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Design of Interactive Narratives:
Concepts, Methods, and Architectures
Mikael B. Skov

Abstract: This thesis deals with the design of interactive narratives. Interactive narra-
tives are software systems that enable users to create stories when using the system.
Interactive narratives are used for many purposes and in many different contexts, e.g.
to facilitate children to tell stories in order to cope with their illnesses. Interactive nar-
ratives challenge software design processes as an emerging technology. Research in-
dicates that interactive narratives design is difficult, that most design processes are
approached in an ad-hoc manner, and that design processes and solutions are based
on intuition.

This thesis addresses three themes within interactive narratives design: concepts,
methods, and architectures. The themes define three research questions that form the
conducted research. Five individual paper contributions try to answer and address
different aspects of the three research questions. Due to the vast amount of different
kinds of interactive narratives, this thesis presents a space that characterises interac-
tive narratives according to their level of interaction and narration. The five paper
contributions are mapped in this space to signify similarities and differences between
the five paper contributions.

Three empirical sources contribute to the results. Practice studies address the
application and understanding of concepts and identify challenges and architectures
in interactive narratives design. The primary sources to the practice studies are inter-
views. Secondly, experiments provide the evaluation of object-oriented design meth-
ods in attempts to evaluate their applicability for interactive narratives design. The
focus is on identification of opportunities and limitations of the design methods. An
intervention driven study develops an agent-based architecture for new forms of in-
teraction and application of concepts.

The primary results of this thesis are: 1) the concepts of interaction and narration
define key properties of interactive narratives. Different understandings of the two
concepts are applicable and signify different kinds of interactive narratives. This the-
sis identifies temporal-oriented and spatial-oriented interactive narratives primarily
based on the definition of narration. 2) A key challenge in interactive narratives de-
sign is the creation of the narrative. During the creation of the narrative is not obvious
how users could be involved in determining functional requirements to the system.
This is partly explainable by the lack of definable future use situations. Object-
oriented design methods have a number of limitations in interactive narratives de-

sign. More key activities in the design methods are of limited value because the focus



on work domain does not necessarily hold for interactive narratives. 3) Two architec-
tures are proposed to support the design of either temporal-oriented or spatial-
oriented interactive narratives. The architectures identify two different understand-
ings of narration and addresses interaction at two different levels.



Design af interaktive narrativer:
Begreber, metoder og arkitekturer
Mikael B. Skov

Resume: Denne afhandling omhandler design af interaktive narrativer. Interaktive
narrativer er software systemer som muligger forteelling af historier under brugen af
systemet, og interaktive narrativer benyttes til mange forskellige formal og i mange
sammenheenge f.eks. systemer der hjelper bern til at forteelle historier om de
alvorlige sygdomme de lider af. Som en ny teknologi medforer interaktive narrativer
store udfordringer under designet. Forskning har vist, at designet af interaktive
narrativer er sveert, og at de fleste designprocesser bliver tilgédet ad-hoc samt at
designprocesser og lgsninger i hej grad er baseret pa intuition.

Denne athandling adresserer tre temaer indenfor design af interaktive narrativer:
begreber, metoder og arkitekturer. Temaerne definerer tre forskningsspergsmal som
har formet udferelsen af neerveerende forskning. De tre forskningsspergsmal bliver
besvaret af fem individuelle videnskabelige artikler. Pa grund af den store meengde
af forskellige interaktive narrativer preesenterer denne afhandling en model som
karakteriserer interaktive narrativer i forhold til deres grad af interaktion og
narrativitet. De fem videnskabelige artikler bliver placeret i denne model for at
synliggore artiklernes ligheder og forskelle.

Tre empiriske kilder bidrager til resultaterne. Studier af design praksis adresserer
brugen og forstaelsen af begreber, og studierne identificerer ligeledes udfordringer
og arkitekturer i forskellige designprocesser. Den primeere metode er interviews. For
det andet benyttes eksperimenter under laboratorieforhold til evalueringer af objekt-
orienterede design metoder i forseg péd at evaluere deres brugbarhed i forhold til
modellering af interaktive narrativer. Her er fokus pa identifikation af muligheder og
begreensninger i metoderne og pa brug af begreberne. Slutteligt foreslar et
interventionsdrevet studie nye interaktionsmuligheder og muligheden for fortelling
af historier gennem to forskellige arkitekturer.

