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ABSTRACT
This paper concerns developments in social physics rule and schema
authoring made as part of the ongoing VESPACE project, a multi-
national research effort in developing a social physics driven vir-
tual reality experience set in eighteenth-century France. Central to
the theoretical application of social physics in this socio-historical
context is the concept of citation as AI– that is, the historically-
grounded reconstruction of human behavior represented by cited
schemata, rules, and actions. In order to facilitate the authoring
of domain-specific rules for the Ensemble social physics engine by
history and cultural studies experts, we endeavored to develop a
new collaborative authoring tool, which we tested in a series of
workshops. The results of these workshops revealed various domain
needs, as well as the shortcomings of representing data structures
using one-to-one correspondences in UX/UI design.
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1 INTRODUCTION
Games bringing social interaction to the forefront, such as Façade
and Prom Week, have illustrated the expressive power of AI driven
interactive narratives; these experiences are capable of producing
exponentially more playthroughs and social interactions than other
games having narrative choices but whose narrative threads are
predetermined and handwritten. Games such as these which allow
players the autonomy to construct narratives of their own have
been described as emergent. Characters in emergent games have
needs and desires, which can lead to conflicts and other rich nar-
rative experiences. Player choices frequently result in emotional
responses from NPCs, leading to further consequences [10]. Several
blockbuster games, such as The Sims and its sequels, have already
applied core principles of emergent narratives [1]. Furthermore,
research has illustrated the possibility of using emergent narrative
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systems such as social physics engines to enhance NPC interaction
in complex and highly successful AAA games like Skyrim [8][9].

Prom Week is notable in particular for its deep, procedurally-
driven social play, where each player choice affects the social space,
and actions can have rippling effects, determining the range of
future actions [16]. The space of possible play traces in Prom Week
is rich enough to allow for a completely new, unique play trace per
player [21]. The wide possibility space of character interaction is
made possible through the use of a social physics engine, the game
itself being treated as a social physics puzzle with no predetermined
narrative and having a multitude of possible outcomes [13]. The
range of possibility of these actions and states is defined by a cor-
pus of handwritten schemata, rules, actions, character traits, and
character histories.

Until now, game developers applying social physics have focused
on the creation of rich, dynamic fictional experiences, without sig-
nificant emphasis placed on the historical verisimilitude of the
experience. For Prom Week, the authoring of social schemata and
rules was fairly informal, and limited particular importance was
placed on grounding character behaviors in historical, sociologi-
cal, or psychological sources beyond the sociological metaphors
embedded in the social physics engine [20]. The game takes place
at a high school in the present-day United States, so the setting
is familiar both to the developers and a significant portion of the
intended players, especially those raised in the United States or
familiar with its media. While the authoring process of the game
required research in the form of analyzing pop culture artifacts
such as films and television shows involving high school students,
the source materials only formed a small corpus: the two films
Twilight and Mean Girls, along with a handful of other sources
[17]. Furthermore, these sources did not represent the origin of all
composed schemata and rules; in addition, the authors leveraged
anecdotal experience and general knowledge.

The Ensemble engine is based on the earlier social physics engine
CiF or Comme il Faut, which was used in Prom Week. Once it has
been initialized by user-provided data, Ensemble can compute so-
cial interactions, possibilities, and histories. The authoring process
consists of generating four core sets of user-provided data– schema,
rules, actions, and characters– which are built upon first-order
predicates. One of the important improvements of Ensemble over
CiF is a further abstraction and flexibility of data representation,
which makes it possible to construct social worlds both big and
small, ranging from the hyperreal to the highly imaginative. By
providing the necessary data, authors can tune the Ensemble engine
to whichever historical, sociological, and psychological concepts
and rules are pertinent to their simulation. Our current research
suggests that given the right tools and basic training, authors can
fairly quickly construct social worlds tailored to their own games.

The VESPACE project, which seeks to replicate an eighteenth-
century French theatre in virtual reality, will use Ensemble in order
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to recreate believable social interactions between player and NPCs.
Due to its historical and pedagogical context, the project necessi-
tates a close alignment of research and social physics authoring.
Though the physical setting of the experience is small, the histor-
ical research necessary in order to create consistent, historically-
grounded character interactions and social mores is quite vast.

