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Abstract

In his 1994 doctoral dissertation, Andreas Dieberger proposed to
visualize hypertexts as cityscapes. Revisiting this concept with the
aid of modern processors and displays, we have found that the Infor-
mation City provides a new perspective on hypertext visualization
itself, a practice inspired both by structuralist and by existentialist
thought. Where conventional spatial hypertext has tended to focus
on proximity, the Information City often foregrounds the implicit
semantics of the spaces between buildings.
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1 Dieberger’s City

In this paper, we revisit the Information City, an early proposal to
visualize hypertexts as urban environments. When the idea was first
advanced, neither processors nor computer screens were sufficient
for more than a suggestive mockup. Today, a fresh effort may be of
interest.

The late Austrian hypertext researcher Andreas Dieberger pro-
posed the Information City in his doctoral dissertation [30] and elab-
orated that concept in several subsequent reports [29, 31, 32, 34, 35],
culminating in ‘A City Metaphor to Support Navigation in Complex
Information Spaces‘ [33]. The core idea is that hypertext visualiza-
tions need not be limited to boxes and arrows, but that a hypertext
might usefully be presented as a cityscape.
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“The Information City is not a metaphor meant to be
implemented straight from our specifications. Instead,
it defines an ontology of spaces and connections that
we think is useful for talking about systems of spatial
metaphors and how they interrelate.”

Dieberger’s Information City makes an interesting contrast to
SemNet [39, 40], a contemporary abstract information space ex-
amined by Boeing. Both projects were concerned with navigation
and the challenge of finding a desired resource amidst many other
resources. Three-dimensional spaces offer attractive affordances; in
particular, all graphs can be embedded in three dimensions without
edge intersections whilst comparatively few planar graphs can be
thus embedded in two dimensions. The intimidating tangle of dense
link networks was clearly a concern of both research groups. Both
groups offered interesting proposals for the best way to get around
their visualizations; SemNet thought helicopter controls might be
most easily mastered, while Dieberger contemplated buses and
subways. The speculative KNOESPHERE proposal envisioned a
spaceship equipped with a pilot and tour guide [66].

While Dieberger’s Information City [31] has the form of a city, it
need not be a plausible or real urban environment. In fact, cityscapes
in games often omit things we would miss were the cities actually
inhabited. There is no need for sewers or ventilation [94, ch. 1]. A
fifteen minute walk from our house to the grocer might be accept-
able in real life, but in a game it would grow boring [22]. Many
factors make a built environment sympathetic to the people who
live in it [1], but in the Information City we do not need to worry
whether the roof is easy to repair or if the teenagers have sufficient
space.

At the second European Hypertext Conference (ECHT 92), Jay
David Bolter suggested that the memory palace of the rhetoricians
might make a suitable model for embedding a hypertext in virtual
reality [19]. The memory palace is an aid to remembering the topics
to be covered in a long speech; one associates each topic with a
familiar place, and can reconstruct the desired sequence by imag-
ining oneself walking through that place. The place need not be a
literal palace: the traditional seder plate serves the same function,
and we can as easily envision an art gallery or a streetscape.

A key, in either case, is management of visibility: if we stand
here, what do we see as we look around? [105] This would typically
include the adjacent buildings, but might also include distant land-
marks [69]. Gateways can call attention to a district while blocking
the view of its interior, while gaps between buildings can reveal
things that might otherwise be hidden. It is desirable to break up
long vistas both for utility and for performance [22].
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2 Visualizing Hypertext

Hypertext systems have always featured visualizations of their
content. Mockup visualizations are prominent in Nelson’s early
visions [87, 88], and the first review of hypertext systems was in-
clined to consider visualization a necessary component of a hyper-
text [24]. Among the earliest systems, visualizations were a promi-
nent feature of NoteCards [52], Intermedia [119], Storyspace [20],
SEPIA[107], gIBIS [25], and Document Examiner [117]. Though
somewhat abated, interest in novel visualizations has never van-
ished [14, 53, 61, 92].

