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Abstract. Recent progress in Interactive Storytelling has been mostly based on
the development of proof-of-concept prototypes, whilst the actual production
process for interactive narratives largely remains to be invented. Central to this
effort is the concept of authoring, which should determine the relationships
between generative technologies underlying Interactive Storytelling engines,
and the actual description of narrative content. In this paper, we report the
development of an authoring technology on top of a fully-implemented
Interactive Storytelling system. Although this system originated as a debugging
tool for a Planning system, its interactivity as well as the high-level nature of
the formalism it manipulates makes it a candidate to support collaboration
between authors and technologists.
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1 Introduction

Whilst the idea of Interactive Storytelling (IS) can be traced back to the seventies,
recent progress over the past 10 years can be attributed to the adoption of generative
techniques based on Artificial Intelligence (Al) formalisms. One of the principal
manifestations of progress has been the multiplication of proof-of-concept IS
prototypes [38][21][20][26][25], which have often required considerable effort not
just in terms of implementation but also content description. The development of
these prototypes has often taken place in its entirety within computing research
laboratories: in the absence of a declared interest by potential users (i.e. authors),
example narratives have been developed by researchers themselves, often borrowing
simple plots from tales, classics or popular culture (e.g. Facade and the Edward
Albee’s Who’s Afraid of Virginia Woolf [21]). If we believe IS has reached a certain
maturity, it can only refer to the viability of underlying computational techniques. The
issue of content creation is lagging behind the early technical developments and their
proof-of-concept prototypes. Its cornerstone is likely to be the relation between
content creation and the generative formalisms making interactivity possible. This
relation is generally described through the concept of authoring, which accounts for



multiple aspects of the relation between content and technology. These range from the
creative and aesthetic aspects that would be specific to IS, to the more elementary
ability of representing narrative content using the Al formalisms of IS prototypes. The
growing interest in authoring in the IS community [32] finds its roots largely in the
imbalance between the number of technical proof-of-concept prototypes and the
number and scale of actual Interactive Narratives.

In this paper, we introduce an approach to authoring which evolved from the
development of proof-of-concept prototypes and the need for internal productivity
tools. We suggest how these tools can be adapted to a possible production process for
IS, which is inspired from the development of computer games and more specifically
the relationships between designers and programmers, yet operates at a higher level of
abstraction, due to the ability of IS systems to directly formalise narrative actions. We
first survey current approaches to IS authoring; after introducing our 1S technology,
we describe an associated authoring method and its embedding in an authoring
software.

2 Related Work

The authoring processt remains a bottleneck limiting the further development of IS
and the production of interactive narratives. As a result, the IS community has
dedicated significant efforts to the identification of requirements for authoring
systems and associated methods. Essentially, 1S systems require the author to
create/generate a large amount of appropriate content [21][20] to serve as a basis for
narrative generation. Recently, Medler and Magerko [23] have proposed a list of
essential requirements for an Interactive Drama Authoring Tool; they extracted six
properties: Generality (it should be independent of both game environment and story
content), Debugging (check for redundancy, dead-ends, poor perplexity in certain
decision point, consistency, etc.), Usability (ease of learning, efficient to use),
Environment representation, Pacing and Timing and, finally, Scope. Conversely,
McNaughton et al. [24] identified four major problems being caused by the generative
property of their system ScriptEase: Generality, Performance, Coverage and
Evolution, which could in turn feed back into the definition of an authoring
mechanism remediating these.

Previous work has proposed a classification of authoring tools: Szilas [34]
associates authoring tools with the paradigm used by the IS engine itself. He
classified existing tools amongst three distinct categories: “character based”, “plot
based” and finally the last approach which consists in focusing on narrative properties
rather than on a course of events or actions.

We propose a classification illustrating the duality between interfaces based on
formalism and those based on story representation. The former foster generative
aspects but lack content creation representation, the latter offer an intuitive
visualisation of the story space and action sequences but force the author to explicitly
express all the story alternatives limiting the plot variations.

1 In this section, we deliberately exclude from our study authoring tools focused on the creation
of visual elements to concentrate exclusively on the creation of narrative content.



