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Abstract

Like many modern humanities computing projects, Ramon Llull’s Ars Magna, a system

of inscripted, manipulable wheels dating to the thirteenth century, asserts that

interpretation can be aided by mechanism without being generated mathematically or

mechanically.  That this assertion is sometimes lost on the larger academic community

is not simply a failure of the devices scholar-technologists produce (although, as the

work outlined here seeks to demonstrate, we could do a better job of anticipating and

incorporating patently interpretive or subjective forms of interaction on the part of our

users into the systems we create for them).  Instead, it betrays our failure to articulate

the humanistic and hermeneutic value of algorithmic work to a lay audience.

This dissertation uses Llull’s Ars Magna to introduce the relationships of algorithm, ars

combinatoria, aesthetic provocation, diagrammatic reasoning, and ludic practice to the

work of humanities scholarship and then presents two major case studies in the design

of digital instruments and environments that open themselves to performance and

intervention on the part of interpretive agents.  The first is the Temporal Modelling

PlaySpace, a composition tool for sketching subjective and inflected timelines that (like

temporal relations in humanities data generally) are not necessarily unidirectional,

homogenous, or continuous.  Temporal Modelling’s innovation lies in its extraction for

re-purposing of well-formed XML from users’ intuitively-designed and even
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deliberately ambiguous diagrammatic models.  The second case study deals with

computational and interface or visualization strategies for turning problems in

representing subjectivity and deixis into opportunities for critical engagement in the

Ivanhoe Game, a ludic subset of the larger IVANHOE project, an interpretive role-

playing environment conceived by Jerome McGann and Johanna Drucker.

Both of these projects stem from work in progress at the University of Virginia’s

Speculative Computing Laboratory.  The goals and methods of SpecLab are

demonstrated (and tested in performance) in a trio of creative design exercises or

“imaginary solutions” which make use of ideas developed in chapters on Llull, Temporal

Modelling, and the Ivanhoe Game — and “speculative computing” is introduced as a

new paradigm for exploratory digital work in the humanities.
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Preconditions

“Freedom is compatible with necessity.”

— from the journals of Gerard Manley Hopkins

Essential Oils — are wrung –

The Attar from the Rose

Be not expressed by Suns — alone –

It is the gift of Screws –

Emily Dickinson (675, ca.1863)

“Theories thus become instruments, not answers to enigmas,

in which we can rest.  We don’t lie back upon them, we move forward,

and, on occasion, make nature over again by their aid.  Pragmatism

unstiffens all our theories, limbers them up and sets each one at work.”

— William James, “What is Pragmatism?” (1904)
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II. Temporal Modelling

A. Project and Primitives

Gardner’s critique of Ramon Llull’s provocative device hinges on a misapprehension of

the ends to which it should be applied.  The Ars Magna is not, as Gardner assumes, a

“logic machine,” manipulating concepts as if they were fully-delineated, specified objects

and generating universal, incontrovertible truths.  If that were the case, his assertion

that the varied subject matter on which Llullian wheels act lacks native “analytic

structure” and “even agreement on what to regard as the most primitive, ‘self-evident’

principles” would be perfectly valid (Gardner 18).  But few modern users of Llull’s

system would be inclined to search for absolutes in fields like literary interpretation,

historiography, religious studies, or the criticism of art.  Pragmatic humanists are more

likely to side with William James in a desire to transform theoretical premises into

“instruments, not answers to enigmas in which we can rest” (James).

Still, the development of mechanical aids to humanities interpretation requires the

establishment of primitives, the basic, domain-specific building blocks or manipulables on

which a machine or computer program can operate — even if (as in the case of Llull’s

alphabetic calculation) the purpose of the operation is to question the aptness or validity

of those very primitives and the statements they combine to produce.  And Gardner’s

implied questions deserve to be taken seriously:  What does “native analytic structure”
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mean?  Is it really lacking in the hermeneutic endeavor as it can be expressed in an

enabling mechanism?  How can we ever agree on the “most primitive, ‘self-evident’

principles” at play in a humanities context?  How can we avoid, in the construction of

interpretive digital environments, designing (or seeming to become) that overly

disambiguated “satire of scholasticism” Gardner reviles in Llull?

In the spring of 2001, University of Virginia professor Johanna Drucker and I

undertook a project that would test an approach to these problems.  I rehearse its

history here, before delving into the specifics of its conceptual and practical

development and its theoretical and rhetorical goals, because it seems to me a useful

example of the way such projects can come into being, and because the scope and

limitations of our work were dependent on the material and intellectual pre-conditions

outlined below.

Drucker and I were supported in our work by a grant from the Intel Corporation meant

to strengthen ties between the computing industry and academia and to allow

humanists to address common design problems in an intellectual and creative context

removed (and somewhat protected) from the forces that shape the business world.  We

first came in contact with Intel through conversations with John David Miller, a

software architect working in Intel’s Architecture Labs (now Intel R&D), who had, in

cooperation with John Maeda of the MIT Media Lab, been at work on a software

prototype known as Grand Canyon.  Grand Canyon was conceived as an opportunity to
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exploit Intel’s nascent 3-D architecture for the personal computer while breaking into

a new market based on the growing popularity of digital photography.  It was, in

essence, an electronic photo album, organized chronologically, which would allow users

to place photographs they had taken alongside nostalgic stock images in a three

dimensional space (Miller and Maeda).  The display mode of the software featured a

long canyon or tunnel in which scaffold-like, semi-transparent calendar grids, populated

with photos and labeled with dates, were spaced at regular intervals (Figure 1).  The

user would fly through this VR space, effectively touring and inhabiting a personalized,

illustrated timeline.

On review, some problems with the representation were immediately evident.  The first

was an illogic of organization on the scaffold-like calendar grids.  Their familiar

structure and graphic intractability seemed to imply a one-to-one connection between

locations on the vertical and horizontal axes and specific months and days of the year.

Instead, each grid was meant to represent a single year on which images could be placed

in random or purely aesthetic arrangements.  Even given this broad and loose

specification of chronology, the precision of placement of the images within discrete

years was somewhat troubling, as it implied a unity of interpretation — a single valid

take on “what happened when” — and a lack of concern for duration, causality, and

other commonly assumed or applied aspects of temporality and temporal representation.

However, as humanists and media scholars, we were most interested in a few promising

features of Grand Canyon which struck us as having been perhaps inadequately
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appreciated and explored in its design.

[ Figure 1. Grand Canyon ]

The first was simple: that its studied inexactitude embodied a diagrammatic approach to

time and temporality far removed from the typical domain of the scientific or even the

history-textbook timeline, which places great value on a one-to-one relationship
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between event occurrence and symbol placement on a carefully-defined axis.  We

were confronted here with the visual representation of a new approach to temporality,

one to our minds more in keeping with the interpretive interests of humanities

scholarship.  The other fundamental design features of Grand Canyon were more

complex and will be examined here under the categories of subjectivity, structure and

flexibility.

The notion of subjectivity as expressed or implied by the practice of building and

navigating the timelines seemed to be a critical feature of the software.  A user was

meant to inhabit the “canyon”-space, moving through some representation of

temporality, generally — and specifically in the example we were shown — moving

through a chronological representation of his own life and times.  The imaginative

placement of the viewer inside the timeline seemed to us to open the possibility of active

engagement with the visualized environment.  In other words, if I am placed within a

VR timeline as a semi-active agent rather than — in the (perhaps deceptive) mode more

familiar from print — somehow above it as a passive viewer, what, conceptually, is to

prevent me from moving beyond mere navigation of the line to the enacting of real

changes in its relational structure?  And why shouldn’t my very presence and the force

of my regard exert a kind of quantum influence on the objects that surround me?

Grand Canyon made its users into ghosts, passing ethereally through insubstantial

arrays.  We imagined a different level of engagement with a diagrammatic expression of

temporality, and a fuller exploitation of perspectival subjectivity in the digital
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environment.

The flexibility of Grand Canyon as an editing and display environment — in other words,

a user’s ability to populate and arrange the representation as desired — also caught our

attention.  In essence, the software permitted its user to develop and embody crude,

alternate interpretations of a single span of time.  While the visual display as

implemented would not accommodate the simultaneous navigation of two competing (or

complementary) temporal systems, it was not difficult to imagine how different the

experience of motion through the same “canyon” of time could become based on the

choices made by users, the designers of the experience.  These designers, whether

consciously or not, would use the Grand Canyon tool to produce temporally-oriented

interpretive representations — individualized models of human experience.  As such, we

came to see, the lines called for richer construction, for tools and designs that

appreciated the subjective and interpretive experience of time, an understanding

common to humanities scholarship that time and temporal relations are not uniform,

predictable, and uninflected by perception.

Finally, the possibility (expressly facilitated by the digital medium) of extracting

interpretive structure from a user-created visual display excited us — for it was evident

that the material positioning of images on-screen was reflected in abstract models

embedded perhaps inaccessibly somewhere in the software’s works.  Furthermore, these

models, while sharing certain fundamental objects and relations with each other, would
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be of necessity different in each application of Grand Canyon, as users made different

choices while building their displays.  How much more diverse and revelatory might

those structures be, if users were presented with greater freedom of customization and

the ability to express subjective inflection?  How could we best determine the

fundamental temporal metaphors and templates — the Llullian primitives — that such

presentation would require?  What could we hope to learn from an explicit

consideration of information structures extracted from the visual display?  How might

they be translated and re-purposed in a humanities context?   And how much more vital,

in the subjective and manipulable environment we were now beginning to imagine,

might the interpretive agency of the user in creating temporal models become?

With these questions in mind, beginning in earnest in the summer of 2001, we

undertook research and hosted conversations at the University of Virginia under the

rubric of the “Temporal Modelling Project,” an ongoing effort which has led to the

development of the “PlaySpace” described below, an interactive digital environment for

embodying, manipulating, transforming, and analyzing interpretive models of time and

temporal relations.

B. Conventions and Contexts

The first work of the Temporal Modelling Project, geared particularly toward solving

the problem of primitives, was to locate and compile a set of core readings in temporal
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representation and its application in a humanities context.  Because certain cultural

understandings about time and temporality underlie diagrammatic and textual

embodiments of temporal relations, we began our work at what Dante Gabriel Rossetti

might have recognized as an inner standing point, a subjective prospect embraced with all

consciousness of its perspectival limitations and with an intent to exploit them as

defining characteristics of a realm of action.25  The development of new theories and

definitions on which to base our PlaySpace design was therefore not only unnecessary,

but also undesirable.  Much more effective would be an interpretive modelling

environment predicated on traditional understandings of time and temporal relations —

the assumptions under which humanities documents are produced and explicated.

Three core assumptions that framed our work are outlined in an article co-authored

with Professor Johanna Drucker of the University of Virginia, which we submitted for

publication to Information Design Journal in November of 2001 (reproduced here as

Appendix A).

Having assessed the literature on time and temporality, our next step was to assemble a

visual archive on which the Temporal Modelling Project could draw during its

PlaySpace design phase. We made the scope of this archive manageable by keeping it

somewhat book-centered, limited to Western (largely academic) depictions of time.

Thus for instance Aboriginal paintings of the Dream Time and the temporal dimension

of medieval cathedral architecture did not play a large role in our survey, which was
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meant rather to assess diagrammatic, academic, and rhetorical approaches to time

familiar to humanities scholars who might use the Temporal Modelling tool.