Our goal in this particular project was to train a number of
professional literary historians in social physics authoring, and
then to collaborate within one week’s time to construct a playable
experience entirely sourced from scholarly material. In order to
accomplish this, we needed a tool through which non-engineers
could construct schemata, rules, actions, and characters. Thus, the
tool needed to be user-friendly, abstracting away unnecessary jar-
gon and facilitating the quick transformation of textual information
into first-order logic. It also needed to be capable of recording and
producing useful metadata including citation details, which would
be used not only for citing data sources but also for altering and
defining possible playthroughs and social experiences, a mechanism
we call citation as AI.

2 RELATEDWORK
Various authors have discussed the applicability of differing narra-
tive types in games and in particular the use of emergent narratives
[2][11]. One point of contention with emergent narrative games
is the difficulty in achieving sufficiently detailed dialogue [5], and
various dialogue authoring methodologies have been suggested
[24][26]. Narrative visualization is posited as a useful technique for
finding interactive narrative flaws such as dead ends [6].

Others have discussed the crucial role of authoring tools in the
development of interactive narrative games [12], as well as methods
for evaluating the expressive power or authorial leverage of these
authoring tools [3]. Several meta-analyses and surveys of existing
authoring tools have provided useful prospective taxonomies, as
well as an overview of common issues [23][7]. Attempts have been
made to produce a standard specification for interactive storytelling
authoring tools, but these have not yet been widely adopted [25].

3 VESPACE
VESPACE is a multi-disciplinary, collaborative research effort be-
tween universities including Louisiana State University, Université
de Nantes, and the University of New Orleans. The end goal of
the project is the creation of a VR experience transporting users
to the eighteenth-century Saint-Germain Fair theatre in Paris. The
VESPACE project will be the first application of social physics in
virtual reality. Ultimately, the project aims for the restitution of this
long-gone social space, not only in terms of its physical atmosphere
but also in its cultural and social context [4]. Sharing goals with
both works of museography and with serious games, the VESPACE
project is developing methods of engendering learning and study
through immersion, as well as a dynamic setting for testing and
challenging socio-historical hypotheses.

The physical space of the game’s theatre, which is in particular a
marionette theatre, has been exactingly recreated from a miniature
image on a snuffbox. All elements of the space have been tailored
to reflect the ambiance as it would have been, such as lighting the

space with the exact lumens produced by candlelight fixtures of
the period.

Despite the level of detail in the setting, the experience of VES-
PACE is not intended to be solely a passive one of observation. The
Saint-Germain Fair theatre, being controversial during its time and
frequently at odds with both wealthier theatre companies and the
French government, represents a particularly dynamic space for
social physics, as the rules of engagement would have been strictly
governed by the social mores of a socially-stratified Enlightenment
France [19]. In order to leverage these complexities, the player will
perform the role of a spy seeking to gain insider information of
the theatre, which can only be accomplished by interacting with a
variety of different NPCs, each deeply modeled in terms of class,
social status, gender, and personality.

At the root of the VESPACE project is a set of questions concern-
ing epistemology and the reconstruction of history in illusionistic
computer-mediated environments while remaining transparent
about sources and the limits of historical certainty. The project
also broaches the question of what role the use of technologies
such as virtual reality or video game engineering will play in aca-
demic scholarship, specifically in the humanities, and how these
technologies can be used as pedagogical tools.

Due to the necessary research, crafting schemata and rules for
the VESPACE project is the purview of French historical, liter-
ary, and theatre scholars, rather than AI engineers and developers.
While software engineers may be familiar with themes of teenage
romance, they are likely less familiar with other domain-specific
social knowledge, such as the mores of French aristocratic society
during the Enlightenment. One important aspect of the project is in
training scholars, who may be new to designing computer-assisted
social experiences, in composing the predicates that make social
interactions possible. These authors must work to synthesize a
large corpus of historical texts and citations– ranging from period
fiction to modern historical analyses– into social rules which are
computed by the social physics engine.

The work of social physics authoring in VESPACE is two-fold.
First, scholars must perform a socio-historical exegesis of their source
material, that is, interpreting texts in order to derive evidence and
meaning such as behaviors, beliefs, and desires as revealed by in-
dividuals in these sources or by the original authors themselves.
Secondly, social physics authors must take these parcels of knowl-
edge derived through analysis and encode them in the form of first-
order predicates comprehensible to an AI system. The intended
schema and rule authors of the VESPACE project– experts in liter-
ary history and other humanities fields– are perhaps less likely than
engineers to be familiar with concepts such as first-order predicate
logic, Boolean values, or sets. Thus, our goal in this project was to
develop an authoring tool playing to the strengths and catering to
the needs of non-engineer authors.