Figure 1 proposes a classification of previous authoring systems along two main
dimensions: Visibility and Generativity. Systems such as INSCAPE [39][7] and U-
Create [28] use story-graph representation which offer a high visibility on the story
plot but little generativity. On the other hand, system like ScriptEase [24] use scripted
sequences of actions triggered by events which possesses substantial generative
power but lacks visibility. The Scenejo authoring tool [33][37] differs sensibly from
other systems as it is rather used for the generation of dialogues constitutive of a
narrative in a way similar to Facade [21]. To the exception of most recent systems
such as Scribe [23], Wide-Ruled [30] or even the authoring environment of the
Bowman planning system [35], we can notice that most authoring systems tend to
favour one property over the other.

Ideally, an authoring tool should both give access to the generative power of its
formalism and allow the representation of the created narrative content. In our
previous work [4], we investigated the fundamental relations between planning
formalisms and authoring in 1S. Despite its high power of generation, HSP [2] is often
based on STRIPS formalism [9] which clearly lacks visibility for long-term
dependencies between the actions carried out during the plan unfolding. To address
this challenge, we have developed, as part of later experimentations, tools that will
provide the representation of all the possible unfolding plans ensuring thus a greater
visibility on the whole story space.

Fig. 1. Classification of existing authoring tools according to their visibility and generativity



3 Overview of Authoring Tools

We have decided to use a classic XIX™ century French novel, Madame Bovary [10]
by Gustave Flaubert, as the background for our interactive storytelling experiments.
As described by Flaubert himself in his preparatory work to his novel Madame
Bovary [19], characters’ feelings can be considered as the missing link between the
cognitive and a narrative perspective on the story’s characters [5] and thus can be
used to drive the development of the story plot. Combined with ontology of
characters’ feelings, our latest work on character-based affective IS [25] aims at
reconciling both philosophies and uses a real-time Heuristic Search Planner (HSP) [2]
[17] to generate characters’ actions consistent with their psychology and allowing
anytime user interactions.

Our authoring environment (Figure 2) has been developed subsequently to our
proof-of-concept prototype of emotional planning for IS. Its rationale was to support
the authoring of a complex planning domain, by checking its completeness and its
consistency. However, since this authoring tool was an interface to the narrative
formalism itself, and that the narrative formalism determined entirely the interactive
narrative it became a candidate for a more generic approach to authoring. The
integration of new modules could support the collaboration between authors and
developers in designing an interactive narrative.

Fig. 2. Overview of our IS environment (run-time interface, interaction and authoring tools)



Fig. 3. Overview of the Authoring process and its three main stages (Knowledge Acquisition,
Simulation and Analysis and Story Visualisation)

As illustrated by Figure 3, the authoring approach supported by our system follows
three main stages: knowledge acquisition, simulation and analysis, and finally story
visualisation.

e Knowledge Acquisition

The creation of a story world (Fig 3-1) is the initial stage where drafts of story
elements are created by the author. They describe diverse story elements (e.g.
characters' psychology, representative scenes or environment description). The next
step (Fig 3-2) corresponds to the elicitation of all knowledge required to describe the



story world, such as the various states (i.e. initial and goal states) and the various
actions described through their validity conditions and their consequences. In terms of
Planning, this corresponds to domain implementation where each part of the planning
domain is created (i.e. propositions, operators, states and goal). The domain
description also includes a formalisation of the initial state and the goal state, which
correspond to the scene's or characters' objectives.

e Simulation and Analysis

As an alternative to the offline generation of a complete narrative (formally a solution
plan), an interactive mode allows a step-by-step generation of a solution including the
visualisation of all possible outcomes (Fig 3-3). Starting from the initial state, the user
can expand the plan at each step using a tree representation until the goal state is
reached. After each action is selected by the user, the system automatically offers a
list of possible subsequent actions. For instance, the system will only offer the
solution of Emma accepting an invitation once Rodolphe would have proposed it.
This simulation has both a formal component (access to the planning domain,
inspection of operators and world states) and a visual component (a tree structure
providing a natural visualisation of actions and their consequences). This dual
visualisation is meant to support collaboration and explanation between system
developers and content creators.

