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Introduction

As Artificial Intelligence enters a new era where large language models show sur-
prising capabilities for handling language, it becomes important to review the chal-
lenges and insights accumulated by the community of researches that have worked
on building computational modelling of literary creativity over the years. The efforts
of this community have at times achieved success at small tasks and at other times
faced failure when over-ambitious goals were pursued. It would be important for
efforts on related tasks undertaken from this point on to keep in mind the insights
accumulated on the nature of the task and the challenges it presents. The present
paper attempts to summarize some of these insights into a set of challenges that
face the automated generation of narratives, but also as a set of opportunities open
for the future.

The paper is structured as a review of a number of possible ways to formulate the
problem of having a program generate automatically a story on demand, followed
by some reflections on how storytelling might be subdivided into a set of related
subtasks as suggested by that set of formulations of the problem.

Programs that Deliver Stories

The possible ways of building programs that deliver stories explored in this paper are
presented from the simpler formulation towards increasingly complex approaches.
At each point the challenges (or lack thereof) and opportunities presented are ana-
lyzed, trying at each point to lead on to the approach discussed after it.

How to Request Stories

The simplest possible formulation for requesting a story from a story generation
program is one where there is no input and the output should be a story. Such a
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program might be built by considering some existing repository of stories and to
select from it one story at random. The user would get a new story every time, and
she would have difficulty to tell whether the story has been generated by the sys-
tem or selected from a set of prewritten stories. A slightly more elaborate approach
would be to consider an input in terms of a series of keywords or phrases to nar-
row down the set of possible stories returned. The development of a system under
this approach requires the existence of a vocabulary for presenting queries formu-
lated in terms of various characteristics such as: details about the concepts in the
story world, details about characters and relations between them, plot structures
that capture causal and temporal relations between events in the story, or details
about the potential effect of the story on its audience. The most elaborate approach
would be to provide a text prompt that describes the story in some way, and have the
story generator provide a story matching the prompt.

Existing story generators have progressively shifted from the early attempts that
worked on an empty input to the most recent neural solutions that accept complex
text prompts, with intervening systems that worked on keyword-based queries of
different complexity.

Original Stories

If one further establishes the constraint that the outcomes must be original — that s,
not already available in some form — the task becomes more difficult. Two different
challenges need to be met: how to build a story and how to judge if a newly built story
is sufficiently different from those already existing to be considered original.

Building Stories

The task of building a story from constituent elements, in the hope that the result
may be original, requires solving two basic problems: what to consider as con-
stituent elements and what type of procedure can be employed to put together
those constituents so that the result be a valid story. Several approaches have been
considered in the past, but only some are reviewed here as illustrative examples.
For more detailed reviews, readers are referred to existing surveys in the field (Ky-
bartas / Bidarra 2016; Alhussain / Azmi 2021). Some approaches consider breaking
existing stories into pieces and then recombine the resulting set of pieces from a
large set of different stories into new instances of stories.

The simplest approach of this type relies on individual words as the pieces that
are obtained from stories and then recombined. Attempts to achieve this based on
statistical models of have proven successful in the past at producing legible text,
original but usually lacking sense (Brown et al. 2015). This procedure is also the basis
for the recent work on transformers (Wolf et al. 2020) that has become the rage in the
world of AL It is only when systems built based on these models have started to be
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prompted with full sentences describing the desired output that successful results
have made their appearance. We will address these models in the section “Acceptable
Stories”, when I discuss more elaborate ways of requesting a story.

Another approach to generating stories from pieces of prior stories involves us-
ing instead of words some abstraction of the meaning of stories and finding ways of
recombining these abstractions into conceptual representations of a story that can
then be transcribed as text. That is essentially what story generation based on plan-
ning does (Young et al. 2013). In this approach, a set of planning operators is con-
structed as an abstraction of the events that appear in a story. Each planning operator
represents an event in a story — usually in some form of predicate logic that allows
a predicate to represent the action and a set of argument variables to represent the
characters or objects that participate in it — but it also encodes additional informa-
tion of which other predicates are preconditions or post-conditions of that event.
This allows a planner to create chains of events that are causally linked to one an-
other, from an initial situation to a goal. For planning-based story generators, both
the initial situation and the final goal are usually provided as input.