The resultant text and image archive facilitated discussion at an Intel-sponsored

seminar we hosted in the summer of 2001, and factored into our emergent goal: the

“production of a responsive interface” housing “temporal primitives” (defined as early as

September 2001 as a co-dependent “set of objects, actions, and relations”) that were

“legible, customizable, and sufficiently constrained to generate parameterized output in

XML-compatible formats without prior technical knowledge on the part of a user”

(Drucker and Nowviskie 1).  In other words, we wished to build a visual environment

that would allow humanists to model the temporal relations at play in their own fields

of study, and to analyze those (perhaps intuitively sketched-out) relations in a rigorous

way.  This posited environment, first outlined in a software specification and animated

storyboard in April and May 2001, became the Temporal Modelling PlaySpace

described in depth below.26

Invited speakers and participants in the summer seminar at UVA represented the varied

interests in temporality of fields such as anthropology, art history, literary

interpretation, bibliographical and textual studies, religious studies, history and

historiography, information and library science, and the visual and conceptual arts.  We

presented them with a categorized and annotated packet of images and readings from

our literature review.  Topics covered in this compilation included conceptual and
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representational issues, informatics and temporality, visualizations, and a set of

“themes” related to our field of study: cultural and cross-cultural concepts, geospatial

temporality, and narrative theory.  In addition to several overviews and abstracts of

central goals and concepts, we also included a bibliography and postscript on

relativity.27  Johanna Drucker’s summary of this work (reproduced here in the opening

sections of Appendix A) highlights relevant cross-disciplinary scholarship and artistic

production and contextualizes our decisions about what we were to call “temporal

primitives” — those Llullian constants that would drive our own combinatorial

machine.  The observation that, throughout our process of research and design, “we

were guided by the conviction that our primary user-base for the interface [would] be

humanities scholars working [like our seminar participants] from documentary

evidence, rather than [from] empirically gathered data” is essential to an understanding

of the Temporal Modelling Project (Drucker and Nowviskie 2).  In addition, we

recognized that “subjective information (detailed annotation and expressive visual

forms) might need to be introduced” by scholars into their diagrammatic

representations at any point in the modelling process they would undertake using our

tool (Drucker and Nowviskie 2).

C. PlaySpace Design

The rhetorical scope of our practical work was meant to reach beyond the varied subject

domains to which humanities scholars might apply our tool.  In essence, the Temporal

Modelling PlaySpace we were to develop represents a “time machine” for the discipline
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of humanities computing.  Not only does this interactive environment take time and

the temporal relations inherent in humanities data as its computational and aesthetic

domain, enabling the production and manipulation of elaborate, subjectively-inflected

timelines, it also allows its users to intervene in and alter the conventional interpretive

sequence of visual thinking in digital humanities.

An overview of traditional ways of thinking about and visualizing time and research on

time and temporality informed our design process — primarily the search for and

establishment of those “most primitive, ‘self-evident’ principles” that Martin Gardner’s

critique suggests are foundational to the reasonable development of any Llullian

mechanism (Gardner 18).   This section will place that process of research and decision-

making and its resulting composition and display tools in a humanities computing

context, describing the project’s practical and rhetorical goals and examining some

special visual features for encoding and manipulating subjectivity in temporal relations.

The Temporal Modelling environment we developed embodies a reversal of the

increasingly-familiar practice of generating visualizations algorithmically from marked

or structured data, data that has already been “modelled” and made to conform to a

logical system.  Computing humanists certainly take an interest in the visual as a form

of algorithmically-generated aesthetic provocation to interpretation (as we have seen in

the opening chapter on Llull), but we frequently relegate this activity to the end of

humanities computing projects, after the “real work” of content modelling —
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classification, organization, and markup — is complete.  Visualization comes into

play in the form of graphs and charts generated according to strict, predetermined

procedures for knowledge representation from large bodies of pre-organized data.

These visualizations, essentially graphical abstractions of patterns embedded in data,

enchant scholars with their ability to reveal hidden relationships in information and

augment our understanding of encoded material.  They are, however, fundamentally

static and (as they depend on structured data and defined constraints) predictable, and

we are hard-pressed to argue that they instantiate any truly new perspective on the

information they reflect.  Why, given the fresh possibilities for graphesis the computer

affords, should we be content with an after-the-fact analysis of algorithmically-produced

representations alone?  Temporal Modelling suggests a new ordering of aesthetic

provocation, algorithmic process, and hermeneutic understanding in the work of digital

humanities, a methodological reversal that makes visualization a procedure rather than

a product and integrates interpretation into digitization in a concrete way.

How concrete?  The project’s composition tools came to enable an intuitive kind of

sketching within a loosely constrained but highly defined visual environment delivered

through a Web browser using Macromedia Flash MX and open-source server and

database software.   This sketching forms an integral part of the earliest phases of

content modelling, thereby allowing visualization to drive the intellectual work of data

organization and interpretation in the context of temporal relations.  Aesthetic

provocation becomes dynamic, part of a complex dialogue in which the user is required
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to respond to visualizations in kind.  Response in kind, that is, in the visual language

of the Temporal Modelling toolset, opens up new ways of thinking about digital objects,

about the relation of image to information, and about the subjective position of any

interpreter within a seemingly logical or analytic system.  In fact, it calls for a new

definition within the humanities computing discipline of visualization as an activity

rather than a result: more responsive, user-created, interpretive, and (like Llull’s

estimation of his diagrams) both more active and interactive.   Visualizations may still

result from an algorithmic process, but by locating itself in a responsive composition

environment this process has opened itself up to intervention (even co-creation) by a

human interpreter in ways unprecedented in digital scholarship.

Our chief innovation in this regard is the translation of user gestures and image-

orderings that arise from an iterative dialogue with our composition environment into

an accurate and expressive XML representation, which can be exported to other

systems, transformed using XSLT, and even employed in the development of a

document type definition (DTD) or schema for conventional data-markup practices.

The sketching environment in which this rich data capture takes place — the Temporal

Modelling PlaySpace — is closely wedded to a theorized (but yet unexecuted) sister-

environment, the DisplaySpace.  There, we hope to provide a set of filters and

interactive tools for the manipulation and display of more familiar, algorithmically-

generated visualizations, derivative either from PlaySpace schemata or the already-

encoded data structures of established humanities computing projects.  Like the
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PlaySpace, though, the projected Temporal Modelling DisplaySpace emphasizes the

flux and subjectivity common to both our human perception of time and our facility for

interpretation in the humanities.  We have not rejected display in favor of the playful

engagement our composition environment fosters; instead, we hope to show that a new,

procedural understanding of graphic knowledge enhances and even transfigures

visualization in the older modes.

1. Objects, Relations, Actions

Our work in building the PlaySpace has required a constant articulation of its

conceptual distinction from the DisplaySpace (the implementation of which will

constitute the next major phase of the Temporal Modelling Project).  What quality of

appearance or use distinguishes a display environment from an editing environment?

At their heart, the mechanisms and processes of the PlaySpace are bound up in:

! the positioning of temporal objects (carefully-designed graphical markers

representing events, intervals, and points in time) on the axis of a timeline;28

! the labelling of those objects using text annotation, a user-defined legend

explaining color and tone, and a variety of other visual qualities (size, alpha

value, etc);

!  the relation of objects to specific temporal granularities (the standards by which
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we mark hours, seasons, aeons — represented in our PlaySpace by tic-marks

which open themselves to user-adjustment and automatic calendrical

calculations);

! and, in complex interaction, the interrelation of objects, as expressed both

graphically on the PlaySpace stage and in the underlying temporal data model.

Each of these interpretive actions — the specification of objects and orderings, their

explication and interrelation — additionally involves a practice we designate inflection.

Inflection is the graphic manifestation of subjective and interpretive positioning toward

a temporal object or (in a sometimes startling display of warping and adjustment)

toward an entire region of time.  This positioning can be on the part of the prime

interpreter, the user of the PlaySpace, or inflections can be employed to represent and

theorize external subjectivities: the inferred interpretive standpoint of a character in a

work of fiction, for instance, or of an historical figure, movement, or Zeitgeist.

The energies of the PlaySpace are all focused on enabling understanding through

iterative visual construction in an editing environment that implies infinite visual breadth

and depth.  In contrast, the proposed DisplaySpace channels energy into iterative visual

reflection by providing a responsive, richly-layered surface in which subjectivity and

inflection in temporal relations are not fashioned but may be reconfigured.
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The “conceptual primitives,” or “least common denominators” of our temporal

schema, are detailed in Appendix A below (Nowviskie 2003, p.5; cf. Drucker and

Nowviskie: Appendix A: “Conceptual Primitives”).  My own working notes from a

conversation with Johanna Drucker and Worthy Martin, in which I proposed that we

view Temporal Modelling software in terms of a table of objects, relations, and actions, are

presented in Figure 2 below (see also note to Figure 2).  Subsequent work at SpecLab

and with the newly-formed University of Virginia group for Applied Research in

‘Pataphysics (ARP) has suggested the utility of these three basic categories for

conceptualizing the requirements of humanities software.  When we think of humanities

computing design problems in terms of relevant objects, actions, and relations, we tend

to balance our attention fruitfully between the intrinsic qualities of the documents and

materials under scholarly analysis and the established practices and new opportunities

we wish to support in a digital environment.  Furthermore, when all of these elements

join in humanities computing software that reflects common practices and affordances of

a humanistic understanding of temporality and permits — as freely as possible within a

fruitfully constrained editing environment — basic scholarly activities of inflection,

annotation, and manipulation, we can achieve a kind of Llullian openness of

interpretation to algorithmic autopoiesis.  Like Llull’s alphabetic constants, Temporal

Modelling “objects” need not imply an untoward “objectivity” about the subjects and

structures they depict.  Instead, the identities of our objects (such as temporal points,

events, and intervals) are fluid and determined as much as possible by the users of our

system, rather than by the system itself.
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[ Figure 2. Draft Table of “Conceptual Primitives” ]

(Nowviskie and Drucker, with input from Worthy Martin; ca. 11 September 2001)29

OBJECTS or ELEMENTS:

points, events, intervals

temporal axis (timeline)

temporal grid (calendar)

temporal dial (clock face)

granularity markers

metrics (intrinsic and extrinsic)

start and stop points

“now” and the nowslider

RELATIONS or STRUCTURES:

order and ruptured order

the “dividing instant”

multiple and/or inflected granularities

visual positioning of elements

“certainty” of temporal position

“certainty” of boundedness

alternative iterations (nowslider)

degrees of inflection and relation

ACTIONS or OPERATIONS:

generate/view “slices” of time

position/label elements

order and reorder elements

“inflect” elements

attach and detatch metrics

choose, inflect, and zoom metrics

define intrinsic granularities

“nowsliding”

2. Inflecting Temporal Relations

Temporal Modelling inflections (such as causality indicators, notation for literary

foreshadowing, or markers for “special” events) were originally classified into two

groups, contingent on the degree of their relation to — and interrelation with — user-

defined objects in the PlaySpace.  What we came to call “semantic” or “vocabulary” and

“syntactic” or “grammar” inflections are discussed in Appendix A (subheading:

“Subjective Inflections”).
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Semantic inflections are considerably easier to define and implement.  Syntactic

inflections have proven a good test of our model’s robustness.  As we entered the

implementation phase for syntactic inflections in the autumn of 2003, my conversations

with Johanna Drucker and with Jim Allman of Interrobang Digital Media, a

programmer and designer who has assisted on the project from its early stages, led to a

new conception of inflection, which may take shape in future implementation phases.

The new approach results in a broadening of the original scope for inflections, which

itself emerged largely from our review of narratological and discourse theory and

evolved in response to requests by Temporal Modelling seminar participants and

potential users at UVA’s two humanities computing hubs, the Institute for Advanced

Technology in the Humanities and Virginia Center for Digital History.  It is attractive

to the project chiefly because it meshes well with our goal of enabling iterative

sketching and user-defined visualization techniques as an aid to humanities

interpretation — but it also forms a compelling addition to the Temporal Modelling

toolset because of its relation to another effort at melding history with graphesis and

the hermeneutic with the algorithmic method: Michael Leyton’s work on process

grammar.

