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ABSTRACT

Storyspace, a hypertext writing environment, has been
widely used for writing, reading, and research for nearly
fifteen years. The appearance of a new implementati on
provides a suitable occasion to review the design of
Storyspace, both in its historical contextand in the context
of contemporary research. Of particular interest is the
op portunity to examine its use in a variety of published
documents, all created wi thin one sys tem, but spanni ng the
most of the history of li terary hyp ertext.

Categories and Subject Descriptors
H.5.4 [Hypertext/Hypermedia]: Architectures, Theory,
Navigation, User Issues.

General Terms
Management, Documentation, Design, Economics,
Human Factors,.

Keywords
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comp uting, maps, li nks.

1. Storyspace

Storyspace was first publi cly demons trated at the first ACM
hypertext works hop in N ovember, 1987, by Michael Joyce,
J. David Bolter, and John B. Smith. After noon, a story,
Mi chael Joyce’s classic hyp ertext fiction whos e genesi s was
tightly bound to the original develop ment of Storysp ace,
was published by Eas tgate Sys tems in 1989, and Storysp ace
i tself was publi s hed by Eas tgate i n 1991.

Nearly ten years later, Storyspace for Macintosh release
15— the last descendant of the original Storyspace
implementati on— was replaced by Storyspace 2, a fresh
(but faithful) reimp lementation of the program. In the
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years since 1991, Storyspace has undergone many revisions,
enhancements, and one comp letely new imp lementati on,
Storyspace for Windows. It has been widely used for
teaching hyp ertext writing, for crafting hyp ertexts, and for
studying published hypertexts; at times, Storyspace has
seemed almost synonymous wi th li terary hyp ertext.

While Storyspace has never been a notable commercial
success, for over a decade it has served an active artistic,
s cholarly, and criti cal communi ty. Hypertexts wri tten wi th
it continue to be read as eagerly and dis cussed as widely
today as they were a decade ago. Such durability is
excep tional in any software product; in shrink-wrapped,
consumer software, Storyspace’s longevity may well be
without p recedentt.

Though aspects of Storyspace were discussed in [10] [ 23]
[22],[7], and [ 8], no design pap er for Storysp ace has been
presented. As Storyspace moves into its second decade, it
seems as ui table moment to look back on the exp eriences of
designing, modifying, and using Storyspace, and
supp orting Storys pace wri ters.

2. The Environment, Circa 1987
Storyspace has always been intended to run w ell on modest
hardware, but the definition of “modest” comp utati onal
resources has changed subs tanti ally since 1987. Comp ari ng
the target consumer environment for Storyspace 1 and
Storyspace 2, we find that the “typical” memory allotment
has increas ed a thous and-fold (from 512K to 512M). CPU
throughput has increas ed somew hat more. Standard hard
disk storage has grow n even fas ter, from 440K to 10G.

3. What was novel in 1987

Storyspace hyp ertexts consist of nodes, or writing spaces,
that are connected by directed links. The text of a writing
space appears in its own window (a text window).
Following a link causes a new text window to ap pear
(opti onally closing the previ ous window).

! Note that it is not merely the name or the brand that has
proven durable. In most ways, the experience of reading
early Storyspace hypertexts today is unchanged from the
original — even though today’s afternoon or Victory
Garden happens to share neither code, nor hardware,
nor operating system with the original.



Presentation of hypertext nodes in separate windows
remai ned, in 1987, a somew hat controversial choice. Peter
Brown’s Guide [11] argued cogently that viewing multiple
nodes together in context would prevent disorientation.
Ted Nelson, had long advocated conti nuous, transclusive
displays [38]. Conversely, HyperCard [2] and KMS [1]
disp layed each node in the entire screen frame, deli berately
supp ressing the comp lexity of multi p le-window interfaces
in favor of a simpler, more immersiwe style. The original
Storyspace reading envi ronment, on the other hand, used
only a single text window (sometimes augmented with a
map window and tool palettes), thereby avoiding the
collage of distinct writing spaces that was seen in
N oteCards [ 33] and Intermedi a[ 46] .

Storyspace links are directed, distinguishing source from
destination both in their internal representation and in
their externally visible semantics. Bidirecti onal links were
popular in 1987, on both rhetorical and systems
engineering grounds, and lasting prejudice against
unidirectional links led many to anticipate that the Web
would prove impossible to maintain. Nonetheless, the
asymmetry between link source and link destination has
proved important in developing and sustai ning narrative
thrustand in drivi ng the reader tow ard the conclus ion of an
argument.

