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A D V I C E  F O R  S P E C I F I C  F I E L D S

In this chapter, I apply the grand principles I have
pontificated upon through this book to each of a

number of specific fields of endeavor. Although you
may not have a direct professional interest in any of these

fields, the comments may prove interesting.

Game Design
Computer-based interactivity got its start in game design. While other fields
were slowly groping their way toward interactivity, game design was reveling in
it. Well-designed interactivity has always been central to the success of games;
hence, game designers possess highly developed sensitivities for interactivity.
Certainly designers from other fields would do well to examine game design
closely. You can learn as much from the turkeys as from the winners; for each
game, ask yourself, “What makes this game so good (or so bad)?” Your answer
to that question will almost always be founded on some aspect of the interactiv-
ity in the game.

The central design issues in game design now concern the character of the
interactivity: specifically, the nature of the thinking that the game demands of its
user. The shelves teem with games, but there are only three basic thinking ele-
ments in all current games: hand–eye coordination, puzzle solving, and resource
management. All games combine these three elements in varying degrees.
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Hand–Eye Coordination
Games that use hand–eye coordination move quickly and demand fast reflexes.
Information races through the interactive loop at high speed. The user’s brain
activity is concentrated in the cerebellum, which handles the lower-brain func-
tions associated with sensation and motor processing. The process of mastering
a game requires the player to short-circuit normal sensorimotor processing.
Information normally travels upward from the cerebellum into the cerebral cor-
tex for what we might call conscious processing. If we see a bee, the cerebellum
might handle the basic processing of recognizing it as a small, active, living
thing, but the recognition of it as a bee requires higher-level processing, and the
decision to take action will involve additional objective factors such as the pres-
ence of a window between the person and the bee. Thus, information spreads
upward from the cerebellum into the cerebrum, wanders through there, inte-
grating with other bits of information, and then passes back down into the cere-
bellum as instructions to swat the bee, close the window, or move away.

The beginning player of an action game goes through the same process, but
as he learns the game, the amount of information flow through the cortex
diminishes, reducing processing time and yielding faster reflexes. The player
teaches lower levels of his brain to respond directly to the game’s stimuli. A mas-
ter player has cut out a great many of the cerebral middleman neurons, confin-
ing processing as closely as possible to the cerebellum. Such players report an
altered state of consciousness while playing the game at their best; the highest
levels of cortical processing are suppressed, and the player loses awareness of his
surroundings. Another symptom is the experience of losing track of time: the
player suddenly jerks himself out of the altered state of consciousness and real-
izes that it is three o’clock in the morning.

This brings us to one of the unhealthy effects of action games: their narcotic
effects on consciousness. Common sense tells most people that the dull expres-
sion and trancelike behavior of action game players is unhealthy, but it has been
difficult to nail down the gut-level feeling. If we think of this behavior in terms of
altered states of consciousness, then we can recognize some of the appeal and
danger of the activity. By shutting down consciousness, the player obtains relief
from whatever demons haunt him. It is precisely the same behavior that alco-
holics and drug addicts display, undertaken for the same reasons, and with essen-
tially the same behavioral effects. Troubled persons can banish awareness of their
pain by immersing themselves in long hours of action-game playing.

Another factor is, of course, the violence. Often the stimuli in a game are
dastardly monsters in desperate moral need of extirpation, the player obliging
with firepower of biblical proportions. Not all games are violent, of course. In
some games, the violence is euphemized. There are also plenty of completely
nonviolent, fast-action games.

The role of violence in computer games generates plenty of debate, espe-
cially after it was learned that the murderers in the Columbine High School
massacre in Colorado were aficionados of violent computer games. All games
must have conflict to drive the interaction, and violence is the simplest and
most intense form of conflict—hence, the predilection for violence in so many
computer games. But simplicity and intensity are not the sole measures of qual-
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ity in any human experience. Candy boasts the simplicity and intensity of sugar,
but it hasn’t monopolized our diets. True, our less worldly wise gourmands (chil-
dren) overpartake of this food, but we all outgrow the short, sweet satisfaction
of candy and turn to more subtle tastes to entertain our palettes. In the same
way that the intense pleasures of candy, cartoons, and comic books command
the entertainment enserfdom seize the attention of our children, only to be
eventually outgrown, so too does the craving for violence represent a phase in
the maturation of some individuals. The real problem with violence, then, is not
that it is unethical, but that it is ultimately boring. Once you’ve seen a million
eviscerations, you’ve seen ‘em all.

The challenge to computer game designers is to engage some other portion
of the human psyche, probably something a little further up the brainstem. One
such mental engagement is the solving of puzzles.

Puzzles
Puzzles, in their pure form, are completely noninteractive. They hide a solution,
and the player must experiment to divine that solution. The puzzle makes no
active effort to foil the player’s efforts; its strength lies in its obscurity. The clas-
sic example of the use of obscurity was the adventure game that required the
player to pass an obstacle by feeding a dead fish into a slot in a vending
machine. The wonder of it is that so many players praised the game for its sur-
passing counterintuitivity!

While adventure games provide the purest example of puzzle games, game
designers have been slowly fusing puzzles with other elements of the design to
imbue them with some dynamism. For example, a jumping game can be seen as
a puzzle with moving parts. The player must learn to run, jump, and duck in a
precise sequence to achieve victory. A puzzle might even include some active ele-
ments to chase the player, in which case it certainly provides some interactivity.
But where does puzzleness fade into interactivity? A player blasting sneaky mon-
sters could just as well be said to be solving the puzzle of their algorithms—once
he understands their style of fighting, he can massacre them at his leisure. The
difference between puzzleness and interactivity lies in the perception of the
user. So long as the user does not understand the algorithms driving their
behavior, he perceives his opponents to be operating with free will, and there-
fore believes that he is interacting with them. Once the player understands the
behavioral algorithms, the interaction collapses and becomes a puzzle.

Some confusion surrounds the integration of puzzles with other forms. For
example, one popular design alternated puzzles with video sequences. Supposedly,
the combination of “interactive” puzzles with noninteractive “movies” yielded
“interactive movies.” This supposition presumes that interleaving constitutes inte-
gration. If you shuffle together a deck of hearts and a deck of spades, you don’t
get a deck of sparts or heades—you get a deck of hearts and spades. 

In general, puzzles have done little to advance interactivity design. While
there have been a number of successful pure puzzle games, such games are
weak in interactivity and do not represent enduring lines of development; they
tend to come and go as fads. Designs that incorporate puzzles compromise their
interactivity to obtain the challenge offered by the puzzles.
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Resource Management
Resource management games, sometimes called strategy games, operate at a
cerebral level; they present challenges requiring high-level processing. The most
complex of such games demand integration of huge amounts of disparate data
and detailed assessment of its consequences. There are many variations on this
theme: military strategy games, explicit resource management games, and role-
playing games. All of these games require the player to juggle limited resources
to optimize performance in pursuit of some goal. In military strategy games, the
military units constitute the resources that are used and expended in pursuit of
victory. In role-playing games, the attributes of the player-character constitute
the resources to be used in overcoming opposing players, thereby obtaining
additional resources. In explicit resource management games, the player must
marshal limited amounts of food, money, population, or other resources in pur-
suit of the goal.