This type of approach is faced with the important challenge of having to gener-
ate a body of planning operators of sufficient coverage to generate a broad range of
stories, which constitutes a significant bottleneck for the approach. Attempts have
been made to solve the problem by means of advanced methods of knowledge engi-
neering (O'Neill / Riedl 2014) and crowdsourcing (Guzdial et al. 2015).

Other efforts rely on similar abstractions of the meaning of events in a story as
predicates associated with pre-conditions and post-conditions but forego the em-
phasis on goal-driven causality of the planning paradigm. Such systems design their
abstractions for story actions based on different conceptual approaches. The Mexica
system (Pérez y Pérez 1999) relies on a set of story actions that associate character
emotions and tensions between characters as preconditions or post-conditions. The
PropperWryter system (Gervis 2015) relies on existing abstractions on plot relevant
actions (Propp 1928) and dependencies established between them by virtue of being
actions associated with narrative roles such as villains or heroes.

This approach also suffers from the lack of a broad vocabulary of story actions
to employ. This is known in artificial intelligence as the knowledge acquisition bottle-
neck — along-standing problem (Cullen / Bryman 1988) that remains current to this
day (Pasini 2021). Supported by a knowledge engineering effort to annotate plots of
musicals (Gervas et al. 2016), the PropperWryter system achieved success when it
was engaged in the production of the first computer-generated musical, which was
staged at the London West End for two weeks in 2016 (Colton et al. 2016).

Judging Story Originality
However, building complete stories up from elementary blocks is no guarantee that
the stories will be original. If the blocks used to build them correspond to elements
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that appear in already existing stories — and this is usually the motivating require-
ment when building knowledge resources to use as such building blocks — and the
construction procedure is guided by reasonable heuristics, there is a non-zero prob-
ability that the building process result in stories very similar to the ones that inspired
the construction of the knowledge resource. Furthermore, when story construction
efforts of this kind have to be maintained over time, it becomes important to devise
means to avoid the repetition of stories built previously by the system.

To address this challenge, research has been carried out on developing means for
deciding when a story is similar to another (Fisseni / Léwe 2014; Hervas et al. 2015)
or when a story can be considered sufficiently novel (Peinado et al. 2010). The exis-
tence of these efforts is very significant, because it opens a new avenue of research on
computational storytelling, one where the systems do not only generate stories but
also include the ability to produce judgments of some kind over them. This follows
a general tendency in the field of computational creativity to progressively evolve
from systems that merely generate artifacts to systems that develop their own aes-
thetic and which are capable of defending why the artifacts they produce are valuable
(Colton / Charnley / Pease 2011).

Acceptable Stories

The need for systems that construct artifacts to include procedures for assessing the
quality of their outputs arises from the fact that such systems essentially explore a
search space of possible artifacts, and not all the artifacts in that search space are
equally valid. Once a specific type of artifact is defined in a way that allows instances
to be constructed computationally, it becomes very easy to produce a very large num-
ber of different instances of it. Ensuring that the produced instances are acceptable
is usually a little more difficult. Making them all be valuable instances is a significant
challenge.

To address this challenge in the field of narrative generation, recent research
efforts have focused on defining metrics for story quality. Following traditional en-
gineering practice, these efforts usually identify one specific aspect that is known to
impact the perception of quality and attempt to model it, without necessarily con-
sidering other aspects that are also relevant. Examples of aspects that have been con-
sidered in the development of metrics for story quality are: character believability
(Gomes et al. 2013), semantic coherence across the story on relevant events such as
birth / death or romantic entanglements (Gervds / Concepcién / Méndez 2021), re-
production of features observed in human-written stories (Leon et al. 2020), consis-
tent use of entities across the narrative (Papalampidi/ Cao / Kocisky 2022) or proba-
bility of each sentence in the story with and without its preceding story context (Sap
etal. 2022).
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The set of relevant aspects that should be considered is very large, and efforts
should be made to integrate these various models so they can be applied together
onto the same stories. The quality of story generators would improve significantly
once these metrics can be applied as filters to their output.