De primeere resultater af denne afhandling er 1) begreberne interaktion and
narration definerer centrale egenskaber ved interaktive narrativer. Forskellige
forstaelser af de to begreber muligger forskellige typer af interaktive narrativer.
Denne afhandling identificerer primeert temporal-orienterede og rummelig-
orienterede interaktive narrativer baseret pa forskellige definitioner af narrativitet. 2)
En central udfordring under designet af interaktive narrativer er beskrivelsen af
historieforteellingen. Herunder er det uklart hvordan fremtidige brugere kan
inddrages i designprocessen blandt andet fordi den kommende brugssituation ikke

altid kan defineres. Objektorienterede designmetoder har et antal begreensninger i



designet af interaktive narrativer. Flere af de centrale aktiviteter i designmetoden har
ikke den store nytteveerdi, da fokusering pa arbejdsomgivelser ikke er relevant. 3) To
arkitekturer bliver foreslaet for at supportere designet af enten temporal-orienterede
og rummelig-orienterede interaktive narrativer. Arkitekturerne benytter forskellige

forstaelser af begrebet narrativitet og adresserer interaktion pa forskellige mader.
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Chapter 1
Introduction

Design of software systems is a difficult and challenging task. Software design in-
volves the understanding of details and relations in user organisations, handling new
technologies, meeting requirements of prospective users, and operating in turbulent
environments that change during the design task (Mathiassen and Stage 1992). In ad-
dition, aspects of software complexity, conformity, changeability, and invisibility im-
ply that no simple technique can solve all inherent problems of software design
(Brooks 1987). Challenges faced within software systems design increase as new
technologies emerge and new types of applications are requested (Mathiassen 1997).
Such challenges include increase of task complexity, increase of technology variation,
increase of multiplicity in people skills etc. (ibid.).

This thesis deals with the design of software systems that enable users to experi-
ence and create stories when using the systems. This emerging class of software sys-
tems is often referred to as interactive narratives (or computational narratives), cf.
(Brooks 1996; Flanagan and Arble 1998; Galyean 1995; Kolstrup 2001b). The introduc-
tion of story telling (or narration) challenges the software design process further, e.g.
since aspects of complexity and the group of prospective users changes (Webb 1996).

1.1 Interactive Narratives

Since accepted definitions on interactive narratives are still to emerge and due to the
lack of a generally accepted understanding of interactive narratives, I will start by

exemplifying the term interactive narrative.

1.1.1 Example: Story Agent Generation Environment

Story Agent Generation Environment (SAGE) is a PC-based storytelling software en-
vironment that supports children in the creation of their own wise storytellers to play
with (Umaschi et. al. 1998). SAGE was installed at the Boston’s Children’s Hospital to
facilitate personal storytelling for the children as a way of coping with their cardiac
illnesses, hospitalisation, and invasive medical procedures. The idea was that through
telling stories the children would be able to learn to handle situations that arise from
their illnesses. SAGE supports two modes of interaction. Firstly, the children can
share stories with the environment and secondly, the children can design new story-
tellers to interact with. As a part of sharing stories with SAGE, the children can inter-

act with a wise sage and its animated stuffed rabbit. The wise sage listens to the sto-
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ries of the children and offers relevant tales in response. The children interact with
SAGE through the keyboard for typing in input and listen to outputs through a text-
to-speech component and pre-recorded sounds. In a typical conversation between a
child and the wise sage, the wise sage would pursue a particular topic for the conver-
sation. E.g. in a conversation the stuffed rabbit is best friend of a virtual figure called
Mrs. Needle and the wise sage would make the conversation span around children’s
fear of needles. The wise sage would typically ask the child a number of questions,
e.g. what is your name, have you ever met Mrs. Needle, and are you afraid of Mrs.
Needle, and let the children answer these questions in their own words. In this sense,
SAGE is letting the children create their own stories by letting them tell and explain
their fears and worries related to the particular topic; in this case needles. While the
wise sage interacts with the child, the stuffed rabbit would perform nonverbal behav-
iours that humans normally associate with engagement and which are found in con-
versational narratives between people. Thus, the children would perceive the rabbit
as having a life of its own and attribute the rabbit as being warm and gentle.

