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Summary We propose developing a cultural package—Ilet’s call it “A Knowledge Home”—aimed at
giving individuals more independence and power in a world increasingly dependent on
computers. Our initiative addresses an urgent social concern. Qur approach is unusual
in that it proposes making demands on people as well as on technology.

The term “cultural package” is employed here in its usual anthropological sense. For
a canonical example, think of hunting with dogs; this “culture,” which took shape in
the late paleolithic, entailed for humans to adopt, adapt, learn how best to use, and
get themselves adapted to an external entity employed as an extension of their individ-
ual faculties. In our case, we want to make it possible for ordinary people to use the
computer as an unobtrusive extension of their own capabilities. The computer will ma-
terially support an expanded personal information space—one’s knowledge home—and
provide the additional processing power needed to structure and manage it. But these
resources will have to be matched, on the human individual’s side, by the acquisition of
substantial new skills, competences, and traditions—an extension of ordinary literacy.

Hardware is not really an issue; the main task will be developing the infrastructure
needed to support this cultural graft. A knowledge home and the extended literacy
that goes with it must fit its owner—they cannot be mass-stamped products—and yet
the knowledge homes of different individuals must, like their individual literacies, retain
enough commonality to permit cultural sharing—with all the power amplification that
that entails.

Concretely, what will be needed most is a sustained effort at product identification,
design, prototyping, evaluation, and dissemination. Beside a software substrate, this
“product” will comprise tools and standards, examples and applications, a syllabus,
textbooks and graded exercises, motivational material, scenarios for imitation and peer
emulation, etc.—in sum, a culture.
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Foreword

By extraordinarily rapid growth sustained over several
decades, computer “biomass”—not just the box sitting on
my desktop, but the entire complex of hardware, software,
networking, and information resources that surrounds us—
has now reached a size to deeply affect the human world;
in fact, it is in the process of radically transforming social
ecology. Computers are increasingly making up the ner-
vous system of small and large organizations, utility net-
works, machinery, and appliances; the attendant expansion
of manufacturing, trading, and services has created a new
economy of information plenty.

This ecology that is so favorable to the growth of new
businesses and new forms of social organization does not
automatically bestow a comparable empowerment on the
human individual. Left to itself, the information indus-
try tends to shape for the ordinary individual the role of a
mere consumer of information products or operator of infor-
mation appliances. Such a “colonial” relationship cuts off
society from a deep reservoir of productivity; what’s more
tragic, it robs the individual of a rich source of personal
realization and satisfaction. Paradoxically, most of us are
starving in the midst of abundance; are homeless though
we may own castles; are offered magic tools but not the
discipline that would make us magicians.

Besides a physical home, we all need some sort of per-
sonal “information storage and processing” homestead—a
conceptual space which we inhabit as individuals and as
individuals maintain, furbish, and continually renovate to
provide us with a base from which to operate in the world.
If well integrated with our mind, the computer can make
possible a vast expansion of this personal space and of the
resources available within it, and can provide a channel for
the sharing and compounding of such personal wealth across
society.

Unfortunately, for most people today the computer is an
alien entity over which they have little understanding, con-
trol, or real ownership. What is on the market is so power-
ful and cheap (and, in a shallow sense, so easy to use) and
gives access to so many resources that one can’t possibly
turn down the bargain. Yet it is not clear what it is exactly
that we purchase and how much ownership we can effec-
tively exercise over it, as cultural dumping discourages us
from developing those native skills that might allow us to
make the computer our own. Thus, we travel the Informa-
tion Expressway, we do business at “Information Motels”,
but do not yet have an Information Home of our own to go
home to!

This ecological explosion confronts individuals and soci-
ety with an unprecedented evolutionarily challenge. Basi-
cally, three responses come to mind:

e To physically eliminate the threat (e.g., the Luddite
movement, the Kaczynski case).

e To pocket the bribe of immediate gratification and ig-
nore the long-term challenge. This risks letting our-
selves as human individuals, and eventually humanity
itself, slowly be pushed into irrelevance vis-a-vis the
computer world.

e To strive to extend our personal capabilities by grafting
computer resources onto our own individual mind, cul-
ture, and literacy—so that the power of the individual
may grow hand in hand with that of computers.

By doing nothing, one defaults to the second response. We
are interested in the third course of action, and that will
require much effort. Here we discuss the premises and pro-
pose the basic ingredients of what we believe is a viable
strategy.



Chapter 1
Introduction

To help others visualize one’s objective—something that
may not exist yet—it is expedient to make recourse to
metaphors: objects, situations, and ideas that the audience
is already familiar with and are in some way suggestive of
the scenarios one wants to evoke.

The metaphors I will use for two main aspects of the
Knowledge Home are basic categories of today’s human life,
namely, (a) the home and (b) literacy, both taken in their
most ordinary sense. It will soon become evident that those
are not just abstract metaphors for what I have in mind;
materially, the Knowledge Home culture is meant as a ma-
terial extension—a natural and inevitable outgrowth, as it
were—of those two aspects of everyone’s everyday life. All
the choice that we have in this regard is help encourage that
growth in a direction that will be more attuned to the needs
of the human as an individual (which it definitely is) rather
than just as a self-domesticated eusocial animal (which it
is as well)[63].

Even as the world is noisily marching under the banner of
computer triumphalism, one can make out the steady drone
of computer defeatism. The subliminal message is, “Ordi-
nary people will never muster the intellectual resources to
truly integrate computers with their lives and minds; most
likely, they wouldn’t even wish to do so. Since only a few
specialists can be expected to have an in-depth grasp of
computers, the best they can do is turn computers into ap-
pliances that the masses can use for limited, standardized,
ritualized tasks.”

Our thesis is that, on the contrary,

C1 Ordinary people do have the potential to intimately
incorporate the computer into their lives.

C2 Most will find this relationship rewarding, will feel it
as a natural expansion of their persona, and once they
have experienced it they wouldn’t choose to do with-

out.

C3 This empowerment of the individual will be beneficial
to society. Besides leading to greater productivity, it
will create more opportunities for personal satisfaction
and lead to a better expression of human and mate-
rial resources. Eventually, it will be deemed so essen-
tial that an individual lacking this relationship with
computers will de facto be perceived as a substandard

member of society, much as an illiterate person today.
For all this, we also maintain that

e This potential can only be realized at the cost of sub-
stantial personal and societal investment.

e Much research and experimentation are needed to find
the most natural way for computers to become an ex-
tension of an individual’s personal space.

e The free-market mechanism that so effectively drives
the development of computer technology is not suf-
ficient for the present purposes, and will have to be
complemented by explicit societal goals. (How many
children would “freely choose” to spend thousands of
hours of their life in a classroom doing English and
math?) Educators, scientists, and administrators will
have to collaborate in finding out what is feasible, and
in shaping, expressing, and carrying out society’s wants
in this matter.

It should be clear that we are not studying here how
to “place an Internet node in every classroom” or “turn
the computer into an appliance;” those initiatives address
much shallower concerns than ours. What we are work-
ing at is the design—the invention, if you wish—of a novel
cultural component that properly acknowledges and makes
use of computers but that one may comfortably regard,
much like one’s home, as an extension of one’s own per-
sona. Our stress is on knowledge rather than information
(cf. Doug Engelbart’s early vision[23]—unfortunately soon
debased by commercial and technological hubris); our con-
cern, with the person rather than the gadget (cf. diSessa’s
long involvement[21]); with the empowerment of the indi-
vidual before that of the organization.

Of course, the software industry is already involved in
a related endeavor—one of enormous proportions—namely,
to better integrate humans and computers as components
of the “nervous system” of any large organization (cf.
[66]). In fact, in the pioneering age of computers little
explicit distinction was made between personal and cor-
porate knowledge management (compare [23] with [24]).
Today, however, most knowledge engineering research—
having business and government organizations as its ulti-
mate customer—primarily addresses the concerns of these
collective institutions rather than those of human individu-
als as such. The two endeavors have fundamentally different
goals.

It is true that the Knowledge Home culture may be able
to leverage methods and tools developed for the sake of
corporate knowledge engineering. All the while, it will have
to bear with a “knowledge market” where standards, prod-
ucts, and incentives mostly reflect corporate rather than
personal values. There is a lot out there, but how much of
it is really for us?

It is also true that, as in the case of literacy (see



§1.1), a “more educated population”—to use Vinton Cerf’s
words[8]—may be of benefit to organizations; but our pri-
mary objective is to benefit the human as an individual—
organizations can and will look after themselves. Cerf’s
full phrase is actually somewhat ominous: “Investments
have to be made so that we have a more educated popula-
tion that can sustain a functioning Internet” [italics mine].
To me, that sounds like “The Internet is now our God,
whom we must please; if the God’s daily service require an
educated population, well, that’s what we must provide,
mustn’t we?” A wholly different vision is expressed by the
title of Mike Dertouzos’s last book, The Unfinished Revo-
Iution: Human-Centered Computers and What They Can
Do for Us[13].

To establish a viable culture is an immense task. This
document is not the place for a work plan. Suffice it to say
that our strategy is to initiate a bootstrap process—namely,
to develop certain basic resources and expertise within a
pilot community, which in turn will help develop more re-
sources and expertise and a wider community. The basic
approach, then, will be to bring forth a community of learn-
ing volunteers (cf. §4.4).

Inspiration, a precedent, and even material prerequisites
for our initiative are found in the GNU project and the
LINUX culture. Richard Stallman[57] demonstrated how ef-
fectively a dedicated, noncommercial community can de-
liver general-purpose tools of extraordinary utility and ro-
bustness. In turn, the fertility of the GNU project confirms
Stallman’s foremost ideological statement: that a tool—
never mind whether purchased or obtained for free—cannot
become a true extension of oneself and part of one’s cultural
heritage unless everybody has open access to its source and
documentation and can potentially contribute to its devel-
opment. Not incidentally, this happens to be the case for
our prime cultural tool—mnamely, language.

Leveraging UNIX, GNU, and the ubiquity of Intel’s 132
architecture (the latter intimately tied to the unprece-
dented commercial success of MS Windows), Linus Tor-
valds demonstrated the value of a pragmatic, open-ended
approach to culture building. The defining character of
a culture is that it be empirically viable; LINUX spread
and took roots because enough people and institutions liked
what it had to offer. They also felt reassured that its gently-
guided but basically collective development mode made it
robust, cheap, constantly scrutinized, and yet open to in-
dividual creativity and custom adaptations. Finally, since
everyone is in fact a full owner of LINUX, one is encouraged
to contribute to it with the amount of dedication that only
full ownership can inspire!