Hypertext visualizations might be seen as merely convenient, a
facet of human-computer interaction that could conceivably lead
to modest productivity gains [89, ch. 9]. They may be better un-
derstood, however, as the contested ground between two distinct
intellectual reactions to the Second World War.

2.1 Hypertext and Structuralism

The widespread intuition that hypertexts can and should be visu-
alized is entangled with structuralism, an intellectual movement
that stems from the initial wartime encounter (in a seminar on cy-
bernétique at the FEcole Libre des Hautes Etudes, a New School annex
for refugee francophone scholars) between the sciences humaines
and the notion of Hilbert spaces implicit in nascent cybernetics [81,
pp- 204-209] [48]. The lecturer, Roman Jakobsen, was chiefly inter-
ested in phonemes, the myriad atomic sounds that make up human
languages. These differ endlessly among languages and dialects,
but Jakobsen saw that they could all be characterized by placing
them in a multi-dimensional space with axes like voiced/unvoiced,
clipped/continuous, and so forth. This framework offered a promis-
ing route to systematize phonetics; there are lots of sounds but only
so many degrees of freedom in the vocal tract. A sociologist, Claude
Lévi-Strauss, proposed a corresponding approach to systematize
kinship relations: every culture has its unique approach to kinship,
but perhaps these too could be indexed systematically through a
similarly finite number of axes. Lévi-Strauss would proceed to build
the Human Relations Area Files, a huge storehouse of systematized
microfiche data on human cultures that recalls both Bush’s Memex
[110]) and Luhmann’s zettelkasten [68].

Almost all hypertext researchers have been favourably inclined
to structuralism. The core intuition of structuralism is that informa-
tion — interesting information at any rate — has informative struc-
ture. This was no longer given (or ordained) in post-Enlightenment
thought, and both Modernism and Expressionism were open to the
idea that no structure could be found beneath the empty sky, save
for whatever conventional structure civilized man could wrest from

The secrets of the hoarie deep, a dark

Illimitable Ocean without bound,

Without dimension, where length, breadth, and highth,
And time and place are lost; where eldest Night

And Chaos, Ancestors of Nature, hold

Eternal Anarchie, amidst the noise

Of endless Warrs, and by confusion stand.

(Paradise Lost II 891-7)

The development of the natural sciences in the 18th and 19th cen-
turies had suggested that things really did have order and structure.
Atoms combined in molecules, and those molecules formed crystals
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Figure 1: A conventional map view in Tinderbox [10], visual-
izing notes on art and hypertext theory.

through orderly processes susceptible to discovery and description.
Mathematics itself could be shown to be consistent and correct
(although not complete) without reference to revelation [21, 71].

One key to effective elucidation of such structures had been
known since Leibniz: devise an effective notation after defining a
suitable frame of reference from which to view the question [55, 62].
Several early hypertext projects were explicitly structuralist in ambi-
tion, notably gIBIS [25] and SEPIA [107], systems for exploring dia-
grammatic representation of argumentation [122]. Even researchers
who had been convinced by the postmodern problematization of
Lévi-Strauss’s orthogonal axes (or “binary oppositions”) believed
that there existed some structure to be teased out and understood
[20, 65]. Tensions in the literature reflect differing interpretations
of existing textual practices and their place in hypertext. Interme-
dia viewed links as fundamentally annotative and hand-crafted
approximately-hierarchical overviews of topical locales as a reac-
tion against the perceived chaos of automatically-generated maps
(Figure 1) [119], while the TINAC collective preferred a profusion
of cycles and contours mediated by dynamic link behaviour and
insisted that recurrence — the revisiting of an already-seen writ-
ing space that had been dismissed as an inefficient impediment to
hypertext adoption [28] — was not a defect, but rather a way to
comprehend structure [15].

