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spends more and more of his time programming alone. There 1s a
chance that the computer will keep him lost in the world of things.

Most children of Henry’s age are involved with mastery, with
testing their competency. But here, as at every age, most children
strike a balance—the need for mastery of skills and concrete ma-
terials is tempered with the desire to do things with people where
the results are never as clear. The computer is a powerful medium

for playing out the intense desire to win that is at the center of

Henry’s preoccupation. The danger is that its challenge will be so

seductive that he will play and replay winning to the exclusion of

more complex satisfactions beyond 1.

CHAPTER 4

Adolescence and Identity:
Finding Yourself in the Machine

The concerns of the youngest children were metaphysical.
These “child philosophers” were from four to eight years old, a
time when children are forging fundamental categories to make
sense of the world. They were intrigued by the nature of comput-
ers and computer toys and how they were like and unlike other
things. The children were reflective. Most of them were eager to
talk about the attributes, capacities, and personalities of the ma-
chines, and got into spontaneous arguments about whether com-
puters felt, thought, cheated, knew. Putting very young children
together with computers encourages a rich and continual philoso-
phizing.

The interest in sorting out the nature of the machine, and in
using computer nature for thinking about human nature, contin-
ues with older children, but these questions are less pressing. At
eight, nine, and ten years old, children are preoccupied not by
metaphysics but by the need to master.

These school-age children’s primary interest in computers 15
in what they can do with them. This stage is dominated by action,
not reflection. The hards and the softs, the girls and the boys,
are looking for clmllénges to meet: to beat a game, L0 produce
startling visual effects. Their interests are to make, to do, to
master.!

With adolescence, there is a return to reflection, but this time
reflection is insistently about the self. The questions of the first
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stage, What is this machine?, and of the second, What can 1 do
with it?, give way to Who am I?

Adolescence is an often confusing time when there is a need to
come to terms with a suddenly maturing body and new social pres-
sures. It is a time of introspection and of trying to fit oneself into
increasingly complex relationships. And it is a time when young
people are able to bring a widening range of cognitive skills and
cultural materials to bear on their reflections about who they are.
It is a time of conscious self-creation: adolescents “try on” ideas
about politics, religion, and psychology to test and develop emer-
gent ideas of sell.?

Adolescents use many different kinds of materials to construct
their sense of identity. They use their relationships with clothing,
with records, with causes. There is an obvious way in which com-
puters can become part of this process: they can become a way of
life. Some young people start to see themselves and are seen by
others as “computer people,” experts at the technical aspects of
computation. They spend most of their time programming com-
puters, and a computer center ora computer club can become the
focus of their social life. But most adolescents don’t take this route.
They integrate their computer experience into their developing
identities in ways that have nothing to do with becoming computer
experts. They use programming as a canvas for personal expres-
sion and then as a context for working through personal concerns.
They use the computer as a constructive as well as a projective
medium.

We began to see examples of “working through” in elementary-
school-age children. In the course of learning to program they are
grappling with issues that go beyond mastery and competence.
Computer programming helps shape their feelings about what
kind of person they are (Am I somebody who is afraid of machines
and technical things? Am 1 somebody who can create something
beautiful?) Their style of working with the machine expresses
something of who they are, giving them a chance to sec themselves
in the mirror of the medium. At the same time, they can use the
experience as an occasion to experiment with who they are not. By
this I mean experimenting with a part of the self that is not domi-
nant—indeed, with a style of being that may pose a threat.

Ethan is a fifth grader in a San Francisco public school. His
untidiness goes beyond a messy desk and room. He is overweight
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and unkempt. He is impulsive and often feels out of control: “I tell
myself I am going to go on a diet. But then I will see some candy
and 1 will eat it and then eat a whole box of cookies t0o.” As 1
watch him program, something interesting emerges. Ethan is ex-
pert with the system, and he is very smart. He can hold a lot of
code “in his head.” He programs by “making a mess.” The pro-
grams are complicated, unstructured. Instructions weave around
like strands of spaghetti. And then he cleans them up by turning
the out of control, sloppy programs into models of hierarchica(l;
modularized structured programming. “When I program, 1 like to
make a mess and then I like to make it clean.” In programming
Ethan is clearly playing with issues that go beyond “cognitive style,”
that put him in touch with far deeper emotional material.