Storyspace documents are typically contained in a single
file rather than sp read across multi p le documents. Writing
spaces are organi zed into a si ngle, dis ti nguished, hierarchy,
as in KMS, although the interface takes care not to assign
expli ci t semanti cs to this hi erarchy?2. It was once feared that
the visible pres ence of a dis ti nguished hi erarchy mi ght lead
witers to rely too heavily on hierarchical navigati on while
neglecting the use of links, but over-reliance on hierarchy
seems not to have been common, even among student
writers.

By contras t, many Web si tes dep end extensi vely or enti rely
on hierarchical navigation. The source of this difference
might lie in the ease of creati ng li nks in Storysp ace writing,
the obscurity of Storyspace’s facilities for hierarchical
navi gation, some other way in which Storys pace privi leges
links over hierarchy, or elsew here enti rely. The presence of
a hierarchical backbone establishes in the reader’s mind a
p lausible sequence for op erati ons (e.g. printi ng) that iterate
over the nodes in a hypertext, thus tending to reduce
acci dental astonishment while reinforcing the reader’s
model of Storys p ace’s internal operations .

Storyspace provides multiple views — outlines, charts,
treemaps — but the preferred interface for most users has
been the Storyspace map. Hypertext maps were considered
vital in 1987, as the existence of the “N avi gation Problem”
had not yet come into dispute [28]. Conklin’s influential

2 Movement in the hierarchy is effected by unlabelled
arrow buttons, and Storyspace documentation took care
to avoid suggesting that containment meant or should
mean specialization, is-a, etc.

review article led many to question whether a system
without map s could be considered a hypertext system at all
[12]. Generating lucid maps of large hyp ertexts presents a
formidable challenge [4], but if writers are asked to build
maps or supply related metadata as a separate activity,
many may pos tp one the added w ork i ndefi ni tely[ 32] .

Storyspace achieves a us eful compromise by cons tructing a
global map, but requiring users to perform the layout
manually whenever w ri ting spaces are added or moved.

4. \What is novel in 2002

Though Storyspace is a very old hypertext system, some
as pects of Storys pace remain novel.

Storyspace links may possess guard fields — Boolean
expressions based on the reader’s selection and previous
traj ectory. When the guard field predicate is based on the
reader’s selecti on, guard fields offer a simple generic link
facility [35]. When based on the record of the reader’s
previous path through the hypertext, guard fields offer
dynamic links whose behavior changes in the course of a
reading [9] . In the latter role, guard fields proved
i nvaluable for breaking cycles and helping to situate Cycle
and Counterpoint at the heart of contemporary hyp ertext
narrative [6, 21] .

A fundamental hyp ertext design controversy, discussed as
acti vely today as it was in the 1980s, is the use of external
versus intemal links. Storing links within the hypertext
node, as in HTML, facilitates local editing but renders
large-s cale li nk consi s tency di ffi cult to ensure. Storing links
in sep arate external files, as in Intermedia [46] and the
Open Hypertext Systems [41], can make consistency easier
to achieve at the cost of complicating local edits. (See [13]
for a sup erb review of this issue) .

Storyspace achieves an interesting compromise betw een
these approaches by storing links internally but
representing them externally. Links are stored inside
the monoli thic Storyspace file; users don’t see sep arate link
files and need not be perp lexed by subtleties arising from
opening or closing the “wrong” link collection. But
Storyspace links are rep res ented sep arately and comp actly,
rather than being spread implicitly through the system; a
Storyspace link includes

Figure 1. The Storyspace Link
Link

Source ID
Source span
Destination ID
Destination span
Path name
Guard field

The source ID and destination ID identify nodes by an
identifier that is guaranteed to be unique within a
document, and intended to be globally unique: the node’s



creation time, in mi llis econds, augmented by the ini tials of
the node’s creator. In consequence, links between distinct
documents are entirely feasible, and links to published
hypertexts retai n their identities acros s different editions,
p latforms, and servers. This facility has not been used
extensively, for Storysp ace is not intended as a distr buted
hypertext medium, but has proven useful in pedagogi cal
contexts[27].

Storyspace offers several views, but the Storyspace map
is its most distinctive and most-used view. In the map,
w riti ng s p aces ap pear as ti tle rectangles (Figure 2)

Figure 2. A single writing space as it appears in a
Storyspace map. This writing space contains several
spaces, three of which are visible here.

Writi ng sp aces may contai n other writing spaces, and the
hierarchical relations hip between spaces may be changed
by draggi ng one space into another, or by moving sp aces in
the map p lane*. Every wri ting space ap p ears exactlyonce i n
the contai nment hierarchy.