Leyton’s grammar posits that any shape may be expressed mathematically in terms of

six phase transitions, roughly corresponding to a squashing action, continuing to the

point of indentation into the body of the object and ultimately bifurcating into a bay, and
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internal resistance, continuing to the point of protrusion outward from the body of the

object, which ultimately bifurcates into a lobe.  The real purpose of the grammar is not

to specify actions to be performed on an object, but rather to infer the metamorphic

history of any object from its present shape.  Using the predictive equations these phase

transitions imply, Leyton historicizes the visual artifact: “a shape is simply a single

state, a frozen moment, a step outside the flow of time; and yet we are able to use it as a

window into the past” (Leyton, Process Grammar).

Users of the Temporal Modelling PlaySpace likewise want to create windows — not

into the past per se, but into interpretive representations of the past (or of the future or

present).  We therefore propose to apply the process grammar concept not as an

archaeological or revelatory tool but rather as an artistic, constructive one.  This is in

tune with our notion of visualization as active and procedural.  PlaySpace visualization

tools are not meant to show hidden patterns in data, but rather, as employed by a

human interpreter, to co-create them.  In fact, scholars working to create temporal

models in the PlaySpace may wish to design shapes that seem to be the products of

forces acting over time, that embed history and subjective response to history.  Where

Leyton figures his process grammar as a deductive rule-system for deriving history

from the visual, our syntactic inflections embody a constructive set of rules for implying

historical states and changes through visualization.

To that end, a next step in the implementation of the PlaySpace will involve a shift from
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exclusive dependence on prescribed, pre-defined syntactic inflections (such as

“foreshadowing” and “causality”), which participate perhaps too exclusively in certain

interpretive disciplines, to the application of a broadly-applicable structural “palette of

possible effects” (Drucker, personal communication 2003).  In simple terms, we hope to

design a flexible set of tools whose generic graphical consequences as enacted on

temporal objects — such as stretching, merging, morphing, linking, verging,

surrounding, displacing — can be labeled freely by our users, much in the same way

that the PlaySpace currently supports user-defined color legends in model-saving and

display.

D. Digital Modelling as Interpretive Practice

1. Modelling (in) the PlaySpace

This description has focused on specific qualities and tools of the Temporal Modelling

Project, especially as they relate to the embeddedness of subjectivity, uncertainty, and

interpretation in every act of representation.  Our very process of design self-

consciously embodied this orientation toward information and software engineering.

We made every effort to work from imagery as much as from ontology, coupling our

research efforts in the philosophy and data-driven classification of temporal relations

with the intuitive and experimental work of artists, students, and scholars of whom we

asked questions such as: “What does a slow day look like?” or “How might you paint

anticipation or regret?”  As our underlying architecture became more stable and we

began to assemble a preliminary notation system for temporal objects and inflections,
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we made a practice of asking of each sketch we floated, “What does this imply?” and

“What relationships might it express?”  No visual impulse was dismissed out of hand;

instead, we retained all evocative images, frequently finding use for them later, when

our iterative process of development had revealed more about their implications in

context.

In this way, the necessity of a special feature of the Temporal Modelling Project was

impressed on us: its capacity for expansion and adjustment.  The objects, actions, and

relations defined by our schemata and programming are not married inextricably with

particular graphics and on-screen animations or display modes.  Just as we have

provided tools for captioning and coloring (and the ability to regularize custom-made

systems with legends and labels), we also seek to make possible the upload and

substitution of user-made standard vector (SVG) graphics for the generic notation

systems we’ve devised.  This is more than mere window-dressing.  Our methodological

emphasis on the importance of visual understanding allows the substitution of a single

set of graphics (representing inflections for, say, mood or foreshadowing) to alter

radically the statements made possible by Temporal Modelling’s loose grammar.  Users

are invited to intervene in the interpretive processes enabled by our environment almost

at its root level.

A similar sensibility governs the output of a session in the PlaySpace environment.

PlaySpace visualizations consist of objects and inflections in relation to each other and
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(optionally) to the metric of one or more temporal axes.  The editing process

involves the placement and manipulation of these graphics on a series of user-generated,

transparent layers, which enable groupings and operations on groups (such as zooms,

granularity adjustments, panning and positioning, simple overlays, and changes in

intensity or alpha-value) meant to enhance experimentation and iterative information

design inside the visual field.  When the user is satisfied that a particular on-screen

configuration represents an understanding of his data worth preserving, he may elect to

save his work as a model.  This means that the PlaySpace will remember both the

positioning of graphic notations on-screen and the underlying data model — in the form

of an XML schema — that these positions express (Figures 3a and b).

[ Figure 3a: Simple PlaySpace View ]
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[ Figure 3b: Corresponding Data Model ]
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This data model can then be exported and used elsewhere or even edited outside the

PlaySpace and uploaded again for visual application.  Most interesting is the way in

which transparent editing layers function in the definition of PlaySpace models.  The

process of saving a model requires that the user explicitly identify those layers

belonging to a particular, nameable interpretation of his material.  This means that a

single PlaySpace session (which can support the creation of as many layers as hardware

limitations make feasible) might embed dozens of different visually-expressed

interpretive models: some of which are radical departures from a norm; some of which

differ from each other by a small, yet significant, margin; and some of which are old

friends, imported into the PlaySpace from past sessions, from collections of instructional

models representing conventional understandings of history or fiction, or from the

efforts of colleagues working in collaboration on research problems in time and

temporal relations.

Our software — and its underlying vision for tool-building in humanities computing —

defines a model quite simply as an interpretive expression of a particular dataset.  More

importantly, it is what the interpreter (the user of our composition tool) says it is at any

given point in time — not a schema dictated wholly from above, a priori to the actions of

the end-user, hard-wired into the system.  Exclusive use of the latter sort of modelling

in digital archives and collections is perhaps justly reviled by some humanists —

suggesting to their better angels that

computerized models are alien things: if not alien to imaginative practice as such,
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then certainly alien to the received inheritance of literature and art... In this

community of readers, the very idea of a “standard generalized markup,” which is

to say a standard generalized interpretation, is either problematic or

preposterous.  (McGann, Radiant Textuality 139-40)

We find the flexibility inherent in our Temporal Modelling mode of operation akin to

the intuitive and analytical work of the traditional humanities at its best.30

2. Diagrammatic Reasoning

The Temporal Modelling Project was in part undertaken in order to challenge a

commonplace “long-standing prejudice against diagrammatic representation” in the

academy (Shin and Lemon 1).  “Sentential representation systems (e.g. first-order logic)

have been dominant” in philosophy, logic, and cognition, and in trickle-down models

and theories in other humanities disciplines, in part due to a feeling that diagrams are

too rhetorical a mode — inherently misleading and suited only to heuristic ends (Shin

and Lemon 1).  Diagrams may be used to explain a concept or articulate a proof, but

they are rarely seen as an integral part of the thinking and exploratory process.

Diagrams, as typically employed, are purely illustrative.

But new interest in multi-modal reasoning has begun to rehabilitate the diagram as a tool

not only for expressing interpretive subsets of relational information but also for

thinking through and modelling complex systems.  (This is of course no new idea.  We

have already seen how Ramon Llull represented complex statements and worked
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through interpretive problems diagrammatically in the thirteenth century, affording

through a series of graphs and tables the “basis for calculation in accordance with

prescribed rules” (Bonner 65).)

However, B. Chandrasekaran, co-editor of the standard textbook on diagrammatic

reasoning, credits current research in cognitive neuroscience with bringing issues of

representation to the forefront of computational and logical systems-building.  “Anti-

representationalism,” Chandrasekaran writes, “is not a practical option any longer:

information and representation are an inevitable part of the needed vocabulary” for

examining the manner in which agents process, store, and reason about abstract and

concrete problems (2).  To this end, some fundamental clarity is required about our

definitions of representation and reasoning, and about the distinctions between visual,

spatial, and diagrammatic representation.

Ambiguity has crept into the cog-sci discourse on visual and spatial systems at its most

basic level.  Glasgow makes a clear distinction between the visual as purely

instrumental — uninterpreted images which come to their viewers like scattered pixels

on a screen — and the spatial as such: visually-acquired images interpreted in terms of

their indicated spatial or topological relations (Glasgow & Papadias).  Others, however,

apply the term visual to “representations, interpreted or not, rising from the visual

modality,” while spatial denotes “knowledge of space, its occupants and their mutual

spatial relations,  leaving open [the] modality or modalities — visual, auditor [sic],
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kinesthetic or haptic — that supplied the information” (Chandrasekaran 3).

Chandrasekaran further applies attributes of color and texture as part of the exclusive

“representational repertoire” of the visual (they are absent from spatial representation),

while motion is figured as a potential quality of both modes.

The concept of diagrammmatic representation elicts more general agreement.  A

diagram is defined as a “form of spatial representation, explicitly constructed and

intended to be visually processed, containing elements that have a conventional

semantics, displaying the spatial relations among the elements” (Chandrasekaran 3).

These elements commonly exhibit visual properties, such as color or texture, that

extend the “representational vocabulary” through which they are meant to be

interpreted.  Furthermore, some elements of diagrams, like labels or annotations, are

meant to stand outside of or above the spatialized field and do not constitute part of the

representation.  In these cases, “conventionality in element semantics provides clues to

the consumer of the representation about which aspects of the diagram are to be taken

seriously and which are to be taken as incidental” to the fundamental statements being

made (Chandrasekaran 3).    A 1997 session of the NSF Workshop on Visual Cognition

and Decision-Making in the Spatial Domain proposes a more basic definition: diagrams

are abstractions, meaning that they extract and summarize a selective subset of

information and represent (along with their “content”) the rhetorical and interpretive

decisions of their creators (Iwasaki).
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This definition betrays a lasting, Platonic tension in the field of diagrammatic

reasoning.  As rhetorical constructs, must diagrams always lie?  Recent independent

work by logicians Shin and Hammer seeks to demonstrate that there is “no intrinsic

difference between symbolic [that is, first-order sentential]  and diagrammatic systems

as far as their logical status goes” (Shin 1994; Hammer 1995; Shin & Lemon 1).  The

Stanford Encyclopedia of Philosophy entry on diagrams presents a history of the

articulation of diagrammatic set systems from Euler to Venn with later extensions by

Peirce and Shin in order to show how “simple intuition about diagramming syllogistic

reasoning has gradually been developed into a formal representational system” and to

illustrate an “interesting tension and trade-off between the expressive power and visual

clarity of diagrammatic systems,” all of which tends toward the proof that diagrams and

graphical systems such as Peirce’s Existential Graphs are logically “equivalent to a

predicate language” (2).  Ultimately, Barwise and Etchemendy, developers of the multi-

modal Hyperproof system, conclude that “there is no principled distinction between

inference formalisms that use text and those that use diagrams.  One can have rigorous,

logically sound (and complete) formal systems based on diagrams” (1995; 214).

But perhaps we might not want diagrams to marry themselves so closely to formal logic

that they become divorced from human eloquence.  (If they are not to lie, perhaps —

after Huck Finn — they could still help us tell a constructive “stretcher,” or show us

when we’re stretching.)  The history of critique and extension of diagrammatic systems

is directly related to problems of expressivity and ambiguity — those primary fields of



118

expertise of humanists from a variety of disciplines.  Venn’s criticism of Euler’s

illustrative system for syllogistic representation (Euler Circles) hinged on his

identification of “the weak point in this and all similar schemes:” that they depict “in

strictness the actual relation of classes to each other, rather than the imperfect

knowledge of these relations which we may possess or may wish to convey” (Venn 510).