Traditional literary-historical scholarship has developed pro-
tocols of textual analysis and exegesis that have proven for cen-
turies to be effective methods for the creation and dissemination of
knowledge. As we increasingly rely on interactive, computationally
expressive forms of data representation– whether in web pages,
phone apps, or VR games– we run the risk of losing much of this
knowledge. Therefore, we believe that it is important to begin the
work of bridging these two forms of knowledge representation,
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making it possible to extend this scholarship to the medium of
AI-driven games. Furthermore, as social physics continues to find
new fields of application, it stands to reason that we will need to
continue to develop and refine the authoring process, so that dif-
ferent forms of data and metadata can be recorded and reflected
in these experiences. With the right tools, we can aid scholars in
transforming enormous, preexisting sources of knowledge into data
capable of producing rich AI experiences.

4 DATA REPRESENTATION IN ENSEMBLE
In order to conceptualize how an authoring tool might facilitate
the transformation of historical data into social physics predicates,
it is first important to understand the general structure of data rep-
resentation in Ensemble. At the top level, authoring social physics
in Ensemble consists of four primary categories– schema, rules,
actions, and characters– with schemata being the most abstract and
defining the range of expression for the other three categories.

4.1 Schema
A schema in Ensemble is an abstract grouping of categories and types
which define possible states within the system, making possible the
predicate logic of larger components such as rules. The Ensemble
schemata system is an improvement upon the previous Comme
il Faut system, adding the flexibility of user-authored categories;
previously, CiF provided users with pre-determined categories of
state such as traits and statuses, whereas Ensemble gives authors
the option of creating their own by specifying properties like di-
rectionality, value type, and duration [22]. However, as has been
observed in recent workshops, the data structures used in schema
authoring, whose properties are derived from concepts in computer
science, are a new form of encoding for authors as yet unfamiliar
with the creation of computer-assisted social experiences. These
two main data structures of the schema, categories and types, are
here described:

4.1.1 Category. A category is a structure of state representation
within Ensemble that is defined by a set of properties, and each cat-
egory contains a set of types. For instance, a category of “network”
might represent interconnections between characters. This cate-
gory could be visually represented as a directed graph, reflecting a
weighted social network of individuals.

The value for the category could be numerically represented,
such that each edge of the network is weighted. Importantly, the
“network” category might be directed but not reciprocal (i.e. bidi-
rected), so that each individual’s network bond to another is distinct
and not co-dependent. A minimum value, maximum value, and de-
fault value can be specified, though the typical range would be from
1 to 100, with a default value of 50.

In total, the following properties together comprise and define a
particular category:

• isBoolean - category is Boolean as opposed to numeric or
textual

• directionType - direction of edges (undirected, directed, or
reciprocal)

• defaultValue - if numeric or textual, the default value
• minValue/maxValue - if numeric or textual, the minimum
and maximum values

• duration - how many “steps” this category’s state will last,
these steps being a measurement of time within the Ensemble
engine comprising one turn of play and predicate recalcula-
tion

• actionable - if the category can be part of character intent
formation

4.1.2 Type. Types represent single instances within a category.
In the case of the “network” category, a network type specifies a
specific kind of social relationship, each based on a different social
bond, such as friendship, family ties, or business relations. For ex-
ample, “network” might include such types as “business,” “artistic,”
“affinity,” or “familial.” Internally, these types are represented as an
array of strings which are stored as part of the category object;
however, in our requirements gathering for the new Ensemble au-
thoring tool, we determined that for authors-in-training, it was
easier to think in terms of types rather than categories. Therefore,
we designed the schema authoring component of the tool such
that users first create types and then either add these types to an
existing category or build a new category up from the new type.

4.2 Rules
Rules in Ensemble govern both a) changes to the world state based
on predicates which are calculated to be true at a given step in the
social record and b) character desires and behaviors. The former are
called trigger rules, while the latter are called volition rules. Both
types of rules contain a right hand side and a left hand side, which
are themselves composed of predicates. The structure of the left
hand side is identical for both types of rules, being composed of any
arbitrary number of precondition predicates which must evaluate
to true in order for the right hand side to execute. However, though
the right hand side of a rule always contains its effects, trigger rules
and volition rules feature differently structured effect predicates.