2.2 Hypertext and Existentialism

Structuralism sought to find order beneath an empty sky amidst
the noise of endless war, and found a partial answer in the binary
logic of n-dimensional vector spaces. Its visualizations aspire to
be proofs, objective demonstrations that an argument is sound or
specious [25, 122].

Existentialism, on the other hand, is always suspicious of cer-
tainty. The central problem that existentialism confronts is personal
choice, such as deciding whether one should flee Vichy to join the
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Free French or instead remain and fight with the Resistance [81, pp.
63-69]. Existentialism holds that this choice must be free and au-
thentic, that it should express individual character. Analysis cannot
always help because there may be no right answer: if there were,
the choice would not be free. The core problem is to choose for one-
self rather than conforming in mauvaise foi to what your parents,
preacher, or nation expect. There is no exit from this demand, and
therefore we must raise our consciousness and liberate ourselves
from convention.

Ted Nelson used the language of existentialism to surprise, shock,
and proselytize in terms of Computer Lib and Literary Machines.
Again and again, Nelson returns to the plight of the student forced
to study what bores her because her teacher insists she ought
[88, pp. DM16-DM19]. Though his rhetoric was less exuberant,
Engelbart’s full-throated embrace of existentialist thought is clear
in the dynamics of his group and its convolution with EST [8, 115][7,
pp.201-208].

Existentialism in hypertext is perhaps most evident in spatial hy-
pertext, an approach that tries to free hypertext from the constraints
of formal systems [5]. The crucial jump, in retrospect, was Aquanet
[73], “a system to hold your knowledge in place” Aquanet attempted
to look at ‘knowledge structuring tasks’ using spatial layout to ex-
plore and impart semantic meaning to emergent knowledge, and
permitted users to define structured type such as multi-headed
links. But study of AQUANET in use [74] confirmed earlier observa-
tions that choosing types could become an impediment to getting
work done. Moreover, types are hardest to choose in precisely the
situations in which they could do the most good, when the prob-
lem domain is not well understood [102]. Spatial hypertext tries to
express hypertextual connections without explicit links, and often
uses a spatial parser to help identify possible structure in analysed
documents [6, 76, 101]. Meaning emerges from proximity and ge-
ometry [11], but crucially, for spatial hypertext meaning resides in
the mind of the user. We are not proving theorems or conducting
jovial debates of the curious ways people resist innovation; the
spatial hypertext user is trying to figure things out for themselves.

3 Diagramming and Finding Texts

Recent years have seen great interest in the study of mechanisms for
representing textual relations. Marginal annotations to call atten-
tion to (or cast doubt upon) a passage are an ancient practice, stan-
dardized and institutionalized by Zenodotus, the first Librarian of
Alexandria [97]. The scholarly footnote! itself dates to Gibbon [49]
and to the practice of Leopold von Ranke, the founder of archival
history [51]. Notably, the footnote does not merely decorate the
main historical narrative: it creates a second narrative that explains
how we know that the main narrative is correct. This creates a
complexly hypertextual rhythm, even on paper. Studies of other
kinds of marginalia have yielded fascinating insights into the way
books are used [27, 38, 56, 72, 93].

Grafton also studied the timeline, which originated as a graphic
approach to representing events that occurred simultaneously in
different places [98]. The use of maps and trees as interpretive
aids for texts was pioneered by Moretti [85], and by Turchi [114].

I The print footnote, as such, dates earlier to London, ¢.1658 [121, Ch.2].
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Lima provides a lavish compendium of tree visualizations [67]. Pre-
scriptive approaches to information graphics have been elucidated
by Tufte [112, 113] and comprehensive descriptive approaches, in
art-book format, by Rendgen et al. [96].

An abundant literature studies way in which people have sought
to discover and express structural relations within and among doc-
uments. It was clear by the 13th century, and likely much earlier,
that there was simply too much to know [18] and that scholarship
would in the future depend on extrinsic or artificial mechanisms
for finding and understanding text.