In the rest of this Introduction we illustrate the affinity
between our initiative and the closest precedent that we can
conceive of, namely, the development of universal literacy;
we also explain in what sense our program goes beyond
literacy, insofar as it tackles the purposeful structuring of
knowledge for an individual’s sake—“knowledge prototyp-
ing,” as it were. Chapter 2 gives an overview of what we
see as the key elements of the Knowledge Home culture and
the way they are interrelated. Chapter 3 briefly touches
on some foundational prerequisites for our program: What

theories and technologies will we be needing? The conclud-
ing chapter throw further light on motivations, goals, and
plans.

Much of this material, taken separately, will be quite
familiar to experts in various disciplines; what is new is
the way we make use of it to outline a real computational
literacy curriculum and its material support. (The com-
mon term ‘computer literacy’ normally refers to a very
shallow set of human/computer interface skills. Following
diSessa[21], one may speak of ‘computational literacy’ to
denote the much deeper and more general competencies we
have in mind.)

1.1 The literacy precedent

In ancient Egypt, as in other early cultures, writing was a
sacred art—used by a technical priesthood chiefly for tasks
of higher administration. There was substantial vested in-
terest in equating the sacredness of the tasks with that of
the art and of the persons conversant with it, and an incen-
tive in retaining technical difficulties that would keep off
the uninitiated[53]. More generally, in most literate soci-
eties through history it has been a matter of conventional
wisdom (at least as expressed by the literate elite) that lit-
eracy is not, by and large, for the common people. This,
for three “obvious” reasons:

L1’ Ordinary people can’t possibly become proficient at
reading and writing, because that takes a special in-
nate talent (the “Right Stuft” syndrome[64]).

L2" Even if they could learn to read and write, what use

would that be to them, shepherds, tillers, and stone-

cutters that they are?

L3’ If, after all, they did learn the art and managed to use

it effectively, wouldn’t that be a threat to social order?

Of course, the elite themselves must have known that
point L1" above was a belief of convenience (for instance,
the Christian Church drew much of its rank and file from
the gifted poor, and in Jewish communities it was held de-
sirable even for housewives to be able to read the Scrip-
ture). Point L2’ is a patent non sequitur. Finally, point
L3’ barely disguises that the perceived threat was actually
to the privileged position of functionaries. Nonetheless, it
took the Enlightenment to make acceptable, at least as a
theoretical stance, that perhaps everybody could learn to
read and write. It took the French Revolution to propose
universal literacy in earnest. Finally it took the Industrial
Revolution to provide both the effective demand and the
material resources for it. Indeed, the results of a century of
experience confirm that, contrary to beliefs L1'-L3/,

L1 Everybody can learn to read and write.

L2 Even though few read Kant or write epic poems, most
individuals can write a letter, read a sign, or peruse a
magazine. They find this faculty useful to themselves,
and would be aggrieved if they were deprived of it.



L3 Far from being a threat, universal literacy has become
one of the foundations of modern society. The illiterate
is a substandard member of society, and risks being
treated, if not viewed, as subhuman.

With the benefit of hindsight, one must grant that the
quest for universal literacy was not a quixotic dream. But
what was at the root of its success? If a new intellectual
climate, together with the needs and resources of the indus-
trial revolution, made universal literacy desirable, attaining
that goal still wouldn’t have been remotely possible with-
out both a specific human predisposition and a deliberate
social effort, as we shall see in a moment.

We believe in a rather close parallel! between points L1-
L3 above and points C1-C3 of the main thesis. Thus, the
following answers concerning universal literacy anticipate
analogous questions concerning its incorporation of—as it
were—a form of “universal computermanship.”

Universal schooling. = While it is true that everybody
can learn to read and write, we must acknowledge that this
achievement takes several years of mandatory, standardized,
subsidized schooling. In spite of the enormous cost, the
perceived advantages for society and for the individual are
so great that, in our society, to deprive a child of schooling
(and thence of literacy) is a crime.

Natural predisposition.  Universal literacy and the cul-
ture that goes with it are possible because they external-
ize, discipline, and sublimate natural language—and nat-
ural language happens to be something that, like walking,
we humans are “wired for” from birth[9, 47]. We can train
ourselves—though with some effort—to be at home with
the ever more complex external constructions that society
builds on language only because the foundations of these
new constructions are already solidly within ourselves.

Commonality, and pragmatic standards. Literacy is
not an all-or-nothing thing. It displays enormous quanti-
tative and qualitative differences between individuals, un-
doubtedly owing to the interaction between inheritance,
environment, and accidents of individual history. Nev-
ertheless, literacy presumes a commonality of resources
among individuals—Ilexicon, syntax, metaphors, and pro-
tocols. Even the most private diary is built with public-
domain tools, and for this reason would be accessible to a
wide public. Literacy is characterized by pragmatic, open-
ended, public-domain standards which are adaptable to the
needs of different levels of competency, different disciplines,
and different registers of expression.

Personal use and competence. The social contract that
makes literacy possible is not a sufficient condition for uni-
versal literacy. What is needed to spread, maintain, and
reinforce literacy is personal utility—mnot just society’s bid-
ding. The man in the street buys a newspaper for the en-
joyment or the utility he expects from it, not because his
purchase will support a publisher or a political party. When
he writes a personal letter, he will use a substandard ex-
pression if this is what conveys his intents, without a worry
about debasing the corpus of English language. And he is
personally competent to do his own reading and writing at

IThe contrast of this with certain arguments of [36] is only appar-
ent. In fact, our basic positions are very close.

this personal level, without the intermediary of a village
scribe.

Obviously, one of our goals is to verify the above premises;
namely, that the achievement of a certain degree of “univer-
sal computermanship” is indeed within the reach of human
nature, and, once attained, would get positive reinforce-
ment from its rewards to the individual. We stress that
what we have in mind is not merely a free ticket to an infor-
mation “bread and circus,” but such open-ended expansion
of one’s faculties as only personal competence in the use
of a resource can give. The centaur-like symbiosis between
man and horse (as contrasted to flying a plane as a passen-
ger) or the entente between hunter and dog might illustrate
such a relationship between a human and an external but
intimately integrated resource.

1.2 The home metaphor

Our chief objective, we recall, is to develop cultural tools
and resources that will help the ordinary individual, sup-
ported as appropriate by the computer, to manage an ex-
panded personal information space. The home is a good
analogy, in the material domain, for the expansion of per-
sonal range that this proposal envisages in the information
domain.

The home is a physical extension of the individual. It is
at the same time a shelter, a cache of food and materials,
a repository for durable goods, valuables, and memorabilia;
it is a structured space with specialized areas, tools, and
supplies for a variety of common activities; it represents an
arena for intimate social interaction and a classroom for
primary learning; finally, it provides a rendez-vous site and
a stable mailing address. In sum, the home is an extraordi-
narily valuable outgrowth of our persona. Without a home
we are reduced to a shadow of ourselves. Like the illiterate,
the homeless risks being viewed as a de-facto substandard
human.

Much as the home provides the individual with a base
from which to operate in the physical world, we argue that
it is becoming indispensable to develop an analogous in-
dividual home base from which to operate in the world of
information. This effort, we maintain, will be the price the
individual will have to be willing to pay to hold on to the
title of “standard” human in a rapidly evolving information
society (cf. [50]).

Three aspects of the home metaphor are especially rele-
vant to the envisaged knowledge home:

e The home is an eminently private territory. We don’t
allow visitors or delivery people to move our stuff
around or plant articles of their own without leaving a
list or a map; to tamper with our plumbing and wiring;
to put a camera in our refrigerator to know how much
milk we have left.?

Though devoted to personal use, the home is nonethe-
less a cultural space, in the sense that its features are

2Whoever has installed software in a home computer will recognize
what kind of practices we are talking about[32].

3



compatible with those of the analogous personal spaces
of most other individuals, and thus amenable to cul-
tural transfer. Strangers will recognize my kitchen and
bathroom and know how to use them—and even take
ideas from them for their home. A similar dynamic
balance between the need for privacy and the desire
for cultural interchange will hold in the community of
Knowledge Home owners.

e Most important for our argument: in spite of being
a complex environment—which depends for its good
functioning on a broad combination of technology, ex-
pertise, and custom—the home is nonetheless managed
(and to some extent furnished and maintained) by the
very same ordinary human individuals who use it, and
who, as a rule, are personally competent to do this
managing themselves. Are we to believe that the in-
dividual won’t be able, with appropriate cultural sup-
port, to achieve a similar level of competence and re-
sponsibility in the management of a personal informa-
tion space? Today, much commercial software aimed
at the individual seems to suffer from the “white man’s
burden” syndrome. Though the words are “We make
it easy for you,” the message is “We have to remain
in control to protect you from your ignorance and irre-
sponsibility,” and, of course, the real meaning is “We’ll
do our best to keep you incompetent enough to always
have to depend on us!”

In sum, as Main Street lights up with the neon of ever
more “information motels” and “information supermar-
kets,” we want to make it possible for the individual to
also look forward to the warmer glow of an “information
home” of their own.

1.3 Knowledge prototyping

The chief commodity to be handled by the culture we en-
visage is personal knowledge—how to organize it, extend
it, exploit it, and, inasmuch as desired, share it. Much of
the raw material of this knowledge will come from outside
the individual, that is, from other individuals, organiza-
tions, educational institutions, the media; one’s bank, doc-
tor, lawyer; books we’ve read; and so forth. But, clearly,
our knowledge is in a state of continual restructuring. As
new information comes in we have to adapt what we al-
ready have there to the new circumstances; and even in the
absence of external solicitations our mind always explores
new associations, discovers better ways to order things, and
continually cleans up the place and, as it were, rearranges
the furniture.

Hardly ever will the acquisition of new information con-
sist simply of copying some external stock (e.g., download-
ing a file). On the contrary, knowledge coming in and
knowledge already present will have to be adapted, inte-
grated, and to a great extent reconstructed at every step.
While mass distribution is tooled for verbatim duplication
(of books, compact disks, video games), the main business
of our mental shop will be knowledge prototyping. It will
be no surprise that the concepts and tools proposed here

are characteristic of a prototyping culture rather than of
a mass-production culture. However much one may share
materials, technique, and style with the whole tribe, the
artifacts of personal knowledge are bound to be one of a
kind!

