and
analyzed prior to detalling the system functions and feaures that enable this use. Scenario
descriptions of use provoke designers to refled upon the oncrete drcumstances and
experiences of users throughout the design process
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Scenarios suspend commitment but support concrete progress They vividly document an
analysis of task esentials, explaining why a system is needed by showing what it is used for.
They aso spedfy an analysis of design aternatives, by detailing how the system is used. But
scenarios are dso rough: they are incomplete; they suggest alternative goproacdhes and “what if?’
lines of reasoning. Iteration between requirements definition and scenario-based envisioning is
rapid, easy, and cheap.

Scenarios provide a task-oriented design decomposition that can be used from many
perspedives, including usability consequences and trade-offs, usability spedficaions and
iterative development, and manageeble software design objed models. They provide a
framework of concrete user tasks for developing design rationale and documentation, describing
causal relationships implicit in a design and providing a analysis to which evaluation data can be
subsequently adduced.

Scenarios codify design knoMedge as a “midde-level” abstradion, in the term of [47]. This
makes them somewhat lessgrand as ience, but it allows the integration of design knowledge in
aform nmore suitable for reuse.

Finaly, scenarios are an ided medium for participatory design: They allow design discussons to
be caried out in a common language. Users may have difficulty describing their goals and
visions in the language of feaures and functions, as traditional problem description languages
and functional spedficaions are alanguage barrier to users. But al stakeholders in a design
projed can “spe” the language of scenarios.

These five points are summarized in Figure 4 (starting from the top-left).

eﬁ\\‘«“ q o ! scenarios _ ‘-‘o
NE escriptions o concretely fix an ’70,@1‘
end-user experiences interpretation and a Sr,
focus reflection about solution, but are open-ended “\Peg

design issues and easily revised

Scenario-Based | scenarios can be
written at multiple

scenarios provide
a common design

) language, allowing levels, from many &
%, full participation perspectives, and for §
%é, by users scenarios can be \Many purposes @QQ)
2 categorized and g)

o abstracted to help D
& design knowledge g

S cumulate across

problem instances

Codify design knowledge for reuse
Figure 4: Five key properties of HCI scenario-based design

These properties of scenarios s1ggest an “ideal” scenario-centric processin which the design of a
system is influenced by scenarios from two diredions (Figure 5). On the requirements sde,
observation scenarios, seleded acwrding to the orienting goals of the design projed, help identify
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isaues and criteria, which can then be validated against further observation scenarios and against
scenario abstradions reused from prior work. This subprocess drives the design through the
definition of neals and opportunities. Once aprototype (including a user interface is available,
scenario-based ewaluation can complement and validate the requirements work. Observation
scenarios allow the analysis of the transformed situation and thereby the evaluation of the prototype.
From such evaluations, further design abstradions can be induced, which colledively form a theory
that informs future requirements processes and thus smplifies sibsequent design.

orienting
gods

REQUIREMENTS ' ' EVALUATION
observations of recontextuaize  discover needs observations of
extant situations &reinterpret - & oppatunities  <ormed situations

_identify verify & ‘\ /\ _identify verify &

Issues & refine DESIGN Issues & refine

criteria analysis J \d' criteria andysis
analysis of analysis of
2oL specify needs implement ituati
extant situations & oppatunities & deploy transformed situations

refine build
& use & refine

deygn abstractions

THEORY BUILDING design
result

Figure 5: A desirable scenario-based design process

At the Dagstuhl workshop, this proposal evoked an interesting dscusson of the relationship
between requirements engineaing and HCI: Several people agued that this processis a description
of scenario-based requirements engineeing. A subsequent panel discusson focused on the relevant
cognitive science theory that underwrites senario-based design. Fairly diverse sources of theory —
ranging from Sigmund Freud and Levi Straussto Julian Orr and Roger Schank — agree that
narratives are privileged cognitive structures. Carroll suggested that this convergence ould be
explained by principles from cognitive psychalogy:

» Concrete material is cognitively accessed and interpreted more eaily and more thoroughly. For
example, people can remember a prototypicd instance far better than they can remember the
definition of the cdegory to which that instance belongs [46; 59].

* Incomplete material is elaborated with resped to one's own knowledge when it is encountered.
This process of elaboration creaes more robust and accessble memories, relative to memories
for more complete material [74].

* Narrative structures appea to be universally understood and employed by people from all
cultures; within cultures, narrative form becane etremely articulated and semanticdly
overloaded [23; 42, 55].
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*  When people ammmunicae, they follow a cnvention that has been cdled the given-new contract
[26]. They first summarize or alude to relevant badkground information, and then present what
isnovel. This gructure auesthe listener or reader asto what the speker or writer considered to
be novel information, easing comprehension and analysis. Narratives, including scenarios, tend
to follow this gructure.

e Scenarios can addressthe representationd bias in human cognition: People tend to overestimate
the relevance of things that are familiar to them [35; 69]. This tendency is extremely difficult to
mitigate, but can be managed by making exceptional patterns vivid. Narratives represent an
excdlent vehicle for managing this phenomenon.

Domain-spedfic theories of how scenarios are used by designers in the lifegycle of systems could
lead to significant progressbeyond the aurrent ad-hoc development of scenarios with very modest
guidance of scenario authoring in the small. Using theories which determine the cntent, scope and
granularity of domain-spedfic patterns of system usage, spedfic scenarios could be rapidly and
systematicdly developed [67]. Such theories would have to be developed bottom-up from particular
scenario analyses, though they might have more general roots in script theory, natural categories,
schema theory, theories of reasoning by analogy, and the like.

3.2 TheRoleof Scenariosin Software and Systems Engineering

Through the amergence of objed-oriented software engineaing [Jambsen 1995, scenarios have
gained enormous popularity in the pradice of software engineeing. As often in the SE field,
reseach follows with some delay. The CREWS projed has conducted surveys of scenario reseach
and pradice, with an emphasis on the requirements engineeing task within software axd systems
engineaing. Conceptualy, an information system can be defined as being composed of four
interading basic perspedives or “worlds’ [32]. As a product (Figure 6), an information system can
be modeled as a human-madhine system which provides users information or control over a subjed
domain (often cdled Universe of Discourse) which is denoted by the information objeds. Users can
be studied in two complementary roles: as individuals with cognitive problems of understanding, and
as cia units exploiting the information system as a communication and coordination medium to
support their tasks, interests, formal roles, etc.