It is characteristic of fourth and fifth graders that this process of
working through happens but is not particularly reflected upon.
By contrast, with the beginning of adolescence experiences with
the computer are often made into elements for explicit reflection
about themselves.

Children in the sixth grade of a school 1 shall call the Jefterson
Middle School were given opportunities to program in Logo. The
program was a government-funded collaborative project carried
out by a local school committee and researchers from MIT. The
researchers followed the children’s progress and kept files of their
work, noting their attitudes toward the computer, their interac-
tions with each other and the teachers. Sixteen children with a
diverse range of backgrounds and interests were selected for closer
study. Two years after the beginning of their computer experi-
ence, I went back to the school and carried out a series of inter-
views with each of them.*

The computers used in this project were different from those
used at Austen. At Jefferson, children were able to create sharp
black-and-white line drawings, including geometric figures like tri-
angles, squares, and polygons, as well as complex and rather beau-

# 1 also was able to study the computer culture that had grown up at Jelferson in the two
years that computers had been present there. This was enough time for there to have
devetoped a rich pradition of computer “stories,” computer j()kés, computer ctiquette, and
computer rituals. 1 visited classrooms and the alter-school cu}npmcr club, talked with teach-
ers and administrators. In addition to the follow-up of the original computer experiment,
there were also a three-month study of a new fourth-grade classroom and close observation
of five students in that class, chosen for the diversity of their intellectual and personal styles.
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tiful spirals and figures such as faces, houses, and street scenes.
Where the primary computational objects at Austen were 'the
sprites, here children gave commands to a “turtle.” Tl}ls is a trian-
gular-shaped penpoint that responds to commands to move
around the screen and leaves a trace as it goes. It can be told to
move a hundred steps and turn ninety degrees with the commands
«rorwarb 100 riguT 90.” Thus the turtle becomes the instrument
for a kind of TV screen doodling. (A precomputer generation will
remember the feeling of making line drawings with Etch-A-
Sketch.) ,

Programming begins when sequences of commands to the turtle
are defined, named, and stored away in the computer’s memory.
For example, a program to make a square might read:

TO SQUARE
rorRwaRD 100
RIGHT 90
FORWARD 100
RIGHT 90
rFORWARD 100
riGgHT 90
FORWARD 100
END

This program can then be called upon to build up more cgmplex
patterns. So, for example, a program (0 draw a house might be
constructed out of five subprocedures: a large square for tl'1e body
of the house, a triangle for the roof, smaller squares for wmdgws,
a small rectangle for a door, and an even smaller rectangle for a’
chimney. Defining the “superprocedure”—the “master program
—for the house is a more complicated job than just calling up 1ts
parts out of memory. The parts need to be placed in the right
relationships to each other. For example, when the‘ tl}l“tl(f has got-
ten up to drawing the two small windows, it has to finish one, then
take its “pEN UP” and move to the exact place where the second
window is to be drawn, and it must begin this drawing in the
proper orientation.” . .

The grade-school children in the previous chapter are ca‘ught
up with the challenge of the computer. When the}/ work wn'.l_l a
graphics system like Logo they typically pursue projects—making
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a space scene, a “movie” of a car going around a racetrack, pro-
gramming a video game. Whatever personal issues are being
worked out are being worked out through what they are doing on
the screen. When younger children work with computers, less is
immediately visible. First or second graders spend hours tracing
lines on the screen and writing a variety of little programs. They
are happy to be exploring, to be learning the ways of the new thing.
They are involved with the question of how they are like and not
like it. So too in adolescence: what is on the screen reveals only a
small part of what is going on in the relationship with the com-
puter.

Deborah and the Machine as Microworld

Deborah is thirteen, blond, round-faced, sweet-looking, poised
between innocence and sophistication. Her hair is cut in a tousled
“shag” style that she picked out of a magazine. She is wearing a
Western fringed jacket that she proudly announces she chose her-
self. After we have been talking for several days she tells me she
wants to show me “the best thing 1 have done all year.” It is a
beautiful drawing of a horse that she says her art teacher wants to
frame and hang in the art room. She is on a diet and solemnly sips
a Diet Pepsi as she watches me eat the lunch of the day offered by
the school cafeteria: a peanut-butter-and-jelly sandwich and ice
cream.

