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Abdract--In this paper, | examine the pervasive quest for
invisible computers, applications, and interfaces in order to
make a case for resisting the pressure to standardize platforms
for delivering on-line cour ses and other Web-based applications.
We need to be especially wary of the argument that the ideal
information resource or technology imposes no cognitive load
on its users. Although usability experts like Jakob Nielsen
present a cogent case for routinizing, for example, the colors of
visited and unvisited linksin HTML documents, such a strategy
may fail to provide the cognitive scaffolding knowledge workers
will need to confront changing technological environments in
productive ways. In other words, too great a reduction of the
cognitive challenge in the present may prevent people from
developing effective learning strategies they can apply to future
technologies. Drawing on constructivist theories of learning, |
argue that applications and interfaces must remain visible and
accessible to knowledge workers if they are to develop new
media literacies.
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INVISIBLE COMPUTING

SABILITY disciplines and cybertextual theory may not

seem to have much in common but they have recently
come to share along dream of frictionless computing. We see
thislonging in Donald Norman’s most recent book, The
Invisible Computer [1], and it forms arecurring themein the
work Jakob Nielsen has doneover the past decade and more
[2],[3]. We see arelated direction in the work of Brenda Laurel
and in Janet Murray’ sHamlet on the Holodeck [4].

A cognitive psychologist, Norman argues for aworld of
what he calls“information appliances,” each one doing a
specialized job, each one unobtrusively supporting the goals
and objectives of people pursuing the specific task it was
designed for. Ashe articulates the goal, we should “[d]esign
the tool to fit the task so well that the tool becomes a part of
thetask, feeling like a natural extension of the work, anatural
extension of the person.” He wants to “[m]ake it possible to
have all the material needed for an activity ready at hand,
availablewith little or no mental overhead” [1].
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Nielsen, a usability engineer, argues that interfaces,
especially on the World Wide Web, should require little
learning from their users. Thus he advocates using design
strategies others have used, even when those designs are not
optimal from a usability perspective. For example, rigorous
scientific inquiry leads to the conclusion that blueis not an
optimal color for any text but especially not for signaling the
presence of an unvisited link, yet Nielsen argues that Web
designers should use that color so as not to create
unnecessary cognitive burdensfor Web sitevisitors[2], [3].
Both Nielsen and Norman promote an ideal of the interface that
isas seamless, asinvisible, as possible. Both believe that
information technol ogies are simply tools, much like hammers,
internal combustion engines, or microwave ovens. Intheir
implicit account, atool is an object and a set of practices that
we use without any explicit or even any implicit understanding
of itsinner workings.

Although they come from a completely different, even
orthogonal, set of disciplines than Norman and Nielsen,
Brenda Laurel [5] and Janet Murray [4] both take the position
that interactive environments should be largely invisible to
their users. These scholars derive their theories about
engagement from traditions of theatrical performance or literary
reception but like Norman and Nielsen, they believe that the
device should insofar as possible become merely avehicle or
mechanism for an activity. They argue that the vehicle or
mechanism itself should play no detectable rolein directing or
shaping the activity. Ideally the user never becomes aware of
the system’ s representations but only of that which the system
represents.

In her discussion of interactive narratives Murray claims that
"[e]ventually all successful storytelling technologies become
‘transparent’: we lose consciousness of the medium and see
neither print nor film but only the power of the story itself. If
digital art reaches the same level of expressiveness as these
older media, we will no longer concern ourselves with how we
arereceiving the information. We will only think about what
truth it hastold us about our lives" [4].

These theorists argue that devel opers need to strive to
create an ideal sweet spot or perfect fit between system and
user such that everything standing between the user and her
goalsisfunctionally and metaphorically transparent. In
educational circlesthe dream reappears in the wish for
perfectly transparent “course containers’ that require no user
to attend to the interf ace and its affordances in order to acquire
the knowledge the course conveys. Thisfiction of content
and container harks back to early theories of literacy.



Indeed, the general ideathat there should be a perfect fit
between human beings and their toolsmay be related to
historical accounts of traditional literacy because the written
word is possibly the first medium acknowledged as such. As
Richard Lanham notes, Eric Havelock theorized that the Greek
alphabet became such a successful vehicle for literacy because
after the childhood learning process was completed, reading
would proceed asif the visible marks on the page werereally
invisible. “Thoroughly internalized [in childhood, the al phabet]
would become a transparent window into conceptual thought.
The shape of the letters, the written surface, was not to be read
aesthetically; that would only interfere with purely literate
transparency. ‘ Reading’ would not, except initslearning
stages, be a self-conscious, rule-governed, re-creative act but
anintuitive skill, aliterate compact exercised on the way to
thought” [6].