Links in the Storyspace map ap pear as arcs, with an arrow
p ointi ng to the destination. If the link has a path name, the
p ath name ap pears at the li nk’'s mi dp oint. Early Storyspace
versions draw li near links ; later versi ons can be set to draw
Bezier curves ins tead[ 37] .
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Figure 3. A dense link network, from Cyborg:
Engineering the Body Electric [15]

3 The use of creator initials seems overly elaborate. In
practice, however, a timestamp collision was actually
observed between early editions of two published
hypertexts(!)

4 The relative order among siblings is deduced by scanning
the map left-to-right, top-to-bottom.

Dense link netw orks are often confusing. Storys pace helps
elide unwanted information by drawing some links
schematically. If a link’s source and des tinati on ap pear in
the same level of the containment hierarchy, the link is
drawn as an arc betw een them; otherwise, only a small stub
of the inbound or outbound link appears. This informati on
hiding help s keep map s us eful by suppressing rarely-us ed
detai .

The graphic representation of some link networks can
nonetheless prove incomp rehensible. This is someti mes
what the author of the links intends. At other times,
repres entational complexity merely breeds confusion; a
common strategy for recovering from overly-comp lex link
networks is to partition one complex map into several
i ndep endent secti ons, each placed deeper in the hierarchy.

Storyspace offers privileged default links, links that are
acti vated by pressing <return> or by clicking outside any
text li nk. Default li nks frequently play an imp ortant role in
shaping the reading experience, either by setting up a
primary path from which departure is easy, or simply by
changing the rhythm of reading, encouraging a more
relaxed and less introsp ective app roach without rendering
the reader comp letely or permanently passive.

Finally, Storyspace text link anchors are boxed text,
revealed when pressing a designated key, rather than
typographi cally dis ti nguished text as is common in current
Web browsers. This design was hardly novel in 1987, for
the problems of usability and unwanted emphasis that
typographi cally distinguished links present were already
understood. In avoiding these problems, now endemic in
Web brows ers and help systems, Storys pace ap p ears more
i nnovative today than was the case a decade ago.

Because text links are revealed by pressing a sp ecial key
with the hand that doesn’'t hold the mouse, Storyspace
encourages a two-handed reading posture. Changes in
body posi ti on have alw ays played a role in the percepti on of
reading, and such matters as the shift from lectem to
library table, the transition to silent reading, and the
introduction of artificially-illuminated (and heated)
reading spaces have all played subtle roles in the
develop ment of writing style [19, 24, 27]. It is concei vable
that the utility of keeping one hand on the keyboard while
using the mous e might tend to promote a di fferent readi ng
atti tude than a one-handed posture, and this might be a
frui tful area for empirical i nvesti gati on.

5. Storyspace in Use: Maps

B ecaus e the Map View is the most cap able Storys pace view,
most writers use it extensively and its affordances, in turn,
often shape hypertexts written in Storyspace. To exp lore
some of the uses of the Storyspace map, we mi ght exami ne
anas s ortment of 28 published hypertexts (Ap pendix A).

The confusing, dens ely-li nked map in Figure 3 app ears as a
regular grid in the published hypertext, a format that
faci litates scanning for titles and relative position in the



window. It is fairly easy, how ever, to reposition the writing
spaces in the map to help clarify the li nk structure, albei t at
the cost of using screen space far less effi ciently (Figure 4).
Note, too, the prominent use of cycles, interlocking
sequences, and contours of adjacent and interlocking
cycles. This map, the largest in Cyborg, is by no means
unrep resentati ve.

Figure 4. A map from Cyborg, rearranged for clarity

This map contai ns 50 nodes (of 567 in the hyp ertext) and
155 links. Of these links, 63 (41%) connect sp aces within
the map, 36 links enter the map from other parts of the
hypertext, and 56 exit the map. These values are typical of
the largest maps that appear in the 28 hypertexts
exami ned.

Cyborg Mean of 28
hypertexts
Nodes in | 50 52
largest map
Internal links | 63 68
Inbound 36 65
Outbound 56 56

Properties of the largest map in Cyborg compared to
the data set mean
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Figure 5.The largest map in Victory Garden

A key design goal for Storyspace was to promote fluent
hypertext writi ng, rather than the creati on of nearly-li near
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Figure 6. The top-level map in Patchwork Girl
(Jackson 1996) may reflect both construction
scaffolding and the overall hypertext structure
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sequences and outlines. A qualitative review of the 28
documents examined here suggests a thoroughgoing
embrace of comp lex hyp ertextual structure, an imp ression
born out by their link density. A sequence of 50 nodes
requires 49 links, so all these map s are much more densely
linked than a simple sequence with occasional cross-
references . Even cons i dering only the li nks wi thin the map,
the patterns of linkage do not seem well app roximated by a
sequence.