The integration of a metric on story quality — essentially a story critic module —
into a story generator presents another important challenge. Story generation sys-
tems are generally constructed on the basic assumption that they take an input and
generate an output that is a story. The idea that one should read the output, reflect
upon it and then, based on that reflection, rework it in some way is fundamental for
the human approach to writing (Flower / Hayes 1981; Sharples 1999). However, gen-
eration systems constructed on a similar basis are few and far between. The Mexica
system is a remarkable exception, being based on Sharples’ cognitive model of the
writing task (Sharples 1999).

There is another view on the quality of stories that differs slightly from whether
it is simply a good story. This view considers whether the story is acceptable as an
instance of a story described in some way by the user that requests it. Many of the
features described above as potential input could be used to narrow down the set
of stories that are acceptable in response to a specific input: categories of stories,
details on the world or the characters, plot structures or potential effects of the story
on its audience. If an interface of this type is made available, a story returned by
a story generator in response to a specific request would only be acceptable to the
extent that it matches the given request.

The recent development of neural-based solutions for text generation such as
GPT-2 and GPT-3 (Zhang / Li 2021) makes this type of solution capable of respond-
ing to user prompts with large paragraphs of valid and fluid text. These solutions
are based on a large language model trained over a neural network representation,
and these models essentially capture the relationships between words as featured
in examples of text written by humans. The interactive nature of these solutions has
made it possible to present requests for stories as simple sentences that describe
the desired story. The tests carried out so far on how acceptable the responses of
these systems are in terms of their correlation with the given prompts show out-
standing results for instances of general conversation, even though testers remain
unconvinced of their general validity (Elkins / Chun 2020). More exhaustive tests
need to be carried out on the applicability of these solutions in the realm of narra-
tive generation.

Stories for a Specific Purpose

This observation leads into the final but not less important challenge that story gen-
eration faces: generating stories for specific purposes. The concept of purpose is very
difficult to represent formally in terms that a computational system would under-
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stand. Yet it is crucial for guiding the composition of any message in any media that
is aimed at communicating to an audience (Smedley 1952).

Story generator systems very rarely consider any representation of purpose
among their inputs. In most cases, when a story generator is designed there is some
idea in the mind of the designer of what the generated stories should achieve. As
a result, story generation modules are sometimes included in systems designed
for very clear purposes, such as teaching children about bullying (Aylet et al 2007),
supporting emergency rescue training (Hullett / Mateas 2009), or for military
training (Zook et al. 2012). In such cases, there is a clear purpose that the generated
story has to fulfill, and the generator is designed with that purpose in mind. But
the identification of the purpose and the tuning of the generation mechanism to
ensure the generated stories achieve it are wholly in the mind of the designer and
not explicitly modeled in the system.

The main body of research on storytelling has focused on generating stories
whose content is constructed at the same time as the story. This actually sidesteps
one of the main purposes of storytelling as used by people, which is to convey a
set of events that has actually happened. In this case, the overall description of
the task changes significantly. The set of inputs to consider to a potential system
that builds such stories must necessarily include a description of the events that
the story needs to convey. In most cases, the construction procedure is expected
to respect that set of events and not introduce any additional ones that did not
occur. This slightly different formulation of the task has been addressed much
more rarely but instances exist of systems that generate stories about events that
the story generator receives as input: stories about past interactions between a
user and an intelligent agent (Behrooz / Swanson / Jhala 2015), stories abstracted
from the moves of the pieces in a given chess game (Gervas 2014), stories about
a user constructed from data on their routines acquired via sensors (Reddington
| Tintarev 2011), stories to explain cybersecurity logs (Afzaliseresht et al. 2020),
narratives from personal digital data (Farrow / Dickinson / Aylett 2015) or narrative
biographies from knowledge extracted from the web (Kim et al. 2002).