Similarly, Peirce critiqued Venn’s diagrams (a modification of Euler), by pointing out

that they have “no way of representing the following kinds of information: existential

statements, disjunctive information, probabilities, and relations” (Shin & Lemon 2.3).

Peirce’s resulting diagrams increased the expressivity of Venn, but at the cost of more

complexity — effectively defeating that great advantage of the diagrammatic statement

identified by Barwise and Shimojima: that it constitutes a kind of cognitive “free ride,” in

which a conclusion or inference “seems to be read off automatically from the

representation of premises” (Barwise & Shimojima 1995; Shin & Lemon 4.3).  A later

revision by Shin re-injects some of Venn’s original visual clarity (by means of shading)

into Peirce’s system for disjunction and existential expression (Shin 48ff).

Shin’s other major contribution is the presentation of the diagrammatic as a

formal representation system equipped with its own syntax and semantics.  The

syntax tells us which diagrams are acceptable, that is, which are well-formed,

and which manipulations are permissible in each system.  The semantics defines

logical consequences among diagrams.  Using these tools, it is proven that the

systems are sound and complete, in the same sense that some symbolic logics
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are. (Shin & Lemon 2.4; Shin 48ff.)

My own explicit definition of some diagrammatic elements of the Temporal Modelling

interface as “syntactic” and some as “semantic” came about as an intuitive, descriptive

move in the development of our inflection system.  This is just, perhaps, another

example of our approach to the tool-building exercise as humanistic, but it is interesting

to note that Shin and Lemon identify a related trend in diagrammatic work, posing a

“fundamental challenge to some of the assumptions held about representation systems.”

The traditional application of some critical concepts such as “syntax, semantics,

inference, logical consequence, validity, and completeness to sentential representation

systems only” has been challenged by this new approach.  It concludes that, “for any

representation system, whether it is sentential or diagrammatic, we can discuss two

levels, a syntactic and a semantic level” (Shin & Lemon 2.4).

The presence of a syntactic and semantic level in any diagram leads us naturally to the

notion of diagrammatic reasoning.  Chandrasekaran points out that “reasoning” is too

often used as “a generic equivalent of computation,” meaning that we speak of computer

programs “reasoning” about geometric or spatial relations when in fact they are simply

performing computations on geometric and spatial information.  A “narrower use” of the

term is more appropriate to diagrammatic reasoning:

In this sense of reasoning, the agent starts with some given assertions, and makes

additional assertions as inferences, using rules of inference.  For example, when

Barwise and Etchemendy speak of diagrammatic reasoning, they intend for the
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diagrams to be assertions of some facts or hypotheses, and the goal is to

arrive at inferences that satisfy the standard notions of valid inference.

(Chandrasekaran 4).

She further identifies three distinct types of diagrammatic reasoning, all of which bear

on our notion of temporal modelling and contribute to the kind of work we wish to

enable on the part of our users.  The types include predicate extraction and projection, the

use of diagrams in simulation, and spatial reasoning.

The extraction of predicates from spatial information is a formalized activity akin to the

data relations we proposed for our Temporal Modelling PlaySpace from its outset — its

(somewhat illusory) ability to “extract” a data model in well-formed XML from the on-

screen sketches or visualizations a user creates using our paintbox-like set of widgets.31

Predicate extraction depends on a commonplace about spatial representation: given a

diagrammatic image, a set of “open-ended and domain-and task-dependent”

corresponding facts can be asserted, facts which are “computable from the spatial

information in the representation” (Chandrasekaran 4.1).

Predicate projection, on the other hand, is a fascinating complement to this process, the

future applicability of which to Temporal Modelling is immediately evident:  “given a

set of spatial predicates pertaining to a situation, this... process creates a spatial or

diagrammatic representation, or modifies an existing one, so as to match the assertions”

made in sentential form, externally to any visualization (Chandrasekaran 4.1; Davis ch.



121

6).  In effect, this notion extends our present use of the XML translations stored in

our data library when users create and save models.  Currently, we allow users to work

with visualizations and their complementary data structures in isolation or

concurrently, driving representation in both modes intentionally, as solitary agents in

the interpretive process.  Predicate projection allows us to imagine the intervention of a

machine interlocutor in this process (similar to that emerging from thought

experiments about a current SpecLab project, the ‘Patacritical Demon).32  What if the

PlaySpace began to play along, by actively intervening in the user’s production of

diagrams?  This particular “demon” could, behind the scenes, run a predicate projection

process which allowed it to respond to the assumptions and relations embedded in a

user’s diagram, by extending the representation (in “constructive” or appropriately

deformative ways) or by creating new diagrams which could serve as a form of aesthetic

provocation.  In effect, it would say: “Given the visualization you’ve created, I make the

following set of assumptions, which I then use to generate this temporal diagram — an

hypothesis — in response.”  What new insights might emerge?

Simulation is a mode of diagrammatic reasoning closely related to predicate extraction.

Here, programs or cognitive models “do not reason in the sense of moving from

cognitive state to cognitive state by processing truth-values of assertions.  Instead they

make use of simulation to generate the next state” (Chandrasekaran 4.3).  These

simulations have both predictive and (like Leyton’s process grammar discussed in

section C3 above) archaeological value: they compute spatial relations in stages
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according to a set of proposed actions and interactions — the rules or algorithms

which govern change.  The means by which diagrammatic simulation is accomplished in

a computational environment (usually with the use of an array model) are considerably

less constrained than in current models of human spatial information processing.

Cognitive scientists participate in the longstanding debate on the nature of imagery by

proposing that internal “analog” processes guide our ability to reason spatially — we

think in pictures, and imagine manipulating them in the same way real-world objects

can be manipulated.  The leading alternate proposal in fact models human spatial

cognition in terms of predicate extraction and projection (Chandrasekaran 4.3).

Finally, spatial reasoning comes to us meaning little more than the “making [of]

trustworthy inferences with spatial and diagrammatic representations,” in which an

interpretive agent (human or machine) behaves toward a diagram in the same way,

using the same inferential processes, it would if reasoning about a sentential statement

or other model (Shin & Lemon 3).  This is certainly not to say that the objects of spatial

reasoning have no particular limitations or affordances that bear out special treatment.

Shin and Lemon speak of these as the “consequences of spatial properties of diagrams”

(Stanford 3).  As an example, they point out (with Bertrand Russell) that

spatial relations between objects in a diagram can be used to represent relations

between objects in some other domain.  Sequential languages (e.g., symbolic

logics, natural languages), however, use only the relation of concatenation to
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represent relations between objects. (Russell 1934; Shin & Lemon 3)

The question, as they pose it, is “how well can spatial relations and objects represent

other (possibly more abstract) objects and relations?”  Diagrammatic spatial relations

may be “direct and intuitive,” but they too have their “perils” — most notably in the

constraints leveled on them by their common planar mode of representation (Shin &

Lemon 3).

One such example of topological and geometric limitations infringing on diagrammatic

expressivity comes to us from graph theory, in which it is well known that some quite

simple structures cannot be represented in a plane.  A case in point is the conventional

non-planar graph known as K5, which consists of five nodes, each of which is connected

to the others by arcs.  None of the arcs should cross, and this small constraint makes K5

impossible to draw in two dimensions.  (It is therefore not reproduced in these pages!)

Shimojima’s “constraint hypothesis” helps define the problem:

Representations are objects in the world, and as such they obey certain

structural constraints that govern their possible formation.  The variance in

inferential potential of different modes of representation is largely attributable to

different ways in which these structural constraints on representations match

with the constraints on targets of representation. (Shimojima 1996a)

In other words, constraints on diagrammatic expressivity remind us that “spatial

representations are not of general quantified propositions, but of concrete instances,”
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and as such they “often provide a convenient representation for models of

propositions” (Chandrasekaran 4.2).

We too identify the inherent spatial tension in diagrammatic representation and model-

making as fruitful: users of the Temporal Modelling PlaySpace are invited to work

within a system of visual and conceptual constraint in order to interrogate their own

models more closely.  Our digital environment itself works along lines Chandrasekaran

has identified as “useful” — in which a “cognitive state is represented as having two

components, a spatial one and a corresponding predicate representation, with the two

components matching each other” (4.2).  The PlaySpace composition tool, with its open

stage for visualization, is matched in our project with a “corresponding predicate

representation” in the form of XML models stored in the Data Library.

This arrangement is the very definition of “multi-modal” representation, the concept

with which I opened our discussion of diagrammatic reasoning.  Multi-modal

representation, in which correlated information exists simultaneously in perceptual and

conceptual modes, is generally agreed not only to match natural cognitive processes

most closely, but to result in the production of the most effective diagrams:

Representational changes in one mode typically give rise to corresponding

changes in other modalities, giving the multi-modal representation some degree

of inter-modal coherence.  Problem-solving is driven by the most relevant

information in any domain.  The reasoning might be driven by spatial predicates
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at one moment and by conceptual predicates at the next.  Each move forward

results in a new state and in updating of representations in all modalities.

(Chandrasekaran 5)

The work of Lemon et al. further demonstrates that once intuitive notions about the

efficacy of diagrams can now be evaluated in terms of the “standard formal properties of

languages” (Lemon 1999).

But it is worth noting — especially in the humanities context in which we have

deliberately situated our electronic environment — that so-called “efficacy” in

representation must not necessarily be a major, structuring goal.  After all, the

Temporal Modelling Project is intended to serve humanists who may wish to represent

qualities in their models that are as evocative and ephemeral as the documentary

sources from which they are drawn.  And removing all potentially-misleading

“rhetorical” components from our diagrammatic system may be to remove the system

wholly from aesthetic and pedagogical application as we have imagined it.

Fortunately, we come to diagrammatic reasoning at a point in its long history when the

notion of efficacy is still very much up in the air.  Some recent work, for instance, makes

an argument for the deliberate retention of “vagueness” in diagramming, demonstrating

that this quality can be exploited for effective problem-solving (Goel 1995).  And even

Shin and Lemon, staunch defenders of the logical equivalency of diagrams with

traditional linear proof calculi, observe that effective limitations of diagrams resulting in
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our “not being able to represent contradictions” could generate “interesting insights

into the nature of diagrammatic representation:”

If a central goal of language is to represent the world or a state of affairs, then

representing contradictions or tautologies is called into question.  Neither

contradictions nor tautologies are part of the world.  How can we draw a picture,

or take a picture, of the contradiction that “it is raining and it is not raining?”

How about the picture of the disjunctive information “it is either raining or not

raining?”  Now, we seem to be much closer to Wittgenstein’s classic picture

theory of language.  (Shin & Lemon 3.2)

Of course, our own modelling project wishes to assert — through a similar application

of diagramming and visualization — that contradictions and tautologies are absolutely

“part of the world,” that in fact they can be seen in a humanities context to constitute our

world in temporal relation.  The primary tool for generating such contradictory

diagrams of human experience is described below.

3. Nowsliding: an Inner Standing Point

Our policies of anticipating (and welcoming) the upload of user-designed graphic

notation, of enabling easy transition among multiple modes of diagrammatic and

conceptual reasoning, and of enforcing the formalization of interpretive models in the

loosest terms possible are examples of Temporal Modelling’s encouragement of

hermeneutic practice in computational contexts.  In some sense, this practice —
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exemplified by users’ saving and exporting of visually-constructed models as XML

structures — is still external to the composition environment we have built, even as it

forms an integral part of the methodology Temporal Modelling is designed to reinforce.