1.1.2 Interaction and Narration
SAGE is an example of an interactive narrative and the above description illustrates
the use of SAGE. The class of interactive narratives includes a large amount of differ-
ent interactive systems, cf. (Flanagan and Arble, 1998). It is difficult to delimit and
define this emerging genre of interactive systems since different perceptions and per-
spectives exist. Interactive narratives can be utilised to retell history, educate, or en-
tertain users (ibid.). However, SAGE illustrates two predominant components of an
interactive narrative namely aspects of interaction and narration. SAGE integrates
interactivity in the sense that children interact continuously with the application on
different levels. During conversation the children type in messages and answers
through the keyboard and they listen to questions asked and information told
through audio speak. In addition, the children can interact with SAGE and construct
new storytellers or program new behaviours of the stuffed rabbit. The aspect of nar-
ration is also important in SAGE. The wise sage would structure a conversation
around a specific topic to control the conversation thus assuring coherence of the
conversation, e.g. maintain the focus on the discussion of needles. The children
would add to the narration by telling the wise sage their own personal stories related
to their situations and their illnesses. Furthermore, the wise sage and the rabbit add
to the narration by acting as believable characters that retell stories and initiate
interaction.

Interaction and narration are key properties of interactive narratives, cf. (Galyean
1995, Jensen 2001, Kolstrup 2001). Based on the description of SAGE, tentative under-
standings on interaction and narration could be that interaction relates to the user’s
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application of the system and narration relates to the telling or creation of a story dur-
ing the interaction, but further explorations of the two terms seem necessary.

1.2 Design of Interactive Narratives

The above illustrates an interactive narrative and identifies some key characteristics
of interactive narratives. This thesis is about the design of interactive narratives thus
the question remains how such software systems can be designed? Research studies
of interactive narrative design practice indicate that this kind of design is difficult, cf.
(Webb 1996), and Pauen et. al. (1998) and Sutcliffe and Faraday (1994, 1997) claim that
interactive narrative design processes seem to be intuitive and approached in an ad-
hoc manner. One problem is that it is difficult to design the presentation of systems in
order to support users’ tasks (Sutcliffe and Faraday 1994). Webb (1996) points out that
some design practices, e.g. prototyping or modelling, are applicable for interactive
narratives design whereas others are less applicable, e.g. the application of the busi-
ness metaphor for describing work tasks. Furthermore, no methodological support is
applied and very unsystematic work practices characterise the projects. It seems as if
design projects on interactive narratives completely ignore the body of knowledge
that has been established in software engineering and information systems develop-
ment. A fundamental lesson learned through many studies and experiments in soft-
ware engineering is that improvements in design processes require systematic work
practices that involve well-founded methodologies (Fairley 1985, Pressman 1996,
Sommerville 1992).

The above-identified problems in interactive narrative design practice suggest ini-
tiatives for improving the design process. The body of knowledge and experience
within traditional information systems development is rather substantial, cf. (Booch
1994), and utilising the existing body of knowledge for the design of interactive narra-
tives seems sound. Within information systems development research, the experi-
ence-action cycle constitutes a general approach to understand and improve software
design practice, cf. (Checkland and Scholes 1990; Mathiassen 1997). In this cycle, re-
searchers try to understand current design practice in order to identify challenges
and solutions. Based on this understanding, researchers can yield experience-based
knowledge that is both interpretive, helping to understand practice, and normative,
providing support for systems design or for improving practices (Mathiassen 1997).
Information systems development research has yielded vast amounts of design
methods, concepts, notations, architectures, activities, techniques etc. for improving
and supporting the software design process. Inspired by the experience-action cycle
and the division of the design process into concepts, processes, and product, cf.
(Booch 1994), I choose to address the following three themes for bringing support to

the design of interactive narratives: concepts, methods, and architectures.
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1.2.1 Concepts

Software design is about understanding and construction. During analysis, designers
try to understand a problem domain for which they are to model the future system.
Rumbaugh claims that a model is an abstraction of something for the purpose of un-
derstanding it before building it (Rumbaugh et. al. 1991). Booch (1994) argues that
during the modelling of the system, designers apply and utilise concepts for analyti-
cal purposes (understanding) and for constructive purposes (designing).

