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George Landow and Paul Delany

“Hypertext, Hypermedia and " 2 1
Literary Studies: The State
of the Art” [1991)]

Mark Amertka, Grammatron. ©@Mark Amerika.
Courtesy of Mark Amerika.

“Hypertext . . . changes our sense of authorship, authorial
property, and creativity (or originality) by moving away
from the constrictions of page-bound technology. In so
doing, it promises to have an effect on cultural and
intellectual disciplines as important as those produced by
earlier shifts in the technology of cultural memory that
followed the invention of writing and printing.”
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226  George Landow and Paul Delany

<< George Landow has done much to pave the way for the cril
of hypermedia as a medium for creative and academic writlmq._‘
theorist from Brown University—a hotbed for hypertext since" i
fellow there during the 1960s— Landow introduced the potentia
to a generation of writers and scholars eager to explore the
ties. His associates include noted hyperfiction authors Stuart A
Mark Amerika, who began pioneering forms of interactive ‘
ing hypertext at Brown. Landow also helped develop the Intermedic
tem in the late 1980s, one of the first authoring tools for creati
texts. Intermedia was popular among hypermedia enthusllmgu :
served as a model for Tim Berners-Lee’s initial developmen
Web.

Hypertext erodes the rigidity of print by encouraging
its contents freely, clicking through it in multiple dire
participatory reading experience. Landow, with Paul
University, discusses hypermedia’s impact on reading
ability to reassemble the text is an almost “embarrassingly |
the deconstruction of meaning explored in late-twentieth-centu

Landow and Delany examine literary conventions, such 2
dexes, to illustrate how electronic means of linking hexts i
tional writing practice. They describe how hypertext exm
such a way that they become central to the reading, transforming
complex network of paragraphs, sentences, and fragments of
“lexias,” as they are called. The reader’s ability to explore this ne
disrupt the linearity of the text, enables a dramatic shift from what
as hierarchical, centralized, and author-dominated literary forms. |
Delany describe this new form as “intertextualities,” a terrain where
aries between literary works dissolve as they join into a single, vast
While they note that this literature of the future may introduce chaos in
perience of reading, they see a greater potential for an enhanced “t¢
cultural memory,” inspired by Vannevar Bush and Douglas Engelbart,
for a revitalized cultural dialogue and collaborative exchange bet
and reader. >>
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HyYPERTEXT, HYPERMEDIA AND THE HISTORY
OF THE TEXT

The written text is the stable record of thought, and to achieve this stability the
text had to be based on a physical medium: clay, papyrus or paper; tablet, scroll
or book." But the text is more than just the shadow or trace of a thought already
shaped; in a literate culture, the textual structures that have evolved over the cen-
turies determine thought almost as powerfully as the primal structure that shapes
all expression, language. So long as the text was married to a physical media, read-
ers and writers took for granted three crucial attributes: that the text was linear,
bounded, and fixed. Generations of scholars and authors internalized these qual-
ities as the rules of thought, and they had pervasive social consequences. We can
define Hypertext as the use of the computer to transcend the linear, bounded and
fixed qualities of the traditional written text.? Unlike the static form of the book,
a hypertext can be composed, and read, non-sequentially; it is a variable struc-
ture, composed of blocks of text (or what Roland Barthes terms lexia) and the
electronic links that join them.® Although conventional reading habits apply
within each block, once one starts to follow links from one block to another new
rules and new experience apply. Instead of facing a stable object—the book—en-
closing an entire text and held between two hands, the hypertext reader sees
only the image of a single block of text on the computer screen. Behind that
image lies a variable textual structure that can be represented on the screen in dif-
ferent ways, according to the reader’s choice of links to follow. Metaphors that can
help us to visualise the structure “behind™ the screen include a network, a tree
diagram, a nest of Chinese boxes, or a web.