Most of the variation in resource management games comes from integra-
tion of resource management with other styles of game play. For example, the
classic conquer-the-world games combine straightforward military resource man-
agement with economic resource management: the player uses military units to
capture cities that generate new military units. Another approach is to integrate
a military strategy game with a hand–eye coordination game: position your mili-
tary units and then fight the battle hand to hand. This approach goes back to
the early 1980s. There have also been attempts to combine resource manage-
ment with puzzle games. Some role-playing games do this by presenting the
player with puzzles along the way. 

Where to Go from Here?
Game designers have tried to pump life into these forms by two main strategies:
technological advancement of old designs and odd new combinations of existing
forms. The technological advancement approach took a great leap forward with
the onset of 3D display technology, but this approach is nearing its technologi-
cal ceiling: the improvements yet to be made can do little to boost the game
experience. The utility of the combinatorial approach is also fading; almost all
of the available combinations have already been experimented with. 

It would appear that game design has exhausted its creative potential.
However, I can offer a few suggestions for new veins of creativity to mine. The
first of these is the exploration of alternative thinking styles. Each of the exist-
ing basic genres relies on a fundamental dimension of human thinking:
hand–eye coordination, random creativity for puzzles, and careful calculation
for resource management. Additionally, most of these games rely heavily on spa-
tial reasoning. This suggests two other dimensions of human mentation that
might prove worthwhile.

The first of these is verbal reasoning. I don’t mean the use of words to pres-
ent fundamentally mathematical problems; rather, I refer to the use of linguistic
processing in the human mind. Such processing abilities far exceed our capacity
for formal logic in their depth and richness, but designers are often at a loss to
comprehend the potential of this approach, largely because our verbal reasoning
is deceptively automatic, and most designers are so steeped in the tradition of
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spatial reasoning that it boxes in their imagination. Consider, however, that a
riddle is a verbal puzzle, and a conversation is a purely verbal interaction.
Consider the possibilities of any political interaction game (corporate politics,
government political intrigue, geopolitics, and so on). Spatial reasoning is use-
less in such games; their interactions are manifested verbally. Consider also the
classic mystery genre. This genre has done well in both cinema and literature,
but the attempts that have been made in the games field have not been success-
ful. I suspect that mystery games have failed because they do not effectively
bring verbal reasoning to bear.

A second dimension of mentation is affective or social reasoning. Most male
designers have little appreciation for this dimension, but it is one dimension of
specialization for females. I find it ironic that game designers constantly worry
about how they might go about designing “games for girls.” The question is
framed in such a way that the answer is to put a cute bow on the head of Pac-
Man and call it Ms. Pac-Man (which is what Atari actually did). If the question is
reformulated to “How can we utilize affective or social reasoning in our
designs?” then we have a constructive challenge that can guide us to a solution.
Unfortunately, this dimension of human thought differs so much from that
employed in current designs that the solution will require a major effort. I have
been working on the problem for ten years now, in the form of interactive story-
telling, and have succeeded only in laying the foundations. 

Some designers will protest that computer games generate plenty of emo-
tion, citing the moments of elation or terror they have experienced in the bet-
ter games. This logic confuses affective reaction with affective interaction.
While the player may experience moments of reactive elation or fear, the inter-
action itself involves no emotional effort. Indeed, some games seem to have the
reverse effect, deadening the player’s senses of sympathy and empathy by
mechanically inflicting suffering and death in amounts never approached in
the bloodiest of movies.

Consider, for example, the aggregated body count generated by one com-
puter game: Doom. Assume that 5 million people played this game. Next,
assume that each player has played the game for an average of ten hours—long
enough to figure out how to survive. Last, assume that the average Doomster
kills one monster every ten seconds. While there are wimps who can’t perform
to that standard, many players do much better. Putting these numbers together,
I calculate a body count of 18 billion. Compare this with the Holocaust, surely
the most emotionally intense incident in human history, in which 6 million peo-
ple were killed. One computer game has generated the virtual analog of 3,000
Holocausts without any concomitant emotional impact.

Large Verb Sets
Games have traditionally sported a small vocabulary of verbs, because the early
games had to operate on joysticks with little expressive capability. Design styles
have therefore concentrated on creating a small set of all-purpose verbs capable
of executing a variety of tasks. The ideal game boasted an elegant, tightly knit
set of verbs. This suggests an alternative design avenue to explore: the creation
of large, loosely structured verb sets. Instead of hard-wiring the verbs directly
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into the program code, they would be stored in some sort of table defining
their capabilities. Broadly defined verbs would be replaced with narrowly
applied verbs. Such designs would face many new difficulties, such as how to
communicate to the user which verbs are applicable in any given situation.
Nevertheless, the strategy of large unstructured verb sets opens up new realms
of game design.

Marketing Constraints
Sad to say, the greatest obstacle to creative development in the computer games
industry lies on the marketing side, not the design side. Suppose, for example,
that some genius were to design a game bursting with affective and social rea-
soning. Such a game would be completely new—and that would be its death sen-
tence. What sane publisher would risk a million dollars on development costs
for a game genre with absolutely no track record? In the good old days when
games cost $50,000 to develop, risks like this were occasionally acceptable, but
nowadays there is no point in spending that little—such a game would surely fail
because of its necessarily low production standards. Publishers must either com-
mit a ton of money or walk away from the design, and they will all choose the
latter course, even though they know the game might be a major breakthrough.
As one publisher told me back in 1984 about Balance of Power, “This is a great
game and I really hope that somebody else publishes it, but I simply can’t justify
the risk.” Besides, they figure that, if it turns out to be a success, they can have a
competing clone on the market within 12 months. 

But let’s just suppose, for the sake of argument, that our genius designer
finds a publisher foolhardy enough to risk a million dollars to develop the
game. Having done so, the publisher must then find a distributor crazy enough
to stock the game. If you think that publishers are hidebound, you should see
distributors! These people have no sense of duty to the future whatsoever; they
run their businesses purely by the numbers. They will not carry a game unless
they have comparable sales data from previous, similar games to assure them of
success. If our genius’s design truly is creative, then there will exist no previous
similar games—and the distributors are certain to reject it.

But let’s again be irresponsibly optimistic and assume that some distributor
somewhere feels lucky and opts to take a fling on this game. Now that distribu-
tor must convince the retail outlets to purchase it. Why should a retailer risk
precious shelf space on a complete unknown, especially when there are so many
proven performers to show? Standing on the sidelines, we might all urge her to
“just give it a chance,” but for those whose livelihood depends on getting the
right mix of products that will move off the shelf, being charitable with shelf
space only guarantees business extinction. 

What the hell—in for a penny, in for a pound! Let’s just suppose that we
find a reasonable number of retailers in a charitable mood. They give our
grandly creative new game a few inches of shelf space. Now everything depends
on the store sales staff. Why should they bother to even look at the game? They
know what sells, and that’s what they’ll recommend to the customers. 

And here we come to the greatest obstacle of all: the customers. What kind
of customers will visit the games shelves? Answer: customers who have pur-
chased and enjoyed previous games—the old games whose traditions our game is
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breaking away from. The young fellow looking for the latest, most spectacular
shoot-em-up is not going to be interested in some wimpy affective-reasoning
game. Who wants to work things out with the bad guys? Just blow their friggin’
heads off!