The Havelock compact, then, isfulfilled when the vehicle for
communication — the marks on the page — disappear, dropping
below the horizon of the reader’ s awareness. By extension, the
argument goes, computing environments also need to become
transparent before they can hope to deliver fully functioning
teaching and learning environments. It is important to note,
however, that Havelock’s concerns were limited largely to
reading, to the reception of texts rather than their creation, and
were also limited to communications via language. One
question we need to ask, then, is whether it is appropriate to
desire to maintain the relationship between mediations and
communications established by print in a post-print era.

NEW LITERACIES FOR NEW MEDIA

A literacy of new media, | argue, will require adifferent
orientation, one that understands the problem of literacy as
more than a mere question of reception, one that re-examines
the pernicioustendency to separate container and content,
medium and message. It needs to account for multiple
modalities of representation and for the ability to create as well
asto receive communications. Finally, it needsto account for
the fact that digital environments are fundamentally
procedural. The scope of action new media environments
afford is an order of magnitude greater than the scope of action
afforded by print. Asaresult, new medialiteracy differsfrom
print literacy not merely in degree but also in kind.

Print — broadly understood as words represented on a
material such apaper or stone—isatooal, in the sense Norman
and Nielsen use the term. Both the processes for producing
print and the results of those processes narrowly constrain the
scope of human action. Simply put, there are a small number of
ways to embed marks on paper or other material surfaces and
relatively few ways to make sense of those marks. Once they
are produced, the marks do not change. And whileitis
possible to alter them to some degree, by underlining or by
scribbling notesin amargin, such alterations also have a
limited scope. Thus the resources of verbal languages are
enormous — much can be expressed through words, even
words without other channels of communication — but the

resources of words represented through print processes are
limited.

The most famous observation of this phenomenonisPlato’s
account of Socrates' complaints that writing will destroy
memory and produce dumb, by which he meant inert, ideas.
Dumb ideas are those that can respond to queries only by
repeating the ideas the reader wants to interrogate in exactly
the same words used to express the ideas in the first place.
Essentialy, Plato was the first to notice that awritten work is
not “interactive.” It may well have effects on readers but
readers have no effects on its structure or on the system of
social and economic relations in which every work is
embedded. A better way to understand this limitation isto say
that, outside of digital environments, writing is not and cannot
be procedural. The representations received viathe printed
page are no longer open to configuration and reconfiguration
but only to interpretation and to alimited extent commentary.

Inadigital environment, in contrast, the analogy with tools
isfundamentally misleading. Digital environments are
procedural in the sense that they can sustain transformations
and reconfigurations. By procedural, | mean much the same
thing that Janet Murray means: when a person operates
procedurally he or she engages with an orderly system of
causes and effects which can be extensively or even totally
transformed by rule-governed interventions. For example, it's
one thing for you to read the three charactersrm* on this
page; it’ s quite another for a Unix operating system to receive
thismessage. Y ou the reader may shrug or frown in some
puzzlement. Unix operating systems, though, will instantly
erase all the dataon therelevant hard drive. Thisfact alone
creates that wider scope of human action that characterizes the
radical or root difference between print literacy and new media
literacy.

The expanded scope of action makes new media
environmental rather than purely instrumental, a system of
articulations rather than a unified tool capable of supporting a
limited cluster of activities. Environments are characterized by
the complexity of the relations among their constituent
elements. An environment is defined and bounded by all of
its participants — machinery, software, techniques, rules, and
of course human agents— and the interdependent activities
the participants engagein.

In the print condition, an author of awork does not expect
that interpretations of or commentaries about that work will
influenceit in any substantive way, apart of course from afew
influential reviews that might affect sales, for example. In
digital publishing environments that are networked, like the
World Wide Web, however, new documents can and do have
effectson thework. Even though they may not change the
words, images, sounds, or other representations constituting
the work, they surely do change what Roland Barthes calls
“thetext.” Thetext differsfrom the work in the sense that the
work is bounded whereasthe text isnot. Text, in Barthes
sense, consists of all the social and economic relations within
which each work isembedded [7]. From the point of view
derived from the print paradigm — as a message that happens
to be digitally mediated, a particular Web page may appear to



be as static as any printed page. After al, the Web’s

technol ogies prevent someone other than the author from
rewriting “the content” of the document. But to view the Web
pagein that light is to misunderstand its situation. For on the
Web, relations change every time a new Web page is posted.
Thus my document isin fact altered in important ways, in
operational ways, by the presence of other documents,
especially when those other documents participate in awider
sphere of discussion. Whether through links or through
cognate words or through both, any set of documents
available on the Web can transform the situation of other
documents, as repeated use of search algorithms such as those
employed by Google can easily demonstrate.