I will close this discussion by describing what we consider our most exciting tool for

encoding interpretation and subjectivity within the designed Temporal Modelling

environment: the mechanism we call the nowslider.

Nowsliding is a neologism for an interpretive exercise all of us undertake constantly —

on which, to some degree, our understanding of ourselves and of our lived experience

depends.  Likewise, it is an exercise intimately familiar to students of imaginative

literature and other content areas in which subjective interpretation of time and

temporal relations is a shaping factor. 33  The Temporal Modelling Project defines

nowsliding as the subjective positioning of the self (or of any interpreting agent such as

a fictional or historical personage or perspective) along a temporal axis and in relation

to the points, events, intervals, and inflections through which experience is classified

and time made meaningful.  You nowslide when you picture your world at the present

moment and, some ticks of the clock later, again at another ever-evolving present.  You

nowslide, too, when you imagine and project the future or interpret and recall the past.

Our toolset allows a graphic literalization of this subjective positioning and temporal

imagining, in the shape of configurable, evolving timelines whose content and form at

any given “moment” are dependent on the position of a sliding icon, representative of

the subjective viewpoint.
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In other words, we have literalized a notion of temporal subjectivity as a Rossettian

“inner standing point” (serving as a “locus of interpretation within” historical or

narrative invention) into a concrete and adaptable control mechanism in the PlaySpace

(cf. Drucker and Nowviskie, Appendix A: “Special Interface Features”).  Modelling of

multiple independent or interdependent points of view is possible in the context of a

single set of data, and the visual characteristics through which a nowsliding event is

expressed may be specified by a user in the construction of a particular model.  In this

way several interpretive perspectives can be modelled and diagrammed even on a single

axis, which facilitates their interrelation in novel ways.

At present, two display modes for the nowslider are in development.34  The first is a

catastrophic mode, in which new axial iterations (or imagined past- and future-lines)

spring in a tree structure from well-defined instances on a primary temporal axis.  In

this way, PlaySpace users can express the human tendency to re-evalute the past or

make predictions about the future in the face of sudden, perspective-altering events.

New subjective positions on the primary axis of time (and new happenings, figured as

“initiating instants”) can provoke more iterations, which do not supplant past

imaginings or interpretations, but rather co-exist with them, attached as they are to a

different temporal locus — the moment that spawned a new imagining.  In this way,

timelines are made to bristle with possibility, while still preserving a distinct

chronology and single fundamental path in the form of the primary axis, against which
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all other measurements are taken (Figure 4).  More explicitly topological

expressions of the notion of “catastrophe” in terms of a nowslider mechanism are

planned for future implementation.

4a. First Stage: forward prospect

4b: Second Stage: backward retrospect
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4c: Third Stage: revised forward prospect

[ Figures 4abc: Catastrophic Nowslider Screenshots and Descriptions ]

Our nowsliders also function in a continuous mode — distinct from the catastrophisms of

intiating instants and of collapsing basins of order — in which past and future iterations

fade in and out, change in position or quality, appear or disappear, all within the primary

axis of the subjective viewpoint.  That is to say, forward motion “in time” of an icon

representing a particular, subjective viewpoint causes the timeline itself, and all the

other objects that, at any given moment, might appear fixed and external, to shift and

mutate.  No new lines are spawned; instead, this mode presents time as a continuum of

interpretation, in which past and present are in constant flux and their shape and very

content are dependent on the interpretive pressure of the now (Figure 5).
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[ Figure 5: Continuous Nowslider (a cut-your-own flip book) ]
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Continuous nowsliding is highly dependent on the motion of the controller-

mechanism as it can be manipulated by the model’s creator during editing or by a

viewer in a display format.  A static screenshot does this brand of nowslider little

justice.  But more: the patterns of use it requires make a theoretical point about

temporal subjectivity and its visual expression.  This mode (its very availability and its

basic, diachronic display requirement) implies that, for some interpretive purposes, a

static “snapshot” view of subjective positioning and iteration is necessarily

impoverished.  The digital medium permits a flexibility and fluidity in design that

carries over into the sorts of analytical statements it facilitates.  Just as easily — and

inevitably — certain interpretive acts vis-à-vis subjective positioning will be thwarted

by our interface.  We can only hope that the relative richness and user-customizability

of the PlaySpace offsets its limitations, and that the visual and analytic constraints it

places on users will (like all constructive systems of constraint) spur them on to

resistant acts of creativity.

E. Directions: A Cognitive Science Approach

We have seen that the analysis and visual representation of temporal relations as part of

lived experience is a practice with a long tradition and established methodology, both in

scientific and interpretive disciplines.  However, our Temporal Modelling Project takes

shape at an historical moment in which newly-facilitated computational work on time

focuses much attention on concepts suddenly (fruitfully) in flux.  Our own intense

pragmatic concentration on modelling time and temporal relations as they are
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constructed by subjective interpreters is part of a larger growing interest in

cognitive science fields in dynamics, especially the dynamics of internal mental

representation — how we sentient beings represent ourselves in time, to ourselves (Port

& van Gelder; Bickhard; Christensen & Hooker).

The temporal dimension of such representation has, after a long period in which static

cognitive models predominated, become central — to such a degree that recent research

outlines the functional profile of a mental state in terms of that primary aspect of

temporalized interpretation: causality.  A mental state becomes, in fact, “the set of all

causal paths running through it” (Bickle 198).  Causal paths may be mapped as they play

out over time, and Catholijn Jonker, Jan Treur, and Wouter Wijngaards’ development

of a “temporal modelling environment for internally grounded beliefs, desires, and

intentions” seeks to do just that (Jonker et al 2003).

Construction of this computational environment is predicated on the BDI (belief, desire,

intention) model of thought and action common to cognitive science approaches.  The

crucial difference is that Jonker adds a temporal dimension to an otherwise static model,

treating all three elements as states open to change, and which take time to play out.

Jonker employs a notion of “real time” rather than relying on instantaneous

computational steps in order to produce a “more sincere formulation” of a subject’s

mental state than that commonly available to BDI applications (5).  In other words, as

in our own temporal schema, delays between causes and effects and the durations of
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cause and effect situations are appreciated.  Jonker’s model, unlike many BDI

approaches, also takes mind-matter relationships into account just as we permit our

users to do with the interrelation of objects and inflections in the PlaySpace (24).

This cognitive science work in defining a temporal modelling language for mental

states is related to Leyton’s “process grammar” for shapes (reviewed above in relation to

syntactic inflection) in that its ends are predictive rather than reflective.  Jonker and her

colleagues mean to enable simulation in a software environment (written in C++) to

“automatically generate the consequences of... temporal relationships” (10).  This is done

“by generating consequences over time from the specified set of temporal relationships

[in her modelling language], according to the paradigm of executable temporal logic”

expressed by Barringer (Jonker et al, 2; see Barringer et al).  In Jonker’s digital

environment, a set of temporally-related beliefs, desires, and intentions is attributed to

an agent, and an algorithmic “simulation determines the consequences of the temporal

relationships forwards in time” (10).

Jonker’s taking into account of the passage of time is an advance in cognitive modelling;

however, her definition of “real time” does reinforce the common rationalistic temporal

assumptions against which our own project positions itself: time is figured in her model

as linear, neutral, and homogenous.  And, of course, the automatic and immutable

generation of “consequence” from an invariable set of externally-applied interpretive

rules flies counter to the concept of the ludic algorithm expressed in the Temporal
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Modelling PlaySpace.  The diagrams and equations that result from Jonker’s

simulations participate in Unsworth’s paradigm of aesthetic provocation (discussed

above, I.B2), in that they use algorithmic processes to tease out for viewers a new and

valuable picture of information already fundamentally embedded in the structure at

hand.  In contrast, our own model of temporal relations as they connect to subjective

belief, desire, and intent is designed to support a constructive environment where users

can express even — or perhaps especially — illogical consequences playing out over

time.

Another crucial disparity in these two “temporal modelling” systems lies in their

different approaches to the possible co-existence of conflicting belief systems.  The

Temporal Modelling Project enables the graphical representation not only of

conflicting beliefs, but of alternate and co-existing realities in the form of multiple,

equally-weighted temporal axes in catastrophic and constantly-morphing primary axes

in continuous nowsliders.  In contrast, Jonker’s model enforces a simple relationship

between event and interpretation along a single, authorized and regular temporal axis:

When the world situation suddenly changes, the beliefs [of a subject] may

follow suit.  The belief B1 and the belief B2 of two opposite world properties

should not hold at the same time; they should be exclusive.  As the external

world state fluctuates, the beliefs should change accordingly, but never should

there be both a belief for a world property and a belief for the opposite world

property at the same time. (8)
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Our nowslider mechanism is meant to enable and encourage, for the purposes of

humanities interpretation, exactly the opposite sort of thinking Jonker’s software

specification enforces.  In our view, human interpretive systems and the documentary

records on which they act and through which they are expressed embody (and in fact

depend upon) the possibility of conflicting yet congruent beliefs.

The most valuable aspect of Jonker’s work to a humanities computing project such as

ours is not the resulting main piece of software — which creates, for example, graphs of

a mouse’s belief, desire, and intention to eat cheese charted against its cycles of hunger

and the presence or absence of a barrier that thwarts it — but rather her “intentional

attribution checker,” a subroutine which works backwards from observed or modelled

data to flag seemingly spontaneous actions not explainable by a temporalized

intentional relationship and to mark instances where a predicted action, for reasons

unaccountable to the model, did not occur.  The output of this procedure appears as an

equation written in Jonker’s temporal BDI language, translating roughly to “true” or

“false.”

However: “in addition to checking whether the rules hold, the checker produces an

informal reading of the trace.  The reading is automatically generated, using a simple

substitution, from the information in the intentional trace” (12).  This customizable

“informal reading” articulates the beliefs, desires and intentions of the subject relative to
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its environment (for example, “the mouse desires and intends to go to point P and

believes that no obstacle is present”) and the behavior model governing the checker

(“absent perceived or real obstacles to an intended and desired goal, the mouse will

proceed directly toward the goal”).  It likewise expresses violations of the intentional

model in natural language (which could be made as “natural” as its user desires):

“Despite its hunger, the mouse unexpectedly takes the scenic route to the cheese at

point P via point B, thereby beginning to violate the given rules of the model.  It

eventually reaches P as expected, stopping the rule violation.” (17).

It is easy enough to imagine this intentional attribution checker being applied by

humanities scholars to models developed in a narrative or historiographic context.  Its

inviolate inflexibility and mechanistic output are — perhaps paradoxically to those

whose stock and trade traditionally lie in analogic thinking and (at least) seven types of

ambiguity — its greatest strengths.  At what point might Hamlet’s actions violate the

interpretive ruleset (the hypothesis or model) set up for him by an algorithmic

translation of Greenblatt’s critical stance?  Of Bloom’s?

Jonker et al. provide an example of narratological application in an analysis of a

children’s story — for her purposes, in order to determine the intentional

understanding of three- to four-year-old children (20-22).  Here, inconsistencies are

flagged either when the agent (fictional Jason, a little boy who would rather play in the

snow than go to football practice) doesn’t do as the model expects or when the
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environment (the bus meant to take Jason to the football field) doesn’t do as the

agent expects.  Happily for Jason (and quite predictably for any reader familiar with the

narrative conventions of childrens’ literature) the bus-driver gets lost and winds up

stopping in the snowy mountains rather than on the playing field.  The simplistic,

mechanical representation of intention played out over time in Jonker’s software may

look a bit tedious at first, but the defamiliarizing effect of watching those narrative

events that just seem “right” marked as logical inconsistencies soon becomes thrilling.