Usage World

Individual
search for
new ideas

Subject World
) r Subject

creation

Referential

aspects Social

inter-
action

Figure 6: A conceptualization of an information system as a processof creaing subjeds
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The product triplet <system world, usage world, subjea world> is sibjed to an evolutionary
change processin the devdopment world. At a meta level, the development world can be seen as a
change information system (Figure 7). It controls the product information system as its subjed
domain, has the development team as its users and the development environment with its
intermediate atifads as the system itself. Scenarios are aparticular kind of design artifad, intended
to fadlitate shared understanding (in the development world) of the target system, its interadion
with users and subjed domain, and its larger context, as arealy ill ustrated in Figure 2.

Work Activity Usage World
Subject World

?

Individual /

g I ideational aspects

Social
aspects

Usage World

Individual /
ideational aspects

Social
aspects

Figure 7: Change management as a meta information system

A review of the scenario literature [58] shows that this framework also provides a reasonable
starting point for classfying scenario-based approacdhes. Looking at the work adivity as the subjed
domain and scenarios as one kind of development system artifad in the change adivity, we obtain
four views:

* What part of the work adivity is cgptured in a scenario (content view) ?
* How isit represented in the development system (form view) ?

» For what usage in the design processisit captured (purpose vew) ?

* How isit developed and evolved (life-cyde view) ?

The resulting scenario classficaion framework is diown in Figure 8. This framework is also
intended to serve & a basic structure in which one @uld manage knowledge aout scenario-based
approaches, and adual scenarios, in a method repository (cf. the sedion on method integration of
scenarios, below). In [Rolland et a. 1998, ead of these four basic views is further elaborated into
detailed facds, and applied to classfy more than a dozen well-known proposals in the literature,
including, for example, Jacobsen’s initial Use Case goproacdh and various proposed extensions.
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What is the knowledge
ContentS expressed in a scenario ?

Purpose — amsat — Scenario F—*®***— Form
Why use a In which form is a
scenario ? scenario expressed ?
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How to manipulate

Lifecyme a scenario ?

Figure 8: The CREWS framework for describing scenario-based approaces [58]

Concerning the form view in Figure 8, the question arises how scenarios are related to formal
spedfication models, as they are proposed for requirements and high-level design of safety-criticd
systems. Congistent with Figure 1b, reseachers in knowledge representation and requirements
engineaing seescenarios as an intermediate atifad between spedfications of system behavior (class
level) and fully instantiated lives of example objeds which obey these spedfications (traces).

Goal 1

Goal ,, Goal,

Proof

Constructive .
Operationalisation model Fc’heck
& pilo) (a posteriori)
Elaboration (post)

Induction (prlo)

Animation (post)

Generation (prio)

scenario ,,

scenario ,,

Figure 9: Scenarios as groupings of traces linked to formal spedficaions

Figure 9 elaborates the formal relationships between scenarios and models in Figure 1b. Scenarios
represent abstracted groupngs of traces which highlight spedficaions from a particular viewpoint
considered important by designers or users. They thus geed upthe interadion between designer and
customer in requirements elicitation and validation. They also provide a midde ground between
dedarative and operationa styles of spedficaion. Considering the purpose view of scenarios, this
approach allows a formally supported treament of scenarios and their relationships to spedfications,
such as elaboration, property induction, generation and animation [28, 27, 41].
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Perhaps aurprisingly, scenarios and formal methods are not as far apart as one might think. In fad,
theories of reactive systems (typicdly based on processalgebra or temporal logics) start from sets of
scenariog/traces as boundary conditions on system behavior. However, without a theoreticd
framework ensuring coherence, scenario-based spedficaions can ded with individual scenarios only.
Without a notion of atomicity of adions, they run, for instance into the danger of overlooking
criticd interference between concurrent exeaution of multiple scenarios. A theoreticd framework
studied in [38] comprises four major elements:

(&) An exeaution model for spedficaion smulation off ering atomicity and non-determinism

(b) A language for multi-partner adions which alows the modeling of colledive behaviors at
arbitrary levels of abstradion

(c) A design approach based on refining and composing such spedficaions

(d) A temporal logic of adion for reasoning about their meaning.

Using these ingredients, operational spedfications can be formally understood as canonicad formulas
in a Tempora Logic of Action [40] that can be derived incrementally. At eat stage, the resulting
scenarios can be both smulated and formally reasoned about, and the adieved properties are
preserved when more detail is added or the level of abstradion is lowered.

In addition to serving as a dassficaion scheme for the scenario reseach literature, the framework
of Figure 8 was also elaborated into a set of questionnaires and semi-structured interviews in order
to determine the state-of-practice in scenario-based software egineaing [73]. More than 30
projeds, covering a variety of sizes and application domains, were studied. Comparing the research
literature with the situation found in pradice we observe that there is insufficient overlap and thus a
need for improved two-way communication:

e Scenario content, while focused on scenarios of interadion between users and systems, also
extend to environment scenarios describing the context independent of the system and, on the
other extreme, to interadion scenarios between distributed systems components, e.g. in technicd
systems such as telecom applications. These different scenario content types, elaborating the
interplay between usage world and system world, have dready been displayed in Figure 2.

*  While much reseach hes focused on aspeds asociated with the form view, this view has @ far
recaved relatively little dtention in pradice as most projeds use (at best structured) textual
representations. Users exped reseachers to take this serioudy and to provide authoring
guidancefor the structured text scenarios.

» The number of scenario pupases, and the impad on scenario usage on the whole projed, was
much higger than expeded from the reseach literature. While reseach did dscuss the
application of scenarios for making abstrad models concrete, to read partial agreement and
consistency of understanding, praditioners also use scenarios as a decomposition mechanism for
managing complex projeds, as a linkage mecdanism between development phases, and as design
aids and boundary conditions for objed models.