Other maps do contai n sequences, of course; the episodic
structure of Victory Garden [36], for examp e, is reflected
in its maps. Here, many of the maps reflect episode
s equences ; the domi nant internal path follow s the course of
the episode while inbound and outbound links reflect
connections betw een ep is odes.

The Storyspace reading environment allows authors to
remove map views entirely from the readers’ exp eri ence.
Some authors take advantage of this to use the map views
for organi zati onal or other editorial purposes: for examp le,
the top-level map in Victory Garden contains unli nked
contai ners named Done I, Done Il, Done I, etc. | presume
these were used by the author to mark completion of
various elements of the hypertext; as the map should
always remain invisible to readers, the author has left his
s caffoldi ng in place.

Other writers intend readers to see the maps, and use
visual characteristics of the map view to achi eve a vari ety of
ends (Figure 6). In Samplers[31], Deena Larsen sets out to
explore some formal characteristics of hypertext prose by
cons tructi ng ni ne short hypertext stories, each based on a
traditional American quilting pattern (Figure 7). The
pattern of linkage weaves through the simple abstract
geometry, but the map (which is visible to the reader)
s hap es the reading exp eri ence.

Others use the map as a symbol, or as a visual pun. In
Ti mothy Taylor's “LBJ”(collected in [29]), the map ini ti ally
appears to be a simple cluster but upon zooming out
assumes a very di fferent as pect.

Figure 8. Timothy Taylor’'s “LBJ” (from [29])

Because the map view has limited facilities for
manipulating a hypertext's hierarchy, we might expect
habi tual use of the map view to encourage broad, shallow,
structures. The mean depth of the document tree was 7.1
(median 6); the shallow documents are often too small to
be very deep . The use of such depth is surprising in vi ew of
the obstacles the user interface imposes for building deep
tree, although the deepest tree, A DreamWith Demons [ 14]
(depth 44) is a speci al case where the author nests sp aces
for narrati ve effect.

N otori ous ly, after noon [ 20] contai ns a si ngle writing sp ace
that lacks any inbound li nks; si nce after noon is intended to
be read in a Storyspace page reader that provides acces s to
wiriting spaces only through links, this text is noti onally
unreadable:

"Man... never percei ves anything

and only Jane Yellow lees Douglas has read thisscreen.

That's not true. s o have others.

"To be born agai n, fi rst you have to die." The Satanic
Verses

N odes which have text but no links, known as Janes
spaces, might reflect an author’'s attempts to force readers
to use map navigation, as well as authorial deletions,
personal notes, messages to critics or collaborators, or
mi stakes. Jane’s spaces are, at any rate, remarkably
common; in our sample of 28 hypertexts, only twelve
lacked at least one Jane’s sp ace.

6. Storyspace in use: Links

B eyond the Storys pace map , dynamic li nks and guard fields
are perhap s Storysp ace’s most di sti ncti ve feature, and their
utili tyin creati ng structure in large hyp ertexts, esp eci ally in
hypertext narrati ve, has been widely discussed [6, 34, 44,
45]. It is therefore interesting to note that Storyspace
writers use them spari ngly. In the 28 hyp ertexts exami ned,
7 used guard field ubiquitously (in more than 20% of all
links). In eight hypertexts, guard fields are used
occasionally, while in 13, the guard fields are comp letely
absent. Guard fields rarely require more than one clause:
the mean guard field in after noon has 1.63, but few other
hypertexts approach this number. “Lust’, a notoriously
comp lex network, averages only 1.04 clauses per guard
field.

Though guard fields may be used sparingly, links are not.
On average, each writing space in the corpus has 3.5
outbound links. The most densely linked hypertext, Tr ue
N orth, has an average of ten links were node, while only
after noon, We Descend, Patchwork Girl, Quibbling, and
Genetis average few er than 2 links per node.

The size of the link networks in these documents is often
formidable. “In Small & Large Pieces”, a story of just



13,000 words, has 2,622 links. “Lust”, with just 1,731
words, has 141 links.

7. Unloved Features

A number of Storyspace features have attracted
surprisinglyli ttle interest, desp i te thei r promi nent visibi lity
and apparent ease of use. The Storyspace reading
environment offers navigation by typing and
conspicuous yes/no buttons, and when after noon’s first
p age as ked the reader

Do you want to hear about it?

the availability of the “no” button marked an imp ortant
break with computer game convention [10] that situated
the reader as hero-p rotagonis t. Though this symbolic and
effectual break has proved significant and fruitful [5], and
though the features have remained available in each new
vers i on of Storys pace, they have s eldom been us ed agai n.