4.2.1 Trigger Rules. Trigger rules are rules which may change the
state of the world when the conditions of the rule are met. At each
step in Ensemble’s step system, all trigger rules in the rule database
are evaluated for their truthfulness. If the world state has changed–
or remained– in such a way that the conditions for the trigger rule
evaluate to true, the effects of that trigger rule will then become
true as well.

Table 1: Trigger Rule - “Noble falls in love with beautiful
charming charismatic woman”

Conditions Effects
A has more than 75 attractive-
ness

B is gobsmacked

A is charming B has exactly 100 affinity for A
A is beautiful
B is male
A is female
B is noble
B has more than 50 sensitive-
ness
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Table 1 shows an example trigger rule which was composed by
an historical scholar during our week-long remote workshop and
which cites the 1731 novelManon Lescaut byAbbé Prévost. This rule,
entitled “noble falls in love with beautiful charming charismatic
woman,” defines the manner by which a nobleman might become
enamored of a beautiful bourgeois woman, capturing experiences
indicative of class and gender norms in eighteenth-century France.
The rule requires that a woman– character A– has an attribute
of attractiveness with a value greater than 75, a trait of charming,
and a trait of beautiful. It also requires that a man– character B–
has an attribute of sensitiveness with a value greater than 50, as
well as a trait of noble. If these are true for characters A and B,
then the conditions of the rule will evaluate to true, and the effects
will become true as well– that is, the man will gain the trait of
gobsmacked, and he will gain a network affinity for A with a value
of 100. Thus the rule is, more or less, the rule of “love at first sight.”

4.2.2 Volition Rules. Rather than determining changes to the world
state, volition rules govern character tendencies and desires. Like
trigger rules, volition rules will be evaluated on the left hand side,
so as to determine if the rule is applicable at a given step. If the left
hand side evaluates to true, then the right hand side will execute,
affecting characters’ volitions, such as by incrementing or decre-
menting a character’s volition to increase or decrease some value
associated with that character. An activated volition rule thereby
increases or decreases a character’s likelihood to perform some
action, depending upon the effects of that action. For this reason,
unlike trigger rules, the right hand side of a volition rule must be
composed of actionable predicates.

Table 2: Volition Rule - “Provincial bourgeois malesmarried
to noblewomenhave less affinitywith provincial bourgeois”

Conditions Effects
A is bourgeois A has +3 volition to decrease

affinity for C
B is noble A has +3 volition to decrease

emulation for C
A is male C has +3 volition to decrease

emulation for A
B is female
A is disdainful
A is provincial
A is married to B
C is bourgeois
C is provincial
C has more than 65 affinity for
A

One example of an actionable predicate category could be a cate-
gory entitled “network,” which could be represented by a weighted,
complete directed graph whose weights can reflect, for example, a
character’s affinity, curiosity, or animosity toward another charac-
ter. As with other types in Ensemble, these are arbitrary and may
be defined by schema authors.

Table II shows an example volition rule, another rule developed
by an historical scholar during our week-long remote workshop.

This rule “provincial bourgeois males married to noble women have
less affinity with provincial bourgeois” similarly encodes behaviors
indicative of class and gender norms in eighteenth-century France,
but rather than encoding an event or experience that might happen
to a character as in a trigger rule, this volition rule defines what
might be done by a character. According to this rule, a disdainful
bourgeois man who is married to a noble woman will possess
a volition to decrease affinity for a bourgeois woman– thus, it
manages to define, in predicate logic, class snobbery gained through
marriage. One gameplay effect will be an increased likelihood that
any character fitting description A will perform some action to
decrease affinity for any character fitting description C.

4.3 Action and Characters
Actions in Ensemble begin with intents, which represent intentions
to change the world state. Specific actions correspond to these
intents; for example, if a character possesses an intent to “increase
animosity” with another character, one available action might be
“yell at.” One enhancement of Ensemble over CiF is the ability for
actions to point at further specific actions. In selecting a character
action, if Ensemble determines that a user meets the preconditions
for a more specific instantiation of that action, Ensemble can choose
that more specific action. For example, the instantiation “yell at
a close friend” would be different from “yell at an enemy.” This
feature of hierarchical actions in Ensemble makes possible a richer,
more detailed and appropriate set of actions.