Of course, there are plenty of people who would be interested in our creative
new game: grandmothers, little girls, guys undripping in testosterone. They’d
surely be interested in our game and might even buy it. But these are exactly the
people who don’t browse the game shelves, because they already know that com-
puter games are vaguely tawdry exercises in violence and geek-think.

Thus, the entire system is stacked against the creative new designs. It’s a
social system—a community—that has over the years learned, by dint of much
pain and loss, what works and what doesn’t work, and how little latitude there is
for deviation from the norm. One brave company can buck the trend, but the
distribution system is too big for that company’s heroism to accomplish anything. 

Ah, but what about an evolutionary approach? What if we slowly insinuated
elements of affective or verbal reasoning into existing games, richening the mix-
ture every year? That is unlikely to work because there’s no bridge population of
customers to carry us over the gap. There aren’t many shoot-em-up-loving little
boys who might occasionally want to make friends with the monsters. There
aren’t many doll-playing little girls who might fancy occasional recourse to a
double-barreled shotgun. Unless the global environment changes dramatically,
human beings will not evolve into turtles, because the jump is too great.

Educational Software Design
From the earliest days of personal computers, we have hoped for great contribu-
tions from them in the educational field. Results have been spotty; some impres-
sive advances have been chalked up, but my overall reaction to the state of
educational software is disappointment. Let’s start by examining the two areas
of greatest success: early learning and simulation. 

Early Learning
The early-education field has generated lots of activity as well as great commer-
cial success. We now enjoy an abundance of excellent software for the under-10
age group. Why have these designers succeeded where so many others have
failed? The answer, I think, lies not in the design but in the problem. Young
children lack dense reasoning skills; their learning process is less conscious and
more immediately experiential. The greatest challenge in early education is pre-
senting the content in a manner that attracts and retains the child’s attention. In
a roomful of boisterous kids, this demands consummate skill, but a computer
program has the huge advantage of handling one child at a time. Moreover, it’s
easy to dress up the content in lots of animated eye candy. Teachers can’t be
talking dinosaurs that morph into the letters of the alphabet. 

Another crucial feature of the computer for early education is its immediate
responsiveness. In a roomful of kids, each one’s behavior must be constrained in
some fashion, and kids don’t like such a passive stance. Their little minds are
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going a mile a minute, and they want to do things. The computer can keep
them fully occupied, bending all that energy in the right direction. 

Given these huge advantages, it’s no wonder that early-education software
has been so successful; the genre is one of the perfect applications of the com-
puter. However, we should not draw too many conclusions from this success.
Watching the Green Bay Packers make mincemeat of the Platte County High
School football team doesn’t teach you much about how to play football. We
need to examine a tougher problem.

Educational Simulation
Educational simulation programs have shown little in the way of commercial
success, but nevertheless remain very successful in design terms. In other words,
there are plenty of great educational simulations out there, but they’re not
being sold commercially; most were created by teachers and are shared with the
community. The strength of this software lies in the fact that it concentrates on
processes rather than facts. As I’ve claimed elsewhere, facts are dead, uninterac-
tive, but processes are the basis of interactivity. Simulations can’t help but be
interactive! The most impressive simulations are generally those in the physical
sciences, especially physics, because the designers can zero in on an isolated
process and simulate it easily. In other fields, the most important ideas are not
so easily reducible to the mathematical terms required by the computer, and so
simulation is more difficult to do well. 

Guidelines for Educational Software
With these successes in mind, I can offer educational software designers three
broad guidelines.

Eschew Exposition
As I explain in Chapter 19, the original educational technology is play, an intrin-
sically interactive process. The early attempts at formal education in most
ancient societies took the form of a group of students gathered around a mas-
ter, engaged in discussion; note how deeply interactive this process is. 

Sometime around the founding of the medieval universities, formal educa-
tion took a wrong turn. Perhaps it was the close association of learning with reli-
gion and the coincident concern with enforcing religious orthodoxy, but for
some reason the medieval universities shifted their focus from discussion to lec-
ture. Education shifted from an interactive process to a one-way broadcast of
information. The mistake was exacerbated by the invention of the printing
press: now learning was enshrined in books, and of course, there’s no arguing
with the authority of a book. Incidentally, my old friend Erasmus resisted this
drift; his many writings on education excoriate mindless memorization of facts
and extol an active role for students. He also recommended play as a healthy
part of education.

But Erasmus was a voice in the wilderness; educational systems became
obsessed with imparting facts rather than developing the process of thought.
This is a natural result of the discomfort we feel with the abstract nature of
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thought, compared with comfortable, tangible fact. We can even see some of
this today in the emphasis on test scores as a means of evaluating educational
success. The brevity and legal rigor required of a test push it away from abstract
process and toward concrete data. It’s easy to ask a student when Columbus dis-
covered America and then evaluate the correctness of the answer; but ask the
question that makes history important—why did Columbus discover America?—
and the answer becomes long winded and impossible to grade by clear, rigor-
ous, legally defensible standards.

All the positive trends in education have, at the same time, made worse the
problem of data intensity. The adoption of mass education required methods
with economies of scale; interaction has no economies of scale and so was slowly
pushed into the background. Every new educational technology or medium
tended to work against interactivity. Cheaper textbooks encouraged teachers to
simply assign readings; snazzy lecture halls with demonstration equipment
reduced students to passive audiences; overhead projectors, slides, movies,
mimeographs, and all the other paraphernalia took us ever further away from
interactivity.

I remind you, though, that all of this—the entire style and approach of the
last thousand years—is the newfangled technology, the untested fad. The tried-
and-true educational strategy, bearing the stamp of approval of millions of years
of natural selection, is play. You don’t see kittens sitting quietly in nice neat rows
of desks, watching attentively as some old fogey of a cat stands in front of a black-
board showing anatomical diagrams of a mouse with approach angles and attack
vectors. Play isn’t some namby-pamby educational strategy; as any cat can tell you,
it’s a jungle out there, and you need solid education if you are to survive.

Therefore, your first task as an educational software designer is to break
loose from all the old expository prejudices that have entwined themselves
around your neurons. You must stop thinking of education as a process by
which a better- informed person transmits information to a less- informed per-
son. Instead, you must think of it as an active process in which a student hones
thinking processes by trying them out in a catholic panoply of experiences. Your
role in this process is that of an assistant, not a commander.

In practical terms, this means that you must not include simple facts in your
software. Dressing up a fact in multicolored animation with stereo sound does
not give it life; it’s still dead, Jim. You must examine your design minutely, look-
ing for every fact that is not necessary for the student to make a decision, and
then coldly expunge such facts.

The obvious objection to this rule is that some facts are essential to any dis-
cipline. The physics student must learn the value of the Heisenberg constant;
the biology student can’t avoid memorizing the basic taxonomy of life on earth.
If facts aren’t permitted in software, the student will be crippled. My answer to
this objection is simple: use an appropriate medium, of which there are many.
Put the facts in textbooks, or lecture, or videos, or slides, or handouts. Don’t
ask software to handle material that it’s not well-suited for; you’ll only produce
lousy software.
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Embrace Process
The rejection of facts does not leave the educational software designer bereft of
content; there remains a huge, and much more interesting field of inquiry to
handle: process. Biology isn’t about the names of species; it’s about how life
works—the processes of life. Linguistics is not a compilation of foreign lan-
guages; it concerns how languages operate, how they change, how they are
learned. If you focus your attention on this process- intensive thinking, you’ll
design better educational software.