Paths and li nk types in Storyspace have proven less pop ular
than might be expected. In this case, the initial
i mplementati on, which substituted named paths for the
more elaborate type mechani sm of N oteCards [ 17], may well
be at fault; by maki ng li nk labels less semanti cally pow erful
(and so less onerous to create) , Storyspace may have made
them insufficiently expressive. A few hyp ertexts (notably
Kolb’s Socrates in the Labyr inth, for which see [26]) use
named paths and the path browser for their intended
purpose; others (Samplers, A Dream With Demons)
discovered that they provide yet another site for
inscription, a new writing space where authors could
demons trate that any potentially signifying element can
and wi ll become asiteof inscription[29].

8. Support

Software debugging and technical support are usually
considered quite distinct from research and design, and
i ndeed are frequently treated as symp toms of managerial or
techni cal failure. Sup port has rarely, if ever, been discussed
in these Proceedings, but a decade of Storyspace sup port
does reveal a number of useful lessons both for the design
and implementation of hypertext systems and for
understanding the way hypertext tools are used. As is
us ually true, sup port, enhancement, and maintenance have
required the preponderance of Storyspace’s develop ment
budget over its extended lifetime and have played a major
role in the acceptance, and in the acceptance of the
underlying technology in actual practice.

The Lit Crit Hotline. Even when a program’s behavi or is
defined by clearly specified actions to be performed on
desi gnated inp ut, software support can prove di ffi cult, and
the technical, logistical, and emotional challenges of live
tech support are widely known. Supporting new writing
tools and published hypertexts poses even greater
challenges, because the performance of the software and
the effectiveness of the text may seem to the reader to be
i nextri cably entw ined.

A challenge peculiar to hyp ertext sup port is the diffi culty of
disambiguating a request for purely technical assistance
from a request for help with rhetoric or literary
i nterp retati oon.

Caller: I've been reading after noon. [pause] Or trying
to. It just does n't work.

E astgate: Can you des cri be the problem exactly?
Remember, | can’t s ee your comp uter, so lots of
detail helps.

Caller: Well, I've tried reading s everal times. I click, I
get to a new page, but after a while | always just
seem to los e track of exactly what is hap p eningor
who is talki ng. It just doesn’t seem to work for
me. Am | doing it wrong?

The initial comp lai nt suggested an installati on problem —
perhaps a defective disk — or a fundamental
misunderstanding of the documentation. The actual
“problem” was quite different (see [45] for a strikingly
similar account) . In diagnosi ng perceived problems with a
hypertext or hypertext system, the boundary between
software engineering and literary criticism can prove
remarkably permeable.

Diagnosis and the Exam Week Bug: A challenging
diagnostic problem someti mes ari ses from subtle interp lay
betw een technology and s oci al practi ce. Some years ago, we
identified a strange pattern in support calls that shared a
number of common characteri sti cs

- The callers had experienced file corruption causing
them to lose valued work. Many had no effective
backups.

- The callers worked in large networked labs, at a time
w hen large netw orks were not yet common. Most were
at large universities.

- The callers were facing very tight deadlines: the calls
w ere invari ably recei ved at the end of a semes ter or the
end of an academic year, often only hours before a
criti cal project was due.

The key common element ap peared to be the presence of a
large netw ork, leading to a fruitless search for problematic
network support code. Repeated attempts to identify the
problem failed, and the concentration of calls in narrow
p arts of the calendar year defied exp lanation and strai ned
credulity. Why should a reliable system suddenly prove
falli ble in December and ApriI?

In the end, a subtle memory issue in print driver supp ort
was located and corrected. The problem arose from the
op erati onal sequence Edi t-Pri nt-Edi t-Save, but not from
the sequence Edit-Save-Print-Edit-Save: saving the file
before printing avoi ded the problem (because saving as a
side-effect cleaned up the memory manager). Printing in
Storyspace is a fairly unusual activity; when Storyspace
users print at all, they often print finished documents (and



so do not edit after printing). Students facing deadli nes
w ere es peci ally likely to pri nt thei r work, fi nd a mis take, fix
the error, and print again — thus triggering the bug. The
same students, inexpert and sometimes fatigued users
working under time stress, were most likely to omit
backups, magni fyi ng the consequences .