In addition, authors can interact with the solution generation process at any time
(Fig 3-4). This module includes also a dynamic environment simulation feature. It
allows reproducing changes in the world not triggered by the planning system that
will normally occur within the story, without having to simulate this in the complete
3D environment.

Then, several analysis tools (Fig. 3-5 and 3-6) can allow the validation of the
generated narrative content. For instance, the evolution of the world state through the
development of the story plan is an effective way of ensuring its consistency with
respect to the characters’ psychology by allowing the analysis of how emotions
intensities vary along the plan evolution.

e Story Visualisation
Finally, when the result has been validated, the last stage is to visualise the final result
using the run-time engine.

We can observe that the early step of this production process is a specific case of
knowledge engineering applied to planning formalisms (i.e. by integrating knowledge
into computer systems in order to solve complex problems normally requiring a high
level of human expertise).

In the following sections, we develop the above mentioned stages, and illustrate
them using an example.

4 Domain Implementation

The first step is the elicitation of all the planning knowledge required and starts by
providing a complete propositional representation of the world (e.g. characters' beliefs



such as Affinity(X,Y,intensity) | intensity € {1,2,3,...,n},
contextual or interactions flags (e.g. 1s-in-Intimacy(X,Y)), etc.).

The initial and goal states are then represented by conjuncts of propositions. The
planning operators are represented using a STRIPS-like formalism (i.e. a set of
propositions as preconditions and effects) [9] and correspond to actions that can be
performed by the characters (e.g. Is-Kissed-by(E,R), Physical-
Contacts(E,R) or Feels-Guilty-of-Estranging(E,C)).

Usually, the grounded sequence of elementary actions that will be played by the
game engine on the operator selection is also determined at this stage.

The particular choice made on the granularity of the domain representation is not
without any impact on the types of solutions that will be generated later. Common
pitfalls consist in representing the domain at a level of abstraction too high or
conversely using too specific actions, which will limit the generative power of the
system. Indeed, a too low level of abstraction would only produce minimal story
variations and not real compelling plot twists.

The description of the planning domain is a manual process which becomes error-
prone when its size (and the corresponding number of operators) increases. It is one
well-known problem to maintain consistency between the predicates used by the
various operators, which can become challenging when describing operators
manually. Inconsistencies in predicates’ labels could also be responsible for errors in
the content of operators with other detrimental side-effects. There is thus a need to
check consistency of preconditions and effects every time changes to the planning
domain are introduced as part of the knowledge elicitation process.

5 Plan Generation

When solutions rely on a sophisticated plan, the various causal dependencies as
generated by HSP planning may be difficult to recognise. Therefore, we wanted to
explore whether the set of possible plans could be visually represented in order to
control the unfolding of the generated content. Moreover, the combinatorial aspect of
content generation can quickly overflow the amount of possible paths that can be
exploited if done using a brute force approach. For instance, if we consider the first
reference milestone set by Mateas [22]: an interactive story is compelling if it presents
a 10 minute length with one beat per minute. With an average of one beat every 4
actions (~15 seconds duration per action) it would thus represent a 40 steps long
story. Now, with an average perplexity of 5 operators per step, a 40 steps long plan
would simply present a total of 5% (~10%) possible solutions. For that reason, our
system proposes a step-by-step plan simulation, in which the user can manually
expand nodes and from there visualise the results using a tree-like hierarchy (see
Figure 4).

Every operator in the planning domain is tested for applicability. Whenever an
operator preconditions are satisfied, it is applied to create a new state that could
further be extended. For efficiency purposes, and in order to avoid redundancy, we
only develop new states that diverge significantly from their parent state. The whole
tree can then be automatically scanned and all the possible solutions can be listed and
visualised.



Fig. 4. Tree-based visualisation of the unfolding plan for the narrative.

6 Simulating User Interaction during Authoring

We can specify interactions at any time in the form of applied operators or more
simply by directly editing the propositions present in the world state. The tool
generates from there the new unfolding plans saving a significant time during the
domain creation.