» Probably as a mnsequence of this wide-ranging usage, the life-cyde view of scenarios found in
pradice is aso much more complicated than covered by current reseach. The structuring and
evolution of scenarios are seen as major problems, espedally if multiple views on scenarios (e.g.,
developer, user and manager view on the same scenario) and the tracedility of scenarios acoss
projed phases (e.g., interplay between scenarios and prototypes, elaboration of scenarios into
test cases) are ansidered. In these latter areas, pradice has no solutions but poses this as an
important challenge to research and vendors which is currently not addressed adequately.
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In summary, problems and solutions found in RE partialy try to bootstrap from experiences in fields
that have started a bit ealier, such as HCI, but are faced with significant additional challenges due to
the large size ad long duation of many complex software engineeing projeds. Linkages to
strategic scenarios have hardly been considered yet (cf. sedion 4.1).

3.3 TheRoleof Scenariosin Strategic M anagement

Strategic management defines the basic diredions an organizaion wants to go. To identify these
diredions, and to move towards them, strategic managers make dedsions that are purposeful but
novd, under conditions of ambiguity and urtertainty, and result in high impact outcomes. This
informal, organizaion-theory interpretation of strategic management sees <enarios as narrative
descriptions which define, in a visionary sense, the outcome of strategic dedsions. In a narrow
sense, a scenario is a description of future situations of an organization [5]. In the broad sense, it
consistsof (1) assumptions and hypotheses about processes and adions, (2) models and procedures
used to determine the dements of the scenario, (3) quantitative and qualitative fadors, and (4)
dedsions, situations and interpretations.

In dedsion theory [54], scenarios are the answer to the combinatorial explosion of strategic options
in dedsion trees. As Figure 10 shows, a dedsion treetypicdly illustrates a “game ajainst nature”,
i.e., adions read to expeded events while esents impad the outcome of adions [Raiffa 1969. A
scenario is then smply a (not necessarily complete) set of conditional adions consistent with the
dedsiontree e.g., <ao, & if €11, a if 12> in Figure 10.

e, (o))
€1
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e, 0O;
€2
0,4
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e12 a1 ezz
Os
€ O,
a
€2
Os

Figure 10: Example of adedsion tree

Case-based reasoning from artificial intelligence is considered a promising strategy for linking
dedsion trees to scenarios based on smilar situations analyzed in the past [37,68]. However, even
more strongly than in HCI or software engineaing, the risk of bias in scenario seledion is ever
present in strategic dedsion making; numerous adive measures are being reseached to counter it.
Dedsion-makers have astrong tendency towards optimistic asssumptions, ignorance or overemphasis
of small-probability scenarios, over-emphasis of recently occurred problems, continuation of present
trends, etc. [43, 70].

Asauming a reasonable set of scenarios has been found, there ae a least two different ways how
they are acdually used beyond smple envisioning. Of particular interest in strategic dedsion analysis
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is the question of dedsion robustness is there acommon prefix of adion sequences that results in
“good” outcomes with resped to the set of al plausible future events [60] ? A related meta-strategy
for strategic risk control is re-ordering d dedsions, such that risky dedsions are postponed until
more is known about the events.

In terms of the general framework shown in Figure 1b, the usage of scenarios in strategic
management clealy focuses on future state scenarios as an aid in defining and implementing change.
Generating a future-state scenario of an organization and its environment helps bring to light the
diredion where one would like to go, and the necessary adions that neal to be taken to get closer
to that future state. Typicdly, a large number of scenarios is constructed refleding dfferent
assumptions and hypotheses about the environment and the gplied models and procedures. Once
the scenarios have been obtained, a sorting processmust be conducted to weed out those which are
impradicd, leaving those which are feasible. From this smaller grouping, one or a few scenarios are
picked and become the basis for strategy development.

Scenarios that are mnsidered plausible, but are not seleded as most-likely-to-happen, are not
discarded. Insteal, they provide an element of flexibility to the dhosen plan as a means of escape or
falbad should it be necessary. Taken together, these fallbadk scenarios provide alist of indicaors
that management needs to monitor with resped to a possble strategy modification. The passage of
time will show how closely some views depict the future, while others will prove to be quite
inacairate. The scenario chosen as the most likely view of the future is used to plan a step-wise
approach to adieve the desired ends. Projeds or adions required to implement the scenario are
broken into manageable phases, and management makes the dedsion to proceead from one phase to
the next over time. Of primary importance is the recognition of unexpeded changes that require
asesgnent in the ontext of the scenario. A by-product that scenario credion can have is the
protedion against errors of judgement, by flushing out mindsets or basic essumptions which, over
time, are no longer valid. During the implementation of the plan, some old beliefs based on common

happenings in the plan may no longer apply [8].

From a pradicd point of view, there ae anumber of methods that can be used for scenario
generation in the dedsion-theoretic framework: trend impad analysis, cross impad analyss,
intuitive e@nomic forecasts, implicit assumptions affeding business and the intuitive logic method.
These methods are in esence very much alike, differing only in the viewpoints reseachers choose
for analysis [7; 71, 72]. Among them, the intuitive logic method seans to offer the most clealy
structured procedure to define the scenarios. It involves five steps[8]:

1. Analyze the organization dedsions. For scenarios to be useful in dedsion making, they must be
dedsion-focused. That is, their analysis of aternative futures must zoom in on the spedfic isaues
that are important to the organizaion's grategy, concerning both present and future dedsions.
This ensures that the resulting scenarios are focused on those trends, events and uncertainties
that are strategicdly relevant to the dedsion-making process It defines the scope of the analysis
by concentrating on key organizational dedsions with long range cmnsequences guch as capital
alocation, diversfication, infrastructure investment and market strategies.

2. ldentify keydedsion factors: Once the key dedsion set is defined, fadors which most direaly
influence dedsion outcomes must be identified. The more is known about these fadors, the
better the quality of dedsion making. Standard management analysis tools usualy suffice for
identifying these fadors. The fadors must form the basis for the scenarios.

3. Anayze environmental forces. This gep will shape the future business srategy. Environmental
forces may be analyzed in two categories. micro level forces which most diredly impad the key
dedsion fadors, and maao level forces that set the overal (global) context for the business
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environment. The analysis may utili ze ewvironmental monitoring and scanning systems, business
models, spedal information services, generd literature eout the future, and outside consultants.
Another relevant categorization of the environmental forces distinguishes forces on which the
organization has me influence (e.g., market, main competitors, new product development),
from those which cannot be cntrolled and are exogenous to the organization (e.g., government
regulations, politicd situation, resource availability). Often, the organizaion’'s dedsions but not
the maao-level forces can influence the micro-level forces.