Closely related to actions are the game characters. These charac-
ters can be described using any number of predicates, which will
be loaded at the start of the game. In this way, authors can build
up a cast of characters with initial beliefs, relationships, and social
histories.

5 CITATION AS AI
The flexibility of the Ensemble engine and the abstractions afforded
to authors can be used to produce reconstitutions of different so-
cieties, cultures, and eras; however, it could similarly be used to
produce different interpretations or social renderings of the same
society, culture, and era. While the VESPACE project does not claim
to produce an historical reconstruction to be considered “authen-
tic” or an “exact” representation of an eighteenth-century French
theatre, the project does seek to produce a set of reconstructions
which are consistent and are supported by period source materials.
This is the idea underlying the concept that we call citation as AI.

Humanities scholars typically aggregate data and facts at the
level of the sentence or paragraph by way of citation, where a
sentence or paragraph’s validity may be bolstered by a footnote
referencing a cited work. Analogously, in software engineering we
typically organize data and facts at the level of the predicate or
object, for example, a row in a database, or an object containing an
array of objects. A notable improvement to the Ensemble authoring
process introduced as part of the VESPACE project has been the
inclusion of metadata, notably citation data, which may be attached
to each item produced during the authoring process; in order to
approximate the application of citation in the humanities, we deter-
mined that it should be possible to allow the inclusion of citations at
the level of category/type, rule, action, and character. The addition
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Figure 1: VESPACE Citation

of citation as part of the Ensemble authoring process has been a
necessary step in moving from the production of anecdotal social
experiences to experiences and reconstructions based in evidence
and study.

As illustrated in Figure 1, VESPACE citations contain such ex-
pected fields as author, title, publisher, and year. In addition to
these, they may also contain the fields quotation and direct quota-
tion.̇ These fields are important, because the former provides the
necessary evidence to show that a category/type, rule, action, or
character was authored based on historical scholarship. The latter,
on the other hand, will be useful in the VESPACE game for lending
verisimilitude in the form of actual, documented language from the
time period.

In addition to evidence and verisimilitude, citations will provide
a mechanism for manipulating the social experience itself. For in-
stance, a player could elect to experience an historical setting, such
as the theatre of VESPACE, through the lens of a particular author,
historical worldview, or analytical framework; by increasing the
weight of the effects bound to particular authors by citation, the
social physics engine could thus present a virtual social experience
“through the eyes” of those writers, whether they be from the histor-
ical era or from the present day. This foregrounding of perspective
is an important part of the VESPACE pedagogical model, but it
could make for interesting narrative gameplay in other contexts as
well, as it provides a model by which a social state can be shifted
or morphed according to a perception or understanding of reality.

6 AUTHORING TOOL DEVELOPMENT
The development of our new authoring tool consisted of a number
of phases: research and development, prototyping, implementation,
alpha and beta releases, refactoring, and release. In a more granular
sense, we went through these phases for each major authoring
component of the tool: schema, rules, and actions. Throughout each
phase of development and culminating in a week-long synchronous,
remote authoring workshop, we solicited feedback, bug reports,
and feature requests as we continued to refine the authoring tool.

We began our work with a process of requirements gathering,
during which we held a series of meetings with our co-author
and “client,” a scholar of French literary history and head of the

VESPACE project. In these meetings, we proposed a number of
possible user interfaces for the tool via white-boarding and received
feedback from the client. From these sessions, we derived a set
of requirements for the tool that distinguished it from previous
authoring tools. From there, we conducted a series of meetings in
which we white-boarded a more fully-realized design, which we
subsequently built into a prototype schema authoring application.
This phase ended with a presentation of the prototype during a
guest lecture to literature graduate students and faculty, after which
we gathered feedback, questions, and suggestions.