The collision between process- intensive thinking and data- intensive thinking
(see Chapter 17) is nowhere more poignantly demonstrated than in the
sequence of “why’s” asked of a parent by a young child, culminating in an exas-
perated “Because that’s the way it is!” The process- intensive style of thinking is
uncomfortable to most people; it will not come easily to you. Perhaps you will
never feel at home with the abstraction of process- intensive thinking; if so, I fer-
vently pray you to get out of the way and pursue some other grail. 

All this translates to educational software design in a simple concept: the
educational content of your design lies in the algorithms you create, not the data
you store. Your students can’t interact with a fact or an image; they can interact
only with a process or an algorithm. Suppose, for example, that you are design-
ing a program about the European discovery of the New World. A data- intensive
approach would present this as little more than lists of discoverer’s names, dates
of discovery, and landfalls. Nina, Pinta, and Santa Maria; San Salvador and Cape
of Good Hope; de Gama, Vespucci, and Drake. Whoop-de-doo.

One process- intensive approach might focus on the mechanics of geograph-
ical discovery. This would require a sailing simulation. How should the student
allocate precious space in the hold for food and fresh water? How large a crew
should be taken? Is it better to take one big ship or several smaller ships? How
does one navigate in unknown seas with no means of determining longitude?
How does dead reckoning work? A simulation of this nature could be made sim-
ple for younger students and more complex for older students. The younger stu-
dents could skip the navigational problems, while older students could wrestle
with the problems of securing royal patronage.

Another process- intensive approach might focus on the motivations for dis-
covery. The simulation might place the student in charge of a European spice
trading company, competing with other companies in garnering the fabulous
wealth of spices. What is the fastest route to the Orient? How do the costs of
overland transport compare with those of sea transport? Would a route through
the Mediterranean, with transhipment at Suez, work better than the route
around Africa? Is there a Northwest Passage to the Orient?

For philosophers, why not set up a Socratic dialogue? Take any of Plato’s
dialogues, put it into the computer in simple hypertext form, and then add lots
of alternative responses and counter-responses to the existing material. Granted,
this is hard-wired branching, but let’s face it: mathematical equations for
Socratic thinking are still a long ways off—you’ll have to make do with simpler
algorithms. 

Political science has plenty of great opportunities for simulation; I wrote
Balance of Power, a geopolitical simulation, in 1984, when computers were
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much less powerful than they are today. The challenge here is to reduce com-
plex political thought to mathematical formulae. Most academics balk at such
heresy; they rightly object that any such mathematical expression would grossly
simplify the underlying idea. While this is true, the fact is that every freshman
poli-sci lecture is an oversimplification. No teacher has the time to present a rig-
orously correct explanation of the subject matter. We all simplify whenever we
teach, giving our students scaled-down versions of the truth. As they advance
through the material, we refine the presentation of the material at each level. So
the principle has long been established: we can simplify the presentation of the
material. Mathematical approaches are merely another form of simplification.
The only serious issue is whether the mathematical algorithm falls too far short
of the educational level being presented. 

Another objection is that many of the simpler equations make assumptions
that constitute hidden biases in the simulation. This is a non- issue; an easy solu-
tion is ready to hand. When I designed Balance of the Planet, an ecological sim-
ulation, I needed formulae for the effects of a great many ecological and
economic processes. I settled on simple linear equations with proportionality
constants. For example, my equation for radioactive pollution emerging from
nuclear power plants was simple:

radioactivity deaths = danger factor * number of nuclear plants

The danger factor was crucial to the simulation: if it were to be too small,
the simulation would unfairly reward a nuclear-heavy strategy; if it were to be
too high, it would bias the simulation in the other direction. My solution was to
allow the student to tinker with the danger factor, to adjust it upward or down-
ward. This, in turn, required the student to think carefully about the ideas
behind that number. This approach transformed a difficulty into a higher level
of education, for the student would naturally feel some obligation to research
the basis of a number before changing it. 

Understandably, these process- intensive approaches require a great deal of
work. But our task is to develop human minds, not stuff data onto a floppy disk.
Any idiot can spew information all over students—and a great many of them do.
If you want to develop students’ minds, you have to prepare materials that chal-
lenge and exercise what is most important about students’ humanness: their
ability to think. And the same thought applies to your own humanness: are you
a teacher or a talking book?

Let Them Play! 
All mammals are born with an instinct to learn by playing, and that instinct in
young humans is powerful, more powerful than the sex instinct in adult
humans. It is a testament to the towering failure of educational institutions that
they have been more successful in suppressing playful human curiosity than all
the repressive laws in the world have been in suppressing unseemly human sexu-
ality. Perhaps we should recruit teachers for vice squads. The human youngster
is blessed with a powerful drive to learn by playing. Damming that freshet of
energy and diverting it to passive information absorption is a stupid waste. Let
them play!
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“But play teaches the wrong things: jumping and running, not reading”
goes the objection. Only because the toys we give children teach the wrong
things. The skills we want them to learn—reading, arithmetic, biology, algebra,
economics—are all intrinsically interesting and fun. We should not treat them as
foul-tasting medicines that must be coated in thick layers of sugar to be palat-
able. Sesame Street has proven beyond any doubt that something as mundane and
dull as the alphabet can be enthusiastically embraced by children if it is pre-
sented in a playful fashion. The secret of Sesame Street is not in the cute puppets,
but in the fact that the letters of the alphabet are used rather than merely pre-
sented. They are used in songs, in words, in jokes, and in skits. They are held
up, handled, tossed about—played with. The audience engages in merely vicari-
ous play, but play is so powerful an educational strategy that even indirect play
works better than exposition. Imagine the effect if Big Bird & Company
marched into your home every day and engaged your kids in their routines.
There have been a number of attempts to accomplish just that with a computer,
but so far the quality and intensity of the play has fallen short of the original.
But it points us in the right direction.

The fundamental error of most educational software is the attempt to graft
unrelated play onto the subject material. The worst of these (widely recognized
as such) are the various arithmetic-teaching programs that reward correct
answers with snippets of videogame play. The designer’s task is to elicit the
intrinsically playful elements of the material. This is why you must abandon the
notion that your material consists of facts; there is nothing playful about a fact.
Every attempt to make facts fun will surely fail.

For example, the method foisted on me to learn multiplication was the tra-
ditional memorization of multiplication tables. I burned those tables into my
brain. I can still remember the special feeling that 7 x 8 = 56; perhaps my
teacher praised me specially that day. Yet I didn’t grasp the concept of multipli-
cation until graduate school, and I daresay most adults don’t ever grasp it. They
can do the calculation but never understand why.