1.4 Computers and extended literacy

The computer lineage, having landed, as it were, on an un-
colonized island, is in a state of extremely rapid growth and
differentiation. When we speak of “the computer” we do
not refer of course to a specific object or a specific operating
system in existence today. What we mean is the entire set
of resources—whether lumped or distributed, hardware or
software, personally or collectively owned—that will hap-
pen to be at hand for the storage, distribution, sensing,
displaying, and processing of information. By drawing and
integrating from this pool of raw resources, one will de facto
design and reconfigure in real time a “personal computer”
according to availability and circumstances. As explained
in §2.4, this virtual object is what the individual will actu-
ally and truly “own.”

In ordinary literacy, a written document—a letter or
a recipe—is normally a passive object, like a crystallized
virus[6]; to be become active it must bodily be taken in
by a human host and processed according to its nature. A
book comes to life when is read by somebody who under-
stands the language; a speech is delivered when somebody
declaims it to the proper audience. Conversely, a copy of
my live thoughts can be frozen onto paper by writing an
essay or a legal deliberation.

In this sense, the activities of literacy, which use the hu-
man brain as a processor, are limited by the brain’s pro-
cessing power, memory capacity, and error rate—as well as
by certain qualitative limitations—and can at best be run
at the rate of a human “computer clock.” Also, most “ma-
chine cycles” of this brain are already committed to more
vital and more rewarding tasks—tasks that our brain does
particularly well and we wouldn’t know how to offload to an
external computer (could it dream, take a vacation, or write
your love letters for you? play with your kids or enjoy an
evening with your friends?). In sum, our brain is overqual-
ified and at the same time sorely resource limited for many
quite useful though quite unglamorous aspects of knowledge
processing. Can we avail ourselves, for this purpose, of a
“bureaucracy of functionaries?” For such is in essence what
the computer is eminently good at providing—and literacy
eminently good at handling.

The knowledge home is meant to extend the range of re-
sources (emphatically admitting computer resources) that
a host can tap through a “literate” interface, that is, re-
sources that can (a) report to us aspects of an action or a
structure, (b) allows us to specify and commision actions to
be undertaken or structures to be built, or even (c) carry
out in our behalf exchanges of this nature between two
structures that are both external to us, such as when an
Amazon script negotiates in our behalf with a used-book
seller’s software agent our request for an out-of-print book.
Note that, though we may well be asleep when this happens,



the latter exchange can certainly be viewed as an action of
our extended self just as when our hand brings a wine glass
to our lips or our sheep dog nuzzles an errant sheep towards
us from a distance, acting for us as a “remote robotic arm.”

There is only one catch. Let the labor of these personal
servants—these external helpers, this bureaucracy of com-
puter functionaries, whoever or whatever they may be—well
come for free. We'll still have to learn to tell them what we
want. This is what we mean by extended literacy!

1.5 Ordinary individuals

We have carefully studied, and often cite, the report More
Than Screen Deep—toward every-citizen interfaces to the
nation’s Information Infrastructure[40], commissioned by
the National Science Foundation and executed by an organ
of the National Academy of Sciences. The latter used, for
technical reasons, the term “every-citizen” to denote what
we here more informally call “ordinary individuals.” We
use this term in an inclusive way, meaning the great major-
ity of people rather than just a technical or cultural elite; in
this context, see von Rossum’s “Computer Programming by
Everybody” [61]. The mismatch between the concerns of the
plain citizen and some of the excesses of a technologically
driven market is well discussed in [60]. Who ordered “toys
for boys” and who is paying for them? Don’t even well-
intentioned academics and engineers often naively envision
a world populated only by their clones? And so forth.

Lest the reader discount the present approach as an
idealistic one, we stress that we are aware of what
anthropologists[41, 17] like to remind us of, namely, that in
any country the average individual in its adult form, rather
than a “noble savage,” is, not to mince words, “ignorant,
greedy, gullible, and lazy.” (A more neutral term for all
this would perhaps be “resistant to change beyond the age
of social imprinting”—which obviously must have been a
healthy trait from a survival viewpoint.) For all that, as
every anthropologist will agree, the average citizen is not
stupid, and is verbally articulate, alert, curious, interested
in life, and willing to go to great lengths for the sake of
self, kin, and friends. We are convinced that the ordinary
individual will find value in our program.

This project has its roots in a research community. Per-
haps its greatest scientific challenge will be not to confuse
the needs and resources of this specialized community with
those of the larger community it addresses.

1.6 Urgency and foresight

We conclude our introduction by stressing the urgency of
this cultural project. We can’t agree more with diSessa’s
plea in his book Changing Minds[21]: “Hardware is much
less the issue than software.... The research and develop-
ment of future literacies is an issue of public trust [italics
mine] if ever there was one, but the issue does not appear
on the agenda of any government agency. If the conclu-
sions of this book are correct—or even a responsible good
guess—we are making a terrible mistake by this omission.”

The computer is revolutionizing human ecology, while the
individual’s raw capabilities remain essentially unchanged.
If we want to maintain relevance as individuals—if we do
not want to find ourselves strangers in our own land—we
need to forge a cultural package that will provide at the
same time protection, interface, and leverage between the
individual and the computer world. A cultural invention—
like house, clothing, the dog, literacy, and even the car!—
that, even though shaped and transmitted by the collectiv-
ity, can be competently used and managed by the individual
for the individual’s own purposes.

International scope. The appeal of the Knowledge
Home culture is expected to transcend national boundaries.

Specifically, we seek substantial European participation
in this project from the very beginning. Europe is grounded
in historical and cultural traditions that are in many ways
complementary to those of the US, and is more comfortable
with letting policy be informed by the promptings of a so-
cially responsible elite rather than mereley by technological
and commercial momentum.

For their relevance to the present project we may
point to the pioneering role played by Europe in the
development of structured programming[16] and object-
oriented programming[67], Algol and Pascal, the LINUX ker-
nel;® and outstanding public-domain support for the TEX
environment[27] and GhostScript[38]. At a more philosoph-
ical level, also see [51], [49], and [26], among many.

Moreover, Europe is interested in the development of a
more cosmopolitan computer tradition, one that would re-
tain some independence vis-a-vis the US commercial and
cultural market. For this purpose, Europe can often speak
with an effective voice also for the rest of the world.

30ne of the “hearts” that have been fitted in the GNU operating
system “body,” yielding the GNU/Linux operating system.



Chapter 2

Elements of a new culture

1. In a world in which computers are becoming a dom-
inant feature, what new cultural resources can help
ordinary individuals maintain an adequate “personal
information space” of their own?

2. How can the computer, which contributed to the chal-
lenge in the first place, be employed as part of the
response?

The Knowledge Home culture is intended as an answer to
these two questions. In the next four sections we’ll present
the basic elements of the proposed culture, expanding the
following outline:

o Commuting between surface expression and deep rep-
resentation. Humans evolved in a environment that
demanded continual minor inventions: every stone, ev-
ery branch or piece of bone will be slightly different
and will have to be adapted to the task at hand, every
meal one cooks is to some extent improvised. Thus,
man is “wired for” and takes pleasure in tinkering. We
believe that even in our increasingly man-made envi-
ronment, which abounds in matters informational, ev-
eryone should enjoy the opportunity to be an amateur
prototype designer for their own needs. But we also
believe that even one-of-a-kind artifacts are often best
made by starting from a blueprint or recipe and iter-
ating the edit/fabricate/evaluate loop—rather than by
just “whittling down a stick” until it looks right. To-
day, the computer can virtually take over the “fabrica-
tion” phase (think of “painting” a picture with a inkjet
printer), so that we can concentrate on the phases that
more critically depend on what we want, namely edit-
ing the blueprint and evaluating the end result.

e A “verbing” language. To talk to this new “piece of
our mind” that the Knowledge Home will provide we’ll
need a conversational language somewhat analogous to
a scripting language, but natively designed for a ver-
bal rather than textual mode of communication. (All
the same, a more formal, written variant of the verbing
language will play an important role in the culture). To
make possible an agile dialog between human individ-
ual and computer instrument, both parties will have to
maintain throughout a conversation enough of a model
of the “universe of discourse” to resolve implicit ref-
erences and apply appropriate defaults. This will of
course require putting some “artificial intelligence” in
the language interpreter within the computer, but—we
believe—only a modest amount.

e Integration of basic tools and modular knowledge re-
sources. The Knowledge Home will support the in-
dividual in structuring and exploiting personal knowl-
edge. Much of this knowledge will take the form of
quite humble, user- and domain-specific “models of the
world,” put together by the end user as the need arises.
But how can such custom model making become ef-
fectively accessible to the less technically-minded per-
sons? What will be needed is for the culture to di-
rectly provide as well as stimulate a market in mod-
ular knowledge resources. Then, rather than having
to build everything from scratch, the individual will be
able to act mostly as an integrator of off-the-shelf mod-
ular resources, using for this task a variety of generic
tools and methods that will be part of the Knowledge
Home’s “cultural kit.”

A good metaphor for this personal integration of
given modular resources may be a city’s transportation
system—subway, buses, taxicabs, pedestrian malls, etc.
The works of the whole system is above anyone’s head
and certainly beyond one’s control. But, with some
overall knowledge of the geography of the city and
some knowledge of the “user interface” (train sched-
ules, ticket purchase and use, location of taxi stall, sign
reading, etc.), each individual can synthesize out of the
same raw resources a personal “virtual transportation
system.” A better knowledge of structure and interface
will of course allow one to build for oneself a better sys-
tem.

e Homemaking and “fire insurance”.  This section will
discuss how one would go about creating one’s knowl-
edge home in the first place. We also hint at how to
make it portable, protect it from accidents, and share
aspects of one’s “home design” with others.

The above cultural elements provide the foundations on
which the building will rest. Architectural details are not
given here and are expected to emerge only gradually: the
intentional development of a culture must entail much in-
teraction between theory and experiment, cognitive science
and software engineering, individual psychology and collec-
tive sociology, wishes and reality—and thus will be a some-
what open-ended process.

Beside the comfort and satisfaction that come from feel-
ing at home in one’s environment, the proposed culture will
give a boost to an individual’s capabilities for handling in-
formation and knowledge in the pursuit of one’s own goals.
It is understood that for many individuals an important



goal will actually be to improve their effectiveness as mem-
bers of corporate enterprise or other forms of organization;
though likely and welcome as a collateral benefit, this is
not, however, our primary objective.

2.1 Surface expression vs deep repre-
sentation

We'’ve seen that an individual’s Knowledge Home will be
a “mental workshop,” assisted as appropriate by the com-
puter, for structuring personal knowledge according to one’s
needs. Among the “artifacts” of this culture we may imag-
ine a personal address book; a one-shot script for retriev-
ing a certain episode from one’s diary; one’s accumulated
and distilled “notes to oneself” on tropical fish breeding;
a synthetic “group photo” containing all of one’s friends at
once; a private Spanish “instructor” who’s familiar with our
progress in the language and our strengths and pitfalls; a
virtual “old aunt” who will patiently accompany us on the
piano, over an over, as we practice a song. Like in a farm
or a palaeolithic workshop, we’ll be busy making all sorts
of concrete and abstract things.