4. Define scenario logic: This dep establishes the basic structure of the scenarios. Scenario logic
involves organizing themes, principles, hypotheses and assumptions that provide eat scenario
with a wherent, consistent and plausible logicd underpinning. Scenario logic should encompass
most of the conditions and uncertainties identified in the precaling steps. Trial and error is
usually necessry in arriving at useful scenario logic. The logic does not simply consist of
optimistic or pessmistic scenarios. Instead, it describes future dternatives. This gep involves
also the seledion of models and procedures used to determine the environmental fadors and
their implicaions on the organization's gatus.

5. Anayze implications for dedsions and strategies. Determining the implicaions of eat scenario
has on the dedsions and strategies are a citicd step for management, planning and control.
Typicd questions that might arise include, but are not limited to:

* What do the scenarios imply for the design and timing of particular strategies?

* What threas and opportunities do the scenarios uggest to the future environment?

e What criticd isaues emerge from the scenarios? and

 What kind of flexibility do the scenarios suggest are necessary from the organization's
planning perspedive?

Despite along tradition in the military sedor, scenario development in strategic management is dill
an art rather than a science Partly, these problems in scenario development are due to the very
nature of strategic management:

» Lack of well-defined ojedives. Scenarios are often used to ded with non-routine situations that
are not documented in organizational standard procedures. The unforeseen context refleds the
missng of a well formulated, unified set of objedives that stakeholders need to rely on to
develop scenario assumptions and possble @urses of adion.

» Lackof sound aumptions: Even if organizaional objedives are dealy articulated, assumptions
can be vaguely formulated, based on unreliable data, and biased. Assumptions $ould then be
regarded as a aiticd component of a robust scenario. Quality tests can obvioudly only incresse
confidence in the scenario but cannot prove anything about the future. Well-known tests include
coherence of model structure and parameters, reproducibility and other aspeds of model
behavior, including robustnesswith respea to various kinds of changes.

» Lack of structure: Management scenarios are often considered rich in content and flexible in
format. However, a freeformat scenario can also be seen as a wegnessin that the inherent ladk
of structure may be source of misrepresentation and miscommunicaions.

e Grandarity: Granularity expresses the level of detail described in a scenario. A scenario with
low granularity, that is, with a high level of abstradion and generality, is easier to construct but
may loose its pradica apped. Conversely, a scenario with high granularity may contain detailed
but likely inacarrate assumptions and information.

» Discrete scenarios versus corntinuous reality: Scenarios often describe discrete events, or at best
a series of mgjor predicted events that unfold one dter another. The redity is often more
continuous -- fads and adions gradually evolve over time. The inability of scenarios to cgpture
continuity might lead the organization to embark on awrong course of adion.
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» Exhaugtivity of scenarios. Managers often have incomplete recdl of the past, seledive
remlledion of their experience and subjedive view of the future. When assgned to creae
scenarios, the managers often end up with a set if scenarios that runs the risk of not being
complete to describe dl possble future events. As discussed ealier, an incomplete set of
scenarios could aso be the result of a non-exhaustive set of assumptions.

 Scenarios as processes and nd outcomes. Dedsion-makers in organizaions often look at
defined scenarios as targeted outcomes. And their natural adion is to dired the organization's
policies and resources to acamwmplish the scenario. In fad, a scenario should be seen, as an
instantiation of the organization's dedsion making, should the situation develop as described in
the scenario. Uncontrollable environmental fadors and controllable curses of adion are only
metaphors of a future redity that one seeks to cgpture. As uch, scenario management should be
used asameansto learn how to ded with uncertainty, rather than to adopt aline of adion based
on a set of yet-to-happen events.

Other problems in scenario construction and modification encountered in strategic management
include ladk of continuity and the maintenance of the organizaional memory; inability to quickly
ater dedsion fadors and acairately asesss their impads. Further, the management and evolution
of scenarios pose significant problems in terms of questions uch as contribution structures (from
whom do the scenarios come?), and quality criteria (how do we dedde if a scenario is useful?). The
scope of strategic management scenarios is much larger than in HCI, so rapid feedbadk from
prototyping is usualy impossble to achieve.

Emphasizing one or more of these isales, skeptics levy little aedence in the scenario-based
approach since no one is able to consistently forecast the future. The view has me validity since
the environment is constantly changing, and the technology base is aways in flux. There ae,
however, ways to dleviate this problem. The aalyss we ae discussng expeds changes.
Continuous reviews and corredions are an integral part of the scenario process As the future
unfolds into the present, scenarios are reviewed and asessd to determine whether the aurrent plan
must be modified or if a new approad is needed. The key issue here is that the analysis, revision and
modification of scenario can be cnducted in an efficient and responsive manner.

The &ove concerns ould therefore not discourage organizations from using scenarios for strategic
planning. Examples are anple to demonstrate their importance, and success in capturing complex
future uncertainties while avoiding unfounded extrapolation. Perhaps, the most important
contribution of scenarios in strategic management is their ability, as a dange agent to support
mentality shift required to discover aternative futures. As alink to the role of scenarios in HCI and
in software systems engineaing, scenario development — when used acording to the management
approach — should be viewed as a processthat developers use to help:

* rewgnized unexpeded changes

e proted against judgment errors by flushing out mindsets or basic assumptions that seam to be no
longer valid

» usethe most plausible ones as a basis for development

» monitor fallbadk scenarios for possble modification of development strategy.

4 Interdisciplinary Research Topics

In email discussons preceling the workshop, participants had seleded four issues that plague
reseach and pradice acoss the disciplines, and are of sufficient importance to warrant in-depth
interdisciplinary discusson. These topics were seleded from a larger set of questions emerging from
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the pradice surveysin [73], as well as from suggestions by the participants themselves. The seleded
topics were:

* Systematic capture and generation d scenarios. What should a scenario contain information
about, under different contingencies? Are there systematic ways to creae normal-case and
exception-case scenarios? What does it mean for a set of scenarios to be complete with resped
to a particular task context?