Storyspace Ate My Links: Just as unusual usage
patterns can reveal unexpected infimities in a system,
habi tual patterns may mask instabi li ties. Some time after
the Exam Week Bug was discovered in Storyspace for
Maci ntosh, a seemingly similar issue arose in the
i ndep endent Windows implementati on: a group of users,
chiefly students, experienced inexp licable file truncation.
Again, reports ap peared only after extensive testing and
widespread dep loyment, and although anecdotes sugges ted
that the issue might be locally common it proved
impossible to elicit a repeatable example. Because the
immediate symptom involved file truncation, the file
handling or serializing routines were suspect, but
systematic unit testing, manual testing, and code
i nsp ection all failed to located the source.

In the end, the problem was acci dentally rep roduced in the
course of documenti ng an unrelated feature and proved to
lie in management of link obj ects. Astonishingly, an error
in the link manager was found that should have prevented
link editi ng from functioning at all, yet this code has been
deployed and used regularly for extended periods and was
known to work reliably. As it happens, the defect was
bypassed by optimizati ons that seemed to be special cases
but accounted for nearly every link edit:

- If the link being edited happened to be the most
recently-created link, the memory manager could be
bypassed and the bug never arose. This turns out to be
a very common case.

- If the link obj ect after editi ng hap p ened to be the same
size, or smaller than, the original link object, the
objects were swap ped in situ, and the bug never arose.
This, too, turns out to be common.

These opti mi zati ons were written becaus e they were easy to
write and test, and the op timi zati ons were in fact correct
and usually masked the faulty manager. Even where the
defective link manager was used, frustratingly, the
p roblems were often masked:

- If the link object after editing was larger than the
origi nal link obj ect, the bug would only app ear if the
sum of the lengths of the guard field and path name
were odd — about half the time, on average.

- Ewen if the bug were triggered, the lapse might turn
out to be incons equential. A deeper layer of memory
management hap p ened to hi de its cons equences of the
for roughly 85% of all links. Worse, in small files
(including all our unit test cases and many of our
hand-testing scenarios), links never overlapped a
memory page and the bug never ap peared.

As a result, a procedure that could not and did not work
turned out, in practi ce, to w ork so well that it made locati ng
the error extremely di ffi cult.

Of the support issues discussed here, this is the only
example that should vyield to the integrated testing
discipline advocated by Agile Develop ment [3]. In order to
diagnose the problem, however, the link manager's unit
test would need to work with a realistic document (since
small data sets never spanned more than one memory
p age) and would need to have fores een the even/odd length
dependence. Real hypertext testing requires real
hypertexts .

9. Unexpected Affordances,
Surprising Applications

As might be exp ected, Storyspace has been used in a wide
vari ety of settings, locations, and environments . To some
degree, the distribution of users and applications may
reflect inherent strengths of the program or of the
underlying technology. In other cases, of course, acci dents
of ti mi ng, locati on, marketing, and procurement may play a
domi nant role. Itis difficult to know, for examp le, whether
the academic flavor of the Storyspace user pop ulation is
primarily due to its inherent suitabi lity to the task, to its
publisher's marketing methods, to the availability of
s ubs tanti al academi ¢ dis counts , or to other factors enti rely.

A wi de vari ety of interes ti ng case studi es of Storys pace use
have appeared. Space permits brief mention of only a
examp les. Landow [ 27, 30] has reported on ins tructi onal
use of Storyspace hypertexts in the classroom over the
course of many years. Pamela G. Taylor, in her doctoral
study on using Storyspace for secondary school art courses,
found that long-term portfolio building using Storys pace’s
hypertext li nki ng p romoted facets of pers onal psychologi cal
growth [43]. For example, a student discovered, over the
course of two years of creati ng and interlinki ng her art, that
a theme of physical abus e reflected problems in her life that
she had the power to change. Here, too, it is difficult to
distinguish the effects of the program from those of the
i nstructor, the student, the ci rcums tances, and the times.

Over the years, many unexpected applications of
Storyspace have emerged, and Storyspace has prosp ered in
unexp ected niches.

Storyspace, intended as a writing tool, has acquired a
signifi cant followi ng as a tool for quali tati ve analysis in the
social sciences and in film continuity. In both cases, its
p opularity arises from its implicit support for organizing
without premature commitment — user interface
affordances desirable (but perhaps not strictly essenti al) for
the program’s pri mary mission. Concrete vi suali zati on and
grap hic organizing tools help reassure investigators that
proposed organizati ons are provisional, that assigning an
artifact or an observation to a category may be quickly,
invisibly, and seamles sly changed at a later date. Because
links are never dis rup ted by reorgani zati on, they provide a



useful way to retain connection in the face of massive
change.