Yet multiplication is a simple concept. If I had been taught by more playful,
process- intensive methods, such as playing with boxes and balls (this many boxes
with this many balls in each gives how many balls?), I would have gotten the idea
of multiplication at the direct experiential level necessary for understanding.
Moreover, in a playful environment, I would have more quickly recognized the
utility of arithmetic. I did not start to use arithmetic for anything other than
school until my late teens, about 13 years after I had started learning it.
Thirteen years is a long time for a kid to take something on an adult’s word. I
could have been given colored tiles and rectangular surfaces to cover with them;
the applications of multiplication would have become obvious. With a computer,
all sorts of wild geometric shapes are possible, and so all sorts of arithmetic
combinations become available.

Many years ago, Warren Robinett demonstrated the utility of play-based
educational software with a magnificent program called LogiGators. It taught
Boolean algebra to young children by allowing them to play with logical gates.

The one serious obstacle to a play-based approach is the difficulty of
process- intensive thinking. Most educators find the method so alien that they
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are at a complete loss at designing playful, interactive teaching materials. I ask
only that the brighter educational software designers master the technique and
make it part of their intellectual culture. Its superiority guarantees its eventual
success; social osmosis will accomplish what this book cannot.

Application Software Design
Application software covers a lot of ground: spreadsheets, word processors,
database managers, email programs, photo-retouching programs, CAD pro-
grams, painting programs, web browsing programs—all those programs that we
use to get some work done. 

The traditional manner by which we design such programs is a multi-step
process. First, some genius defines a need and comes up with a way to meet that
need with a computer. This leads to version 1.0 of Candidate Killer App. Most
of the time, it turns out to be a Wimp App, but sometimes we get a Fierce App,
and rarely we get an honest-to-gum Killer App. Then everybody else jumps on
the bandwagon and begins the process of design by feature accretion. Eventually
we end up with such a humongous heap of features that somebody comes out
with a Lite version that distills the discombobulated heap of features down to a
reasonably compact pile. Then the Lite version starts putting on weight, and the
process starts all over.

What Does the User Do? What Does the Computer Do?
My first suggestion is that the starting point for designing any application must
be to ask two questions: “What does the user do?” and “What does the com-
puter do?” The most general answers to these two questions are: “The user does
something deemed useful,” and “The computer does something computable.”
Your first task as a designer is to flesh out these questions, making each increas-
ingly specific until they match. Remember: you are acting as an ambassador
here, a mediator between two parties who think in completely different terms.
Your task is to get them onto common ground, even if they don’t know it. Here
is the sequence of answers to those questions for a word processor:

User does: Computer does:

Something useful Something computable

Writes a letter Converts letters into numbers

Enters text Organizes letters on the page

Evaluates resultant text Presents resultant text

A great many programs answer the second level of the first question with
“The user makes something,” usually a document of some kind: letter, report,
spreadsheet, presentation, photographic image, painted image, drawn image,
web page, and so on. Other programs, including a few of these same ones,
answer the question in another way: the user plucks useful tidbits of informa-
tion from a huge pile of data. Database programs do this, as do web browsers.

6490 AID Chapter 13  10/18/02  4:45 PM  Page 171



172 Chapter 13

The third generic answer to the question of what does the user do is that the
user communicates something; this is the function of email programs. The
fourth answer, rarer than the previous three, is provided by programs that con-
trol electrical devices, such as home-control programs that turn on and off
lights, heaters, and other household equipment: the user controls something.

The second-level answer for the second question is always the same: the
computer processes information. It calculates numbers and moves them around. 

Thus, all application programs permit the user to do one or more of these
four actions: make, find, communicate, or control. If you can’t clearly phrase
your design using one of these four verbs, then either you don’t have a clear
idea of what you’re trying to accomplish, or you have a truly revolutionary idea.
All application programs accomplish their user service by calculating numbers
and moving them around. 

The next step in the design process is to move to the third level of the ques-
tions. Can you describe in more detail what the user is making, finding, commu-
nicating, or controlling? Can you describe in general terms what kind of
numbers the computer will calculate and move around and roughly how it might
do so?

Suppose, for example, that a client comes to you wanting a program to help
her schedule her employees at a small factory in a developing country. The
employees are adherents to a religion that requires each one to perform devo-
tions at specific times of specific days, and each individual has different times
and days. Moreover, each individual has different skills with the different pieces
of machinery in the factory, so they’re not directly interchangeable. Last, the
client’s mix of orders is constantly changing. One week she wants to glue 10,000
hairpieces onto little furry toys; the next week it’s assembling 25,000 model air-
plane boxes. 

You interrogate the client, trying to determine the problem that most
bedevils her. What does the user do that is most tedious and time consuming?
Her answer is immediate and emphatic: with the constant mixing around of
employees and machinery, the poor factory manager is going crazy. So you have
your second-level user goal: the user wants to schedule her employees. The com-
puter will be calculating blocks of time, mixing and matching employees with
machinery and products. We’ll call this combination EMP.

User does: Computer does:

Something useful Something computable

Schedules employees Calculates EMP characteristics of blocks of time

Enters EMP data Combines time blocks into a working schedule

Evaluates resultant schedule Presents resultant schedule

This little list doesn’t solve any of your problems for you, but it gives you a
clearer idea of what the problems are. It specifies what the user does and what
the computer does. That’s a better start than most projects get.

Note that the fourth and final entries in the two lists fit together. The soft-
ware does something, and the user evaluates the result. We start at the most
general level for each of the two parties and bring them to convergence.
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Convergent Iteration
Interactive solutions to many problems tend to be convergent iterations as
opposed to the one-shot approaches of yesteryear. Before interactivity, your
scope for altering your work was limited; most alterations required hours of
tedium. Before spreadsheets, for example, most budgets were hand calculated
and horribly tedious to amend. This distorted the budgeting process. It was cru-
cial to get your budget estimates right on the first try—submitting changes after-
ward always angered the boss. Since changes were so difficult to make,
everybody overestimated budgetary needs; if the extra money turned out to be
unnecessary, it would be spent on departmental goodies. With interactive
spreadsheets, the budgeting process has become more incremental; alterations
can be integrated into the budget more smoothly. People still abuse the budget-
ing process (that’s politics), but they now have one less excuse for doing so.

Consider word processing in this light. What, precisely, is the value of this
software? I consider that its value springs from its acceleration of the naturally
iterative process of writing, which seldom comes out right on the first try. We
write down our sentence and then reread it to evaluate its fidelity to our inten-
tions. It’s never good enough, so we scratch out unsatisfactory words and
rewrite them. Sadly, the combination of hand, paper, and pencil is slow, and the
process of editing makes a confusing mess of the page. Word processing soft-
ware accelerates and neatens this process. We delete, rewrite, cut, and paste at
speeds that would astound our quill-using ancestors.

Thus, the computer’s contribution in word processing is quite trifling in
nature: it merely organizes the letters on the page for us. Two factors make this
trifling contribution so valuable: first, we put so many characters on the page
that keeping them all straight is a tedious task. Second, the linear nature of lan-
guage imbues the words at the beginning of the document with great conse-
quence: change “that jerk” to “our good friend” early on, and the position of
every letter afterward could well be changed. Recalculating all those positions
would be a huge and boring task for a human brain, but the computer eats this
kind of problem for breakfast.