Deborah first encountered the computer two years ago, in sixth
grade. Her teachers remember her at that time as withdrawn,
frightened, and explosive. When teased by the other children for
being overweight (“They used to call me Fatso”), she would break
into a tearful rage. She had little self-confidence. When she was
asked to do something on her own she would become petulant or
tune out (“My father calls it going onto Channel Thirteen”). The
explosions, the petulance, and the Channel Thirteens were fre-
quent. Deborah describes her eleven-year-old self” as dependent
and unhappy, a child who could not contro! her tears or her tem-
per. ‘

She was the youngest of three children, the baby of her family.
Her family’s efforts to compensate her for a history of childhood
illnesses exaggerated her “baby” position. Other people were
always doing things for her, buying her clothes for her, telling
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her that she was not yet old enough to do the things that she
most wanted to do—baby-sit, be in charge of going to the Laun-
dromat, stay over at a friend’s house, choose her own hairstyle and
clothes.

Everybody else in the family had responsibilities. Things they
had to do. 1 was the baby. My parents used to treat me like T was
a litde four-year-old. Like they used to buy my clothes, little
pants with big strawberries on them. My mother would say, “Oh,
aren’t these perfect for school?” Everyone would say, “Oh, Deb-
orah, she can’t do anything. She can’t bring the clothes down to
the dryer. 1t’s down in the cellar. She’ll be scared. She’ll get hurt.
The basket’s oo heavy for her with the wet, damp clothes and
the wet dungarees,” and my mother would get my sister or
brother to do it and they'd always give me a hard time, saying,
“Deborah is Mommy’s little pet.”

[ didn’t do anything by myself. 1 wouldn’t do anything by
myself. T got my mother to go down to the store for me, got my
brother and sister to go places with me, to get me this or get me
that. Like I'd say to my sister, “Can | have that shirt you have,”
and I'd make her give it to me. And 'd say things like that to
other kids too. T was really bad about my friends. 1 couldn’t do
nothing without them. I had to always be with them. And when
[ wasn’t with them, I'd be yelling at my mother and making my
house a rotten place, geting everyone into fights. I got into
fights in school too. I was very bad. All the teachers hated me in
sixth grade.

Me and this other girl, Tessa, we used to be awful when we
were in sixth grade. We'd go behind the stage curtains and we'd
rip things down and we'd hide in the closet and we used to skip
classes. One time we went down to the gym, and you know that
big curtain down there, well, that was shut, and we hid behind
it. And this kid, he came up and he grabbed me from behind. 1
peed in my pants. 1 had it all over the floor and T was s0 embar-
rassed. I was so ashamed. That was really my worst day. I had
to get Miss Bryan to wash out my things. I was in my gym shorts
all day. I wanted to run away.

Dependent on others and with an image of herself as sick, weak,
and fat, Deborah had little sense of her own boundaries and no
confidence in her ability to say no, to exert control. By eleven, she
was already involved with a crowd that was smoking, drinking,
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using drugs. Toward the end of that year Deborah was introduced
to pr(_)gramming computers in Logo, which, as we have seen, is
specifically designed to be accessible to children. Deborah v’vas
shown how to draw pictures on a screen by giving commands té)
the “turtle.” |

At the beginning of Deborah’s participation in the computer
project, she spent most of her time trying to get as much of the
teacher’s presence and attention as possible. She refused, as might
be expected, to do anything on her own. And she measured an
offort that she did make against the progress of the other chilclrény
She always found herself lacking, and this made her want moré
and more help from others.

Cl}ildren experience making computer graphics—including dy-
namic “special effects”—as a source of great power. For Deborah
the sense of power was not liberating, it was threatening. A breal i
through came when she had the idea of restricting the commands
she COi:lld give to the turtle. She made a rule that she would allow
herself only one turning command—a right turn of thirty degrees
Deborah describes her decision as arbitrary (“One day 1 just de;
cided to do it, and I picked out thirty degrees”), but this world
urned out to be extraordinarily rich. By repeating rotations of
gicuT 30 it is possible to make 90-degree right turns, “about-face”
180-degree turns, and 120-degree turns, all useful maneuvers for
making geometrical shapes.