Easy creation of new writing spaces and facile
reorganization also made Storyspace useful for a variety of
note-making tasks, particularly in managing small
workgroups. Project diaries and event planni ng notebooks
took advantage of li nks to mai ntai n connecti ons in the face
of frequent revision. Some writers have found the same
faci li ties useful for plotting novels or planni ng vi deogame
levels ; here, the abs tracti on of compact wri ti ng sp aces and
the speci ali zed wri ti ng environment als o help wri ters work
broadly and abstractly, without being tempted to engage
details prematurely.

10. Headaches and compromises

Some aspects of the original Storyspace design were
doubtless ill-advised. Other compromises, imposed by
technologi cal necessity, need no longer burden us. It may
prove worthwhile, in passing, to take note of these, lest
similar conditi ons ari se agai n®.

Automatic Layout. The success of the Storys pace map is
due, in part, to the grace with whi ch it shifts the burden of
choosing where to place each writing sp ace onto the user.
Locati ng a space is an inherent part of creati ng a new sp ace
or moving one from another document, and hence users
are never temp ted to pos tp one or neglect map maintenance
(cf. [16]). Because choosing a place is integrated with
creati ng a space, map -maki ng is not percei ved as a sep arate
activity.

The pos iti on of a wri ting space in the hi erarchical backbone
is derived from the map pos iti on, wi th si blings ordered left-
to-right, top-to-bottom. This dependence leads to two
unfortunate effects. First, a small change in the map
locati on of a writing space may lead to a large change in its
outline position. Worse, if a writing space is moved in the
hierarchy (e.g. by draggi ng it from out place to another in
the chart view), its Map posi tion must be derived from the
outlineposition.

Early versions of Storyspace would automatically “clean
up” the map positions of all si blings when one sibling was
moved in an outli ne or chart, arrangi ng all writing sp aces in
a neat rectangular grid. This behavior was intensely
disliked by many writers — especially those who had
cons tructed elaborate map layouts which Storyspace would

5 Such conditions do arise. Very early databases, for
example, developed techniques for working in
environments where bulk storage was tightly
constrained. The same techniques proved useful in early
personal computers, where available disk sizes were
often smaller than RAM. Threaded interpreters,
developed to take advantage of expensive (and sparse)
core memory, proved invaluable in embedded systems
where trimming memory footprints could have
important ramifications for manufacturing and power
budgets.

“clean up” into a rectangular grid without warning. Later,
automatic cleanup was abandoned and the reposi tioned
space was inserted in a consi s tent map locati on, even if this
required numerous writing spaces to be crowded into a
small area. This proved inelegant but less harmful than
automatic cleanup.

Serialization. Storyspace 1 files were, in essence,
flattened images of the memory representation of key
Storyspace data structures. A 200-byte header provided a
table of contents into the rest of the fi le. This was follow ed,
inturn, by a heap of text strings, style vectors, and images.
N ext, the file contai ned a struct for each writing sp ace, a
struct for each link, a list of father-son pairs sufficient to
recons titute the document hierarchy, and a list of open
windows . The resulti ng fi le format was very easy to write,
requiring almost no memory overhead. This format was
also easy to read, since the data buffers read from disk
could be converted to li ve dataw i thli ttle more than a cast.

Speed was essential. When Victory Garden [36] was
published in 1991, it took five minutes to load, a delay
barely tolerable for reading and deci dedly unp leasant for
writi ng. This performance was achi eved only at the cost of
making Storysp ace 1 files inherently bri ttle; if any part of
the file were incorrect, the entire file was likely to prove
unreadable. Storysp ace 2 conti nues to support this format,
but the underlying engine reads and writes XML files,
incurring a substantial penalty in memory overhead and
time efficiency but greatly simplifying the discowery and
repair of fileerrors.

Uniform Accessors. Storyspace for Windows was
written as a monoli thic process in idiomatic C. The notion
of using a sep arate storage manager (as in Intermedia[42])
was considered and rej ected on the grounds of efficiency.
N evertheless, access to data structures in Storyspace for
Wi ndows was sys temati cally cons trai ned through accessor
functions, giving the code the flavor of a loos ely-coup led
system.

This ought to have facilitated testing, debugging, and
ulti mately to have enabled exp eriments that would replace
Storys p ace’s back-end wi th, for examp le, an op en hyp ertext
system link manager. In practice, none of this proved
feasible, and the acces s ors impos ed a conti nual comp lexity
tax wi thout offs etti ng benefi t.

Memory Management. The original Storyspace for
Maci ntosh relied on the application heap for dynamic
memory allocati on, and imp lemented its own fallback and
reclamation procedures when memory ran short.
Storyspace for Windows, faced wi th what was then an even
less trustworthy operating system memory manager,
implemented its own private allocati on heap. Considerable
effort was devoted in both cases to avoid heap
fragmentati on and related pathologies.