Living as we do in world obsessed with fake news, we need also to consider a re-
vised version of the task where a story is generated that is based on a given set of
facts, but purposefully departs from it at some point when building a story about
them. This is another storytelling task that is intuitively familiar to most people: bi-
ased historians or politicians do it often to their audiences, parents do it to soften
the world for their children, transgressors do it to hide their offences. It is also the
key task underlying historical fiction or fictional accounts of recent events. From a
computational point of view this task can be understood as a combination of the task
of generating a new story with the task of telling a known set of facts. This particu-
lar view of the task has been addressed computationally by attempting to match the
known set of events to a particular plot structure, allowing mismatching real events
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to be omitted, and using the plot structure to provide additional fictional events to
complete the story (Gervis 2018a, 2018b).

Another possible approach is to tell stories tailored for a specific audience. This
is, yet again, an aspect of the storytelling job that is considered inseparable from
the task itself by human writers, and yet very rarely addressed in story generation
systems. Fortunately, we are beginning to see research aimed in this direction, such
as amodule to enhance a video game by being able to tell stories tailored to a specific
player, based on a model for each individual player (Ramirez / Bulitko 2012).

Whether the goal is to achieve a particular purpose or satisfy a specific user, it
is clear that generator systems would do a much better job the better they under-
stand the potential reactions of the audience of their output. Computational models
of how this might be achieved in terms of having specific models of the reader re-
action included in the generation system have been proposed (Gervis / Le6n 2016).
Although this type of integration is yet in the future, efforts already exist to build
computational models of the reading task. As in the case of metrics on story quality,
specific approaches tend to focus on specific aspects of the task, such as understand-
ing the set of events narrated in a given discourse (Niehaus / Young 2014), modeling
the reaction of the reader in terms of an evolving curve of suspense (Doust 2015), in-
terpretation of embedded stories told within a frame story (Gervds 2021), or recon-
struction of the actual chronology of a story told in a discourse that allows flashbacks
(Gervas 2022).

Rethinking Basic Assumptions

In view of the analysis presented to this point, it is important to accept that the con-
cept of computational story-telling should be considered not as a single task, but as
a set of interconnected tasks, all related to narrative, but corresponding to formula-
tions that are very different in computational terms, as described above. Most of the
existing systems for computational storytelling operate at the level of discourse as
understood by Ricoeur (1976): a sequence of sentences, where each sentence involves
a predicate applied to some entities that need to be identified by the subject (and ob-
jects) of the sentence. This view abstracts away from what Ricoeur describes as “the
particular structure of the particular linguistic system”, which would be closer to the
text.

From the point of view of a detailed analysis of computational storytelling, this
distinction between text and discourse provides a key tool to understand the broad
range of solutions that have been developed over the years. Suppose we consider that
a story describes a story world — often fictional but not necessarily so. Suppose also
that its narrative structure can be represented by some form of discourse, that may
be rendered as text but which may allow rendering in other formats. Under these
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assumptions, computational storytelling may be described in terms of a number of
component sub-tasks that embody transitions between story world, discourse and
text. The sub-task of narrative generation involves construction ex novo of either text,
discourse or world. The sub-task of narrative composition involves building a discourse
that tells some story from a world, or building a text that tells a given discourse. The
sub-task of narrative interpretation involves reconstructing the conceptual discourse
that underlies a given text, or reconstructing the world that underlies a give dis-
course. These ideas are expanded in the following sections.

Constructing Narratives: Narrative Generation and Narrative Composition

Let us consider narrative generation as the task of constructing a story that did not
exist before. Faced with the distinction between story world, discourse and text, an
engineer wishing to design a story generator needs to decide how many of these lev-
els she is willing to represent within her design. All these levels are interconnected,
in the sense that a reader faced with a text will interpret a discourse as its meaning,
and imagine a story world as its content. The question is at how many of these levels
will the program operate.

The system could generate text directly, with no additional representations in
terms of discourse or story world. This is indeed the choice favoured by neural ap-
proaches to the story generation task.

The system could focus on generating discourse, abstracting away from the com-
plexities of generating language but still building a sequence of discourse — rep-
resented conceptually — that has a valid narrative structure. This presents the ad-
vantage that the story world does not have to be represented in the system. The ap-
proaches described above that rely on abstract representations of the meaning of
stories as story actions operate under this choice.