After the phases of requirements gathering, prototyping, and
preliminary feedback, we refactored our prototype into an alpha
release, and at the end of each weekly sprint we again solicited
user feedback, which was used for new feature design, refactoring,
and bug fixes. This development phase included a major refactor
of a previous rule authoring application written in JavaScript; we
restructured and expanded it from a local application for individual
authors to a deployed, isomorphic and reactive JavaScript web
application capable of handling the work of many authors across
many schemas. This development phase included a three-week
period of once weekly workshops, during which French studies
graduate students used a beta release of the tool to encode historical
information into social physics schema predicates and rules. After
completing the schema and rule authoring portions of the tool, we
then moved on to action and character authoring.

Finally, once the tool had become a means of authoring all four
major components of Ensemble, we held a week-long synchronous,
remote workshop from May 17th, 2020 to May 22nd 2020, which in-
cluded two professors and seven graduate students from Louisiana
State University, University of New Orleans, Tulane, Yale, Univer-
sity of Maryland, and Université de Nantes. Starting with a day
of schema authoring, we quickly moved to rule authoring, which
occupied the majority of the workshop. Then, the last two days
included both action and character authoring. The end result of
the workshop was a completely realized schema for VESPACE, as
well as many rules, each one sourced from relevant literature or
historical sources.

Throughout our development process, we learned many things
that both informed the development of our tool and are likely
generalizable to similar efforts to empower non-engineers to author
in computationally parseable ways. These insights are as follows:

(1) VESPACE authors frequently begin their authoring process
by reading and then aggregating specific textual material
at the level of the citation, which can then be transformed
into computable data. Therefore, we found that during the
schema authoring process, it was to some degree more natu-
ral for authors to start at the specific level of a type and then
further abstract from there in order to develop its enclosing
category.

(2) Because schema authoring leverages computer science con-
cepts such as network theory, directionality, first-order pred-
icate logic, and Boolean versus scalar values, it represents
an initial hurdle for new authors developing these encoding
skills.
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(3) At first, the numeric ranges used in defining categories in
Ensemble presented a challenge when attempting to corre-
spond these values to aggregated textual information from
literary-historical sources. Therefore, the easiest solution
was to set these ranges by default to 1 - 100. During the
action and character authoring phase, the utility of these
ranges becamemore clear, at which point they could possibly
be further refined to fit cited information.

(4) Although raw numeric ranges are not immediately useful
to new authors, numeric ranges represented by textual sets
are useful, and the tool should allow users to define custom
textual ranges resembling enums, such as the following:
• {Worst ,Bad,Neutral ,Good,Best}
• {Ser f ,Merchant ,Noble,Royal}
Though the end user sees these ranges as textual representa-
tions of values or default values, the Ensemble engine treats
them the same as any other numeric set.

(5) Every authored item– category/type, rule, action, character–
can be associated with many citations, by which they can
be filtered, sorted, and aggregated. Since researchers must
frequently reuse citations– in fact, these citations being as
important as the items themselves– they should be search-
able and autofillable both partially and complete.

7 NEW AUTHORING TOOL
The new Ensemble authoring tool consists primarily of four author-
ing units– schema, rules, actions, and characters– which we will
now discuss individually.

7.1 Schema Authoring
Because it is the foundation of all predicate authoring in Ensem-
ble, the schema is also the most abstract and jargon-heavy level
of authoring. Due to the structural incongruity between rigid data
structures and the freeform prose of source material– in this case
period fiction and works of literary history– it made sense to ob-
scure to some degree any one-to-one correspondences with the
data structures and computer science terminologies used in schema
definition. Thus, rather than having authors build schemata via a
single form as in previous authoring tools where authors could,
for example, toggle a category as being either “Boolean” or “scalar,”
we found that the schema editor should instead be presented as a
questionnaire. Due to its relationship with ethnographic coding,
this format seemed to be a natural fit for social physics coding.

Figure 2: Schema Editor

The first page of the editor presents users with a list of sets
of types representing each existing category. The questionnaire
prompts the user to read through each set of types and determine if
their new type belongs in any of the existing sets; if the type does
fit in one, it will be added to the category, and the authoring is done.
The tool was designed in this way so as focus on the specific first,
in order to leverage the specificity and detail inherent in textual
exegesis and citation; its secondary positive effect is to deter users
from creating a proliferation of unnecessary new categories.

However, in the event that an author does have legitimate need of
a new category, each subsequent page of the questionnaire presents
a question representing a field in the category datatype, such as
isBoolean or directionType. Authors are presented with a set of plain
English examples explaining the concept and asked to pick the clos-
est to the type they have in mind. By completing the questionnaire,
the authors are accomplishing two goals, the first being that they
are building out the schema, and the second being that they are
learning the structures of data representation in Ensemble.