Figure 5 shows the impact of an interaction upon the following action selection. In
the original plan and once the action Is-Kissed-by(E,R) has been executed by the
game engine, Emma will have to choose her next action amongst four different
operators. According to the best heuristic value [18], the HSP planner will select the
operator Physical-Contacts(E,R) has it presents a minimum heuristic of 19.
Now, it is obvious that one user interaction could induce a variation in the following
available actions and thus on the subsequent plan generation. Using the tool allowing
the input of user utterance, we enter the sentence “you shall not be one of these
frivolous women” which will have the effect of adding the proposition
Embarrassment(E,3) within Emma’s beliefs (see [25] for more details). As a
consequence, we can observe that following the action 1s-Kissed-by(E,R) five
different operators can now be applied. We can also see that the best subsequent
heuristic value (6) belonging now to an alternative operator Feels-Guilty-of-
Estranging(E,C), the HSP planner will produce an alternative plan that will lead
Emma to return to her husband forgetting about her new love affair.

In a real game engine, the environment is often dynamic (e.g. Non-Player
Character (NPC) have autonomous behaviour). For instance, a NPC can keep walking
from one room to another on cycles. Consequently, spatio-temporal variations have
also to be simulated within the solution generation process. We have introduced the



Fig. 5. Representation of the impact of user interaction upon the unfolding plan

possibility to modify the world state at any stage in order to make the appropriate
state variations. The plan generation is synchronised using external actions with plan
interruptions reproducing characters movements (e.g. Update-Position) or world
events (e.g. Character-Level-Arrival).

7 Analysis and Validation

In line with our commitment to the exploration of aesthetic/dramatic phenomena in
the narrative, we are looking for a representation that would describe the overall story
progression. The direct analysis of actions’ sequence seems to be a simple method of
appreciating consistency and can thus constitute a preliminary validation of the
generated narrative.

However, if we seek inspiration from narratology, Bremond [3] has proposed to
evaluate the characters' situation in terms of improvement and deterioration, including
multiple causal descriptions of the reciprocal characters’ influence on the process.
Dramatic aspects can then occur from such influences and improve the overall plot
quality. Reasoning on causal dependencies in plans seems better suited to task models
[26] or plan-space search, in which such dependencies can be explicitly formalised
(see e.g. the examples discussed in [13]). For state-space search, as implemented
when using HSP, the contribution of specific actions to an agent’s desires is best
measured through the heuristic function. For example, analysing the evolution of the



ranges of heuristic function variations can inform about the diversity and quality of
story alternatives. The evolution of the world state composition can also inform
authors about how the emotional dimensions are exploited during the plan, which can
help to ensure the believability and consistency of the characters according to their
psychology.

Therefore, the generation of narrative content should not remain the only areas that
are assisted by authoring tools. Our initial productivity tools have been refined to
support both the complete analysis of generated sequences (Section 5) and the impact
of anytime user interactions upon the unfolding story (Section 6). The formalisation
of narrative actions into planning operators (STRIPS or PDDL) undoubtedly requires
some knowledge of Planning in both description and appraisal of the domain. This
limits the use of such tools to either programmers or authors motivated enough to
acquire knowledge engineering skills. However, if the ability of the IS community to
produce validation method is critical for its maturity, we believe that the experience
gained at expert level could constitute a first case study and a starting point to the
development of authoring methodologies for designers and writers.

8 Conclusion

We have presented our development of an authoring technology on top of our fully-
implemented IS system based on Flaubert’s novel Madame Bovary. Although this
system originated as the debugging tool for our Planning system, its interactivity as
well as the high-level nature of the formalism it manipulates makes it a prominent
candidate for the support of collaboration between authors and technologists.

One essential question that we need to ask ourselves as developers is whether an
authoring tool could exist as fully independent from these underlying IS technologies.
The idea of devising perfectly generic narrative formalisms may remain utopical as it
is very difficult to extract them from the procedural concepts of narrative content
generation. One of the demonstrations of this has been the proliferation of different
authoring tools which have been developed over the past few years within the IS
community.
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visualisation environment.
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