“We have reason to fear that the multitude of books
which grows every day in a prodigious fashion will
make the following centuries fall into a state as bar-
barous as that of the centuries that followed the fall of
the Roman Empire. Unless we try to prevent this dan-
ger by separating those books which we must throw
out or leave in oblivion from those which one should
save and within the latter between what is useful and
what is not. (Adrien Baillet, 1685) (from [17, p.59])

Judith Flanders examined the development of alphabetical order
[42] and Kevin Jackson studied dedications, blurbs and other para-
texts [57], while Wilson-Lee explored the origins of library catalogs
in the 16th century [118].

Recent years have seen fascinating growth in scholarship and
understanding of various forms of notebook. The origins of writing
in the West (it originated separately in China and in the Americas)
derives from the desire to keep notes about transactions [95, 100].
People in antiquity made notes on wax tablets, on folded vellum,
or in papyrus codices; these were not entirely satisfactory because
wax and vellum were susceptible to forgery while papyrus was
fragile. Only in the mid 13th century did paper notebooks become
available in the Mediterranean; because ink soaks into paper it
resists erasure, while the sewn signatures of a bound book make
replacement of entire pages visible [2]. Notebooks were to become
tremendously important and powerful tools for the laboratory and
the field scientist, for the artist and for the Romantic poet abroad
in Nature [36, 54].

We are particularly interested in constructive hypertext [59]),
which is to say in the use of hypertext in the process of composition,
whether the end-product is a hypertext, a paper like this one, or a
book. Indeed, there may be no end-product at all; we may abandon
the book or we may take research notes to satisfy our own curiosity
or to improve our own understanding. It may frequently be the
case that we ourselves do not know the ultimate uses of our notes,
yet still find note-taking rewarding.

4 A Use Case

The specific use case that concerns us here is collecting and using re-
search notes in connection with crafting a long piece of non-fiction.
Recent observations on this task often foreground the discovery or
utilization of implicit structure [79] [23].

The most familiar family of hypertext visualizations displays
each hypertext node as a labelled geometric shape (Figure 1), rep-
resenting links as labelled arcs among them. Labels are a problem.
In English (and many other scripts), labels are predominantly hori-
zontal, which constrains the shape and spacing of the nodes. The
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Figure 2: A view of some notes about Ruskin’s theory of the
Gothic virtues in architecture and urban design.

texts add visual noise, and rendering them presents a performance
bottleneck. In practice, it seems difficult to fit more than a hundred
or so notes onto a screen at any one time. Formerly, we could allude
to the eventual production of better screens, but today’s screens
are already approaching practical limits of human vision. Scrolling,
segmentation, and elision [12, 20] all help, but only take us so far.
Non-Euclidean geometries are intriguing [77], but these, too, have
practical limits.

In plane geometry, each note tends to have about 6 + 2 proximate
neighbours [14]. This, too, imposes representational constraints.
In the pioneering era, these limitations were not experienced as
shortcomings of visualization because hypertexts were small. after-
noon, a story [58], had 562 lexia, Victory Garden [86], considered to
be enormous when it appeared, had 972. Yet a thousand research
notes seem quite modest for even a short book. A thousand notes
in a Tinderbox document was prodigious as late as Tinderbox 6
(2014 [4]); today, note collections five times as large are common.

Might we find new visualizations that do not depend on om-
nipresent textual labels yet prove useful for writing?

5 Architectonic Spaces and Visual Composition

In an Information City, hypertext nodes are represented as build-
ings, or perhaps parts of buildings. We walk (or fly) among them.
Selecting a building lets us examine and edit the node’s title, text,
and attributes. Whilst it is easy to move vertically in the Informa-
tion City, we generally prefer to remain at ground level and use
the vertical dimension chiefly for fast movement across long dis-
tances. A bird’s eye view, just above the rooftops, is often useful,
and resonates with model railroads (which also hold hypertextual
interest? [64]).