This investment proved ill-advised In principle,
fragmentation might have been a problem, but in
retrospect a nai've ap proach would probably have proved



s ufficient. The allocati on blocks were ei ther regular in size
(writing space records), short lived (i/o buffers), or
essenti ally permanent (texts inside writing spaces); it now
seems likely that any allocation strategy might have
succeeded about as well. Increases in available physical
(and virtual) memory soon rendered elaborate heap
management obsolete, but the added comp lexity of
specialized allocation and recovery routines permanently
burdened the code.

11. Storyspace 2 and Beyond

Storyspace 2 for Maci ntos h, i ntroduced in 2001, is a careful
recreation of Storyspace in a comp letely new comp uting
envi ronment. In planning Storyspace 2, great weight was
placed on preserving reading semantics in existing
hypertexts, so that well-know n hyp ertexts would remain
readily available to future audiences. It is important to
observe that this did not prove particularly difficult or
expensive; preserving our electronic texts indefinitely will
not prove onerous, provided an audience continues to be
i nteres ted in the w orks.

Storyspace 1 depended on a host of specialized data
structures and indexes, all designed to sp eed performance.
For Storyspace 2, on the other hand, performance was
rarely an issue, and Storyspace 2 rests on a simple
attri bute-value store developed for a Tinderbox — a new
hypertext platform otherwise unrelated to Storysp ace. The
common back-end might, in principle, provide structure
s ervi ces[ 39] although at p resent it merely provides a simple
frame store. Though Storyspace 2 continues to rely on its
legacy file format, XML seriali zati on services provided by
the back-end are already used for interprocess
communi cati on.

Improving a literary machine can be a precari ous process.
Just as it is important to preserve existing works, it is
desirable to ameliorate unwanted defects and to take
advantage of imp rovements in typ ograp hy, image sup port,
and hardware performance. Any change, how ever slight,
might possibly change the reading exp erience; one critic
has wri tten at some length about the imp act of minor user
interface changes (such as replacing menu items with
buttons) in after noon[ 18], whi le another dis course exp lores
the history of that title’s icon[ 25] ! Deciding precisely what
lies “inside” the hyp ertext and what is merely its cover, its
wrapping paper, or its ephemeral situation, will require
experience, patience, and discussion[40]; the codex
underwent the same process[19, 24].

Havi ng assured cons ervati on of Storys pace hyp ertexts and
of its writing environment, we turn now to planning
Storyspace 3in order to explore new directions in hyp ertext
narrati ve. Of particular interest will be work to extend and
enhance dynamic links . Just as the importance of dynamic
links is clear, the limited exp ressivenes s of guard fi elds, the
formidable obstacle they present to new writers, and the
difficulty of debugging and correcting the comp lex,
di stri buted finite state machines they implicitly represent,

are all now abundantly evident. We look forward to new
work to enhance current facili ti es while openi ng new vistas.
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13. Appendix A

The 28 hypertexts considered include all 27 Storyspace
hypertexts published by Eas tgate betw een 1989 and 2001,
and one (WOE) published by the journal Writing On The

E dge.

A Dreamw ith D emons
aftern oon, a s tory

C ompletin g the Circ le
Cyborg

Dickens Web

Figurski at Findhord on
Genetis

| Have Said Noth ing

In M emoriam Web

In Small & Large Pieces
Lust

M ahas ukha Halo

Notes Toward Absolute
Patchwork Girl

Quam Artem Exerc eas ?
Quibbling

S amplers

Sealsland

Socrates in the Laby rinth®
True North

Tumningln

Twilight, A Symphony

Un natural Habitats
Unreal City

Victory Garden
WeDescend

WOE

Writin g at the Edge®

E dward Falc o
MichaelJoyce

M ich ael van M antgem
Diane Greco

George P. Landow
Rich ard Holeton
Richard Smyth

J. Yellowlees Douglas
George P. Landow and
Kathryn Cramer
Mary -Kim Arn old
Rich ard Gess

Tim Mc Laugh lin
Shelley Jackson
Giuliano Franco, M.D.
Carolyn Guyer
Deenalarsen

E dward Falc o

D avid Kolb

Stephanie Stric kland
Wes Ch apman
MichaelJoyce

Kathy Mac

Christiane Paul

S tuart Moulthrop
BillBly

MichaelJoyce

George P. Landow, ed.

Jon

6 In published titles that include several notionally
separate hypertexts, the primary (and largest) hypertext
alone was examined here, unless otherwise indicated.
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