Through our series of workshops, the goal of which was to build
a working schema, rule set, and action set for the VESPACE game,
we determined that a nearly complete schema, unlike a rule set,
could be developed in a relatively quick amount of time, which could
then be ready for any subsequent workshops. However, we also
determined that this process was a necessary ritual at the beginning
of each workshop, even if our schema was already complete. We
have found that working through at least some amount of schema
authoring is an important step for authors to understand subsequent
rule and action authoring.

7.2 Rule Authoring
The largest holdover from the previous Ensemble authoring tool
is the rule authoring feature, albeit with a number of important
changes and additions. As can be seen in Figure 3, the rule authoring
screen consists of two columns. On the right, in a smaller column, is
the current active schema; each category is displayed along with its
most important fields, as well as its list of types. Actionable types
are highlighted in yellow. The left hand column contains the rule
editor itself, where users can edit a rule’s title, conditions, effects,
as well as use a Test Rule feature, where users can execute a rule in
a sample environment in order to see its behavior.

The rule editor is split into two major sections. The yellow sec-
tion at the top of the rule contains the rule’s conditions, which
can be added, removed, and edited, and which are displayed to
users in plain English. In each condition, a dropdown menu allows
users to scroll through all available types, which are organized by
category. When a user selects a type, the condition automatically
updates to reflect its plain English structure, including Boolean
toggles for choosing between “is” and “is not.” For instance, because
the type “jealous of” is a “DirectedStatus,” which is a directed cate-
gory, the plain English condition is displayed as “other is jealous
of third,” where “other” and “third” are character variables. Using
the provided inputs in each condition, authors can craft character
relationships for their rules. Importantly, because these character
names are variables, which are bound at the time of rule execution,
they can apply to any characters meeting the conditions of the rule.
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Figure 3: Rules Editor

The green section at the bottom of the rule contains the rule’s
effects. In the case of a trigger rule, this section is virtually identical
to the condition section. For volition rules, however, available types
are limited to only those categories which are actionable. Figure 3
shows a rule with three effects. In each effect, users can employ a
numeric dropdown to set the value by which an effect will increase
or decrease volition. In this case, all three effects of the rule cause a
-5 decrease in volition, albeit for different intents.

Compared to its predecessor, rule authoring in the new Ensem-
ble authoring tool includes a number of important changes and
additions. For one, the previous tool was an installable application
which would run locally on a user’s machine. Persistence of data in
the tool was achieved through the use of JSON files; users could load
a JSON file to initialize a schema, and any rules they wrote would
be saved to a file for future use. As the new tool is a collaborative
web application– a necessity in order to facilitate the coordination
of work during remotely held workshops across seven time zones–
we added user accounts and permissions. Normal user accounts
are able to create, edit, and delete their own rules, as well as view
the rules of others. All rules are stored in a database, so users can
access their work from any machine, anywhere, although they can
also be exported to a JSON file if they so choose.

7.3 Action Authoring
Another major addition to the new Ensemble authoring tool is the
action authoring feature, which can be seen in Figure 4. By default,
each actionable type in a schema corresponds to two intents, which
reflect a change that a character wishes to make to the social state

[18]. If the actionable type is numeric, then it will have both an up
intent and a down intent, indicating that the type’s value will be
either increased or decreased. If, however, the type is Boolean, it
will instead have an on and an off intent, indicating that the type’s
Boolean value will be toggled. These intents are autogenerated by
the authoring tool; for example, the “affinity” type will by default
have two intents: “affinity-up” and “affinity-down.” These intents
are the most abstract layer of an action.

In the tool, it is possible to add any number of social exchanges
within an intent. These social exchanges externally represent a
social interaction that a character can undertake to modify the
social state; these are made available to the player in a list, de-
pending on which actions are available at a given step in the game
[14]. For instance, “affinity-up” could include the social exchanges
“compliment,” “help someone,” and “give a gift.” Internally, social
exchanges do not reflect a fully specified action, but rather a gen-
eral grouping of related actions. As the figure illustrates, the “help
someone” social exchange can contain numerous specific instanti-
ations. So that actions make sense within the current game state,
certain instantiations are only possible within certain contexts; the
preconditions of an instantiation determine which one should be
chosen [15]. These instantiations are split into two kinds, accept
and reject, which determine respectively whether the action will
be a success or a failure. An example of an accept instantiation for
“help someone” could be “keep a secret for someone.”