5.1 WhatIs A Building?

The Information City represents hypertext nodes as structures. The
choice of atomic units is not uninteresting. For example, the bibli-
ography of a technical paper is a list of some dozens of references;
might we represent them as an office building — a structure de-
signed to replicate a generic “office” as many times as required
[108]?

Zhttps://victorianweb.org/cv/models/apg/history.html
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We adopted the principle that a node ought to be visible from
any direction, though of course other buildings might obstruct
your view. Thus, our multi-story structures are like Tokyo’s zakkyo
buildings, tall but narrow commercial buildings built on very small
lots in which each tenant occupies an entire floor [3, pp. 60-98].
This provides a convenient set of affordances; for example, the roof
slab for each story is black if that unit has no title or text, and
is otherwise red. Alternatively, we might show interior lights in
“occupied units” and leave vacant units dark.

Creation of empty hypertext nodes has not been much (if ever)
discussed in the literature, but it makes sense both in terms of the
city metaphor and in terms of constructive hypertext [59]. As we sit
down in a library to take some notes, we often have a sense of how
many notes we expect. When we created a container for References
for this paper, we knew roughly how many references a paper like
this typically has. Why not make them right away, and use them as
needed? Joyce’s description of constructive hypertexts as “versions
of what they are becoming, a structure for what does not yet exist”
can seem gnomic, but what is more direct than making space for
the notes, sections, or references that you are bound to need?

In retrospect, we might relax the requirement that every node
be visible from every direction. While the visibility principle is a
useful guide, it may unnecessarily constrain the representation of
subordinate nodes or components. These might be represented as
accessory units — shops on the ground floor of residences, street
vendors, basement flats. Though not as visible as we would like,
these remain findable to the extent that the structure in (or on)
which they reside is findable. The contribution of such mixed uses
has become a central concern of contemporary urban design [3, 105].
We would also like to explore the potential of markings on walls
that add meaning, such as graffiti or tramp signs, or even markers
of age, read-wear or modification such as the growth of ivy. The
appearance of worn pavement would be a natural signal for trails
[44].

5.2 Montage

In the Information City, the spaces between buildings take on an
intriguing valence. We seldom see buildings in isolation. Even when
standing so close to a structure that it fills our field of view, we
recall what we saw as we approached. If I am standing in a plaza
near buildings labeled as “Beowulf”, “Caedmon”, and “The Ruins,’
this empty space comes to mean “Old English verse” without formal
designation. This effect has recently become an important consid-
eration in city planning [46, 105], though we did not know this at
first and identified it with the implicit semantics of spatial hyper-
text. Significantly, though, most of the spatial hypertext literature
considers the relations among nodes, where here we experience
semantic effects of the spaces between nodes. The effect is related
to cinematic montage, in which a cut between two shots gives rise
to a third idea, one not contained in either shot [37].

The Information City can seem like the weird twin of locative
hypertext. Where locative hypertext starts out from meaningful
places and adds layers of location-based narrative, buildings in the
Information City acquire meaning from their contents and their
neighbours. Route planning matters a lot in locative hypertext
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[82, 83], but distance matters less in the Information City since we
need not climb hills or worry that the parking lot will close.

We assemble our Information City, as we usually assemble con-
ventional hypertext maps, node by node, placing each new item
in whatever locations seems convenient or evocative. If our initial
choice turns out to be wrong, buildings can be dragged to a new
place. Yet we don’t do this as often as we had expected; neigh-
bourhoods tended to retain much of their layout and character.
This echoes the experience of real cities, in which the forces of lot
boundaries and real-estate prices provide additional conservative
force.

The effect of montage raises the question of whether a Plan-
ner algorithm might be devised to accept an existing collection of
notes and to lay out a useful Information City. A Planner might
also examine newly-added or revised notes and suggest alternative
placements or propose relevant colour schemes or architectural
details [75]. This incremental planner could benefit not only from
examining the contents and metadata of new notes but also from
reviewing the evolution of neighbourhoods over time, much as
the semantics of spatial hypertexts may sometimes be induced by
observing the objects’ histories [99].