Imagine a scholar inputting a model of cause and effect which seeks to explain patterns

of accusation, conviction, and acquittal during the Salem Witch Trials — the precise

interest of a notable IATH project currently in partnership with Temporal Modelling.

If we could apply this sort of algorithmic analysis to a model created in the PlaySpace,

the scholar’s attention would be drawn to loci where his interpretive premises don’t

hold true.  (For example, the mechanism might analyze the encoded temporal and

geographic parameters of information extracted from historical documents in order to

flag violations of a scholar’s algorithmically-specified hypothesis about the role of time

and proximity in fostering witchcraft accusations.  Inconsistent “accusation events”

plotted on a graphical timeline could then be highlighted so that their own internal

patterns become more comprehensible.)  Such an application of Barringer’s “executable

temporal logic” within an editing and model-making environment like the PlaySpace

could first spur users to develop interpretive models that account fully for intentional

inconsistencies and then perhaps start to draw other deeply-embedded, unconscious
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assumptions to their attention.

In other words, negative results could have positive consequences for the refinement of

a model, in just another example of the “importance of failure” in humanities computing

(Unsworth).  The interesting thing about the application of executable logic within the

PlaySpace is that it would make the temporal modelling process explicitly self-testing,

in the same way that Llull’s combinatorial wheels invite the adjustments of an artista

based on logical analyses or intuitive assessments occuring exterior to the modelling

system.

Does the very presence of a refinement process enabled by algorithmically-enforced

temporal logic somehow assume that a “correct” interpretation is possible?  Knee-jerk

relativism is probably unhelpful here.  Certainly the Salem Witch Trials project would

like to offer as complete and valid a model of the events of that annus horribilis as

possible; on the other hand, the hallmark of good humanities scholarship lies in its

proclivity to hold open the door for alternate creative interpretations, new models.  This

problem centers in the notion that true and false (binary values necessary to the

functioning of Jonker’s program) are not nuanced enough for most humanities purposes.

The ideal situation would be one in which the Temporal Modelling PlaySpace could

support integration of some executable logics but fundamentally remain a rich and

evocative palette for the painting of subjectivities and interpretive expressions that

don’t necessarily lend themselves to mechanical verification.
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F. The PlaySpace in Application

The following four screen shots demonstrate the basic interface of the Temporal

Modelling PlaySpace and show the tool as it might be applied to experimentation with

an interpretive research problem.  Here, the dataset takes an imaginary look at a real

humanities computing project, the Salem Witch Trials archive (IATH; Benjamin Ray).

We hope to begin real beta testing with the Salem project and other user groups in the

summer of 2004, when important, in-process features such as the nowslider and

inflection software have been implemented more fully.  (Those features are therefore not

presented among the screenshots that follow.)  Please bear in mind that, simultaneous

with the user’s graphic sketching of timelines in these screenshots, the Temporal

Modelling machine is always formulating and revising a rigorous XML model of the

temporal relations given visual expression.  A less photogenic interface for editing that

XML has already been incorporated into Temporal Modelling; it is, however, not

pictured here.

In the first screenshot, the user has created a single timeline at the center of the

PlaySpace stage.  The line has been populated with four points, one event, and one

interval.  Each of these “temporal objects” (including the axis of the line itself) has been

given a text label, and the whole structure has been placed on a single, transparent

layer.  This layer, called “accusations,” may be activated with the white tab at the

bottom of the screen.  Immediately above the tab is a set of display controls, including a
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slider for transparency or alpha value, a nowslider controller (the human figure),

paired sets of controls for granularity and optical zooms, a panning tool, for sliding the

contents of an entire layer around the screen, and a snap-to tool, for optimizing the

user’s view of a selected layer that may have been zoomed or panned excessively.

The long, dark bar to the right of the display tools is a viewslider, a special mechanism

for handling Temporal Modelling’s important re-figuring of the space of a computer

screen.  Because our tool is designed to allow unlimited access to the conceptual real

estate existing along the horizontal axis (that is, to the left and right of the visible space

bounded by the screen), the viewslider is necessary both as an orientation and

navigational aid.  The thin grey line inside the viewslider marks the average, relative

size and position of timelines in the user’s selected layer.  When the user zooms out

from the selected layer, this line shrinks.  When the user zooms in, it expands — even

to the point of extension beyond the edges of the viewslider’s black rectangle, which

scales appropriately.  In other words, depending on the degree of zoom desired, the

viewslider can represent a small grey line in a large, dark field, or a small, dark porthole

on a long, grey horizon. The overall PlaySpace view responds to the user’s clicks and

drags inside the viewslider in a fluid way.

Tools for loading, saving, and editing PlaySpace models are located at the top of the

screen.  Pull-down menus give access to temporal objects and inflections, to context-

specific “help” features, and to an “inspector” though which various types of labeling
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(including text and color-coding) can be applied.

[ Figure 6a: Temporal Modelling PlaySpace in Application ]

The second figure shows the inspector, which is also designed to provide an alternate

method for making those visual adjustments to models primarily effected with the

mouse.  Here, the user has opened an inspector tool for applying color-coding to a

selected temporal object.  Notice that the user can specify text labels for available color

ranges, thereby creating a custom legend.  The legend is model-specific, and can be
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saved and optionally re-loaded for future model-making.  Color ranges (for example,

the three tones from light to dark yellow visible at top) are built into the PlaySpace, but

users can decide what they signify in the context of their saved models.  In this example,

the user has assigned degrees of “relative importance” to the three tones.  Behind the

color legend, a basic inspector for the “sermons” timeline is visible.  Here, the user has

assigned that axis a name and text description (visible on mouseover).

[ Figure 6b: Temporal Modelling PlaySpace in Application ]
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Three timelines, each on separate layers, have now been constructed in the

PlaySpace.  Our imaginary user is here charting imaginary patterns of witchcraft

accusation against hypothetical lunar cycles and correlating that with the frequency

(marked through color intensity) of appearance of certain Biblical passages in imaginary

sermons delivered in Salem Village.  In the third screenshot, two more layers and

associated lines have been added.  Now legislative cycles and pretend diary entries are

in the mix.  Notice that some layers have been zoomed in so as to show greater detail.

This facility becomes particularly important when densely-populated timelines are the

norm.

In our sample model, each timeline has been placed on a separate layer.  This system is

purely conventional and is a choice of the user.  Depending on the data being modelled,

other organizational schemes may be more appropriate.  We have, however, built a tool

for handling the visual characteristics (zoom, transparency, position, etc.) of layers both

jointly and separately, in order to facilitate editing and comparison.  Notice that, where

in the previous image the layer tabs at the bottom of the screen showed “broken-link”

icons, all layers in Figure 6c display fused links.  The user has simply clicked on the link

icons for those layers he wished to meld, thus joining them for panning, zooming, or

other operations.  This is purely a display feature, although the PlaySpace remembers

these settings and applies them to the user’s model the next time it is loaded.
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[ Figure 6c: Temporal Modelling PlaySpace in Application ]

The final screenshot shows an open menu from which the user can apply semantic and

syntactic inflections to objects in the PlaySpace.  This is done with click, drag, and snap-

to behavior identical to that powering the positioning of simple temporal objects.  (Some

very recent changes to this menu and the implementation of semantic “cancelled” and

“special,” and syntactic “causality” inflections by project programmer Jim Allman are

not represented here, although their effects are visible in Imaginary Solution #2:

Temporal Modelling at Sea.)  Notice that our set of timelines and layers is zoomed out in
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Figure 6d so as to take up only approximately fifty percent of the visible screen

space.  The degree of zoom possible is actually much greater, and care has been taken to

create PlaySpace graphics that are legible even at very small resolutions.  This is simply

another example of our project’s commitment to the design of an open-ended modelling

environment that makes as few assumptions as possible about the uses to which a

rehabilitated “aesthetic provocation” should be put.

[ Figure 6d: Temporal Modelling PlaySpace in Application ]
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Our taking of temporal subjectivity and the shaping force of interpretation as the

content and over-arching theme of our PlaySpace and DisplaySpace environments is

meant to reinforce the goal of the Temporal Modelling tools, and by extension, the

goals of SpecLab, the humanities computing research collective at the University of

Virginia from which the projects outlined here stem.35  Our aim is to place the human

interpreter inside a visual and algorithmic system, where his very presence alters an

otherwise mechanistic process almost at the quantum level.  Humanists are already

skilled at the abstract classification and encoding that data modelling requires.  We are

beginning to understand algorithmic work and to appreciate the transformative and

revelatory power of visual and structural deformance.  We at least think we know what

to do with a picture or a graph.  What we haven’t yet tried in a rigorous and systematic

way is the injection of the subjective positioning any act of interpretation both requires

and embodies into a computational, self-consciously visual environment.  This is the

contribution Temporal Modelling wishes to make to the methods and outcomes of

digital humanities.



151

IMAGINARY SOLUTION #2:

Temporal Modelling at Sea

When you’re thoroughly at sea, an imaginary solution promises no terra firma.  Still,

you might take one last bearing and somehow slip ashore.  This, for instance:
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is almost (not quite) this:

but it’s not even close to this:

‘Never mind the disappointment.  Salt water will wash it away.  You will be

amazed how unimportant it will seem in a week’s time – how everything will fall

into place.’
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It was the true word: once the Surprise had turned south about Ceylon to

head for the Java Sea, the daily order seized upon them all.  The grind of

holystones, the sound of swabs and water on the decks at first light; hammocks

piped up, breakfast and its pleasant smells; the unvarying succession of the

watches; noon and the altitude of the sun, dinner, grog; Roast Beef of Old

England on the drum for the officers; moderate feast; quarters, the beating of the

retreat, the evening roar of guns, topsails reefed, the setting of the watch; and

then the long warm starlight, moonlit evenings, often spent on the quarterdeck,

with Jack leading his two bright midshipmen through the intricate delights of

astral navigation.  This life, with its rigid pattern punctuated by the sharp

imperative sound of bells, seemed to take on something of the nature of eternity

as they slanted down towards the line, crossing it in ninety-one degrees of

latitude east of Greenwich.  The higher ceremonies of divisions, of mustering by

the open list, church, the Articles of War, marked the due order of time rather

than its passage; and before they had been repeated twice most of the frigate’s

people felt both past and future blur, dwindling almost into insignificance: an

impression all the stronger since the Surprise was once more in a lonely sea, two

thousand miles of dark blue water with never an island to break its perfect

round: not the faintest smell of land even on the strongest breeze – the ship was

a world self-contained, swimming between two perpetually-renewed horizons.

Stronger still, because in these waters there was no eager impatience to see over

the eastward rim: they sailed with no relation to an enemy, nor to any potential
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prize.  The Dutch were bottled up; the French had disappeared; the

Portuguese were friends.

– Patrick O’Brian. H.M.S. Surprise, New York: W.W. Norton & Company, 1991.

Three points must be made.

#1. The ocean’s relation to temporal perception is a common theme in Patrick O’Brian’s

seafaring novels.  Time pitches and bucks, dips and drags just like the surface of the

earth against sea-stable legs whenever Lucky Jack Aubrey and his crew return to land.

But (save in storm or battle) there’s no irregular crush of events onboard ship.

O’Brian’s sailors already lie where they long to be.

The concept represented three ways above — as an XML data model, a PlaySpace

visualization, and a text transcription — is, however, somewhat exceptional, because it

spells out this relation (diffused through the 20 novels of the Aubrey/Maturin series)

with great economy.  It also marks a precise relationship between geography and

temporality.  Here, it’s not just life “at sea” that inflects time, but rather life on the

Equator at 91 degrees east of Greenwich.  Aubrey’s Surprise is scrupulously situated (by

the “altitude of the sun” and through the “intricate delights of astral navigation”), but is

nonetheless located in a far-flung, featureless space.  Temporized geography swells to a

“perfect round,” experienced as “perpetually-renewed horizons” where not even the

scent of a spot that marks time differently can be discerned.
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An imaginary solution to the problems posed by such a passage must recognize:

geography is integral to the experience of time.