To make a new object, a natural temptation is to directly
conjure up the target object’s surface features, which are
so obviously present in one’s mind, and let these features
guide one’s hand: in the Genesis account, to make man
God takes a piece of clay and gives it human form. Per-
haps the most important lesson of biology and technology
alike is that this approach is a dead-end! Effective, under-
standable, maintainable, and upgradable design requires a
blueprint; to make any changes on the target product one
edits the blueprint—mnot the target itself—and then lets the
fabrication process that leads from blueprint to target, from
“genotype” to “phenotype,” run its full course over again.

This approach is generally expensive, and is typically
used only when the costs can be amortized over a large
production run. In principle, however, even one-of-a-kind
artifacts, such as those produced in a prototyping shop, are
best made by starting from a blueprint or recipe and iter-
ating the edit/fabricate/evaluate loop—rather than by just
“whittling down a stick” until it looks right.

Our novel argument is that, for many processes, the com-
puter today can take over at virtually no cost the “fabri-
cation” stage (think of “painting” a picture with an inkjet
printer, compiling a Java script, making a world-wide Web
search for an incompletely described object, or having one’s
home page served day and night on the Web). At this point,
frequent iteration of the edit/fabricate/evaluate loop be-
comes affordable to the individual even for occasional, one-
of-a~kind projects of no intrinsic commercial value; what’s
more important, she can now devote all her energies to the
two stages that more critically depend on what she wants,
namely editing the blueprint and evaluating the end result.

Perhaps the most profound consequence of this approach
is that at the end of thes process she will much better know
what she wanted in the first place; in a sense, she’ll have
discovered it!

A recipe can be thought of as the “deep representation” of

a cake, from which the “surface expression”—the physical
cake itself—emerges after a series of semantic expansions
and transformations. If I want a less salty cake I will not
wrestle with the surface expression—physically try to re-
move salt from the baked cake. Instead, I will edit a few
words of the recipe and then go again through the seman-
tic expansion—the actual kitchen work. A few examples of
deep representation/surface expression pairs, together with
the processes that lead from one to the other, are illustrated
in Table 2.1.

Deep representation Process Surface expression
Cake recipe Mix and bake Cake

Musical score Interpretation Performance
Pattern Knitting Sweater

Genotype Ontogenesis Phenotype

Body of knowledge | Writing Book

Microscopic laws | Statist. mechanics | Emergent behavior
Source code Compilation Executable code

Text Text-to-speech Speech stream
html source Net browser Web page
LaTeX document |TeX Typeset page
Search pattern Search engine Search hits
Math formula Evaluation Lookup table

Table 2.1: Examples of processes that lead from a deep repre-
sentation to the corresponding surface expression.

Once we accept that “making” an object really means
concentrating most of our effort on designing the genotype
(left column of the above table) rather than building the
phenotype (right column), we will realize that our primary
“tool” will be an editor rather than, say, a milling machine.
In this context, one can’t overestimate the advantages of a
true general-purpose text editor like EMACS[56] over a WYSI-
WYG “word processor;” the latter may be quite effective as
a glorified business typewriter, but becomes a liability—
pedagogical and practical—when one’s job is not merely
writing but design and “knowledge structuring.”

The discovery of deep representations of natural struc-
tures, and, conversely, the design of “machine tools” for
fabricating structures corresponding to a given deep repre-
sentation, have been the main business of science and tech-
nology in the last few centuries. But, until recently, this
design philosophy used to be accessible only to a techno-
logical “priesthood.” As we shall see, the real novelty of
the computer is that it can give the man in the street effec-
tive access to this mode of operation and to the conceptual
vistas which that opens up.

The primary teaching of the Knowledge Home culture is
that the individual shall grow alert, almost as a reflex, to
the fact that most information structures encountered in
ordinary life can usefully be viewed as the surface expres-
sion of deeper, more abstract and pregnant representations;
and shall become conversant with using that powerful ser-
vomechanism, the edit/fabricate/evaluate loop, to evolve
a desired target object through manipulation of its deep
structure. This attitude encourages seeking the “essence”
of the information structures at hand so as to make them



more useful—legible, compact, easy to search, share, up-
grade.

One may wonder why the edit/fabricate/evaluate disci-
pline, which is so vital to the professional, isn’t already
widely practiced by the general public. Two reasons come
to mind. First, the individual may just not be able to afford
the enormous investments, running costs, and delays inher-
ent in the fabricate stage of the above loop. Second, the
layman may be ill at ease with editing at the “genotype”
level—which is, after all, a form of programming; may lack
the attention span to encompass the edit /fabricate/evaluate
loop as a whole; or may be unable to manage the practical
mechanics of keeping this feedback loop going. We shall
respond to these two classes of objections right below.

Historically, it used to be that most of the labor and tech-
nical expertise were demanded by the fabricate stage. It’s
materially easy to copy and make some changes to a recipe
(edit), and T can judge for myself whether the cake tastes
good (evaluate); but am I really about to knead dough,
whip cream, make caramel, etc., and finally clean up the
mess? Isn’t it simpler to buy a store-made cake?

The good news is that today, when it comes to matters
informational, fabricate may in effect have come to be the
least demanding of the three stages. The computer—this
universal machine tool[39]—can carry out most “fabrication
steps” in an automated way, inexpensively and almost in-
stantaneously. Think of a C++ compiler that turns a page
of source code into a living program; of an MP3 player
that turns the song layout we just put together into a “de-
mand performance” for our half-hour of jogging; of an XML
application that turns a page of XML text into an interac-
tive on-line catalog. When I write a scientific paper using
TeX, it often happens that, after altering a single formula
or adding a reference, in order to see the overall effect I will
have the entire paper typeset afresh. Years ago, this step
would have demanded hours of work of a proof editor and
days of a typesetter; today, TeX does the job professionally,
in a fraction of a second, on my home computer.

To be able to do all this, the computer—it’s true—has
to be programmed. That is, in the first place somebody
must design the software engines—say, an industrial-grade
C++ compiler or the TeX/MF suite—that pull the above
feats. These engines may be extraordinarily complex; they
were not programmed by the individual who so casually uses
them, and certainly were not “thrown together” just for
that specific use. Their development required deep knowl-
edge and all sorts of technical expertise (as well as much
teamwork), and easily used up a number of man-hours and
an amount of infrastructure far exceeding the lifetime re-
sources of any individual. Omne of the miracles of human
culture is that today anybody can reap the fruits of such a
collective effort essentially for free—as any Linux distribu-
tion will attest.

The question remains whether such tools for “genotype-
to-phenotype conversion,” granted that they may be effec-
tive and affordable, will ever be simple and practical enough
for the ordinary person to use: once we get such beasts,
will we be able to ride them? But this has to do less with

the complexity of a tool or of its functions, and more with
proper design, interfacing, documentation, cultural trans-
mission, and, at bottom, utility and motivation (cars are
getting more and more complex, and yet easier to drive).
We’ll have more of this in the present section and in §2.3.

A good analogy for a complex tool with open and open-
ended access to the layman is the piano. The design, fabri-
cation, and operation of a piano embody centuries of tech-
nological development. No knowledge of that is needed for
even small children to begin using the instrument and de-
velop musicianship at their own pace and according to their
talents. While the instrument is complex and powerful,
the calling parameters—that is, to use Bach’s words, just
“pressing the right key at the right time”—are as simple
and transparent as can be; nevertheless, these are not “but-
tons” that recall canned tunes, but “handles” to abstrac-
tions for notes (cf. footnote 10). In the musical hierarchy,
piano keys are, admittedly, still very close to the level of ac-
tual sounds: most of the higher-level processing is still done
in the mind of the player. Thus, the piano is a conceptually
modest extension of the individual, and yet very empower-
ing one. The conversion from deep representation (score,
remembered melody) to surface expression (actual music),
carried out no matter how imperfectly by a human with the
help of a piano, empowers one—if growth of personal musi-
cianship is what one has in mind—better than listening to
hundreds of perfect, “canned” CD performances!

We'll now turn to the second difficulty, that is, to what
extent the average individual will be ready to embrace—or
even just grasp—the “genotype-to-phenotype” approach to
getting things done.

The selling point of much of today’s computer technology
is that it managed to replace a clumsy command-line in-
terface by an intuitive, graphical, “What-You-See-Is-What-
You-Get” interface. Though such an interface is undoubt-
edly natural for many tasks, exclusive reliance on the wysi-
wYG philosophy is, in our view, pedagogically harmful and
a cultural dead-end. According to Tognazzini[60],

In the early days of the personal computer we
were trying to sell an unproven technology to a
skeptical world. We could not depend on peo-
ple investing weeks or months of self-education in
a system they did not yet know would improve
their lives. We had to make things easy. How-
ever, sometimes, what was easy in that first 20
minutes was not necessarily the right solution for
maximum efficiency over the long haul.!

We need to establish the relevance today of
principles that drove the design of the original
graphical user interfaces, as embodied in such lists
as the Principles of Macintosh Design.?2 Which
of [these principles] represented “training wheels,”
and which represented needs, wants, and limita-
tions of ordinary citizens?

Tognazzini’s questions are just as relevant today as they
were years ago. We see a steady tendency from most quar-

LAlso cf. In the Beginning ... Was the Command Line[58].
2Reference [3] in our bibliography.



ters to patronizingly underplay the potential of the ordinary
individual. The claim of a “friendly interface,” the boast
that a product “doesn’t even need a manual,” the assurance
that the application is 100% menu-driven and “you can do
everything with point-and-click”—all these promises are, to
a greater or lesser extent, fraudulent. There is more honesty
in “You can play the piano in five easy lessons!”, which at
least acknowledges you’ll have to learn something yourself.

The philosophy of the Knowledge Home is to encourage
people to think in terms of adaptable tools rather than
of canned applications, and to put more emphasis on the
transformations than on the data being transformed. (In-
cidentally, the term “verbing” in the verbing language is a
pun not only vis-a-vis scripting languages, but also as it
hints at a more verb-oriented than object-oriented paeda-
gogy.) Specifically, the envisaged curriculum will cultivate
the achievement of regular and confident trade between dif-
ferent levels of representation. At any given time, attention
will typically move between two levels, and these are what
we call, in a relative sense, “surface expression” and “deep
representation.”