6 Symbolic or Skeuomorphic?

Buildings in the Information City differ in many respects from real
buildings. In the Information City, if a building is in the wrong place,
we can drag it elsewhere. We seldom move buildings in real life.
We can add details to differentiate one building from another—door
treatments, shutters, paint, pavement fixtures—with a simple choice
from a contextual menu. This raises the question of whether the
components of the Information City are useful as symbols, or merely
skeuomorphic illusions. Might we be as well off with SemNet’s
labeled boxes floating in space?[40]

Our initial experience suggests that the utility of the Information
City resides significantly in management of visibility: what can
be easily seen, what can be seen in the distance, or even things
that might not be visible themselves but that we know are near a
prominent landmark that we can see [69]. The spatial reasoning
involved here is intuitive, and though few people design cityscapes,
the same issues arise when planning a kitchen or organizing a
closet. One advantage of the urban metaphor in this case is that
we can anticipate places that are likely to be viewpoints, such as
gateways, plazas, and intersections, and pay particular attention to
the view from these locations.

Though it might be tempting to organize one’s Information City
in a regular grid of broad avenues, narrow and irregular streets and
small plazas offer better opportunities to control sight lines. Not
every note ought to be equally visible at all times; when we stand in
the plaza of Old English Verse, we hope to see the notes we expect
and also some other notes that might be pertinent. By avoiding
long linear streets, we can also avoid the overhead of rendering
distant structures that are less likely to inspire interesting ideas.

Our Information City is not populated. Depopulated virtual
spaces are common, but always uncanny [84].

When we query hypertexts, we typically ask the system to list
isolated notes that contain a text pattern, possess a tag, or have
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metadata values in a range that interests us. Query in the Infor-
mation City could foreground results by rendering structures that
do not satisfy the query as translucent. Stored queries might work
like Lenat’s goggles, allowing the user to see things normally hid-
den [66]. A different sort of query problem also arises from the
city itself: we might want to relocate a particular neighbourhood
from its visualization whilst not recalling the identify of any of the
constituent building. A user might tell us, “I remember there was
an intersection with a fire station on one corner and a restaurant
with pink shutters on the other” This was once a problem famil-
iar to hypertext research [50], and though we seldom talk about
link-network queries today, perhaps we ought.

6.1 Beyond Realism

The elements of our Information City look roughly like actual
buildings with doors, windows, lintels, and corbels. As such, they
can acquire some emotional resonance with actual buildings that
happen to be familiar to us, or with our imaged experience of
inhabiting an actual space like the space that the Information City
depicts. This cannot be entirely avoided: a space defined by Platonic
solids would exert some emotional response.

Both Dieberger’s proposal and our implementation assume a
fairly literal rendering of building models, but this is by no means
necessary. We might easily, for example, use vertex shaders to
replace the photographic rendering with a pointillist rendition
in the manner of Signac’s Chdteaux des Papes, though this raises
interesting questions of cinematic continuity as we move through
the view. Similarly, softening and smudging of edges (as in Pierre-
Auguste Renoir’s views of Cagnes), or atomospheric effects like fog
or rain (c.f. Caillebotte’s Rue de Paris, temps de pluie), are no more
arbitrary than the photographic rendering we happened to select
[13].

6.2 Software aesthetics

The elements of the Information City represent buildings, and so
invite an emotional or aesthetic response. There is, of course, a
long history of representing abstract or imaginary but emotionally-
intense structures in painting: Piranesi, Palladio, Hogarth, Sheeler,
and Hopper are some obvious examples. The craft of software
has tended to relegate aesthetics to the realm of marketing or to
customer whim (though see [41]). Contemporary architects, on the
other hand, have embraced the complexity of our aesthetic response
to structures [106, 116].