Concepts for understanding and constructing interactive narrative are still under-
stood vaguely. In one hand, contemporary research studies claim that more of the
traditional design concepts found in more conventional software design are not ap-
plicable for design of interactive narratives, e.g. the concept of work tasks or business
metaphors (Webb 1996). During design of more conventional software systems, de-
signers often apply a distinct focus on aspects of current and future work tasks of
prospective users (Jacobson et. al. 1999). E.g. use cases offer systematic approaches to
capture functional requirements with focus on value for users and use cases drive the
design process from analysis through design to implementation (ibid.). However, it is
imprecise whether the concept of work tasks is inapplicable for the design of all in-
teractive narrative or whether it may be useful for the design of some types of interac-
tive narratives. Other research studies focus inherently on aspects of interaction and
narration and the dependencies between these two concepts in analytical evaluations
of interactive narratives cf. (Wibroe et. al. 2001; Benford et. al. 2000; Jensen 2001).
From a constructive point of view, it is still vaguely understood how these concepts
are applicable and how the different understanding of the terms may form design
processes. We need to understand aspects of the two concepts further and under-
stand their mutual relation in interactive narratives.

The above leads to the first research question: What are the key concepts for un-
derstanding design of interactive narratives?

1.2.2 Methods

Booch (1994) argues that software engineering design methods constitute ways of
systematising the design process by illustrating activities and tasks to perform.
Hence, a perspective on software design methods is that of process-orientation. For
interactive narratives design, new challenges and issues related activities and phases
may emerge as a result of the nature of these kinds of systems. E.g. for specification of
functional requirements in conventional software design processes, user involvement
plays an important role but also a difficult challenge since user may communicate
their requirements by a vocabulary different than the one of the designers (Mathias-
sen et. al. 2000). Software engineering design methods are systematic attempts to
support and mature the design practice by establishing notations, concepts, and proc-
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esses. The entire software engineering design process encompasses the disciplined
approach used to invent a solution for some problem (ibid.) and it is the total set of
activities needed to transform a customer’s requirements into a consistent set of arte-
facts representing a software product (Jacobson et. al. 1999).

Software design methods serve important roles in influencing design practices by
being means for training beginners in the field by turning the design process into be-
ing method driven or facilitate experience and knowledge dissemination between
practitioners, cf. (Mathiassen et. al. 2000). Software design methods have evolved in
response to the challenges faced by emerging technologies and requests of new appli-
cations (Mathiassen 1997). Sommerville (1992) argues that most system design meth-
ods can be characterised as either top-down structured, data-driven, or object-
oriented. Top-down structured design methods, e.g. (Yourdon and Constantine 1979;
Myers 1978), apply algorithmic decomposition of the problem. Top-down structured
design methods have shown their usability for many years, but do not address issues
of data abstraction or information hiding and have problems when modelling ex-
tremely complex systems. Data-driven design methods, e.g. (Jackson 1975; Orr 1971),
are characterized by the direct mapping of system inputs and outputs and have been
successfully applied in modelling complex domains like information management
systems. Object-oriented design methods, e.g. (Booch 1994; Rumbaugh et. al. 1991;
Jacobson et. al. 1999), rely on modelling software systems as collections of cooperat-
ing objects, treating individual objects as instances of a class within a hierarchy of
classes, cf. Booch (1994). During the 1990's object-oriented design methods have be-
come state-of-the-art both within research and industry, cf. (Mathiassen et. al. 2000),
and with the invention of the Unified Modeling Language (UML), cf. (Jacobson et. al.
1999; Rumbaugh et. al. 1999), this position has gained even more strength. For this
reason, I choose to investigate the applicability of object-oriented design methods in
interactive narratives design.

This leads to the second research question of this thesis: What are the key chal-
lenges during the design process of interactive narratives and how can object-
oriented methods support the design process?

1.2.3 Architectures

Software engineering design methods provide support for the design process
through specification of design activities and processes. Software architectures are
complementary ways of providing support for the design. Architectures are product-
oriented by supporting design practice to structure and organise the software system
in components (Rumbaugh et. al. 1991). Software architectures serve to understand
the future system and organise the design of the system (Jacobson et. al. 1999). Thus,

requirements for design architectures are that they are interpretive helping us to un-
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derstand the context of the system and normative providing us support for the design
of the system. Software architectures direct the organisation of the software system
and the structuring of elements of the system and their interfaces (ibid.). Hence, soft-
ware architectures provide a platform from which designers can model and design
future systems.