The immediate ancestor of modern hypertext was described in a pioneering
article by Vannevar Bush in the 1945 Atlantic Monthly.* Bush called for me-
chanically linked information-retrieval machines to help scholars and decision
makers in the midst of what was already an explosion of information. In the
1960s Douglas C. Englebart and Theodor H. Nelson began to design and im-
plement computer systems that could implement some of these notions of linked
texts, and today hypertext as a term refers almost exclusively to computerized hy-
pertext programs, and to the textual structures that can be composed with their
aid. Hypertext programs began to be widely available on personal computers in
the late 1980s; current examples are Guide and Linkway for IBM-compatible
PCs, Intermedia for Macintoshes running A/UX, and Writing Space and Hy-
perCard for most Macintoshes.
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Because hypertext breaks down our habitual way of underst
periencing texts, it radically challenges students, teachers, and w
ature. But it can also provide a revelation, by making visible and
processes that have always been part of the total experience of
text as the reader imagined it—as opposed to the physical text
book—never had to be linear, bounded or fixed. A reader could j
page to see how the story ended; could think of relevant passages
could re-order texts by cutting and pasting. Still, the stubborn mat
text constrained such operations: they required some physical
ping pages, pulling another book from a shelf, or dismembering
beyond repair.” Over the centuries, readers developed a repertoire
tual management; these aids operated both within a single volume, and
lations between volumes. They constituted a profo-hypertext, in
find important models for hypertext design today—though &:espmi
the computer allow us to look beyond the textual aids that evolved !
long history of writing and printing. e

Within the individual volume of the traditional book we may M
ternal hypertextual functions as tables of contents, page-numbers,
verses, rubrications, footnotes, and indexes. Some of these may be
the original author, others by specialists in textual organization such
or printers, or by later generations of scholars. External hyperlmuﬁ
have traditionally been post-authorial, supplied by librarians and b
Indeed, once one extends the idea of “a text” to include a oollwuen of _
the object of study ceases to be bounded, linear or fixed, and some kin
plicitly hypertextual organization will always be necessary.

How does hypertext actually work? Two examples, already .
scholars, will help to show its underlying principles. Take first the elem
not trivial, question faced by large research libraries: we have a hundred
kilometers or more of shelves—in what order should the books be placed
them? The primitive solution is an accession system, like the British L ]
where each new volume is simply added on at the “end” of the shelf, and v
are classified by the physical address of their original placement. Modern sys
try to establish a logical order that places related books together, i Eatel
any particular arrangement of shelves. This creates a kind of hypﬂ"w
ing, but done on a fixed and one-dimensional basis (so that, for
must choose between uniting all the books on the same subject, or 'wa
same author).

On-line library catalogues, now coming into general use, can be thought
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as coarse-grained and rudimentary hypertext systems that support a “virtual” re-
arrangement and retrieval of individual volumes at the terminal. However, they
are usually limited to a few standardized search categories, such as author, title
and subject; and they cannot discriminate between any textual units smaller than
a complete book. More sophisticated systems, such as the on-line MLA Bibli-
ography, can perform subtler searches, using more detailed descriptors and deal-
ing with articles as well as books. But neither deserve to be called true hypertext
systems, because they operate on textual classifications rather than on the actual
underlying complete texts. True hypertext must be able to define textual units,
and link them in various ways, within an overall textbase or, to use another term
now gaining currency, “docuverse.”

Our second example of the principles underlying hypertext could be any
standard scholarly article in the humanities. In reading an article on, say, Joyce’s
Ulysses, one reads through the main text, encounters a symbol that indicates the
presence of a footnote, and leaves the main text to read that note, which can con-
tain a citation of passages in Ulysses that supposedly support the argument in
question as well as information about sources, influences, historical background,
or related articles. In each case, the reader can follow the link to another text and
thus move entirely outside the scholarly article itself. Having completed reading
the note—and perhaps some of the texts to which it refers—one returns to the
main text and continues reading until one encounters another note, and again
leaves the main text.

This kind of reading constitutes a mental model of hypertext. Suppose now
that one could simply touch the page where the symboel of a note, reference, or
annotation appeared, and that act instantly brought into view the material con-
tained in a note or even the entire other text—here all of Ulysses—to which that
note refers. Scholarly articles situate themselves within a network of textual re-
lations, most of which the print medium keeps out of sight and relatively difficult
to follow—because the referenced (or linked) matenials lie spatially distant from
the reference mark. Electronic hypertext, in contrast, makes individual refer-
ences easy to follow and the entire field of interconnections explicit and easy to
navigate. Instant access to the whole network of textual references radically
changes both the experience of reading and, ultimately, the nature of that which
is read. If our putative Joyce article was linked, through hypertext, to all the other
materials it cited, it would exist as part of a much larger system in which the to-
tality might count more than the individual document; the article would now ap-
pear woven more tightly into its context than would a print-technology
counterpart. The ease with which readers traverse such a system has further
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consequences: for as they move through this web or network of texts,
tinually shift the center—and hence focus or organizing principle—of
vestigation and experience. Hypertext provides an infinitely re-centerable s
whose provisional point of focus depends upon the choices made by a tre
tive reader. '