Users are influenced by the aesthetics (or visual appeal) of a user
interface, even when expressly trying to evaluate its usability or
productivity [63]. This has been corroborated in different cultural
contexts [111]. Norman explored the vital role of aesthetics and
emotional responses to design in how users experience and evaluate
products [91], while Nielsen’s heuristics for Ul design include a call
for aesthetic and minimalist design [90].

Traditional evaluation models, based on predefined linear paths
or usability metrics, can be challenged in the context of spatial
hypertext. Evaluation typically focuses instead on how users make
sense of information, the ways in which spatial relationships sup-
port or hinder sensemaking, and how interfaces scaffold emergent
organisation. For example, see Shipman, Marshall and Moran’s
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treatment of implicit structure in spatial information layouts [104].
Blackwell argues that metaphors in Ul design let us make abstract
concepts and metaphors more concrete (reification) [16]. In spa-
tial hypertext, metaphor often underpins the aesthetic logic of the
space: space as a metaphor, leading to cognitive immediacy.

Reified metaphors are not merely functional, but have aesthetic
properties: for example, a tool reifiying the ‘desktop’ has neatness,
icons and containment (order), while a spatial hypertext reifying
‘sketching’ might emphasise fluidity, incompleteness, and messiness
(emergence, play).

Users may judge spatial hypertexts not only on performance
but also on how well the metaphorical aesthetic aligns with their
approach (organising vs exploring, brainstorming vs structuring).
The Information City might wear different clothes and so offer dis-
tinct experiences; our course syllabus might perhaps be a cheerful
village green or the midway of a World’s Fair, while our overdue
book project might be a Piranesian gloom.

7 Implementation Notes

We implemented a prototype information city in SceneKit as a
Tinderbox view [14]. This required roughly 3500 lines of C++ and
Objective C, written by one developer over a span of about four
months.

7.1 Performance

The implementor expected that performance would be a constant
impediment to this project, as it had been to Dieberger. This was
mistaken, and though our GPU reports it is working fairly hard, at
no point in the project did an actual performance issue arise. We
seem able to accommodate hundreds of simple stuctures without
much trouble, and so are at least roughly comparable in scope to
conventional hypertext maps.

7.2 Labels

One reason we decided to revisit the Information City was to ex-
plore hypertext visualizations that are not constrained by their need
to accommodate hundreds or thousands of textual labels. Few of
our buildings have textual signage. Instead, following Zellweger’s
FLUID annotations [120], we display a transient label on mouseover
that drifts upward into the sky.

Despite the lack of labels, the most-used buildings soon became
familiar. This process was assisted by supporting numerous small
variations in the colour and appearance of the buildings. By chang-
ing window shape and trim, door transoms, shutters, accent colors,
and lighting, we can distinguish noteworthy structures while re-
taining the same underlying repertoire of models.

7.3 Links

Though unimplemented at this time, our intent is to represent
links as (abstract) birds that fly in a looping trajectory from source
to destination. This keeps the links in the sky, which otherwise
lacks information density [112, 113]. This scheme has the useful
effect of identifying nodes with many links and should make it
easy to distinguish those with high in-degree from those with high
out-degree.

Bernstein et al.

7.4 Navigation

Dieberger paid substantial attention to navigational facilities such
as tour buses, subways or portals. These can be useful, but being
able to move vertically is efficient [43]. As SemNet discovered, we
do not need plausible flight mechanics [40]. Simply getting up above
the rooftops facilitates rapid travel over long distances, though for
the modest city involved in writing this paper, walking was usually
preferable.

It is less obvious, at least to us, what navigational controls are
most useful. For example, if pressing the W key moves you “for-
ward”, should you advance toward toward the selected object or
toward the direction in which you are looking? Each approach can
be useful.