Thus, in productivity applications the computer acts as a partner with the
human brain, tackling a narrow group of problems that the brain handles
slowly. The brain-amplifying effects of this are serendipitous benefits. For exam-
ple, the first spreadsheet, VisiCalc, was offered to Apple Computer to publish,
but the marketing experts at Apple rejected it. Its calculational abilities were
obvious but easily duplicated with a cheap calculator; why, then, would anybody
pay serious money for it? What the experts failed to foresee was the way that
instantaneous recalculation made financial calculations an interactive process.
Before spreadsheets, financial calculations of any size were too laborious to per-
mit much fiddling around; once the budget was hammered out, the cost of
recalculation forbade tinkering. With spreadsheets, managers could experiment
with a variety of financial options before committing to one. This experimenta-
tion—play—was unknown prior to 1981, but it is now universally applied. Here,
the benefit was the interactivity made possible by rapid calculation. 

The information loop in most application programs is based on hypothesis
testing. The user sets up (at high initial cost) a computer model of the intended
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document, budget, mailing list, or whatever. Then the user plays with the model:
Will this read better if I move this clause up front? Can I balance the budget if I
cut down on massages for the employees? If I sort for female customers in
Wisconsin, can I detect a pattern in their purchase decisions? The user tries out
many variations and closes in on the final result. It’s a convergent process in
which two agents, user and computer, alternately listen, think, and speak. Each
agent contributes the kind of thinking that it does best. The computer adds,
subtracts, multiplies, divides, ORs, ANDs, and EORs; the human exercises judg-
ment and applies human values in evaluating interim results.

Ergo, whatever task you contemplate, ask not how to computerize it; ask how
subtasks currently requiring great care can be replaced with iterative guesswork
that converges to the final solution. A diamond cutter gets just one stroke, and it
had better be right; wouldn’t it be better if he could use a computer to chip away
at that rough diamond, removing tiny bits until it was perfect? That’s not likely in
the foreseeable future, but the principle of iterative solution can be applied to a
great many tasks. Indeed, your software need not actually solve the user’s prob-
lem. It can still be useful if it merely provides a way of organizing the elements of
the problem so that the user can incrementally approach the solution. 

The iterative process breaks down into four components, two each for
human and computer; together, they form a more narrowly defined version of
the interactive loop:

1. The computer offers the user a carefully defined set of editing options that
permit all user-conceivable changes.

2. The user chooses from among the available set of editing verbs.

3. The computer applies the chosen edits and recalculates the state of the
document or product.

4. The user evaluates the result and determines how it falls short of the
desired ideal.

Let’s use the foreign factory manager to show how this might work. Until
now, the client has juggled schedules in her head. But with success came growth
and more employees; with so many employees, juggling schedules in her head
no longer works. It would be nice if the software could do the entire job for the
client, but there are too many intangible factors to put into algorithmic form.
She can’t have these two employees working on the same machine at the same
time; they’re both sloppy, and together they’re bound to screw up something.
She would prefer to have this employee at work when she’s around, because he
gives her good reports on how things are going on the shop floor. No computer
could ever handle such intangibles—but we don’t need the software to get all the
way to the solution. We need it only to get close enough that these intangible
factors are the only ones that the client needs to worry about.

The software should allow the client to specify the basic factors—constraints
on each employee’s schedule, ability of each employee to use each machine,
machinery and time requirements for each product manufactured, and so
forth—and then view the resulting schedule. Presumably, the client will look
over the schedule for a moment and then mutter “that won’t do; those three
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employees all need a lot of supervision, so I can’t have all three here at the same
time.” So the client rearranges the schedule slightly and then observes the
result. The computer handles the busywork of laying out the schedule, while the
user handles the high-level decisions and the special cases, iterating the process
until convergence yields the ideal schedule.

We normally think of computer software as tackling problems with mathe-
matically definable results, but in fact the most interesting applications are those
that permit maximum expression of human creativity. A spreadsheet, for exam-
ple, may indeed be seen from the computer’s point of view as nothing more
than a vast collection of straightforward calculations, but from the user’s point
of view, a great many delicate judgments are built into a spreadsheet. A word
processor does nothing more than arrange letters on a page, but the user sweats
the composition. A painting or drawing program provides the user with the
means to draw neat, clean lines, circles, and other image components, but the
human creativity at work is far the more important. 

Thus, there remain two broad strategies for advancing applications soft-
ware. The first is the creation of editing verbs that more closely approximate the
user’s creative impulses. Painting programs, for example, could offer us a
higher-level set of drawing primitives, such as human faces and bodies. The user
in such a case might be able to edit the face by specifying changes that make the
face longer, the hair bushier, or the skin older, for example. Word processing
programs might be able to make a sentence more assertive, tighter, or more
diplomatic. Photo-manipulation programs might be able to identify image com-
ponents and accentuate, enhance, or diminish them. “Soften the pig, shrink
him, and move him further back in the background” would be a perfectly rea-
sonable command in such futuristic programs. 

The other broad strategy for advancing application design is the tackling of
problems that are at present beyond the reach of simple editing and recalcula-
tion. Imagine, for example, a comics drawing program that included in its verb
set drawing primitives more closely attuned to the various styles of comics art.
The user might then specify his desire for a pretty girl sidekick and then adjust
her appearance with commands such as “prettier but less sexy,” “spunkier,” or
“more lithe.” A great range of human creative activities demand much tedious
effort to realize small creative goals; if the tedium can be separated from the
creative effort, therein lies a potential for application software.

And that’s all there is to application software design <riotous laughter>.

Website Design
Let’s start by assessing the effectiveness of the Web as an interactive medium.
Specifically, how well can it listen, think, and speak?

The Web’s ears are adequate but unimpressive. Its primary mode of listen-
ing is through hotspots and, to a lesser extent, through typing and a few sup-
porting gadgets such as pop-up menus. Hotspots are certainly the best simple,
general-purpose input scheme. You can crowd thousands of ‘em into a single
web page, or you can have just one. Moreover, the size of a page’s hotspot vocab-
ulary is (or should be) instantly obvious, which helps the user feel confident
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about his choices. But hotspots are weak with sequential or compound com-
mands. If our user wants to see the blue portrait of an old woman painted by
Picasso sometime during 1933, he will have to navigate through a maze of sin-
gle-query pages to get what he wants. That’s slow and clumsy. Fortunately, tex-
tual input gives us some relief; a perfect example is provided by any of the
various search engines.

The Web’s fatal weakness lies in thinking. HTML is a completely inadequate
language for any kind of thinking. Fortunately, Java provides us with a good pro-
cessing language, given the constraints of platform independence and security.
So far, however, use of Java on the Web seems to have fallen far short of its
potential, possibly because many Java interpreters remain unreliable.

Last, we turn to the area in which the Web shines brightest: speaking. My
oh my, how the Web can speak! It’s got graphics, it’s got animation, it’s got
sound, music, video—even voice telephony! The only comment I can make about
the speaking skills of the Web is: enough, already! The stuff we already have is
great, fabulous, wonderful, but there remain enormous problems in other areas,
especially thinking. All of our efforts should be directed at equipping the Web
with bigger brains and bigger ears. The efforts we put into giving it a bigger
mouth are almost pointless now. It’s like putting an even more powerful engine
into a rocket-propelled car with six- inch wheels.