Hypertext thus presages a potential revolution in literary studies. Howes
an almost unlimited power to manipulate texts brings with it conceptual
Jems of extreme difficulty, which can be summed up by the questions: “W )
a unit of text?” and “What are the relevant links between units?” Aww
tional textual units the best-recognized and most functional ones are the word,
the sentence, and the book. To think of them as commensurable units on a
ear scale of magnitude is natural, but misleading. A word is a conceptual unit,a
sentence a syntactical one, a book a unit whose identity is largely determined by
its traditional status as a physical object. Nonetheless, they are units that can be
handled by many kinds of textual aids developed over the whole pcncdm
acy. But between the sentence and the book (in terms of magnitude) we find
such units as footnotes, paragraphs, chapters and essays; these are less amenable
to definition, because they are largely informal means of organizing w ;
For the same reason, however, they are likely to be important elements for build-
ing hypertext structures: they are the kind of mental “chunks” that we useto
break a complex issue into components and make it intelligible. In ﬂidﬁmﬂﬁ _
are beginning to imagine new textual units, not yet codified or even named, that
will be specific to the hypertext environment. They will come into bmmdpﬂ
away in the dynamic virtual text of the computer, products of such broad myt
tive principles as identity, association and structure.”

These deep theoretical implications of hypertext converge with wmﬂﬂjﬂ‘
points of contemporary literary and semiological theory, pamcularl‘ymﬂ!w
rida’s emphasis on decentering, with Barthes’s conception of the readerly versus
the writerly text, with post-modernism’s rejection of sequential narratives and
unitary perspectives, and with the issue of “intertextuality.” In fact, hypertext
creates an almost embarrassingly literal embodiment of such concepts. ...

Finally, hypertext can be expected to have important institutional aﬂ‘lﬂ
intellectual effects, for it is at the same time a form of electronie text, a radically
new information technology, a mode of publication, and a resource for collabo-
rative work. “Both an author’s tool and a reader’s medium, a hypertext document
system allows authors or groups of authors to link information together, ereate
paths through a corpus of related material, annotate existing texts, and create
notes that point readers to either bibliographic data or the body of the refer-
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enced text. . . . Readers can browse through linked, cross-referenced, annotated
texts in an orderly but nonsequential manner.”® Such electronic linking shifts the
boundaries between individual works as well as those between author and reader
and between teacher and student. It also has radical effects upon our experience
of author, text, and work, revealing that many of our most cherished, most com-
monplace, ideas and attitudes towards literary production are the result of the
particular technology of information and cultural memory that has provided the
setting for them. This technology—that of the printing-press, the book, and the
library—engenders certain notions of authorial property, authorial uniqueness,
and a physically isolated text that hypertext makes untenable. Hypertext his-
toricizes many of our most commonplace assumptions, forcing them to descend
from the ethereality of abstraction and appear as corollary to a particular tech-
nology and historical era. We can be sure that a new era of computerized textu-
ality has begun; but what it will be like we are just beginning to imagine.

From Hypertext to Hypermedia

Expository prose, with its linear and propositional structures, has been too much
identified with the privileged form of reason itself. Hypertext provides a better
model for the mind’s ability to re-order the elements of experience by changing
the links of association or determination between them. But hypertext, like the
traditional text from which it derives. is still a radical reduction—to a schematic
visual code—of what was originally a complex physical and intellectual exper-
ence, engaging all the five senses. vaﬂmtdiatakesusmclmcrmﬂlecmn-
plex interrelatedness of everyday consciousness; it extends hypertext by
re-integrating our visual and auditory faculties into textual experience, linking
graphic images, sound and video to verbal signs. Hypermedia seeks to approxi-
mate the way our waking minds always make a synthesis of information received
from all five senses. Integrating or (re-integrating) touch, taste and smell seems
the inevitable consummation of the hypermedia concept.

Consciousness itself is a continuous linking and re-structuring of images se-
lected from past, present and future; from the real and the imaginary: from the
internal and external realms of experience. Current hypermedia programs have
taken only a few, faltering steps towards electronic representation of human
memory, fantasy and cognition. Nonetheless, hypermedia is, in conception at
least, a much better model of the mind’s typical activities than exists in the se-
verely restricted code of linear prose. We can argue, therefore, for a natural pro-
gression from the printed word to hypertext and hypermedia—analogous to the
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progression from painting to still photography, to silent movies, and
movies with color and sound. This is not to claim that the newer media
together supersede the older ones. The black and white photograph
able, but is no longer the absolute standard of representation that it was i
nineteenth century. Similarly, the printed book will remain a central
culture even as the new ways of interacting with texts make their own
our attention. . . .