Through graded tasks and tools we ultimately aim to
leave the individual in possession of one fundamental asset,
namely awareness of the distinction between the surface ex-
pression of a structure—an activity, a document, a body
of knowledge, etc.—and its deep representation; between
source and target of an assembly, translation, or trans-
formation process; in brief, between “what-you-see” and
“where it came from.”

Besides mere awareness of the distinction between lev-
els, we also want to develop an appreciation for the ad-
vantages (already mentioned above) that accrue from do-
ing one’s “building” and “remodeling” work at the deep-
representation level rather than directly on the surface ex-
pression. Once the culture has made these advantages clear
and effectively accessible, there is no reason not to enjoy
them even when the object in mind is a prototype or a small
production run: once mastered, the edit/fabricate/evaluate
loop is no less appropriate to the home context than to
industrial-scale production.

A qualitative idea of what all of this will be like can be
had by looking at the embodiments of another, older hu-
man/computer culture, namely UNIX, with its programs,
utilities, languages, applications, conventions, and mys-
tique. It is not our goal, of course, to redo UNIX (or, for that
matter, Windows): we want something with much more in-
ternal state—so that it can grow into an individual’s own
companion—and much more feedback and “proprioceptive
sense” (too much in UNIX is based on blind reckoning). Yet
there is much in the UNIX spirit that can be used as inspi-
ration for the knowledge home.

We must note that both the UNIX “composable module”
philosopy and the “accessibility of genotype” theme have
long found advocacy and solid embodiment in the GNU
project[57], indefatigably propelled by Richard Stallman.
In addition to a comprehensive suite of software tools and
operating system components, such as emacs, gcc, bash,
and make (which the Linux kernel had the fortune to find
ready-made and which it accreted around itself so as to

become the GNU/Linux operating system), GNU has en-
dowed the community with a rationale for software open-
ness and with cultural templates like the General Public
License (GPL or “copyleft”) and the info documentation
discipline.

Our approach, however, should not be confused with an
attempt to impose “universal technicianship.” What we
want to encourage, and specifically help set standards for,
is reasonable universal accessibility to deeper levels of rep-
resentation. Even levels that are not intended to be ac-
cessed by the casual user will be documented and open to
visual inspection and manual modification (either directly
or through an editor that accompanies the documentation).
Equally important, a rationale for the existence and the for-
mat of these lower-level structures will be provided. Like-
wise, the processes that deal with the different levels of
structure and convert from one to the other will be in the
form of accessible modules (see §2.3), that one can call sep-
arately and run with the data of one’s choice. To this end,
a process’s function will be described and motivated, and
its invocation procedures clearly and concisely documented,
especially by using graded examples; more extensive docu-
mentation will not intrude, but will remain available for
technical and reference purposes.

It must be noted that high-level functions can still be con-
veniently pre-packaged for the sake of the first-time user
or for frequent, self-contained tasks, and made available
through point-and-click at a graphical menu. But, in ad-
dition to that, the component modules will be individually
accessible to the more mature or inquisitive user, who can
put them together in different combinations and call them
through a script[43] (see §2.2), perhaps to be carried out at
a future time or a remote place without requiring the user’s
physical presence.

In the construction and reconstruction process that will
be used to give life to the Knowledge Home culture we shall
try as far as possible to practice what we preach, openly
abiding by culture regeneration (or recompilation). That
is, we make an all-out commitment to (a) document the ra-
tionale of the choices that are being made and (b) keep track
of the web of dependencies between these rationales (cf. the
make discipline of UNIX). When a major choice change is
made, we will make a sweep through the chain of dependen-
cies, retracing the entire culture generation process (most
of this, it is hoped, will be done automatically, but some
will perforce have to be done by hand)—recompiling pro-
grams, regenerating manuals, etc., so as to leave as little
trace as possible of the former state (except for historical
purposes). We want to avoid burdening the new culture
with capricious legacies even before it is born.

It will be important to ascertain how fast and how well
the deep-representation vs surface-expression paradigm can
be absorbed and productively employed by the layman and
used as a basis for further cultural build-up. To obtain some
data for this purpose, we are developing a number of split-
screen applications in which a “genotype” is manipulated
in the left half of the screen while the right half immedi-
ately displays the corresponding “phenotypic expression.”



A canonical example is a pure text editor on the left and
the typeset copy on the right, with a IZTEX compiler, for
example, connecting the two halves in nearly real time. The
user edits the text, inserting I TEX commands and macros
on the left of the screen, and monitors the effects on the
right, thus learning and acquiring confidence (by the help
of the immediate feedback) with operating directly at the
deep-representation level. In an analogous fashion one can
edit budget data and see the corresponding changes on a
tax return, or edit a musical score (it doesn’t have to be
in pentagram form) on the left, perhaps adding repeats, da
capos, and transpositions, and hear the corresponding de-
velopments in the played music. Though separate packages
with similar capabilities of course already exist, our aim is
to develop a way to do things of this kind

e more casually and extemporaneously, on the one-of-a-
kind, lightweight, still unformatted information struc-
tures that crop up in one’s day; and

e from the vantage point of a unified “mental platform”
residing in the individual, rather than using a collec-
tion of sundry gadgets purchased from unrelated “mall
shops.”

2.2 A “verbing” language

In the partnership we envisage between human individual
and computer, the latter is better viewed as a pragmatic and
unpretentious extension of the capabilities of the former,
much like a piano to the pianist or a dog to the hunter—
rather than an external “artificial intelligence” genie. For
the dialogue that will take place between a human indi-
vidual and his/her knowledge-home “extension” we plan
to develop a verbing language. Functionally, this will be
somewhat analogous to a scripting language: interactive,
general-purpose, flexible and robust rather than efficient at
any cost, suitable to act as a conversational shell for more
specialized packages. However, the verbing language will
be designed from the start as a spoken medium, capable of
maintaining and referring to a substantial implicit “world
of discourse;” thus, in terms of internal structure, it will re-
semble more a remorselessly stripped-down version of nat-
ural language.

A more formal, text-oriented dialect of the verbing lan-
guage will be used for batch-mode directives and other non-
interactive tasks. Though the oral mode of the verbing
language will have conceptual primacy in the Knowledge
Home, the written mode will be cultivated (as it happens
with English) as the instrument of choice for more deliber-
ate information-structuring activities, as we shall see below.

Until recently, the job that in popular culture would most
naturally be associated with the computer was “program-
mer.” Programming tends to be viewed as a necessary but
technically demanding and not particularly pleasant task—
something one gladly delegates to others. At the other ex-
treme of the spectrum there is the “user,” for whom the
computer is basically a virtual appliance: by running dif-
ferent applications the computer may be turned at will into
a video game, a word processor, a cash register. Modern

graphic-interface wizardry relieves the user of even the last
semblance of programming.

In the knowledge home, the computer will be viewed not
as much as an external appliance as an extension of our
mind. We know how to talk to ourselves; how will we talk
to this new “piece of our mind”? Will we be able to think
in point-and-click language? Shall we all learn to speak
Java? The design of a verbing language addresses these
concerns: the language will be used by ordinary individuals
for verbal communication with the computer at the level
required for the construction, maintenance, and enjoyment
of their knowledge home; in other words, for talking in a
simple fashion with their extended selves.

Actually, before debating what language one should
speak one would have to first ask who it is that one is
speaking with. What kind of “animal” will our informa-
tion home be and what will be its view of the world? This
immediately raises the issue of knowledge representation as
from within a knowledge home and, in short, of machine
intelligence. We shall deal with this issue in more detail
in §3. For the moment, we may note that, except for the
shallowest applications, natural language understanding by
computer requires access to a semantic model of the world of
discourse[12].> Constructing and maintaining an adequate
model of an external system (say, of human physiology for
medical diagnostics) may be an immense task—even after
drastic simplification and much arbitrary filtering. In the
case of the verbing language, however, we don’t have to re-
sign ourselves to an expensive and unfaithful model of the
outside world; our primary world of discourse is the very
contents of the knowledge home, which is by construction
totally and directly accessible to the computer. Given these
unique circumstances, a verbing language for the knowl-
edge home can start supporting a perhaps limited, but deep
and sincere, dialogue between human and computer with-
out requiring an enormous up-front investment in artificial-
intelligence machinery.

Scripting.  The term ‘verbing’ (short for ‘verbalizing’)
suggests an analogy with scripting languages, but reveals
a different emphasis and scope. As we said, the verbing
language is conceived from the beginning as a conversa-
tional language, and will be used by the computer as well
to talk back to the human. In this interactive mode, the lan-
guage will heavily rely on semantics. Within the same lan-
guage, however, one will shift into a more formal “scripting
dialect” for one-way, written, batch-mode communication,
which has substantially different requirements.

Though the verbal, interactive component of the verbing
language retains methodological priority, the pedagogical
value of the scripting mode cannot be overemphasized (cf.
[42]). A script captures the results of a mental effort so that
we don’t have to repeat that effort every time we want a
complex action done; at the same time, unlike a keyboard
macro or a recording, a script is open for inspection, re-
call, and modification. Unlike a sequence of point-and-click
incantations, a script has a syntactical and semantic struc-

10

3This is not to deny the overwhelming role that statistical models
may play in the early stages of natural language processing[15], and
the inextricable contribution of syntax to semantics.



ture similar to natural language. (Scoping, data-typing,
and dependencies are appropriate for an interpretive lan-
guage: temporary structures are kept simple, are built as
the need arises, and discarded after use.) The moment a
sequence of commands becomes routine, it is encapsulated,
given a name, and becomes just one new command; use
of modifiers (do this in an hour) or iterators (do this ev-
ery weekday) greatly enlarges the scope of a base command
form.

Scripts are a vehicle eminently suited for cultural trans-
mission, as they provide a structured way not only to specify
an action but also to document it, i.e., reveal the aspects
of intention and design behind the action. Scripts permit
a short design/test/modify cycle, and are much more tol-
erant of concatenation, deletion, mutation and recombina-
tion than conventional programs.* Moreover, a scripting
language lends itself well to a gradual transition from key-
board/mouse/screen input/output to verbal dialog, which
we expect will become more and more common in the future
in dealing with computers.

In practice, an interim version of the scripting dialect
would need to be developed first, as a communication
medium for immediate use and to provide support for the
other components of the cultural program. The develop-
ment of a full verbing language will continue for many years:
it is an ambitious undertaking and will require combining
a wide range of expertise with substantial new research.