* Representationd isales of individud scenarios. When should scenarios be represented formally,
when informally? How should the two-way transition between forma and informal
representations be managed? What is the gopropriate level of abstradion in a scenario, given a
certain purpose?

» Fitting scenarios to exsting methods: Do scenario-based techniques replace or complement
existing methods in planning, requirements engineeing, and design? What are the limits of
scenario-based tedhniques, i.e. where should they not be used? Where do these techniques fit
into the established organizational processes for these tasks? What adaptations of these
processes, and of proposed scenario techniques, are needed to improve the fit? How do we make
knowledge aout these improved methods known in work settings, how in educaion?

e Scenario management in the large: How do we manage families of scenarios, their version and
configuration structures, their tracedili ty through to test cases down to design, implementation,
and use? How do we handle scenario change in such integrated settings?

Eadh of these topics was discussd in an interdisciplinary working group coordinated by two senior
reseachers from different badkgrounds. The main results are summarized in the next subsedions.
Based on these discussons, an additional plenary brainstorming sesson took placein order to
determine a shared view on two important pre-requisites for making scenario management an
interdisciplinary but coherent research area

* What is an appropriate definition of the term “scenario”?
*  What are the most criticd reseach problems that have not yet been addressed adequately?

4.1 Systematic Capture and Generation of Scenarios

Scenario capture and generation must be grounded in empiricd fad — usage pradices and attitudes
towards use. However, such a statement offers only limited gudance in designing the basic work
processes and interrelationships involved with capturing and generating scenarios,. Such guidance
should idedly synthesize observations of informal pradice (at different levels of granularity) with
proposals made by proponents of more formal approacdhes. At the Dagstuhl workshop, this question
was first attadked following traditional top-down software engineeing, then expanded towards a
business policy perspedive. First, a strawman process of scenario-based requirements analysis was
defined. In this process the obstades facal in ead step basicdly determine the need for the next
step. In large projeds, seleded “ rich-picture” scenarios are initialy creaed. These ae typicdly
informal, close-to-redity examples, and driven by the immediate problem causing the dange
process They neal to be mntrasted with semi-formal contex models, describing the most relevant
components and relationships in the system environment from a rather global, architecural
perspedive. The context models are then elaborated into more and more detail ed models, following
a Structured or Objed-oriented approach.

However, this refinement quickly leads to a combinatorial explosion in the number of posshble

system behaviors. The formal interpretation of scenarios as traces or threads of detailed behavior is
typicadly employed at this level. The dhalenge is how to bridge the big gap between the initial goal
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scenarios expressed in terms of work context, and the very detailed ones typicdly used in formal
approaches. One step towards these goals is the enhancement of conceptual modeling techniques by
agent, task and goal concepts which add aspeds such as responsibility [75], authority, competence,
strategic dependencies, goals and obstades to the traditional three perspedives of structure,
function, and behavior.

Views, Goals and Scenarios
f Management View
@— g’trateglc Sufficiency Criteria
cenarios NFRs
"= stakeholder Views
Scenarios /

Tactical
Scenarios

Operational

Scenarios [Em User Views
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Figure 11: The problem of linking strategic, tadicd, and operational scenarios to requirements

Elaborating on this theme from a business perspedive, the second part of the discusson focused on
the question how to make the relationships between organizaional goal hierarchies and scenarios
more explicit (cf. also Figure 1b). Figure 11 links policies, goals, and requirements to Anthony’s [3]
hierarchy of strategic, tadica, and operational levels, ead expressed by their own kind of scenarios.
This picture can aso be understood as a potential bridge between the hitherto separate work on
scenarios in strategic management and scenarios in requirements engineaing.

Figure 10 also conveys another important observation. There is grious inherent conflict of interest
within and between the levels. Within ead level, there ae multiple viewpoints, for instance, between
multiple departments at the tadicd levels, or between different user groups at the operational
levels). In addition, there ae basic conflicts between organizational goals (such as profit, rule
following, policy implementation, etc.) and the work pradice goals of users (flexibility and
convenience, socia nedls, etc.) [17].

Any scenario management framework must, at the metalevel, make the different viewpoints and their
relationship to scenarios explicit to set the cntext [51]. This teanwork-oriented tracedility is
orthogonal to the method-related descriptions of scenarios discussed in Figure 8, and in the sedion
on method integration, below.
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Once such basic processmaps have been established, the next important research question is how to
systematize their applicaion. For the construction of the initial steps mentioned above, chedlists,
heuristics, and daog-based interadion tools appea appropriate. At the more detaled levels,
automatic scenario generation for coverage and, conversely inductive inference mecdhanisms for
synthesizing details to more astrad requirements is needed, focusing on those scenarios considered
most relevant in the gplicaion domain. Typicd analysis techniques include cae-based reuse,
detedion of redundant adions or events, and pathway coverage & in test case generation.

As mentioned ealier, a key problem is the combinatorial explosion as on as senario developers
get into even a modest degree of detail. On the other extreme, situational bias, tadt knowledge and
implicit assumptions may narrow the seach space to less than the redly important scenarios.
Participants did see potential for addressng at lesst some apeds of this problem by formal
abstradions, e.g., moving from the instance-level to the type level, decomposing the seach spaceby
spedfying concurrency rather than listing all concevable interference scenarios explicitly, and
direaing search by cgptured problem-oriented chedklist to reduce bias.

4.2 Representing Scenarios: Informal vs. For mal

Most representations of scenarios in pradice have been found to be “informa” in a Computer
Science sense. Nevertheless the group identified a wide variety of meanings to this term. The
spedrum of scenario representations found in reseach and pradiceincludes at least the following:

* Raw information: e.g., video recordings, literal transcripts

* Freeformat data, e.g., pictorial descriptions, freeform text

e Structured representation, e.g., structured texts, templates/forms — probably the most important
form

» Semi-formal syntax with some semantics, e.g., process maps in system analysis, message
sequence diagrams, state dharts with embedded text, pseudo code

» Formal languages with well-defined semantics, e.g., state dharts, Petri nets, logic of adion, etc.