RECONFIGURING THE TEXT

Dispersing the Traditional Text

Although in some not-so-distant future all individual texts may electronicall
link to one another, thus creating metatextual structures of a kind only partly
imaginable at present, less far-reaching forms of hypertextuality have already a
peared.’ We already have works composed in hypertext that join blocks of text
by electronic links to each other and to such graphic supplements as illustrations,
maps, diagrams, visual directories and overviews. Second, there are ﬂwm ks
formed by interlinking individual sections of individual works. A third caseisthe
adaptation for hypertextual presentation of material conceived in book technol-
ogy. Such adaptations can work with textual units already given by the author, B
such as the individual sections of In Memoriam."® Conversely, one may,inthe
manner of Barthes’s treatment of “Sarrasine,” impose one’s own lexias upon a
work not explicitly divided into sections. -

A fourth kind of hypertext puts a classical linear text, with its order and fix-
ity, at the center of the structure. The composer then links various supplemen-
tary texts to this center, including critical commentary, textual variants, and
chronologically anterior and later texts. In this case, the original text, which re-
tains its old form, becomes an unchanging axis from which radiate linked texts
that surround it, modifying the reader’s experience of this original text-in-a-new-
context,"!

When compared to text as it exists in print technology, all these forms of hy-
pertext evince varying combinations of atomization and dispersal. Unlike the
spatial fixity of printed text, no one state of an electronic text is ever final; it can
always be changed. Hypertext builds in a second fundamental mode of variation,
since electronic links or reading pathways among individual blocks permit dif-
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ferent paths through a text. The numerating rhetoric of “first, second, third” so
well suited to linear text may appear within individual blocks of text but cannot
control the unfolding of understanding in a medium that encourages readers to
choose various paths, rather than following a fixed and linear one.

From a literary perspective based on book technology, the effects of elec-
tronic linking may appear harmful and dangerous. The notion of an individual,
discrete work becomes increasingly undermined and untenable within this form
of information technology, as it already has within much contemporary critical
theory. Hypertext linking, reader control, and continual re-structuring not only
militate against modes of argumentation to which we have become accustomed,
but they have other, more general effects. The reader is now faced by a kind of
textual randomness. The writer, conversely, loses certain basic controls over his
text: the text appears to break down, to fragment and atomize into constituent el-
ements (the lexia or block of text), and these reading units take on a life of their
own as they become more self-contained because they are less dependent on
what comes before or after in a linear succession.

At the same time that the individual hypertext block has looser, or less de-
termining bonds to other blocks from the same work (to use a terminology that
now threatens to become obsolete), it also can bond freely with text created by
other authors. In fact, it bonds with whatever text links to it, thereby dissolving
notions of the intellectual separation of one text from others as some chemicals
destroy the cell membrane of an organism. Destroying the cell membrane will kill
the cell; but destroying our conventional notions of textual separation has no fatal
consequences. However, it will reconfigure the text and our expectations ofit. As
an individual block loses its physical and intellectual separation from others
when linked electronically to them, it also finds itself dispersed into them. The
necessary contextualization and intertextuality produced by situating individual
reading units within a network of easily navigable pathways weaves texts, in-
cluding those by different authors and those in nonverbal media, tightly together.
One effect is to weaken and even destroy altogether any sense of textual unique-
ness, for what is essential in any text appears intermingled with other texts. Such
notions are hardly novel to contemporary literary theory, but here again hyper-
text creates an almost embarrassingly literal reification or actualization of a prin-
ciple or quality that had seemed particularly abstract and difficult in its earher
statement. Since much of the appeal, even charm, of these theoretical insights lies
in their difficulty and even preciousness, this more literal presentation promises
to disturb theoreticians, in part, of course, because it disturbs status and power
relations within their—our—field of expertise. .
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HYPERTEXT AND THE AUTHOR

Collaborative Work Hypertext demands new modes of reading,
ing, and learning. In so doing it creates new understanding of :
ing and collaborative work. To most people, “collaboration” suggests
more scientists, songwriters, or the like working side by side on the s
deavor, continually conferring as they pursue a project in the same pla
same time. Landow has worked on an essay with a fellow scholar in this
One of us, he relates, would type a sentence, at which point the other w
prove, qualify, or rewrite it, and then we would proceed to the next sente
probably a far more common form of collaboration (and the one uled in:
troduction, whose authors live two thousand miles apart) is “versioning,
which one worker produces a draft that another person then later edits by mod-
ifying and adding. Both of these models require considerable ability to work
productively with other people, and evidence suggests that many people lack
this quality. According to those who have carried out experiments in collabora-
tive work, a third form proves more common than the first two: the m .
or segmentation model of working together, in which individual workers divide =~
up the overall task and work entirely independently. This last mode is Mh o
that most people engaged in collaborative work choose.? G