Besides programming languages more suited for the needs
of large critical project and large organizations, there are a
number of languages that attempt to provide a more im-
mediate and individual relationship between human and
computer and were motivated by innovative pedagogi-
cal approaches; we may mention LOGO[1], FORTH[7], and
SCHEME[55]. These all demand a higher level of personal
technical commitment than we envisage. Attempts to dumb
down the act of programming may of course backfire; ac-
cording to Dijkstra, “it is practically impossible to teach
good programming style to students that have had prior
exposure to BASIC: as potential programmers they are men-
tally mutilated beyond hope of regeneration.” [20]

A scripting language like PERL may be very handy for
computer professionals steeped in the C-shell culture, but
is totally mystifying for the non-adept. Applescript[4] has
aspects worth imitating, such as the discipline it enforces on
application program interface, but has too narrow a scope
for our purposes. A philosophy more germane to ours can
be found in Tcl or SmallTalk. Perhaps what comes closest
to our motivations is Boxer[22]; though in that project the
stress is more on visual than verbal aptitude, much of the
underlying philosophy is directly applicable to our concerns.
Pragmatically, the most relevant vehicle for the first stage
of our journey may turn out to be the all-round language
Python, whose developer shares many of our objectives[61],

4In the our verbing/scripting/programming distinction, a program,
in the usual sense of the term, is the software counterpart of a piece of
complex, high-precision machinery whose demands for compactness,
efficiency, and reliability justify a large technical investment and long
design latency. In the same machine-shop metaphor, a script is more
like a prototype, and a verbing exchange is more like a use-once jig.
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and which might provide the starting point for the scripting
dialect (cf. above).

But, in essence, all of the above are computer languages;
what we are after is a graded range of computer-oriented
specializations of human language. This will require of the
ordinary human a substantial cultural investment in ap-
preciating the resources and limitations of the computer
ecology, but not the acquisition of the language habits of a
different “species.”

2.3 Basic tools and modular resources

Knowledge can be defined as any kind of successful adap-
atation (from the knowledge owner’s viewpoint[49]) to cer-
tain aspects of the world. Ultimately, the Knowledge Home
will succeed only if it will allow one to develop more useful
models of what one cares about in the world. We envis-
age quite humble, user- and domain-specific “models of the
world,” put together by the end user as the need arises. For
this, besides a number of basic tools and skills in possession
of the individual, we anticipate the availability of suitable
prefabricated components.

Modular knowledge resources. Making a new “pri-
mary” model (a street map of Boston, an adventure movie,
a scientific theory) requires competence, dedication, and re-
sources that are beyond the reach of the average individual.
But one can buy a map, learn a theory, and watch a movie
made by others. In the milieu of culture, the individual will
mostly use models of general availability, adapting them to
personal circumstances and combining them in a custom
fashion into more complex models.

Thence, from our viewpoint, the ordinary individual will
mostly play the role of model integrator rather than of
primary-model maker.® In Engelbart’s words, “one would
more often be engaged in structuring a composite process
than in structuring a computer process.”[23, p. 97] Rather
than having to build everything from scratch, the individ-
ual will be able to act mostly as an integrator of off-the-
shelf modular resources. It is in this context that much
useful work can be performed from the verbing language
vantage point, without requiring the more specialized craft
of a heavy-weight programming language.

As far as the development of the Knowledge Home cul-
ture is concerned, we stress that the only stock models that
are effectively usable by the lay model integrator are those
that can readily and reliably be combined with other mod-
els. Design issues include proper task segmentation,® in-
terfacing, documentation, validity range, correctness of al-
gorithms, reliability of the source data, etc. Much as in
LEGO pieces, both the capability to be systematically com-
posed and the potential for variety and usefulness of the
composite structures depend on thoughtful design of the
“combinatorics” of the pieces. Much as LEGO parts do not

50f course, a particularly skilled integration of a number of primary
models may become to all purposes a new primary model; think, for
example, of the MATHEMATICA package[65].

6E.g., will a report be produced as a formatted page only fit to be
printed, or in some intermediate, structure-tagged form suitable for
input to other programs?



combine with erector-set parts, or CMOS gates with ECL
gates, stock models for use in the knowledge home will have
to be conceived as parts of “logic families” obeying a defi-
nite discipline. It is in this sense that we speak of modular
resources.

Modularity, “object orientedness,” and standardization
are, of course, a primary concern of modern software de-
sign, but are mostly implemented so as to meet corporate
needs and resources rather than match the goals and ca-
pabilities of the individual. Note, however, that, in the
commercial world, distribution channels and sources of rev-
enue do evolve. Google Earth would be just an expensive
“toy for boys” if all one could do were scroll and zoom
on a fancy globe through a computer-game like dashboard.
But Google betted on people wanting to do who knows
what kind of smart things once they were given access to
Earth’s database, and so provided a full API (Application
Programmers Interface) to it. Through this modular “soft-
ware connector,” now a computer can be put “behind the
wheel,” so to speak, and scripted to rummage through the
Google Earth treasure house in pursuit of much more com-
plex knowledge quests.

Initially, an effort will have to be made to retrofit pre-
existing resources (e.g., a GPS interactive atlas) with a
knowledge-home interface (basically, an interface to the
verbing language). As the culture we envisage takes hold, it
will become advantageous for third-party developers of pri-
mary models to provide versions of their products in which
the integration with the knowledge home is built-in. Of
course, some effort will have to be devoted to creating orig-
inal models and modeling tools specifically targeted at the
knowledge-home environment. Obviously, in all this one
should keep in mind leveraging relevant existing standards.”

Basic tools.  While, from the standpoint of the individ-
ual, the above modular models will typically come from out-
side, the means used to integrate these resources into cus-
tom constructions of a certain permanence will come from
within, i.e., will be part of one’s acquired (well-ingrained
or at least readily refreshable) skills in handling the im-
plements of the received cultural toolkit. (Here we shall
not make a sharp distiction between basic skills as inter-
nal and tools as external, since many tools are mental or
conceptual—such as, for instance, the ideas of recursion or
of feedback loop.)

Beside deliberate projects, basic tools will also be used
daily to casually produce, as the need arises, less ambitious,
disposable “knowledge jigs”—for instance, a substitution
pattern to be used in a specific search-and-replace renam-
ing spree. In brief, cultural implements will be used on
one hand to materially make small contrivances in-house,
and on the other to assemble larger projects by providing
the connective tissue between “organs”—while the organs
themselves may come from external “organ banks.” Prod-
ucts like those of the GNU culture will play an obvious—and
vital—role in this context.

In the Knowledge Home, the acquisition of basic tools

7Such as the Universal Modeling Language[25] and a variety of
Structured Markup Languages[54]—chiefly the XML lineage.

is where most direct engagement will be required of the
individual-—you cannot learn to ride a bicycle “in theory”
or by correspondence! Correspondingly, a major component
of the Knowledge Home project will be the development of
a curriculum and all the instruments needed to implement
it: what concepts should be mastered and at what level,
what practical, skills and automatic responses should be ac-
quired; syllabuses, primers, teaching notes and aids, graded
sets of problems, tutoring strategies, proficiency evaluation
criteria, etc.

Useful as all this apparatus may be, one has to remember
that, anthropologically speaking, the natural way for hu-
mans to learn everyday skills is through imitation—through
seeing other people “do it.” The learning process may be
enhanced by deliberate teaching, but even this is often best
done simply by example.

Personal transmission of skills will be encouraged in the
Knowledge Home. It will be important to build a tradition
of progressive examples, useful analogies, and conceptual
simplifications which knowledge-home owners (cf.§2.4), in
their role as tutors, will more easily employ by having them-
selves learned through these devices.

It is impossible to stress enough the importance of proper
documentation at all stages of creation, dissemination, and
operation of a culture. Cultural transmission is much more
effective if raw directives are accompanied by their ratio-
nale.® T may say, “To call my cousin in Rome you just dial
0113906818283,” but I will make the task easier to compre-
hend and remember (and to debug as well) if I explain, and
at the same time document, “011 gets you out of the United
States, 39 lands you in Italy, 06 is for Rome, and 818-283
is my cousin’s home.”

By having their attention called to them—especially
through the practice of scripts—the user will naturally
be initiated to a number of concepts and tools that be-
long to a primary layer. For example, much power comes
from promoting from an intuitive level to a somewhat
more intentional status certain name/usage (or “meta”)
mechanisms—namely, what we technically call quoting, es-
caping, redirection, and piping; here one may also mention
recursion, scoping, encapsulation or “information hiding,”
and data typing. Mechanisms of this nature are already lav-
ishly used by natural language—which we all competently
use without conscious effort. And don’t we all “push the
stack” when we answer a phone call while we are cooking a
meal, and know how to return to the suspended task? We
may easily get lost, it’s true, if the recursion goes deeper
than three or four levels, but that’s a general limitation of
our short-term memory”?—not an indication that our native
grasp of recursion is poor. In matters like that, computer
help that is modest but well-integrated with ourselves can
enormously extend our reach.

At a slightly higher, more cultivated level will be the ac-
quisition of basic tools that somewhat stretch our native
intuition and thus involve a modicum of discipline to be
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8True or alleged—the difference is no so important for mnemonic
purposes.

9Remember, from Psychology 101, the famous “seven plus or minus
two items”?



mastered. Such may be, for example, the use of regular
expressions, invaluable for searches, enumerations, produc-
tions, and substitutions. (The poor man’s version of this,
namely, wildcard characters, can be picked up with no ef-
fort; as for full-fledged regular expressions, a plainer syntax
than the ones tolerated by computer hacks will of course
make them much more palatable.) The verbing language
itself will provide uniform conventions for arguments, mod-
ifiers, comments, etc. by regular linguistic means, much as
ordinary language does for direct and indirect objects, ad-
verbs, conjunctions, and parenthetic expressions.

The UNIX environment must be credited with introducing
important prototypes of basic tools, and also has a tradition
of readily available, if not always friendly, documentation
(cf. [2]). However, UNIX tools evolved in a more primitive
computer world (where, for instance, conciseness was prized
over readability), and to be used well require the skills and
the mentality of a “guild craftsman.” A systematic, criti-
cal re-spin of reference-level tools and conventions will be
necessary to create something that the ordinary user can
thoroughly assimilate and use as a solid anchor. We will
proceed concurrently in a top-down mode and a bottom-up
mode. The top-down component begins with the high-level
design of structures, standards, and concept-oriented doc-
umentation, while the bottom-up component involves the
construction, adaptation, and evaluation of various software
tools.