One aspect of web speaking, though, remains unsatisfactory: bandwidth. It’s
difficult to splatter wonderful images and sounds all over a user who sits at the
far end of a slow and narrow pipe. 

Strategies for Improving the Web
The main improvement that we all hope for is a dramatic increase in bandwidth.
There’s no question that users operating at 1 Mbps experience a completely dif-
ferent web than those of us who struggle with 56K modems that actually deliver
an average of 20 Kbps. While higher bandwidths are steadily penetrating the
consumer market, the sad fact is that the slow-modem users will remain, at the
very least, a significant minority for years to come. (By the way, you should be
careful interpreting the available data. While most regular users of the web are
coming in at speeds in excess of 256 Kbps, that sample is biased by usage; most
of the slower users don’t spend much time on the Web because it’s so damn
slow. The actual market may be pretty fast, but the potential market is much
slower.) Accordingly, website designers will not be able to assume high band-
widths; websites must still be designed to operate adequately at low bandwidths.

But there’s another strategy for improving the value of a website: make it
smarter. The Web’s biggest problem just now is that it is viewed more like a
library than a playground. Most users are on the Web to gather information,
but our notions of gathering information are still dominated by the concept of
the encyclopedia or the sales catalog. And by golly, if we think of the Web that
way, that’s what it will become: a musty old digitized library. Yuck!

It’s surprising how deeply this attitude insinuates all thinking about the
web. Most of the central features of most websites (hyperlinks, search facilities,
and so on) are designed to help the user find things faster. This all fits neatly
with the current grain of the Web: it talks volubly, listens weakly, and thinks like
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a worm. With this combination of features, people design websites that talk,
talk, talk, listen a little, and never think. This is not interactivity! If we want to
take advantage of the potential, it is imperative to bolster the Web’s weakest
link: its thinking. 

Consider, for example, how much more effective the web would be if I
could find exactly what I want on my first attempt at searching. I usually must
examine 20 different pages before I zero in on what I want; at 20 seconds per
page, that’s six minutes to do one search! If I could always get exactly what I
want on the first attempt, then I would experience an effective throughput 20
times greater than what I now have—roughly equivalent to 400 Kbps over a stan-
dard phone line! To get exactly what I want takes more intelligence from the
web, not more bandwidth. 

To demonstrate this problem, I went searching on the Web for trial records
from colonial America. When I entered the words “trial records from colonial
America” (not grouped into a single search string), I got 6,700 hits, 14,400 hits,
and 34 million hits using three different search engines. The best hits on these
three engines had the following text:

“Salem witch trial records, colonial America”
“Colonial America Lecture Hall and Chatroom. Western Canon”
“Salem Witch Trial Hysteria; Settlements, ships . . . New England Pilgrim
Criminal Records. Religion in America. Beginnings to . . . US History—Colonial
Cycle First . . .”

Now, suppose that the engines had been as smart as a human being, but
didn’t know anything specific about trial records from colonial America. It
would then search using a variety of appositives: {trial, court, criminal}
{records, documents, transcripts} from {colonial America, American colonies,
early America}. That human would also know to group adjectives with the
nouns they modify (for example, “trial” with “records” and “colonial” with
“America”). These concepts are simple enough to be computable, so why haven’t
they been implemented yet? (Perhaps they have; if I had a faster connection,
perhaps I might have found such an engine.)

Here’s another way to look at it: right now, Google boasts that it spans
2,073,418,204 pages of webspace. That’s a lot of pages, but suppose that you saw
a game on a store shelf boasting that it offered 2 billion moves. Would you be
impressed? What if you saw an ad for a word processor hyping the 2 billion dif-
ferent documents that it could produce? Or a spreadsheet that could handle 2
billion different budgets? I certainly wouldn’t be impressed by any of these prod-
ucts; I would expect to be able to get uncounted zillions of game moves, docu-
ments, or budgets out of my software. The count of web pages looks impressive
only when the pages are hand-built. But wouldn’t you prefer a web that permit-
ted you to get a page custom designed to give you precisely what you want,
rather than merely sample a great many pages that might come close?

This next major transformation due for the Web will be the transition from
fixed pages to custom-built pages. This transformation is already underway;
whenever you use a search engine, the results are presented in a custom-built
page. Why aren’t all pages on the Web custom built? Rather than crawl through
a pile of pages, why can’t the user simply say what she wants and get it?
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The reason, of course, is that you can’t do any processing in HTML; it’s a
page description language, not a processing language. If you want to do any pro-
cessing, you have to use something else—Java is the most likely candidate,
although several other methods have been developed. The problem is, too few
people design websites to use Java, largely because Java is too daunting for most
website designers to tackle. And so the Web marches onward to a dead exposi-
tory future. 

The first question to ask yourself in designing a website is not “What infor-
mation do I want to provide to my user?” It is instead “What do I want my user
to be able to do?” There are plenty of situations where the user wants to get
something, most likely information, and for these you have a large palette of
well-developed tools. However, most of those tools involve little in the way of
processing. I believe that search systems on the web must and will evolve toward
greater process intensity.

One of the leading innovators in this direction is Amazon.com. Starting
with a simple listing of books, Amazon has added new searching dimensions.
Having found a book, the user can view other books by the same author, other
books purchased by purchasers of this book, “Top 10” lists of similar books, and
so on. The end result is the best single source of information about books on
any topic. 

But you should also consider whether the user can make anything or control
anything using your website. There are plenty of precursors to this goal on the
web. Online games are certainly not about getting information; they enable their
users to control something (a game). There are also a few sites that permit a user
to assemble some pretty email out of standardized components and send it to a
friend. These, I think, offer us the best inklings as to the future of the Web. 

For example, some websites already permit the user to assemble a computer
using a base platform and custom options. There are plenty of products that
come with gobs of confusing options, and the retail clerks in the stores can
never provide a clear idea of exactly how all those options interact. A well-
designed website could permit you to explore all the variations and choose the
best combination for your needs and budget, knowing exactly what you are get-
ting and exactly why.

A related possibility is the creation, not merely the assembly, of custom
products. If you want a customized mouse pad with your photograph on it,
wouldn’t it be nice to simply provide the image as part of your order on the
website? How about supplying your body measurements to a clothier, specifying
which dress or shirt design you’d like made? Almost any product can be usefully
customized. Why not provide the customer’s name and driver’s license number
on any small, expensive item susceptible to theft? Put it on a hologram that can-
not be modified, only noticeably removed. Microscopically etch the same infor-
mation on any piece of jewelry. Replace those damn designer labels on most
clothing with the customer’s name on a snazzy label; at the very least this would
eliminate laundry problems.

Why not give consumers access to expensive equipment through the Web?
This is already done in many industries: circuit board designers can submit
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their designs to a board maker who runs them off and ships them. Why not
extend the concept to the consumer level? Wouldn’t home handymen be over-
joyed to find a website that custom manufactures little metal widgets necessary
to fix old fixtures? If the step from web-delivered specifications to machine
requires no human intervention, it would be cheap enough to work. A great
many hobbies, such as woodworking, frustrate their aficionados with those cru-
cial components that simply can’t be made with home tools. What if a website
offered hobbyists the chance to get that part with the 0.001- inch tolerance, so
that the hobbyist could concentrate on the rest of the work? How about a cof-
fee retailer who invites you to specify any mix of any beans? A chair manufac-
turer who uses your body measurements to make an ideal computer chair? A
game whose monsters can be tailored to look like your boss or brother- in-law?
A toy that looks just like a child’s relative or includes the names of the family
members in its spoken vocabulary?