Networked hypertext systems like Intermedia offer a fourth model of; W 53
orative work that combines aspects of the three just described. By emphasizing
the cooperative interaction of blocks of text, networked hypertext makes all ad-
ditions to a system simultaneously a matter of versioning and of the assembly-line
mode. Once ensconced within a network of electronic links, a document no
longer exists by itself. It always has an active relation to other documents in a way
that a book or printed document never can. From this crucial shift in the way
texts exist in relation to others derive two principles that determine this fourth
form of collaboration: First, any document placed on a networked system that
supports electronically linked materials potentially exists in collaboration with
any and all other documents on that system; second, any document electronically
linked to any other document collaborates with it.

According to the American Heritage Dictionary, to collaborate can mean ei-
ther “to work together, especially in a joint intellectual effort” or “to cooperate
treasonably, as with an enemy occupying one’s country.” The combination of
labor, political power, and aggressiveness that appears in this dictionary defini-
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tion well indicates some of the problems that arise when one discusses collabo-
rative work. On the one hand, the notion of collaboration embraces notions of
working together with others, of forming a community of action. This meaning
recognizes that we all exist within social groups, and must make our contributions
to them. On the other hand, collaboration also invokes a deep suspicion of work-
ing with others, something both aesthetically as well as emotionally engrained
since the advent of romanticism, which exalts the idea of individual effort to such
a degree that it often fails to recognize or even suppresses the fact that artists and
writers work collaboratively with texts created by others.

Most of our intellectual endeavors involve collaboration, but we do not always
recognize it. The rules of our culture, particularly those that define intellectual
property and authorship, do not encourage such recognition; further, informa-
tion technology from Gutenberg to the present—the technology of the book—
systematically hinders full recognition of collaborative authorship. Hypertext,
however, foregrounds this element of collaboration that other technologies of
cultural memory suppress. It changes our sense of authorship, authorial property,
and creativity (or originality) by moving away from the constrictions of page-
bound technology. In so doing, it promises to have an effect on cultural and in-
tellectual disciplines as important as those produced by earlier shifts in the
technology of cultural memory that followed the invention of writing and print-

g
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16-18, 1990, National Institute of Standards and Technology, pub. U.S.

Dept. of Commerce.

4. Under unix, type man rn to find out about the rn command which is used
for reading uucp news.

5. Under VMS, type HELP NOTES to find out about the VAX/NOTES system.

6. On CERNVM, type FIND DOCFIND for information about how to access

the CERNDOC programs.

George Landow and Paul Delany, “Hypertext, Hypermedia
and Literary Studies: The State of the Art”

1. Jay David Bolter, “ Topographic Writing: Hypertext and the Electronic
Writing Space,” in Hypermedia and Literary Studies, George Landow and Paul
Delany, eds., Cambridge, Mass.: MIT Press, 1991.

2. The term Hypertext was coined by Theodor H. Nelson in the 1960s.

3. Roland Barthes, S/Z, trans. Richard Miller, New York: Hill & Wang, 1974.
We have generally used the term blocks here, though its connotations are un-
fortunate, given the actual fluidity and readiness to bond of electronic
texts. See also discussion of nodes in John Slatin, “Reading Hypertext:
Order and Coherence in a New Medium,” in Landow and Delaney, op. cit.

4. Vannevar Bush, “*As We May Think,” Atlantic Monthly, no. 176, July 1945: pp.
101-8. James M. Nyce and Paul Kahn have shown that Bush had written
a longer version of this essay by 1937: “'Innovation, Pragmatism, and Tech-
nological Continuity: Vannevar Bush’s Memex,” Journal of the American Asso-
ciation for Information Science, no. 40, 1989, pp. 214-20.

5. In oral cultures, of course, the text had quite a different status in the mind,
one that was closer in some respects to the hypertextual model. See Wal-
ter J. Ong, Orality and Literacy: The Technologizing of the Word, London: Methuen,
1982.

6. Lyrical poems are a special case: they are independent works, but have a
close intertextual relationship with others in the same tradition, or by the
same author.