The linguistic/computational environment we envisage
will provide a number of default algorithms and data struc-
tures (such as dictionaries, stacks, and lists; hashing mecha-
nisms; link processing; customizable sources of randomness)
for implementing those objects and actions that will be part
of the most basic knowledge-home ménage and correspond-
ing lexicon. In this process of language construction we
shall seek feedback from experimental subjects: what ordi-
nary individuals typically wish to do, can do, and can be
taught to do with basic tools in matters of managing ba-
sic items of personal knowledge—professional or amateur
interests, personal endeavors, one’s social web, etc.

In addition to producing original documentation, we plan
on restructuring much existing documentation to better fit
the concept-oriented nature of the computer culture we are
developing. In the spirit of the genotype/phenotype com-
plementarity mentioned in §2.1 and the idea of scripting
as remote extension of oneself, documentation will be de-
veloped that is not only “machine readable” in a trivial
sense, but suitable for machine access at a reasonably deep
semantic level. From this level, surface-level documenta-
tion and other maintenance-oriented material appropriate
to the needs of the moment will be generated on demand.
Experiments such as GNU Texinfo and Knuth’s “literate
programming” [34] will provide inspiration, but clearly we’ll
have to go much further than that.

When all is said, the Knowledge Home’s basic tools will
essentially be those of general computational literacy (cf.
right before §1.1) grafted on existing linguistic competence
and all that is behind it. Note that this is no repackaging of
an old concept under a new name. General computational

literacy as a transmissible cultural package does not exist
yet! The task that we set ourselves is to design one, and a
viable one to boot.

2.4 Homemaking and “fire insurance”

Here we address some issues concerning ownership of a
knowledge home. Let ‘owner’ denote the individual who
enjoys the use of and manages this expanded personal in-
formation space; by convention, the owner will be a she; for
definitness, she’ll be a college student.

A snapshot of the envisaged knowledge home would show
just an ordinary-looking computer. One may visualize this
as processor, disk space, and an Internet connection, but
may actually be some other computational support, as ex-
plained in §1.4. The difference is not in the material, but
in its use.

If we looked at the knowledge home from the viewpoint
of an information systems manager, we’d find the usual hi-
erarchical structure with directories, data files and program
files. But try to ask its owner to describe its contents from
her vantage point: She will turn out to be familiar with its
functional organization, in the same sense as she’s familiar
with the contents of her house even though she won’t know
or care about the internals of the microwave oven. She’ll
be able to tell us what the different things she sees are for.
She will know the names of most things she employs,'? some
names having come with an object when she acquired it or
with a tool when she learned to use it, and other names
having been given by her to the things she made herself.

“You must have given much time and love to making your
knowledge home a space fit for you, and you certainly have
many precious things in it. Aren’t you afraid that a fire or
a disk crash will take it all down?”

“That would be a nuisance,” our user will answer, “but
no tragedy. You see, I have a script that describes what my
knowledge home should be like, what it should contain and
where. A routine program keeps track of minor changes or
additions, but whenever I entertain major renovations I go
over the script myself (I got my first home script from a
friend) and plan the changes by editing the script;'! then
I try out the changes (just running the scripts builds me
a brand-new knowledge home in a few minutes) until I'm
comfortable that the new home is what I want. If I don’t
like it, I can always go back to the old one. My physical
home may burn down, but my knowledge home will be up
and running again in a few minutes—maybe in my friend’s
computer until I have a new one of my own.”

“But your script is only a few pages long, and you have a
hundred terabytes in your hard disk,” we observe. “Where
does all that information come from, when you have to re-
build your knowledge home from scratch? And what kind
of wizard do you have to be to insure that everything will
come together as it should?”

10 “Naming is perhaps the most powerful abstracting notion we have,
in any [natural or computer] language.” [55]

11 Again, editing the genotype in order to modify the phenotype;
cf. §2.1.
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“As far as I'm concerned, there are basically only two
kinds of objects—the ones I made myself and those I got
from outside. For the latter, which constitute most of the
bulk, my script has pointers to the sources and can down-
load materials and automated assembly instructions from
there; I don’t have to know the details.

The objects that I made myself are mostly texts, draw-
ings, scripts, and shop models which came directly from
my hand and are literally the sweat of my brow. As in
the case of the primary script that describes my knowledge
home’s contents, this is literally small change—how many
megabytes do you think I can personally generate in my en-
tire life?12—of which I keep copies in the usual safe places.
There are, in addition, some irreplaceable personal data of
greater bulk, like family photos, home movies, hard-to-find
books;!? I find it more convenient to keep a backup copy
of these with a professional data-vault provider. In sum,
even if the information I care for is much too large for me
to know in detail (as if I ever wanted!), I know what my
possessions are and I can give directions on how to restore
them if lost.”

The above dialog throws light on our use of the terms
‘personal’ and ‘structuring’ as related to knowledge. One
can rely on the professional expertise of movers, plumbers,
and decorators, but the basic plan and management of the
knowledge home are the natural sphere of interest of the
owner.

2Even a computaholic like Steven Wolfram claims only 100 million
keystrokes[10].

I3 A “personal digital library” may of course be a much more struc-
tured collection than an “attic trunk”[37]. But it will still consist
of digital objects that are materially owned by the homemaker, of
links to relevant external material (one may imagine one’s personal-
ized catalog to the city’s public library), and descriptive material that
provides a “guided tour” of portions of the library. In any case, the
irreplaceable components of such a structure boil down to low-volume
scripts and texts and some amount of bulky personal data.
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Chapter 3

Designing the knowledge home

Of the many forms of false culture, a premature con-
verse with abstractions is perhaps the most likely to
prove fatal to the growth of a masculine vigor of the
intellect. [George Boole]

All I Really Need to Know I Learned in Kindergarten.
[Robert Fulghum)]

[This chapter will discuss some design aspects of the pro-
posed culture—what can be expected and/or furthered both
in human nature and in terms of technological prerequisites.
Most of the chapter still has to be written.]

3.1 Leveraging innate mathematical ca-
pabilities

As we’ve noted, literacy builds upon, and expands in ways
that it would have been hard to foresee at its beginning, our
ordinary, innate linguistic capabilities, our mnemonic and
pattern-recognizing talents, and other general knowledge-
integrating capabilities.

Note that it is clerks of ordinary bureaucracies—not great
scientists or writers—who comfortably produce and use
contract specifications with, say, seven levels of itemiza-
tion. Literacy is no longer just a matter of putting or-
dinary speech onto paper and vice versa (cf. Jong’s classic
monograph[42])—some sort of verbatim “tape recorder”! A
contract can be drafted, examined and revised at leisure
without the real-time pressure of oral delivery, compared
with other contracts, circulated, reviewed by collaborators,
etc. The resources of the cultural medium make it possible
for quite ordinary individuals to leverage the evolutionary
“old” mechanisms of language, together with innate capa-
bilities for problem solving, design, and culturally assisted
tool development, into novel kinds of production.

Besides language, all humans display on their day-to-
day routine a wealth of talents of a logic, mathematical,
geometric, or dynamical nature. They may be convinced
that “linear algebra”, “homomorphisms”, or “Kirchhoff’s
theorem” (if they ever heard of them) belong to the neb-
ulous jargon of science, yet they competently use mental
reflexes that are the prototypes of those very scientifical
concepts: namely, they expect proportional response to a
stimulus, they sooner catch on to an idea via a metaphor
than through a long literal explanation, and they readily
conjecture appropriate conservation laws: even a child of
three is surprised when a ball that rolls behind a box does
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not soon reappear on the other side. It’s hard to overesti-
mate the amount of tacit mathematical and computational
capabilities we are all perforce endowed with (cf. [19]). Sys-
tematic observations made by Piaget and his school[45] sug-
gests that these rather general organizing capabilities of the
human mind have a functional role somewhat analogous to
that of category theory in mathematics.

One feature of our approach to crafting the cultural suite
discussed here is the direct leveraging of universal proto-
scientific capabilities into pragmatic resources to be used
in building and maintaning one’s knowledge home, with-
out going through the entire process of first abstracting all
the way up and then concretizing all the way down—which
is what is typically done (or attempted) in much conven-
tional scientific training (see diSessa’s extensive material[21]
in this regard).

This does not mean that people of the Knowledge Home
culture will be expected, by some sort of magic, to spon-
taneously fire up whatever innate talents they have in, say,
handling recursion, and from there invent all by themselves
a toy version of the LISP programming language! What we
mean (see, e.g., Resnick[52]) is that

e It is part of our experimental agenda to determine
at what level innate computational faculties (that
one might a posteriori label “intuitive mathematics,”
“physics,” “game-theory,” etc.) can be supported and
boosted, for every-day modeling purposes, by a well
matched “mental shop.”

Tutorials, examples, tools, and documentation will be
designed so as to elicit and reinforce this competence,
and exploit it for the building and maintenance of one’s
knowledge home.

Note that the issue of what proto-scientific talents hu-
mans do or do not possess must be approached, for our pur-
poses, as an empirical matter. For example, it appears that,
in contrast with superb language talents and visual/spatial
processing, our mind is poorly equipped (or perhaps just
too impatient) to handle probability questions and complex
inference chains[46, 31, 44, 5]. As a consequence, inference
tasks in the management of the knowledge home will have
to be supported by a different strategy than, say, syntactical
expansion.



3.2 What shall the knowledge home
know?

Conversely, what basic innate capabilities shall be built into
the knowledge home?

Earlier we mentioned the verbing language (cf.§2.2),
which will be the most visible expression of the knowledge
home. The surface features of this language may be an in-
teresting exercise in computational linguistics, but the real
design must begin by sketching an idea of what sort of en-
tity shall dwell beneath the language itself. What will this
entity be like, that we’ll be “extending our mind with and
talking to”? What kind and what level of “animal intelli-
gence” shall flicker inside the knowledge home?

Questions related to this have been asked since the be-
ginning of artificial intelligence studies and even earlier—by
Thomas Aquinas, for one. I favor the approach of Hofs-
tadter (e.g., [29]) and Dennett (e.g., [18]), which is more
concerned with genuine, deep-seated capabilities than with
here-and-now deliverables.

The semantic machinery underlying the verbing language
must itself display some innate competence comparable in
kind if not in degree with that of humans. For instance,
a command to print a file will not be interpreted merely
as a terse description of an action to be taken (“send byte
stream to printer port”), but also, and primarily, as the
intention (and corresponding expectation) to have a cer-
tain goal achieved. If no ink lands on the paper after the
specified action is taken, the command will not be deemed
fulfilled and further measures (such as retries, remedial or
alternative actions, warnings) will be attempted by the sys-
tem in order to meet the expectations.

Competencies of this kind are of course being engineered
in any well-designed adaptive system—be it a VCR or a
fighter plane. The point we are making here is that they
should not have to be reinvented for each new application,
but should already appear as generic semantic properties
of the verbing language. In that language, “Do x!” should
by default signify “Do whatever is in your power to get x
achieved!”