Worksin networked digital environments permit procedural
activitiesto be carried out within and around them.
Technologies such as XML and XLINK increase the
configurability of documents employing them, enabling readers
to rearrange or re-present information, to set preferencesfor
Viewing or managing the communications environment, and to
perform all manner of structured operations on them.

Our account of literacy in the age of new media then must
begin by understanding literacy, not as a simple and single act
of encoding or decoding messages by means of various (and
largely interchangeable media), but as a complex collection of
technological, social, and material practicesthat together
promote the development of radically new affordances. As
Norman writes, “ The set of possible actionsis called the
affordances of the object. An affordanceis not aproperty; itis
arelationshipthat holds between the object and the organism
that is acting on the object. The same object might have
different affordances for different individuals’ [1]. In other
words, affordances are those actions that the system enables
combined with what people can imagine using the system to
accomplish. Affordances, then, are not designed into systems.
Rather they arise from practical uses of systems. In their
invention and deployment lie the seeds of innovation.

Elsewhere | have defined new medialiteracies, or e-literacies,
as “ the knowledge and skill required to make marksin an
electronic age with electronic devices’ [8]. Today | would
extend that knowledge set to indude the knowledge and skill it
takesto configure and manage one’ s semiotic environment.

I go on to make the case that we must always be dealing with
two kinds of literacy: first the ability “to record language or
pictures or whatever in some form or other, to store and to
retrieve the records, perhaps even to combine these recordsin
meaningful ways” and second to “mak[e] one's mark -- in
print's terms, being published, authorized to speak on agiven
subject” [8]. The World Wide Web has significantly loosened
the constraints on making one’ s mark: witness the important
contribution made by scholarly archives like the one Dr.
Ginsparg at Los Alamos set up for physicists. The effect of
ready access to publishing has been startling for it has enabled
people who would not be able to publish in professional print
journals an important, even a prominent outlet.

The first hurdle — the knowledge and skill knowledge
workers now require — still remains. The Web's environment
affords a wide and rich range of literate practices, but only for

those who know how to manage the technologies. In the rush
to standardize, to use courseware “packages’ and ready-made
“containers’ for course “content,” we may well be replicating
the print paradigm and undermining our abilities as educators
and our students abilities as learners to engage digital
environmentsfully and effectively.

M AKING SOMETHING HAPPEN

Our current efforts to deliver courseware exemplify the nexus
of code (thelocale of potential actions) and desire: what the
makers of Blackboard and other commercially available
products for delivering online education have provided is a set
of toolsfor posting alist of readings and assignments together
with some support for interpersonal communications: chiefly
e-mail and threaded discussion. What they have not provided
issupport for novel or | should say innovative educational
practice. They have “simulated” some aspects of the
traditional classroom, including its hierarchy of power
relations, and some aspects of the book, though oddly enough
they fail to provide many of the important affordances printed
books and articles offer.

They ground their applications on what isin effect “pre-
arranged” as the contents of printed books are pre-arranged,
rather than onwhat i s “configurable” or procedural.

Databases certainly lie at the heart of these systems but
neither faculty nor students need be aware of their structures,
functions, or even presence in the system. In hiding their
operations from both teachers and students, in packaging the
course, such systems prevent everyone from penetrating their
mysteries, from understanding the ways code constrains what
they can do within the system.

To be sure, pedagogical practices have always been shaped
in part by the technologiesthey use. Everything from building
codes and materials to the properties of blackboards and
books hasits way of influencing what we teach and learn,
when we teach and learn it, and so on. Digital environments
perforce also shape, constrain, and structure. Thereisno jump
outside the system. But, as| have been arguing, there are
important differences between devising buildings and making
meaning with digital media. Digital environments always
remain more plastic and malleable than material environnents
do. And thereinliestheir power.

Taking full advantage of digital environments, however,
requires constant engagement with interfaces and even with
code. Because the range of activities digital environments can
support is so great, they can never become as ubiquitous and
asinvisible as motors or door handles are and yet remain
powerful and flexible environments.

Constructivist theories of learning focus on the learner’s
problemsolving strategies and experiences as the ground for
acquiring new knowledge. That which isunproblematic or
routinized to the point of invisibility failsto provide grounds
for learning. Constructivist understandings are instructive
here because they foreground the role of experience and
meaning-making in cognitive activities. They help usrepair the
rift between the what and the how by reminding us that



mediations shape messages not only by their system of
permissions and prohibitions but also by their invitationsto
imagine and create. In other words, communications are best
understood as fully environmental and therefore truly
immersive though not in the least transparent or invisible to
participants.

If our definition of literacy in this postprint era fails to
include construction (configuration) we will have a cognitively
impoverished user, one who cannot transfer working
knowledge from one technological environment to another.
Serious education for the 21% century needs to operate out of a
new model of literacy, one that allows the space of literacy to
sustain both interpretation and configuration.
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