#2. Once the “daily order seize[s] upon them all,” two weeks’ travel southeast of India

brings O’Brian’s sailors to a state in which the “higher ceremonies” of shipboard life

mark the “due order of time rather than its passage.”  Gone is time’s arrow, that “eager

impatience to see over the eastward rim” that characterizes temporal representation in a

variety of Western disciplines and against which our Temporal Modelling tool strains.

It doesn’t strain hard enough.  The current PlaySpace, which organizes and presents

XML models against user-created “temporal axes,” is not up to the task O’Brian’s prose

has set.  An acceptable imaginary solution should understand that subjective agents can

organize time linearly and cyclically — that the same stretch of time can be lived in

both ways, and that one inhabited organizational system may quite easily bleed into

another.

#3. Stephen Maturin, the good ship’s doctor to whom Aubrey addresses his advice

(“Never mind the disappointment.  Salt water will wash it away.”), wants lavation.  He

leaves India having inadvertently caused the death of untouchable Dil, and with the

fresh wound of Diana Villiers’ rejection still untouched by time.  The “disappointment”

that fades away during his voyage to the Java Sea is therefore only one of many
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absences this passage of the novel marks.  When shipboard life, still “punctuated by

the imperative sound of bells… take[s] on the nature of eternity” and “past and future

blur, dwindling almost into insignificance,” other things fade out as well.  The Surprise

sails outside the common network of relations — personal, global, and temporal — that

commonly define experience: “they sailed with no relation to an enemy, nor to any

potential prize.”  The Dutch, the French, the Portuguese, are no longer on the map.

Any adequate imaginary solution would imagine absence, so simple to evoke in a book

— so silently absent from digital representation in humanities computing.
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Appendix B. Original Temporal Modelling Software Proposal

TEMPORAL MODELLING PROJECT

Design Specifications

11 April 2001: BPN

These are the preliminary specs for a complex set of tools being envisioned by the

Temporal Modelling project.  In essence, the tools would allow a user to design an

intuitive, interactive visualization of the temporal relations in any set of data, generate a

content model (or DTD) for the data FROM the visualization, mark up and parse the

data according to this DTD, and then put the marked data back into the same matrix to

generate new visualizations.  These tools will be designed in Flash and will utilize the

XMLsocket. A rhetorical aim of the project is to promote visualization and interface

design as an analytical component of data content modelling.

Steps involved:

A. Work to categorize and define a limited number of visual metaphors for representing

time, and analyze the ways they could be placed in juxtaposition in a graphic space.

(Examples:  linear, cyclical, subjective vs. mechanical time, duration, sequence,
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simultaneity.)  This will, in part, be the work of the summer seminar, 18-22 June

2001.

B. Build a paintbox-like set of tools or widgets in Flash using these metaphors.  Make it

possible for a user to click and drag these widgets onto a stage and design a visual

representation of temporality in his subject of study. Allow the user to name the

elements he chooses and define their relationships to his data.  (Note: At this point, the

widgets will have no connection to a dataset in the computer.  That is, the user’s

visualization will be intuitive — meant to aid in markup, not to process and represent

marked data: i.e. “this is how it seems to me the temporal aspects of this novel should

appear.”  This is a conscious alternative to the usual process of markup or database

building, in which visualization comes as a last step.)

C. Add to this preliminary toolbox a chat application (can be done in Flash over the

XMLsocket; see an example at www.moock.org) for collaborative work and the ability

to store a set number of visualizations on the server for each user. Set up password

accounts with a certain quota of disk space.

D. As a next step, allow the user to export his visualization and its labelled elements in

the form of an XML DTD.  We should allow some tweaking of the DTD (maybe even

design a Flash editor so that this can be done in the same environment as the

visualizations), as long as it continues to parse and conform to certain standards that
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our visualization widgets can handle.

E. Send the user off to tag his data according to the visually-generated DTD.  Again, it

may be possible for us to design an editor so that the tagging can be done on-site and

stored via the socket on our server.

F. The second visualization step involves uploading the user’s tagged, parsed data and

automatically applying the same paintbox set to generate a visualization.  This time, the

process will work in the conventional way, but the user will be able to compare this

visualization with his first, intuited picture to troubleshoot and study the differences.

All of these components work together to make a tool applicable for teaching and

interpretation, database-building, visualization research, and data analysis.
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NOTES

1 Some seventy medieval manuscripts survive of the Ars Brevis, a shortened expression

of Llull’s tools and methods, alone, and Anthony Bonner records 24 Renaissance

editions of this popular work (Bonner 577).  For a succinct reception history, see

Bonner’s introductions to “Llull’s Thought” and “Llull’s Influence” in his Selected Works

of Ramon Llull (1232-1316). vol 1. Princeton UP: 1985.

2 All images of Llull’s figures and mechanisms presented here are taken from Bonner’s

reproduction of the Ars Brevis, (Escorial, MS f-IV-12, folios 3, 4, 6, and 7) in the Selected

Works.

3 Other notions of “visualization” are possible.  My work on the Temporal Modelling

project is an extended examination of the viability of one of these alternatives: that we

may think of visualizations not as revelatory of abstract information somehow already

“embedded” in data, but instead as part of a process of composition and experimentation

with data graphics.

4 This state of affairs is changing, although a brief flurry of activity centering around

the LOOKSEE project and other online venues seems to have subsided.  See Matthew
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Kirschenbaum’s special issue of Computers and the Humanities (36.1: 2002) on “Image-

Based Humanities Computing” (to which I contributed a selected bibliography) and

Johanna Drucker’s “Digital Ontologies: The Ideality of Form in/and Code Storage -or-

Can Graphesis Challenge Mathesis?” in Leonardo. 34.2 (2001): 141-145.

5 See Figure III.1 and a brief discussion of “Rossetti Spaghetti” in Section F of Chapter

III, on the Ivanhoe Game.  Any number of algorithmically-generated visualizations in

humanities computing contexts bear these observations out.

6 Algorithmic text analysis tools such as those designed by Stephan Sinclair in an

OuLiPian mode are now being aggregated (among less consciously ludic tools) under

the auspices of TAPoR, the Canadian Text Analysis Portal for Research, directed by

Geoffrey Rockwell.  See http://huco.ualberta.ca/Tapor/.  Paley’s TextArc project is

available at http://www.textarc.org.  Benjamin Fry’s work at the MIT Media Lab and

elsewhere is available at http://acg.media.mit.edu/people/fry/.  See especially his

genomic cartography and organic information design projects, both of which have been

applied to text analysis (but, unhappily, only in art installation contexts largely ignored

by “serious” textual scholars).

7 Interestingly, Florian Cramer points out that Friedrich Schlegel, in the 1790s, defined

Romanticism in terms of recursion and formal self-reflexivity – the same terms under
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which contemporary algorithmic and combinatorial digital art (of which Cramer himself

is a Lullian practitioner) takes shape.  See Cramer’s talk, “On Literature and Systems

Theory,” of April 2001 online:

http://userpage.fu-berlin.de/~cantsin/homepage/#theory

8 And it is no new notion; see the discussion of constraint in the work of Dante Aligheri

in Jerome McGann and Lisa Samuels’ seminal essay, “Deformance and Interpretation.”

9 This idea is closely tied to the biology of autopoiesis as articulated by Varela and

Maturana.  See their Autopoiesis and Cognition. The Realization of Living (D. Reidel

Publishing Co.: Boston, 1980) and a brief discussion in Chapter III.

10 The difficulties involved in the rigorous analysis of this quality of poetic production

have been framed as a "problem of overlapping hierarchies" by the humanities and

linguistic computing communities.  See for instance Sperberg-McQueen’s comments at

the Extreme Markup Conference 2002 (“What Matters?”

http://www.w3.org/People/cmsmcq/2002/whatmatters.html) and discussion by

Renear and McGann at ACH/ALLC 1999 (“What is Text?”).

11 See Marjorie Perloff’s discussion of aleatoric and generative procedures in John

Cage’s Roaratorio for a more nuanced view of this artist’s work (Radical Artifice 150-
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161).

12 The important notion that any algorithm’s output, its text, naturally opens itself up to

multiple subjective interpretations and acts of complicity or resistance by the readers

who (re)constitute it played no part in OuLiPo’s critique, which instead came down on

exclusively methodological lines.  It is also important to note that other critics of Dada

and Surrealism see more subjective license in the production of procedural art (cf. Dawn

Ades on collage and photomontage, Robert Motherwell on Dada, Marjorie Perloff’s

wide-ranging work on Cage and others, and Gregory Battcock’s anthology of

minimalism).

13 Often, but not always.  Conceptual artists like Sol LeWitt provide us with explict

instructions — algorithms — for producing works they may never execute on their

own.  See LeWitt’s recent installation at the Tate Modern, “Fifteen part Drawing using

four Colours and all Variations (straight parallel Lines, each Colour in a different

Direction) 1970,” which was executed in absentia from a simple set of combinatorial and

constructive rules.   

14 On the relation between hermeneutics and design, a developing interest in the

architectural community, see especially Schön, Snodgrass (“Is Designing

Hermeneutical?”), Coyne, and Chalmers.  See also Cross’s “Designerly Ways of
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Knowing” and Winograd and Flores:

We also consider design in relation to systematic domains of human activity,

where the objects of concern are formal structures and the rules for

manipulating them.  The challenge posed here for design is not simply to create

tools that accurately reflect existing domains, but to provide for the creation of

new domains.  Design serves simultaneously to bring forth and to transform the

objects, relations, and regularities of the world of our concerns. (Understanding

Computers and Cognition: A New Foundation for Design, 12)

15 The NINES project now emerging at the University of Virginia (a “networked

interface for nineteenth-century electronic scholarship”) promises to address this

problem, and may ultimately include versions of the Temporal Modelling and Ivanhoe

tools described here. (See http://faustroll.clas.virginia.edu/nines.)   See also Appendix C

and rossetti (re)design (at http://faustroll.clas.virginia.edu/mt-static/rossetti/design) for

materials relating to my work in redesigning the Rossetti Archive to promote

interpretive engagement and to make evidence of that engagement manifest in the

Archive’s data structure.

16 Chris Crawford, author of the first major handbook for computer game design,

contends that all great designers must think algorithmically, concentrating on process

over fact and on trend over instance.  The antithesis of “algorithmic thinking,” he
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writes, is “instantial thinking,” which always leads to poor interactive designs.  The

instantial thinker “comes up with great cut scenes,” the passive, movie-like animations

that close chapters or levels in many digital action games, “but lousy interactions,”

which are the heart of gameplay, and “when he designs an adventure game, [the

instantial thinker] loves to cook up strange dilemmas in which to place the player, but

the idea of a dilemma-generating algorithm is lost on him” (Crawford).

17 See, for instance, Peter Suber’s “Nomic” a game described in section E of Chapter III

and on which Imaginary Solution #1: Dr. Kremlin’s Disc draws.

18 Bonner points out that the word art was the “usual scholastic translation” for the

Greek !"#$%.  Llull’s work is best understood as a “technique; it was not a body of

doctrine, but a system.  Or to put it in contemporary terms, it was a structure” (Bonner

62).