How hard will it be to put this kind of generalized com-
petence in the knowledge home?

In designing the human mind, evolution must have pro-
ceeded in an empirical, incremental, exadaptive fashion[28],
building gradually out of whatever came in handy at the
moment. We are more in a hurry than that! Fortunately,
our design target—the knowledge home—is by far a much
more modest affair than the human mind; besides, cul-
tural design has the advantage over natural evolution that it
proceeds in an intentional fashion—literally, by “intelligent
design”—and thus may attain its goal over a straighter and
shorter course. In particular, the bottom-up, epigenetic
approach can be complemented by a top-down approach,
where abstractions are designed in from the outset.

To this purpose, we think it will be advantageous to incor-
porate the basic elements of category theory—mathematics’
most abstract “shell”—directly into the very fabric of the
knowledge home.

In brief, while a specific branch of mathematics may in-
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quire as to “Who did what to whom” (e.g., “Which elements
of an action group map certain points into themselves?”),
category theory is content with more general knowledge
such as “Someone did something to somebody,” that is,
that a certain type of operator (no matter what the specific
operator is) has two parameters, the first dealing with an
action (perhaps of some specified kind) and, likewise, the
second dealing with an actee. If the operator is called with
a different number or kind of parameters, this high-level
error must be addressed before worrying whether, for in-
stance, the named action is indeed known or available to
the system.

Seen from this perspective, Piaget’s lesson[45] is that
it must have been evolutionarily beneficial for the human
mind to grow comfortable with some basic categorical ab-
stractions. Who doesn’t readily appreciate the meaning—
and the usefulness—of a phrase such as “That was a who-
did-what-to-whom question”? Likewise, we think that
the knowledge home (here meant not as the culture, but
as the hardware/software embodiment of one’s personal
knowledge-structuring support) should be granted similar
benefits by virtue of design.

We have seen that ordinary literacy, by providing mate-
rial and cultural props, allows one to extend the power of
natural language. In a similar way, computational literacy
such as that supported by the knowledge home will allow
one to extend the power of natural computational aptitudes.
If the knowledge home comes “wired” with somewhat more
(rather than less) and more dependable category-theory
structure[62] than we are innately competent with, with
its help we’ll be able to amplify our level of competence in
this respect. Note that, like Moliere’s uncultivated charac-
ter who “spoke prose without knowing it,” most inhabitants
of a knowledge home will not have to become competent in
the theory of category theory—or even be aware of their
progress in it. All that matters is that, with the help of the
provided instruments and examples, they will playing “by
ear” some better “music” for their own enjoyment, much
as MS-DOS users make effective use of regular-expression
abstractions when they type wild cards (the stars in a com-
mand like “del budget199*.%”), without even having to
know that they are making a regular-expression search.

3.3 ...and what know to forget?

A knowledge home will always be at risk of becoming a
“knowledge attic,” full of memories that used to be some-
body’s fond ones but now are no longer claimed by anyone.
The same culture that will help us build a knowledge home
(see §2.4) will also provide traditions and tools that will
encourage us to keep it clean.

To begin with, most documents and scripts, unless ac-
tively recalled, will by default be made to gradually “fade”
(they may acquire a yellowish tinge when displayed, they
may be given a lower precedence in searches, etc.) and even-
tually disappear from sight—though not necessarily from
the system. But that will not be enough. Sifting, sort-
ing, consolidating, throwing away, though not glamorous
endeavors, are important creative efforts that require dis-



cipline, knowledge, personal choice, motivation—all things
that the so-called “personal computing” market wouldn’t
touch with a ten-foot pole, and which instead the Knowl-
edge Home culture will not be afraid to abet.

Equally important, how can we design a knowledge home
to be culturally adaptable and yet faithful to its owner? A
puppy may equally well be grown into a policeman’s dog
as a burglar’s one, but after that neither owner would want
his dog to switch sides. Similarly, I will want my knowledge
home to be “smart enough” to know how to adapt to me,
and at the same time “dumb enough” to remain attached to
me! T want it to be usefully interconnected to the Internet,
but not to be so strongly influenced by it as to slowly morph
into a house I can no longer recognize. We may want to put
in, by design, what ethologists call an imprinting period,
after which our knowledge home will shed much of its (by
then no longer needed) adaptability.
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Chapter 4
Conclusions

[Also this final chapter is under construction and may
undergo major changes.]

4.1 Survival value

The farmer prays to Zeus for rain, the potter for dry
days.

Here we address the personal survival value of the knowl-
edge home. Relevance of a piece of information, usefulness
of a model, etc. are subject-relative. My knowledge is tied
to my successful adaptation to my environment. Similarly,
my supermarket’s database serves the supermarket in its
environment. As a rule, we as individuals cannot expect
that organizations, social groups, and, in general, any struc-
tures that have to “make a living” in order to persist[17],
will primarily care about our own individual well-being—
though they may happen to do so when their success is
correlated with ours.

Our point is that, at bottom, the ultimate custodian and
judge of an individual’s well-being can only be the individ-
ual itself. If good models of the world are important to
the individual’s adaptive response to the world, it can only
be up to the individual to make sure that the right models
get put together. The cultural tools—the “discipline” —we
plan to develop to help individuals gather, integrate, and
deploy knowledge for personal use start from the assump-
tion that the individual will want to acquire some compe-
tence (cf. [59]) in the use of these tools. To ask to what
extent this want may come from inner desire, from soci-
etal inducement, or from economic need (why do people
“want” to go to college?) is not our primary business here.
Our business is to make sure that the means are consistent
with the objective. If the goals are enhanced individual
adaptiveness and personal satisfaction, the solution cannot
be merely technological—a package that one buys at the
computer store. The “package” that we propose does en-
visage computer tools and standards (which will mostly be
public-domain) and computer applications (many of which
may well be commercial), but includes as an essential part
the development of individual competence in the “feed and
care” of one’s models of the world. The latter is an educa-
tional endeavor.

4.2 Do we have to die 100%?

Non omnis moriar, multaque pars mei vitabit Libiti-
nam. (I shall not entirely day; in fact, a large parte of
me will avoid the grave.) [Horace, Odes III-xxx, 6]
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Here (the section title, borrowed from [11], is clearly a
paraphrase of Horace parting statement) we address the is-
sue of “sharable ontologies:” sharing and bestowing one’s
models of the world at a deeper level than the surface rep-
resentation provided, say, by a book.

We were touched by Donald Knuth’s home page
(www-cs-faculty.stanford.edu/ knuth). Here is a man
who has an enormous wealth of organized knowledge to
share—and most deliberately started doing this sharing
thirty years ago with the first volume of The Art of Com-
puter Programming[33]. On his way, he realized he needed
a deeper-level interface between his manuscript pages and
the printer, and he devoted several years to creating TEX,
METAFONT, and WEB—three companion computing envi-
ronments that “know” a lot about the printer’s craft, the
mathematician’s notational magic, the art of typeface mak-
ing, and the need for a program to communicate with other
humans as well as with computers[35]. Note that this kind
of knowledge cannot be captured by a passive book; it re-
quires an active structure that, though created by humans,
lives inside a computer.

Knuth then went back to writing on “a hermit’s sched-
ule”. “I retired early,” he says, “because I realized that I
would need about 20 years of full-time work to complete my
main life’s work, The Art of Computer Programming.” In a
tongue-in-cheek wager with the devil, Knuth estimates that
his fifth volume will be ready in 2009; “and after Volumes
1-5 are done, God willing, I plan to publish Volume 6 (the
theory of context-free languages) and Volume 7 (compiler
techniques).”

Knuth knows what “personal knowledge structuring”
means, and he knows it with a vengeance. He would like
to transmit to us as deep a representation as possible of his
internal journey—mnot just a travelogue—so that we can re-
live and extend his explorations. Unfortunately, adequate
cultural tools for externalizing, transmitting, and then re-
internalizing in another person one’s knowledge are not de-
veloped yet. An ideal person to contribute to the design of
these tools would of course be Donald Knuth himself, but he
has already “given” beyond the line of duty; with the rest
of his allotted time he cannot both give us his knowledge
(as best one can do this with today’s tools) and develop the
right tools for knowledge transmission.

Literacy allows us to reach farther in space and time.
An accidental spin-off of this historically primary purpose
is that an off-line “text file” supports deeper structure and
richer interaction than on-line speech. Thus, born out of
the need to better communicate with others, literacy allows
us to better communicate with ourselves.



A knowledge home would allow us to co-opt external re-
sources “better to think with” in our daily undertakings.
The artifacts of this culture—scripts and other “thought
files” one may have developed on one’s “platform”—will
have enough commonality of format to at least “run” (if not
necessarily to make much sense) on the platform of anyone
who shares the same cultural conventions.

In this way, a culture primarily devised for thought sup-
port will also provide a vehicle for “thought transmission”
that goes beyond the traditional literacy means.

4.3 Ownership and satisfaction

We are incessantly solicited to “easily expand our powers”
by becoming ourselves part and extension of some other
organism’s body—a company, a party, a nation, a church,
a frequent fliers’ club, an Internet charter group like AOL
or MSN. This, of course, has been going on in nature since
time immemorial: there are great advantages to being a cell
of multicelled organism rather than a freelance unicellular
microorganism, or being a dependable and well-rewarded
pollinator in symbiosis with a matching plant species. What
we are proposing here is a way to expand our powers by
extending our own body, as it were, thus retaining a major
ownership share of the resulting system. This approach
may require a little more effort, but it gives—at least to
me—much more satisfaction.

4.4 A community of learning volunteers

The development of the Knowledge Home culture will re-
quire vision and common sense. It will need sound judge-
ment in social, economic, and technological matters. It will
have to be solidly grounded in human psychology, computer
science, and evolutionary sociology—and will have to live
with the realities of the market.

Most of all, especially at the early stages, it will require
a dedicated community of learning volunteers who’ll use
themselves as experimental subjects; who’ll inoculate them-
selves with test strains to determine their potency, side
effects, and synergy with other strains; who will design,
construct, evaluate—and tear down—countless buildings;
who will have the patience to imagine living in a completed
knowledge home when only few of its rooms and facilities
are yet in place.

We are reminded of the story of Eliezer Ben—Yehuda, who
(be he judged a saint or a tyrant) achieved the “linguisti-
cally impossible” feat of reviving a dead language—Hebrew.
Over many years, while the arch was being built, he, his
family, and his close associates supported the arch stones
with their bodies until the keystone was in place and the
arch could stand by itself.
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