The discusgon proceeaded from the assumption that the degree of formality required depends on the
purpose of scenarios and on the intended audience a list of drivers and inhibitors of formality is
provided in Table 1. Some of the main arguments can be summarized as follows:

» Gred uncertainty about requirements encourages rapid and informal scenarios. However, if
these scenarios beamme too many, too broad or too dee, it is time for more genera conceptual
models validated against individual scenarios in a more forma manner. However, formalization
is by no means gynonym to greaer coverage or more detail. Often, semi-formal representations
will be sufficient to represent structural constraints within and between scenarios adequately.

* Thereisno clea distinction between scenarios, conceptual models, and processrepresentations.
Scenarios are dmost never single-instance, but rather partialy grounded fragments; in our
framework scenarios are daraderized as midde-level abstradions grounded in redity.
However, not every partialy grounded model fragment should be cdled a scenario. Scenarios in
pradice tend to have astep-to-step connotation, with no separate externa frame of reference
They should be largely self-explanatory, at least in the @ntext in which they are set.
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Formality without tool support was generally considered impradicd. However, it seems largely
unclear what scenario tools are necessary or viable, even which ones are presently avail able’.

Another important open question is whether there ae different formality requirements for current-
state and future-state scenarios. Considering the framework shown in Figure 1b, what is the dfed of
existing legacy documentation (code, design, spedficaions, text scenarios) on the representation of
new current-state and future-state scenarios?

Drivers Inhibitors

Representing the result of an agreament process

Eliciting a spedfic view

Consolidated view needed

Set of particular views aufficient

Focus on type/classlevel

Understanding without spedal training

Separation and linkage anong components

Rapid feedbadk cycles between scenario author

and domain experts/users

Strong need for tracedili ty

Strong need for unambiguity

Assessnent of given measurable properties

Table 1: Fadors promoting and inhibiting the formality of scenario representations

4.3 Fitting Scenarios to Existing M ethods

Many praditioners and reseachers complain that it is difficult to reconcile the systematic usage and
management of scenarios with the standard methods applied in planning, analysis and design.
Starting from the purpose view in Figure 8, the group looked at different phases or rough work
tasks in the lifegycle, and colleded arguments why scenarios should or should not be used in these
tasks. The results are summarized in Table 2. They indicae that participants sw the role of
scenarios predominantly in the analysis phase very ealy in the development process Scenarios
should also take astrong role in quality management. The potential of scenarios in subsequent
design tasks was also recognized, but here, their added value is balanced to some degree by the
significant additional management effort incurred.

After defining thus the rough positioning of scenarios in the systems lifecycle, another challenge
resulting from the pradice surveys was discussed. How can we provide more detailed method
guidancein developing and using scenarios? The group adopted the view of methods as tools for the
developer, which should not overly constrain the a¢ual work process’. As a mnsequence, methods
in general should be defined as colledions of situated chunks that the development team could
invoke and possbly adapt when desired. This, in turn, makes it relatively easy to integrate dhunks of
scenario method knowledge into the process Examples of high-level “good pradice” chunks from
industry include:

» to structure functional and non-functional requirements along large use caes
» to asessthe impad of a new commercia-off-the-shelf (COTS) software product using business
scenarios

2 A number of prototypical tods are described in this Spedal Issue, and in [31]. Examples include traceability
support, advice for the cthoice or structuring of scenarios, semi-automatic synthesis of formal spedfications from
colledions of formally represented scenarios, and animation of formal spedfications by future-state scenarios.

3 As Jm Odell put it, “ there is neve just one way of doing something. Neve has been, neve will be, and reve
shoud be”
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* to test system compliance with requirements, and to develop user documentation, based on
usage scenarios

* to optimize system performance through technicd impad anaysis of the most frequently
occurring scenarios.

Development Task Pro-Scenario Arguments Contra-Scenario Arguments
Analysis Uncover hidden requirements Coverage problem: how many
scenarios?
Envision future system usage Content problem: how much to
capture?
Provide rationale for design proposal | May result in overlooking
concurrency
Make requirements behavioral Requires much domain
content more @ncrete knowledge

Enriched context information helps
uncover risk, org. problems, etc.

Help envisage the potential of a

problem

Design Illustrate trade-off between design | Management of scenarios
solutions becomes complex
Validate design using scenarios

Quality Management Communicaion aid between May oversimplify problems and
stakeholders projed risks
Fadli tate documentation Cogt, time, and manpower

intensive

Verify/validate fitnessfor use

Justify needs

Understand and resolve aonflicting
guality requirements

Table 2: Advantages and problems of using scenarios in spedfic development tasks

The group proposed to set up a web server infrastructure for the mlledion and dissemination of
such “chunks of best scenario pradice”, charaderizing ead chunk by the domain and other
situational fadors, the target output product, the type of scenario content, and a typicd intention of
reuse. Based on such a server, after atask analysis charaderizing the situation, the intended reuse
processcould work in four steps:

1. write a wrrent scenario in the users' language (as a story)

2. runit againgt a (possbly domain-dependent) chedklist to evaluate its completeness

3. vadlidate theinitial understanding gained from the thus enhanced scenario

4. identify the scope for improvement over the aurrent scenario.

4.4 Scenario Management intheLarge

As discussed ealier, individual scenarios are well accepted and easy to use. Small “chunks of best
scenario pradice” seam relatively obvious and well structured. In contrast, praditioners complain
that maintaining large sets of posshly complex scenarios with different viewpoints over long periods
of a system life gicle @& a serious management nuisance. This problem is hardly addressed by
reseach. The workgroup therefore delved into an initial exploration how one culd even approach
investigating the problem of proper scenario administration.
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When setting up a scenario management framework, the key isae is cost-effedivenessof scenarios
in dfferent tasks of the system lifecyde, or even in the broader organizational change management
cycle. Tackling this problem requires expanding on the purpose view of scenarios first.

Scenarios are tools for understanding (cognitive asped) and communication (social asped). Similar
to rapid prototypes in the design stage, they reduce uncertainty about organizaional, usage, or
technicd requirements. Cost-effediveness $ould thus relate to system quality as well as quality of
the dhange process sipported by the scenario-based approacdh.

Major benefits include the following. Similar to good business process models, scenarios do not
need to be mmplete but still help to give an overal intuitive picture. They do this by focusing on
criticd issues and on differences between current-state and future-state, without requiring a
complete description of either the old or the new system. On the cost side, scenarios are so fluid that
it is hard to provide structure within a large set of scenarios. It is even harder to maintain the
relationships (consistency, conflict, evolution, etc.) without substantial version and configuration
control effort (for which no good methodology is known to date).