7. We may here distinguish between hypertext and a related concept, Stan-
dard Generalized Mark-up Language (SGML). SGML concerns the mark-
ing out of units in an electronic text and then attaching to them a “‘tag" or
descriptive category (such as “noun phrase” or “animal image’’). A pro-
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Notes and References

gram can then sort the tags to support grammatical or stylistic analysis,
SGML thus sorts textual units by categories; hypertext links the units into
larger structures.

Nicole Yankelovich, Norman Meyrowitz, and Andries van Dam, “*Reading
and Writing the Electronic Book,” in Landow and Delany, op. cit.

For some speculations on these textual megastructures or “docuverses,”
see the discussion of the “New Alexandria” in the original, unedited version
of this essay in Landow and Delaney, op. cit., and Yankelovich, *From Elec-
tronic Books to Electronic Libraries,” in Landow and Delaney, op. cit.

A notable proto-hypertextual work is Humphrey Jennings, Pandemonium:
The Coming of the Machine as Seen by Contemporary Observers, 1660-1886, New York:
Free Press, 1985.This is a chronological series of short passages and im-
ages on the Industrial Revolution; Jennings’s posthumous editor, Charles
Madge, listed sixteen “Theme Sequences,” each of them an alternate or-
dering of groups of passages. Jennings’s remarkable work could very eas-
ily and usefully be adapted for hypertext presentation.

Examples of educational hypertext include Ben Schneiderman’s Hyperties
Holocaust materials, the many sets of HyperCard materials, including the
Harvard Perseus Project (see Gregory Crane and Elli Mylonas, “Ancient
Materials, Modern Media: Shaping the Study of Classics with Hypertext,”
in Landow and Delany, op. cit.), and the Intermedia materials developed at
Brown. Among the applications of hypertext to poetry and fiction one can
number Michael Joyce’s, “Afternoon,” Stuart Moulthrop’s adaptation of
Borges’s “Forking Paths” to both HyperCard and StorySpace (see Stuart
Moulthrop, "' Reading from the Map: Metonymy and Metaphor in the Fic-
tion of ‘Forking Paths, ” in Landow and Delany, op. cit.), and William
Dickey’s mixed media poetry in HyperCard (see William Dickey, " Poem De-
scending a Staircase: Hypertext and the Simultaneity of Experience,” in
Landow and Delany, op. cit.).

Kenneth Morrell, “ Teaching with HyperCard. An Evaluation of the Computer-
Based Section in Literature and Arts C-14: The Concept of the Hero in Hel-
lenic Civilization.” Perseus Project Working Paper 3. Cambridge, Mass.:
Department of Classics, Harvard University, 1988.

Marshall McLuhan, The Gutenberg Galaxy: The Making of Typographic Man,
Toronto: University of Toronto Press, 1962; Elizabeth L. Eisenstein, The
Printing Press as an Agent of Change: Communications and Cultural Transformations in
Eatly-Modern Europe, 2 vols. Cambridge, Mass.: Cambridge University Press,
1979; and J. David Bolter, Writing Space: The Computer, Hypertext and the History
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of Writing Hillsdale, N.J.: Lawrence Erlbaum, 1990. We would like to thank
professor Bolter for sharing a draft of his work with us before publication.

Morton Heilig, “The Cinema of the Future”

1. The nude eye actually has a vertical range of 180°, but this is reduced to
approximately 150° by the brow and cheek of the head.

2. Vistavision, by photographing first on a negative frame twice the original
size before printing on to normal size positive, has partially returned screen
image to its usual sharpness.

lvan Sutherland, “The Ultimate Display”

1. K.C.Knowlton.“A Computer Technique for Producing Animated Movies,”
Proceedings of the Spring Joint Computer Conference Washington, D.C.: Spartan,

1964.
2. 1. E. Sutherland. “Sketchpad—A Man-Machine Graphical Communica-

tion System,” Proceedings of the Spring Joint Computer Conference. Detroit, Mich.
May 1963 Washington, D.C.: Spartan, 1964.

Scott Fisher, “Virtual Interface Environments”

Notes
1. The principal project team at NASA is C. Coler, S. Fisher, M- McGree.w, "
Robinett, and E. Wenzel. At Sterling Software:S- Bryson, J. Humphries, R-
Jacoby, D. Kaiser, D. Kerr, and P. Stone.
2. The principal project team at VPL was
Bryson, and J. Grimaud.

1. Zimmerman, C. Blanchard, S.
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