These are examples of the user making something on a website. They often
require extensive specifications; the website itself should include the software
that the user designs her product with. This requires a lot more processing—but
that’s the whole point: if you add more processing, you get better interactivity
and greater opportunities.

Now let’s turn to the possibility of letting the user control something on the
Web. As I mentioned earlier, online games do this already. But there are plenty
of other processes that a user could operate via the Web. Some sites let a user
create an imaginary portfolio of stocks and then manage it online, watching how
the portfolio appreciates or depreciates. This would certainly help people under-
stand the market and prepare themselves for real investments and thereby make
them more willing to invest real money—a worthwhile feature for any online
stock brokering operation.

Simulations are the most common form of “running something.” It seems a
shame that the Web has so much educational information and so little educa-
tional simulation; it’s rather like making an educational video of a book, turning
the page every few moments. Some of the material on the web is unquestionably
static information: prices for Beanie Babies, temperatures in Cleveland, and so
forth. But much of the educational material could benefit from heavier reliance
on simulation.

Browsing
Last, we come to the most common function on the Web: browsing. I am
pleased to see how rapidly we have developed design standards for hyperlinks
on the web. Despite the impressive progress, we still have a long way to go with
hyperlink design at websites; we all have great horror stories of websites with an
Alice- in-Wonderland feel to them.

The nature of a website changes as it grows. Almost all websites grow by
accretion: a svelte little ten-page site gets more and more pages pasted onto it
until it’s a sumo-site. This is dangerous, because the hyperlinking mechanics of a
site shift as it grows. Typically, websites grow by adding more leaves and estab-
lishing a more elaborate tree structure. 
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For example, suppose that your user wants to learn about Thomas
Jefferson. The user goes to a history website and there finds a page on
American history, with the following hyperlinks:
Colonial | Revolutionary | Presidents | Civil War | Westward Expansion |
Robber Barons

Thomas Jefferson would belong in either the Revolutionary or the
Presidents link, and conceivably, even the Westward Expansion link. Which to
choose? The correct answer should be: any of these three, because he fits them
all. Unfortunately, most websites are designed as trees, with Jefferson pigeon-
holed into whichever box the designer prefers. This ensures that some of the
users will go down the wrong path, search fruitlessly in its environs, and then
retrace their steps to the higher-level link before chancing upon the correct
link—an unnecessarily long and frustrating path.

There is absolutely no reason why information at a website must be organized
in a tree structure. There’s nothing about the nature of computers, the technology
of the Web, or the limitations of HTML that imposes a tree structure upon
designers. That tree structure is a figment that we impose upon our designs.
“Branching thinking” is to website design what “linear thinking” is to creativity.

Branching design relies on a single type of hyperlink: the vertical link.
Another common link is the express uplink, which jumps directly to one of the
top-level branchpoints on the website:

Home | Site Map | Customer Service | Contact Us | Catalog

What we need more of is the crosslink, which jumps horizontally across the
tree, fuzzying the branching structure so that it looks more netlike. In other
words, the history website just described would have links to Thomas Jefferson
from both its Revolutionary and its Presidents pages. Thus, an important rule to
remember:

As a website grows, the percentage of crosslinks must increase.

Alan Cooper in About Face makes an important point: the designer must not
impose the implementation model onto the user model. In other words, don’t
let the way you think about designing it affect the way that it’s presented to the
user. Most websites are designed backwards: organized by available information
rather than anticipated user questions. I’m sure that it makes one proud to
organize all sorts of information into a tidy little tree, but users seek answers,
not trees. Start with the user questions that you want to answer and design for-
ward from there.

The big idea here is that the information you present on the website, be it
commercial, academic, or personal, is not merely the content of the individual
pages. Information exists in a structure, and the way you structure the informa-
tion on the website is just as important a component of the message of the site
as the manifest content of the pages. In other words, the hyperlinks you create
are just as much a part of the delivered content of your site as the images and
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text. The universe is not a tree with zillions of independent leaves of fact—it’s a
unified whole. As Galileo observed, we can see the entire universe in a glass of
wine. The light reflecting off the glass, refracting and sparkling inside the wine,
the thermal convection patterns in the liquid, the mechanical sloshing of the
wine, the chemical interactions with the air—it’s all right there for us to see.
Your website must capture the unity of its content or it’s nothing more than a
useless pile of pages.

Sadly, this grander style of thinking still escapes many designers. They seem
to think of themselves as “page designers” rather than “website designers.”
There are zillions of beautiful pages out there in gallimaufried sites. Would that
site design attracted as much attention as page design!

Last Thoughts
You can’t interact with information; it’s dead. Information can’t listen, and it
can’t think; all it can do is speak. Therefore, if you set out to provide informa-
tion, then you have guaranteed that your website will be dead and noninterac-
tive. You are not providing information; you are answering questions. The
distinction is crucial; if information were the object of the user’s search, then
she would simply download your entire website. The more info the better—right?
But that’s not what happens. Users don’t want to have gigabytes of spurious
information sprayed all over them. Each one wants a small amount of specific
information. Expository media provide information, which is one-size-fits-all in
character—and normally too much to be useful. The web allows us to give
answers, not merely information, but an answer must be tailored to the user.
You’re a tailor, not a cloth maker. You are not providing information; you are
rendering a service. The distinction between providing information and answer-
ing questions is the difference between a book and an answer. You possess an
ocean of information, but your user seeks only a sip.

Thus, you should think of your site as “Mr. Know-It-All helps you find the
answer to your question!” rather than “It’s all here for you to find—somewhere.”
A website is not a dead stack of paper; it is an interacting agent that can serve
the user. You are not designing a tree structure; you are designing an expert
who listens and thinks. The next big step in web evolution will be the integra-
tion of greater processing into websites. Java is the most likely means by which
this will happen. Website designers who can’t work in Java (or whatever replaces
it) are doomed to become page designers.

The Web is the most dynamic design enterprise in human history. No other
medium can match its mass of experimentation, its speed of communication, or
its ease of modification. The umpty-zillion pages out there provide us with a
gene pool of staggering size, loaded with all sorts of truly odd ideas. All of those
odd ideas are like genetic mutations; even though most of them are junk, occa-
sionally a good idea comes along, and when that happens, other designers can
discover and spread word of that idea in a matter of days, and they can copy it
in a matter of weeks. And so the cycle of design accelerates. Perhaps the web
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Game designers should explore other dimensions of thinking, in particular verbal
reasoning and social reasoning. Educational software designers should concentrate on
process, simulation, and play. Application designers should seek a convergent process
by which the user makes, finds, communicates, or controls something. Website
designers should get more processing into their sites by applying Java.

has reached a critical mass that allows us to dispense with deliberate design; per-
haps we need merely permit random mimetic mutations coupled with our own
selection to advance its evolution. Wouldn’t it be ironic if this pinnacle of
human design advanced beyond deliberated human design?

6490 AID Chapter 13  10/18/02  4:45 PM  Page 182