To further elaborate on this point, the many roles of scenarios were summarized using the metaphors
of “oil” and “glue” to point out the opportunities, but also the dallenges of scenario management in
the large. As a fluid and easy-to-manipulate concept (oil), scenarios support design dedsions and
help derive requirements. They assst the evaluation of requirements for incompleteness and
inconsistency. They illustrate the requirements themselves as well as the potential costs of satisfying
them, including unintended side dfeds of proposed solutions. They help define roles and
responsibilities in the process Last but not least, they serve a regresson tests for old requirements
in the evaluation of proposed adaptations.

Scenarios also fix required linkages (glue) between design artifads and design dedsions. This has an
often underestimated impad on projeds and thus require formal management. Scenarios determine
the wnredion between parts of systems in a dynamic sense. As [73] show, they allow to structure
and plan projeds: division of labor, estimation of effort, focusing of inspedions, and the validation
of end-to-end functioning from the user perspedive ae d determined by scenarios. Projed
managers are known to have been fired for not satisfying important scenarios!

Summerizing, the systematic usage of scenarios has a profound but poorly understood impad on the
whole thange management process ranging from requirements analysis through development and
integration al the way to projed planning, training and motivation of both projed personnel and
users. Novel approaches to version and configuration management must take into acount the wesk
formal semantics but strong pragmatic role of scenarios, such that the relationships between
scenarios and other artifads can be maintained at al the necessary abstradion layers of the different
stakeholders, and throughout the system lifecycle. Metrics of both cost and benefit are needed to
determine and improve the quality of such a scenario-centered lifegycle process in a systematic
manner, considering, e.g., average st of scenario development, retrieval and usage, trade-offs
between completenessand cost-eff ediveness and system quality.

4.5 Interdisciplinary Definitions and Research Questions

Following the working group summearies, participants from different disciplines were aked to
summarize what they had leaned acossthe discussons. In addition, a brainstorming sesson was
conducted to seeif participants could agree on a cmmon definition of scenarios, and where they
saw the most pressng research issues for further work.
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In the brainstorming sesson, the group first attempted to converge towards a shared definition of
scenarios. From a wmlledion of individual properties, which were then voted concerning their
importance, we finaly synthesized the following definition:

A scenario is a description d the world, in a context and for a pupose, focusing ontask
interaction. It is intended as a means of comnunication among stakeholders, and to
constrain requirements engineaing from one or more viewpoints (usually not complete, not
consistent, and na formal).

In addition, critica isaues in need for more reseach were identified. After colleding about twenty
topics, and discussng them at length, it becane dea that the biggest gap in our knowledge of
scenarios can be summarized by the question:

“howto get the best value for the moneyinvested in scenario-based techniques.”

Cogt-effediveness of scenario usage is poorly understood, thus there is no ecmnomic basis for
problem-driven use of scenarios yet. Regardless of the detalled cost-benefit analysis, it is a shared
perception among the working groups that scenario management in the large is least developed so
far. Thus, questions of how scenarios evolve, how they are related to ead other, and how they are
linked to spedficaions are high-priority reseach issues.

In the final discusson from the management side, the hierarchy of scenarios exhibited in figure 11
was emphasized as a calenge, i.e., linking the use of scenarios for dedding strategy through to
their usage in designing system interacion, and possbly badk to stimulating novel uses of existing
systems. From reseach in organizational sociology, it is not even clear whether such a linkage exist
or whether unexplained emergent phenomena prevent such a bridging.

From the software engineeaing side, participating doctoral students pointed out that the workshop
had indead helped them to better position their work, in particular concerning the relationships of
scenarios to more forma conceptual models. Such relationships include, among others, quality
management of scenarios via conceptual models, scenarios as boundary objeds and viewpoints
constraining design, suitability of scenarios vs. models as externalized memories of development
proceses, and dfferent kinds of analysis/animation/smulation relationships which alow the
exploration of dynamic concepts.

From the viewpoint of HCI, deding with scenarios (narrative, rich, non-formal descriptions) is not
considered a dhoice but forced on research by pradice The workshop findings can, acording to this
viewpoint, be grouped acarding to four frequently asked key reseach questions:

* How do we ded with colledions of scenarios, i.e. colledions of only we&kly structured text?
* How do we ded with coverage (writing an exhaustive set of scenarios)?
* What (instance/detail) in a scenario is essential, what is inconsequential?
* What are boundary conditions for applicability of scenario-based design?

Possble answers are listed in Table 3, together with some careas when and to what degree these
answers might be right or wrong.
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Key reseach question

Typicd/possble answers

Caveds

How do we deal with
colledions of scenarios?

For indexing/retrieval, lean
from Information Retrieval

Where do classficaion
schema, keywords come from?

Conceptua models as indexes
which offer reasoning as a side
benefit

Minimal metadata for ead
scenario

Beware aegping modeling urge
(over-formali zation)

How do we deal with
coverage?

Scenarios will only cover focd
paths plus implicit set of error
scenarios

But what about safety-criticd
systems?

Formal descriptions (FSM
family) help generate scenarios

Problem similar to test case
coverage

Scenarios abstradion, reuse
fadlitated by multimedia
database

Beware formalism for toal’s
sakel

What detail isnecessary?

Shared badkground tells us if
we ke users around

But might get lost when users/
domain experts are no longer
participants

Conceptual modeling may help
to ask the right questions

What are boundary
conditions for scenario
applicability?

Scenarios focus on adion/event
stories

(some) non-functional
requirements

Scenarios support lineaizaion

Highly parallel, non-
transadional applicaions

Scenarios broaden thinking in
adion

Parameter-fitting/optimization
(standard engineaing design)

Table 3: FAQ'sfor scenario-based design

5 Networking Research Hypotheses and Evaluation Methods

The precaling sedions demonstrate a cetain convergence @ncerning frameworks and theories for
understanding scenarios, and shared concerns of interdisciplinary researcch and pradice However,
the variety of underlying assumptions, spedfic reseach claims and methods remains substantial. In
order to develop a wherent reseach community, it would be valuable to understand in the
interdisciplinary setting what are the relationships between these claims and hypotheses, and what
are the relationships between the evaluation methods used in the various disciplines to evaluate these

claims and hypotheses.