Even smaller software systems often contain many software components (e.g. ob-
jects) and a sound architecture provides designers to structure these components
(Mathiassen et. al. 2000). The design method object oriented analysis and design pro-
vides a general system architecture containing three layers of software components;
the interface layer, the function layer, and the model layer (ibid.). This architecture
applies different perspectives on the system. E.g. the function component contains the
facilities through which the user updates the model component. During analysis, the
architecture guides the developers to identify requirements to the system whereas
during design the architecture guides the structuring of the system (ibid.). Architec-
tures address different levels of abstraction on the future system. The above example
takes the perspective from a system level, whereas other architectures organise soft-
ware components (e.g. classes and objects).

Different software architectures suit different kinds of systems. Prototypical ar-
chitectures save design efforts by the utilisation of similar characteristics between
similar systems (Rumbaugh et. al. 1991). As an emerging class of software systems, it
is not obvious what kinds of architectures are suited for interactive narratives design
and what kind of requirements interactive narratives poses on design architectures.
The introduction and integration of narration and interaction may yield new kinds of
design architectures. Therefore, we need to address requirements for design architec-
tures for interactive narratives that can support the structuring and organisation of
interactive narratives.

This leads to the third research question of this thesis: What characterises design
architectures for interactive narratives?

1.3 Research Questions Summary and Thesis Structure

The above three illustrated themes and research questions are listed in the following
table:

Theme Research Question

What are the key concepts for understanding design of inter-

Concepts . .
P active narratives?

What are the key challenges during the design process of in-
Methods teractive narratives and how can object-oriented methods
support the design process?
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What characterises design architectures for interactive narra-

Architectures .
tives?

Table 1.1: Research themes and questions of this thesis

This thesis consists of this summary and five individual paper contributions as listed
in the preface. The papers deal with different aspects of the design of in interactive
narratives and origin from a number of empirical studies.

Chapter two of this summary presents a space for interactive narrative experi-
ences. The space presents interactivity and narrative structure and these concepts
map a space of different kinds of interactive narrative experiences. Chapter 3 illus-
trates the research contributions based on results from the five paper contributions,
and the five contributions are mapped in the space according to their level of interac-
tivity and narrative structure. Chapter 4 discusses the three above listed research
questions by addressing the research results of the five paper contributions and by
additional literature. Chapter 5 discusses the research approach taken in this thesis
and issues related research methods and data collection and analysis are discussed in
relation to the five papers. Chapter 6 concludes the work and outlines limitations of
the results and suggests avenues for future research






Chapter 2
Interactive Narratives

The class of interactive narratives is diverse and addresses many different application
domains, goals, or user groups, cf. (Brooks 1996; Flanagan and Arble 1998; Galyean
1995). Examples of interactive narratives are computer games cf. (Konzack 1999, Roll-
ing and Morris 2000), interactive training and assessment systems cf. (Rosenstand
2001), and collaborative and therapeutic systems cf. (Mallon and Webb 2000). The
SAGE environment as illustrated in the introduction is an example of a therapeutic
system for children coping with cardiac illnesses, hospitalisation, and invasive medi-
cal procedures. SAGE introduces aspects of interaction, the user can interact with the
wise sage in the system e.g. type in text and sentences or listen to audio speak. SAGE
also introduces aspects of narration, e.g. the facilitation of telling personal stories to
the wise sage and the stuffed rabbit (Umaschi et. al. 1998). Other interactive narra-
tives emphasize other characteristics related to interaction and narration, e.g. frequent
and unstructured interaction in the system illustrated in (Benford et. al. 2000).

In this chapter, I will characterise interactive narratives and provide a preliminary
conceptual definition of this class of interactive systems. Due to the diversity of inter-
active narratives and the differences with respect to the characteristics of interaction
and narration, I have searched for a broad definition that supports the description
and characterisation of the differences between interactive narratives and that relates
aspects of interaction and narration. For this reason, I choose a definition by Galyean
(1995) on interactivity and narrative structure for interactive narratives. This defini-
tion fulfils my requirements as it enables the characterisation of both interaction and
narration and relates the two concepts. Furthermore, it provides the service