Because people are better readers of text than of predicate logic representations,
systems that generate discourse usually include a module that transcribes the dis-
course onto text. This process is not really generating the story, but rather finding a
way of telling as text a story that already exists as discourse. We refer to this task as
narrative composition.

The system could include an explicit representation of the story world. Stories
can now be built directly by generating events or characters, or locations in the story
world directly and then find a way of telling the story of what happens in her story
world. This is the choice favoured by story generators based on simulation of an un-
derlying story world (Ryan 2018). Under this approach, two further tasks are needed:
one that transcribes possibly a selection of the events in the story world onto a dis-
course, and one that renders the resulting discourse as text. Both are instances of
narrative composition.
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With respect to the classic pipeline for natural language generation systems (Re-
iter / Dale 2000) the transition from story world to discourse corresponds to the task
of content planning, and the transcription from discourse to text to the stages of
sentence planning and surface realization. The content planning task will optionally
include a task of selecting which events in the story world are included in the story,
which aligns well with the recently formulated task of story sifting (Ryan 2018). Re-
search efforts related to generation of stories based on known facts covered in the
section "Stories for a Specific Purpose” correspond to tasks of narrative composi-
tion.

Processing Narratives: Narrative Interpretation

When the situation is presented in this manner, it becomes clear that there is a re-
lated set of possible computational tasks corresponding to the transitions from text
todiscourse and from discourse onto a conceptual representation of the story world.
These correspond to subtasks of narrative interpretation. This task of narrative in-
terpretation has been a long-sought goal in the field of artificial intelligence, origi-
nally known as natural language understanding (Allen 1995). Historically, a succes-
sion of un-met expectations over the years lead the natural language processing
community to operate under a progressively shrinking scope, focusing more and
more on specific sub-tasks instead of attempting anything like processing text onto
an exhaustive representation of its meaning. Recent efforts to model identification
of narrative structure (Gervds 2022) would correspond to the transition between dis-
course and story world, including the possibility of a given discourse referring not
to one single story world but to a number of interrelated story worlds.

The attempts at developing computational models of the reading task would also
constitute instances of the narrative interpretation task. Very little is known about
this task, because it has only recently started to be treated computationally. This
makes it stand out as an open field for challenges and opportunities for future re-
search.

Conclusions

The panorama of research efforts described in this paper suggest that story telling
needs to be considered not as a single monolithic task but as a set of interconnected
sub-tasks. A simple distinction between text, discourse and story world provides
means for describing some of these sub-tasks in terms of processes of narrative gen-
eration, narrative composition and narrative interpretation

In terms of how the existing research on computational narrative relates to hu-
man performance on equivalent basic goals related to the construction of stories, it
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is clear that computational solutions have a long way to go. The analysis presented
in the sections ”Programs that Deliver Stories” and "Rethinking Basic Assumptions”
constitutes a fair review of the particular tasks considered to this point in past re-
search on computational narrative. However, it becomes clear that, regardless of
which of the combinations of transitions between the levels have already been ex-
plored in specific computational systems, the approach that humans apply to the
storytelling task takes advantage of a very broad combination of this set of sub-
tasks. Some writers plan out the plot of their story to the very end and only then
sit down to write it. This would align with the idea of building a discourse and then
telling it. Other authors construct a whole word and then find stories to tell in that
world. Others sit down each day to produce a number of pages of text with no idea
of how the plot is going to proceed as a result. Even the same writer may start from
a sentence that sounds promising to him (text), work out in his head how the char-
acters might react to the resulting situation (simulation on the story world) then re-
work it all to ensure that the revealing moment takes place at the optimal pointin the
scene to maximize its impact on the reader (iteration of discourse revision guided
by a metric for impact), possibly guided by a dynamic model of how the reader pro-
gressively react to the sentences as they appear in the text.

Asaresult, to the various specific challenges described in the paper one mustadd
the grander challenge of exploring how all of these specific challenges may interact
in more complex processes of story writing.
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