Faulty navigation makes things terrible: the system won’t let you
do what you want to do, and the effect of better imagery is to make
this more, not less, frustrating. For several weeks during develop-
ment, navigation was possible but confusing, because getting the
correct frames of reference for camera rotation was unexpectedly
tricky. Navigation is hard to implement using test-driven develop-
ment [9] because you can easily find yourself with a suite of unit
tests that confirm that you are, indeed, doing what you intended,
when you intended to do the wrong thing.

8 Toward Evaluation

The success metric for our proposed use case is, clearly, the success-
ful and timely completion of a good book. To measure this in terms
of milliMasterpieces per fortnight, though, is likely infeasible.

Tenen [109]) considers this question in one of the better recent
considerations of literary machines and their role in writing. He
concludes that computer assistance cannot play a role in works of
genius, but that they might be very useful for more modest “hack”
work, such as pulp fiction generated by Plotto [26]. This Romantic
division of literary labor strikes us as ill-advised, especially since
a number of works and authors keep sliding across the proposed
gulf. Attempts to enforce a similar dichotomy on cinema collapsed
half a century ago in the face of postmodern criticism [60, 80], and
we have no reason to expect that rebuilding the wall between high
and low brow would be more successful in computation.

Any effort like the Information City must take into account the
Hawthorne Effect: changes in the work environment frequently
improve productivity simply because the environment changes and
the subjects know they are subjects. But this reservation, too, cuts
both ways: if a new view is not in fact objectively superior to our
customary visualization but, by engaging us through its novelty,
leads to improved transient performance, that performance is not
an illusion: the book we wrote is real. As Emerson wrote in his
notebook (Journal. 19 April 1835), “It is a happy talent to know how
to play”

8.1 Our Doubts

Our experience of the Information City is mixed. As we planned
this paper, we sometimes found ourselves reaching for other, more
familiar tools.

It seems clear that the Information City is better suited to con-
structive than to exploratory hypertext. It is now almost five months
from our starting point, and that is sufficient time to learn that the
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To Do List is the green bow-fronted house in the centre of town, and
that the latest Release Note is the top story of a tall (and growing)
tower on the outskirts. This awareness grows naturally in a per-
sonal space, but the label-free design makes it hard for collaborators
to grasp.

On the other hand, the opaqueness of the label-free design does
offer some interesting affordances for artifactual hypertexts [45, 78],
in which the reader moves freely within a narrative-rich environ-
ment. Here, the story is shaped not by conventional narratology [47]
but through directing the viewer’s attention through architectonic
space. The analogy to immersive theater [70, pp. 41-43,170-172] is
intriguing.

8.2 And Yet...

Despite our doubts, in working on this paper we have often stood
in front of the hot dog stand that holds our reading list and looked
across the way to the Ruskin tavern which holds notes on architec-
tural aesthetics. Further down the narrow, winding street are notes
on “changefulness,” “sympathy,” and “grace” A tall tower of Louis
Sullivan buildings is just offscreen to our right, but we know that it
is right there if we want it.

The Information City can hold roughly as much as the con-
ventional map view; the sky is at present not used efficiently but
provides a way to separate links from nodes that has eluded familiar
visualizations. Reading someone else’s Information City is difficult,
but this is also the experience of all complex hypertext maps.

Map views in spatial hypertext systems tend to be concerned
with composites and clusters. An interesting aspect of the Infor-
mation City is that the City is more interested in “What can I see
from here?” than “What is this part of ?” The Information City lends
itself to exploring what else might be useful to think about, when
you are thinking about a note.

Though we are sympathetic to the structuralist conviction that
information has meaningful structure, we do not see a clear prospect
that Dieberger’s Information City can be proven to yield more
insights per hour than other existing or conceivable visualizations.
We are also sympathetic to the existentialist claim that what really
matters in a hypertext visualization takes place in an individual
mind, not on the screen or the page. The Information City may be
superb for some and intolerable for those who might prefer to work
in a Piranesi dungeon.
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