Once a user has created an instantiation, it is time to actually
construct a specific action. As seen in Figure 4, the editor itself
resembles the rule editor, having both yellow and green boxes
containing predicates. The yellow box contains all of the conditions
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Figure 4: Actions Editor

that must be true in order for a character to be able to perform this
instantiation, while the green box contains all that will become true
if the action is performed. Typically, accept and reject instantiations
in the same social exchange will contain different effects, so as to
illustrate the relative effects of an action’s success or failure. In
order to represent character directionality in an action, we use the
character variables “initiator” and “responder,” where the initiator
is the subject taking the action, and the responder is the object of
the action. Other than these special character terms, editing of the
conditions and effects of an action instantiation is nearly identical
to that of a rule, which makes it easy for action authors to leverage
their existing knowledge of rule authoring.

7.4 Character Authoring
The last major feature of the Ensemble authoring tool is the charac-
ter editor, where users can create a cast of characters for their game
or experience. Creating a character is straightforward and can be
seen in Figure 5. After giving the new character a name, authors
can build up a list of predicates that describe that character’s traits,
beliefs, behaviors, and relationships at the start of the game.

Figure 5: Characters Editor

8 FUTUREWORK
The VESPACE project will require a number of important changes
to the Ensemble engine itself. As part of the project, we have al-
ready completed a translation of Ensemble from JavaScript to C#

to facilitate development in Unity. We intend to begin incorporat-
ing Ensemble into various Unity projects, starting with VESPACE,
including developing detailed API documentation which will be
useful for Unity developers adding the library to their projects.

In order to implement methods of citation as AI within the En-
semble engine, we intend to also modify it so that rules, actions, and
characters can be filtered by their sources. This added feature will
make it possible to “activate” or “deactivate” rules, actions, and char-
acters so as to execute different versions of the VR experience that
present a social experience through the lens of a particular author,
researcher, or methodology. Or, rather than completely “deactivat-
ing” a set of rules, Ensemble could weight them relative to other
rules. For example, rules citing fiction sources might be weighted
lower than those citing nonfiction sources, or vice versa. In this
case, both sets of rules would have a chance of executing, but one
with a lower probability than the other. A third way to weight rules
could be to weight the effects of a volition rule– that is, if a volition
rule adds +10 to a volition as an effect, that value of 10 could be
multiplied by some factor indicating the rule’s intended weight,
with 1 being normal, 0 being deactivated, 0.5 being less powerful,
and 2 being very powerful.

One important addition to the authoring tool will be the inclu-
sion of guidelines and suggestions to help social physics authors
to avoid crafting rules and actions too detailed to the point of be-
coming intractable. Currently, we must instruct authors to consider
complexity in rule and action preconditions, and we manually au-
thor default actions which require few to no preconditions and
which will lead to the binding of certain rules. However, by comput-
ing and also visualizing the interconnections of rules and actions
during the authoring process, we could provide users with estimates
and visual representations of the likelihood that a particular rule
will fire or a particular action will become available to a character.
Thus, we could notify authors when a rule or action appears overly
complicated or intractable, and we could visually alert them of weak
points in the interactive narrative. We also plan to simplify the gen-
eration of default actions with few to no preconditions, allowing
authors to focus on writing descriptive actions.

9 CONCLUSION
The VESPACE project represents a step forward in the application
of social physics. It stands to produce a novel gaming experiment
and pedagogical device– an interactive, virtual social experience
transporting users back hundreds of years. However, it would not
be possible without our work in collaborative authoring; through
the development of our new authoring tool, we have facilitated the
creation of thousands of complex social rules that will make this
game a reality, without forcing authors to learn first-order predicate
calculus. Our findings in this project suggest that it is possible to
train authors of various backgrounds in social physics and to have
them produce a working corpus of domain-specific schemata, rules,
and actions within a relatively short period of time. Whether in
academia or in the industry, future projects could use similar tools
and techniques to generate their own domain-specific social worlds,
whether large or small, which they can then bring to life in their
games by leveraging the computational expressiveness of libraries
like Ensemble.
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