19 Anthony Bonner suggests that Llullian alphabetic ciphers are constants rather than

variables (“What Was Llull Up To?”).  Clearly, the wheels and their primitives open

themselves to adjustment by a human user or artista.  I therefore take this assertion to

mean that the letters, once placed in the practical matrix of Llull’s wheels and charts,

are best understood as having a one-to-one relationship with the objects or ideas they

represent, the better to enable the sort of dynamic, performative interaction of an artista



304

                                                                                                                                                      

with a diagram Llull favored.

20 Figure 8 was adapted by Anthony Bonner from Palma, Bibl. Publ. MS 1029, fol. 23v

and reproduced in his Selected Works of Ramon Llull (vol.2, plate xix).

21 For an expanded discussion of visualization and diagrammatic reasoning in the

context of the Temporal Modelling Project see section D1 of chapter II.

22 It is for this reason that I prefer the terms “environment,” “instrument,” and

“mechanism” to “tool” when positing mechanical or algorithmic aids to humanities

interpretation.  An environment is by definition an inhabitable space.  Instruments are

played as well as used.  And a mechanism is a system that can be opened up for analysis

and adjustment.  A “tool,” on the other hand, seems too self-contained and inviolable an

object for my taste.

23 Johanna Drucker’s ongoing “Metalogics of the Book” project is one attempt to

address this problem.

24 A notable exception to this older trend is the work of maverick analytical

bibliographer Randall McLeod, who comfortably straddles empirical and interpretive

genres in the same way that writers like Susan Howe blend poetic practice and criticism.
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25 For more on the inner standing point, see here section D.3 of Chapter II and section

H of Chapter III as well as the discussion of “Jenny” in Jerome McGann’s Dante Gabriel

Rossetti and the Game that Must Be Lost.  An excerpt from the latter appears in the first of

a set of Ivanhoe Game moves reproduced in Chapter III.

26 The storyboard, prepared to provoke discussion at the summer seminar, is available

among other historical documents at the Temporal Modelling Project’s website:

http://www.iath.virginia.edu/time.  The software specification, which I drafted in

response to conversations with Johanna Drucker and others, and later refined in

consultation with IATH staff members Worthy Martin, Steve Ramsay, Kirk Hastings,

Chris Jessee, and John Unsworth, is reproduced in Appendix B.  Some aspects of this

original plan later proved unfeasible or undesirable (such as the automatic generation of

a DTD), but it is important to note that both the rhetorical and practical goals of the

project were clear even at this early stage.

27 The full seminar packet is available on the Temporal Modelling Project’s website, at

http://www.iath.virginia.edu/time/research/seminar.html. University of Virginia

readers may also access many of our selected readings in their entirety through the ITC

Toolkit page for the seminar.
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28 Although we were conscious of the richness of other structuring metaphors (for

instance, the inhabited “canyon” of Maeda and Miller’s Grand Canyon software offers a

more compelling vision of lived temporal relations), we decided to begin practical

implementation of the PlaySpace with the simplest structure possible: a linear axis, or

timeline, hoping later to expand into cyclical, calendrical, geospatial, and other time

systems.  Imaginary Solution #2: Temporal Modelling at Sea exposes some limitations

imposed on PlaySpace models by such early decisions.

29 Cf. Appendix A, Figure 4 for the version of this table submitted to Information Design

Journal in an article co-authored with Johanna Drucker, November 2001.

30 For more on modelling in the humanities (especially diagrammatic modelling), see

Willard McCarty’s online resources, hosted by King’s College, London.

31 I term this ability “illusory” only because, in fact, the system of affordances and

constraints built into the PlaySpace ensures that all visual models are constructed

simultaneous with their XML representation.  No AI construct is necessary to “extract”

predicates from a visualization – the PlaySpace user provides that fundamental

brainwork in his interaction with the tool.

32 On the ‘Patacritical Demon, see Jerome McGann’s “Marking Texts of Many
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Dimensions” in the forthcoming Blackwell’s anthology, A Companion to Digital

Humanities.

33 The subjective nature of temporal perception is a recognized problem in subject areas

which may seem far removed from humanities interpretation, but which in fact make use

of the concepts and counter-assumptions regarding time outlined in Appendix A.  For

instance, University of Virginia professor Stephanie Guerlain’s students undertake

design exercises in subjective temporal visualization of medical procedures as part of

their HCI engineering curriculum.

34 Working prototypes of these nowsliders can be examined and manipulated at

http://www.iath.virginia.edu/time/storyboard.  Nowsliders only become meaningful as

networked visualizations of temporal relations when they are in motion, so static

screenshots like those in Figures 15 and 16 are not particularly expressive.  The reader

is, however, enfranchised to take scissors to this dissertation and assemble an animated

flip book from the dozen slices he can make of Figure 16.

35 SpecLab, the University of Virginia’s Speculative Computing Lab, came into being as

a research collective affiliated with the UVA Media Studies Program at the intersection

of the two major humanities computing projects outlined here: Temporal Modelling and

the Ivanhoe Game.  For more information, including a list of affiliated researchers, links
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to related projects, and a statement of purpose, see:

http://www.speculativecomputing.org.

36 See especially the conclusion and appendix to Jerome McGann’s Radiant Textuality,

the SpecLab web page for Ivanhoe (http://www.speculativecomputing.org/ivanhoe)

and a forthcoming special issue of Text Technology on the game, edited by Geoffrey

Rockwell, and with contributions by Rockwell, McGann, Drucker, Sansing, and

Nowviskie.  McGann’s essay in this latter collection outlines most clearly the

distinction between the larger IVANHOE concept and its manifestation as the Ivanhoe

Game.

37 “Jenny” is a dramatic monologue in verse, first composed in 1848 and revised for

publication in Rossetti’s 1870 Poems.  It is a meditation, from an “inner standing point,”

on the condition of urban prostitutes in Victorian England.  The speaker is an

intellectual – at once contemplative, guilty, and diffident – whose evening’s companion,

Jenny, has fallen asleep in his lap.  He muses on her resemblance to his beloved cousin,

Nell,  (“Two sister vessels.  Here is one. / It makes a goblin of the sun.”), examines her

apartments minutely, imagines her past and future, and ultimately leaves her with her

hair full of coins: “I think I see you when you wake, / And rub your eyes for me and

shake / My gold, in rising, from your hair, / A Danaë for a moment there.”   My own

moves in the “Jenny” game played in the summer of 2004 with Jerome McGann and
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Andrea Laue are reproduced throughout this chapter, as they bear on themes integral to

the discussion, including the notion of a specifically-imagined, subjectively-inflected

virtual reality.  The text of the game in its entirety is available on SpecLab’s Ivanhoe

web page: http://www.speculativecompting.org/ivanhoe.

38 See especially Johanna Drucker’s “aesthetic provocation” to the development group,

Spring 2003, available in PowerPoint format on the SpecLab site:

http://www.speculativecomputing.org/ivanhoe/design.html

39 See my discussion in Chapter I above, section B (“Performance and Interpretation”).

40 The subject-oriented approach first developed by Harrison and Ossher and other

IBM researchers has more recently evolved into a better-established practice of “aspect-

oriented programming,” of which the AspectJ language is a primary tool.  An identical

interest in multiple purposes and perspectives, or “cross-cutting concerns,” is evident in

both subject- and aspect-oriented work, and an argument can be made that they are

competing names for the same technology.  See Elrad et al, “Aspect-Oriented

Programming: Introduction” in Communications of the ACM 44:10 (2001) pp 28-32.

41 Thanks are due here to Professor Chip Tucker for the reference and the pun.
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42 According to Alfred Jarry, ‘Pataphysics is:

above all, the science of the particular, despite the common opinion that the only

science is that of the general.  Pataphysics will examine the laws governing

exceptions, and will explain the universe supplementary to this one; or, less

ambitiously, will describe a universe which can be — and perhaps should be —

envisaged in the place of the traditional one, since the laws that are supposed to

have been discovered in the traditional universe are also correlations of

exceptions, albeit more frequent ones, but in any case accidental data which,

reduced to the status of unexceptional exceptions, possess no longer even the

virtue of originality.

(Alfred Jarry, Exploits and Opinions of Doctor Faustroll, ‘Pataphysician ,

Book II, Chapter 8 (1907) tr. Simon Watson-Taylor)

In the same passage, he offers the following definition: “Pataphysics is the science of

imaginary solutions, which symbolically attributes the properties of objects, described

by their virtuality, to their lineaments.”  I have punctuated the chapters of this

dissertation with three such specifically-imagined “imaginary solutions.”

43 See her essay, “Speculative Computing: Aesthetic Provocation in Humanities

Computing” (to which I contributed a discussion of Temporal Modelling) in Blackwell’s

A Companion to Digital Humanities (forthcoming 2004), eds. Unsworth et al.
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NOTES TO APPENDIX A (by Johanna Drucker and Bethany Nowviskie)

44  Temporal Modelling is an Intel Sponsored Research Project of the Speculative Computing Lab and

Media Studies at University of Virginia.  Demonstrations, work in progress, and research reports are

available at http://www.iath.virginia.edu/time.

45 For an overview of some of these issues: Stuart K. Card, Jack D. Mackinlay, Ben Shneiderman,

Readings in Information Visualization, Using Vision to Think, Morgan Kaufmann Publishers, Inc., San

Francisco, 1999.

46  Fraser, J.T. Time, The Familiar Stranger. Massachusetts UP, 1987 and Schreiber, F.A. “Is Time a Real

Time? An Overview of Time Ontology in Informatics” in Real Time Computing, 1992.

47  Schreiber, op.cit.

48 Schreiber, op.cit.

49 Patterns of human activity, even belief systems grounded in cyclic progression towards enlightenment,

prove, on examination, to be time arrows "wrapped" on a circular form.

50  Fraser, op.cit.

51  Allen, J.F. “Time and Time Again: The Many Ways to Represent Time.” International Journal of

Intelligent Systems, vol. 6, no. 4 (July 1991), pp. 341-355.

52  Jensen, C. S., et al. “A Glossary of Temporal Database Concepts.” Proceedings of ACM SIGMOD

International Conference on Management of Data 23, 1 (March, 1994).

53  Steedman, M. “The Productions of Time.” (draft tutorial notes 2.0: University of Edinburgh.

ftp://ftp.cis.upenn.edu/pub/steedman/temporality/).

54  Burg, J. et al. “Using Constraint Logic Programming to Analyze the Chronology in A Rose for Emily”

Computers and the Humanities 34 (4):377-392, December 2000.

55  Jordan, P.W. Determining the Temporal Ordering of Events in Discourse.  Unpublished masters thesis for

Carnegie Mellon Computational Linguistics Program, 1994.

56  Bronstein, H. “Time Schemes, Order, and Chaos: Periodization and Ideology"” in Time. Order. Chaos:

The Study of Time IX. Ed. J.T. Fraser. International Universities Press: Madison, CT., 1998.

57  Ira Bashow, Seminar Presentation, University of Virginia, June 2001.

58 Price, H. “The View from Nowhen” in Time’s Arrow and Archimedes’ Point. Oxford UP: New York,
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1996.

59  Reynolds, Teri. “Spacetime and Imagetext.” Germanic Review. 73(2):161-74. 1998 Spring.

60  O'Toole, M.A. “The Theory of Serialism in The Third Policeman.” Irish University Review. 18(2):215-

225. 1988.

61 Petra Michel is the graphic designer working on the project. Jim Allman is the Flash programmer.

62 See also my “Rossetti (re)Design” weblog, an ongoing reflective and practical journal

at http://faustroll.clas.virginia.edu/mt-static/rossetti/design.  News and updates are

available at the “Rossetti Report:”  http://faustroll.clas.virginia.edu/mt-

static/rossetti/design/report.
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