In order to explore these questions, we first distributed a short questionnaire to al workshop
participants with the following text:

“Each o us has proposed some theory, model, structure, languagg, ontology, formalism ...

with some purpase in mind. We want to know (with amaximum of 25 words):

1. Inyour work, what is your most important claim/hypothesis/conjedure abou scenarios?

2. Howdoyou propcse to justify/test/proveit? (Please mention if you are using some knd
of tod/environment as a demonstration a test bed.).”
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The 24 responses to these questions were then synthesized into strawman “causal networks’, one
intended to show the hypothesized relationships between scenario fadors acossrespondents (figure
12), the other intended to show possble paths of research projeds/evaluation methodologies tend to
follow (figure 13).

“Causal” Network of Scenario Factors

scenario/spec. i ion
/sp . concreteness discussio .
complementarity \ process quality
scenario accuracy c_)f —_ devel./ user
: understanding communication
formality ! o
quality & willingness
ease of fewer errors
reliability N spec
testing pec.

) . lity of
/ design  confidence qua .
\A creativity in quality  Strategic planing
system system , & analysis

reliability usefulness

\A/ system decision
quality of / flexibility quality

system

quality of devel.
planning process

Figure 12 A causal network of scenario research constructs

Briefly, the reseach clam network in Figure 12 concentrates on two key fadors which many
reseachers addressin different ways. scenario formality and communicaion quality. The left part
sugeests that the degree of scenario formality depends on the complementarity between scenarios
and spedficaionsin a particular context. Scenario formality will fadlitate reliability testing, and may
reduce the erors in spedficaions, both positively influencing system reliahility. But only together
with knowledge @out system usefulness and flexibility (which is not necessarily improved by
formality of scenarios), the overall quality of systems can be asessd.

These two latter fadors are influenced by processoriented scenario factors rather than
representation, most prominently the willi ngness and quality of deveoper/user communication. In
turn thisis conjecdured to promote fadors such as design credivity, subjedive onfidencein quality,
and (strategic) dedsion quality. Communication quality is influenced by acairacy of understanding
promoted by scenario concreteness and by processfadors of how the discusson process procees.
Hidden in this network, we reaognize the three well-known dimensions of requirements engineaing
[Pohl 1994, namely representational aspeds (left part of the figure), depth of understanding (midde
part), and quality of teamwork and agreament (right part).
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In terms of ewaluation methods, two major approaches are shown in Figure 13. The first one
involves tod building as a starting point for demonstrating and testing claims. These ae then
exposed to expert critiques or lab experiments, prior to their use in indwstrial case studies which
either construct industrial prototypes for further development into the mmercial arena,
fadli tate/monitor ongoing spedfic projeds, or try arational reconstruction of a past process

Evaluation Methodology

experimental build a develop
comparison tool checklists etc.

expert critique

lab-based
case study try out on
/ industrial
case studies
inferential comparative
statistics evaluation

construct ?r?glgfr;cg (r)nn%rg;cr?gr recgcsl’?rzacltion
DrOtoﬁi process  process  of past process
reviews with
end user

Figure 13: Possble evaluation paths in scenario reseach

The second evaluation approadh investigates <enario-based methods independently of support
toaols. Often, the research claim, or a degper theory underlying it, is elaborated into checHists which
can diredly be gplied to laboratory experiments or industrial case studies, without necessarily going
through a mediating toal.

In both approadhes, valuable insights can be drawn from comparative ewaluation with competing
claims, tools, or chedlists. The design of comparative studies in the scenario field is, however,
particularly difficult due to the complexity of problems addressed by scenario-based approades, and
there have been few such studies to date. More often than they should, evaluation has therefore been
restricted to the amnceptual level.

Taken together, these two networks provide prolegomena towards an interdisciplinary research

program in scenario management. We hope that they will help researchers to better relate their
findings, and to build on ead others' methodologies within and aaossdisciplines.
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7 Summary

In this paper, we reviewed scenario management from three magor disciplines. strategic
management, human-computer interadion, and software axd systems engineeing, and propose an
interdisciplinary framework for scenario management. In addition to synthesizing our own previous
reseach, we drew on findings of an interdisciplinary workshop including various brainstorming
techniques.

Acrossall disciplines, scenarios are recognized as indispensable tools to comprehend future states of
the world. We have outlined conditions under which scenarios can be best used for ead of the three
disciplines. As <enarios take different forms to fit in a particular applicaion context, they invariably
provide a ©herent framework for analysis of how various elements of a problem at hand (e.g.,
defining systems gedfications) impinge on one another and interad. Furthermore, they also serve &
a vehicle to foster creaivity, stimulate discusson, and help focus attention on spedfic points of
interest.

With some diversity in terminology and use, two particular qualities of scenarios emerge from this
study. First, a scenario is a context-dependent and puposeful description of the world with a focus
on task interadion. Seand, scenarios are ameans of communicaion among stakeholders.

We look at scenarios as enablers of change. From that perspedive, four reseach issies were
discused: systematic cgpture and generation of scenarios, representationa issues of individual
scenarios, fitting scenarios to existing methods, and scenario management in the large. Our study has
helped identify (1) fadtors promoting and inhibiting the aeaion of scenarios, (2) advantages and
problems of using scenarios in spedfic development tasks, (3) pradicd issues in developing
scenarios, and (4) reseach congtructs for designing and evaluating scenario and scenario
management.

In al of the issues addressed in this paper, it should be remembered that scenario development,
analysis and management are mainly pradicd processs that depend on credive participation and
inputs from individuals, and no attempt is made here to propose arigid methodology. The value of
scenarios is that they serve & caaysts for such processes. We hope that the interdisciplinary
discusgon presented in this paper can fadlitate the use of scenario approadies and make scenario
studies and scenario use asinteresting and effedive & possble.
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In severa disciplines, including management science, software elgineaing, and human-computer
interadion, scenarios are anerging as a key tool in the quest for more dfedive dange management
with information technology. As a midde-ground abstradion between instancelevel traces of
redity and formal, classlevel spedficaion models, scenarios promote participatory design and
knowledge reuse within and aaos