Once she had her rule, Deborah got down to serious work. She
drew flowers and rabbits and stars and abstract designs, everything
built up from right turns of thirty degrees. I really liked my rule.
It was neat. It was hard. I had to figure everything out. I thought
about it all the time. I was the only one who had a rule.” Suddenly
she found herself, perhaps for the first time, in a situation simple
enough for her to feel in control, yet varied enough to allow for
creat‘ive exploration. Weeks later, Deborah was the master of her
restricted world and she began to dare to come out of it to experi-
ment with a less restricted geometry. Her mathematical learning
had taken a leap forward.

In building her world, Deborah built an environment in which
shg could be successful. She had never been successful at anything
before—not in school, where she was considered below average in
'flll her subjects, and not at home, where she was not allowed to act
independently and was afraid to try. The thirty-degrees world was
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an environment in which a girl who thought of hersell as a loser
got a first taste of what it was like to be a winner.

One time the teacher, he showed a movie that this guy did about
computers and how to make stars with them, and then I wied.
But of course 1 made them with the thirty degrees. 1 made the
star and 1 got a letter from the person who made the movie,
saying that it was a really hard thing to do and that he was really
proud. I still got the letter in my book.

The thirty-degrees world pr()vide(l more than a first taste of

success. Deborah first knew the computer as something apparently
uncontrollable. She was afraid to press its keys without asking the
teacher to stand by, because whenever she got an “error message”
from the machine she reacted as though the machine were “yelling
at her” and she started to cry. Later, she saw the computer as
something she could control—indeed, as a part of her mind that
she could examine, reflect on, manipulate.

When you program a computer, there is a litde piece of your
mind and now its a little piece of the computer’s mind . .. and
now you can see it. I mean, the computer can be just like you if
you program it to be, your thoughts, your pictures, your feel-
ings, your ideas, not everything, but a lot of things. And you can
see the things you think and change them around.

Sometimes 1 would go down there, and like if 1 had a fight
with the kids it would be good to go down and really sort of have
2 conversation with it. Like you could, um, make it talk to you if
you pr()gmmmed it right. I mean it wasn’t really talking, but it
was like talking. I would get all tense and just want to get away,
just want to get away so would go down to where the computers
were, 1 would sneak away. 1 couldn’t wait until computer classes
could start every day. 1 would tell it what had just went on with
my friends, all the really bad things. 1t made me a lot happier
than when [ came in. You could talk to it. Say you drew pictures
in it. You get your feelings into that picture, and it just makes
you happier. I['it's just on a piece of paper, it’s not the same.
With the computer it’s different. 1t's somebody there. It's having
something that you make your own things on. 1 liked it because
I could put my feelings into it.

Before she met the computer Deborah didn’t think about her
problems in terms ol control. Of course she knew people who did
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not break things or cut classes or stuff themselves with candy until
they were sick. She saw herself as different not because they had
resources for self-control that she didn’t, but because they were
that way “by nature.” They were good, she was bad. This kind of
global characterization gave her no way to think about how to be
petter. She needed a world apart in which to build a new set of
distinctions that she could then transfer to her way of thinking
about herself and others. The computer provided this world. 1t
gave her categories more useful than good or bad: things could be
in or out of control. With the new distinction came a new way to
think about her problems: I am in trouble because I have no rules.
I am not in control. And I should be. I can be. The thirty-degrees
world not only suggested that control was the issue, it presented a
strategy for dealing with one’s lack of control: make a rule, make a
safe place, experiment within it

Control has remained a central issue for Deborah. It is the thing
she thinks about most: controlling her temper, her eating, her
smoking.

You program yoursell how to be. In sixth grade I got really
upset, and I started drinking and smoking. I don’t even know
why 1 didl it. A lot of kids would say, “Oh, you're a chicken.”
And I'd say, “I am not,” and I'd gulp down the beer. 1 didn’t
even want it. But I didn’t know a thing to do.

Then I started to make rules. The thirty degrees was for the
computer, but these are for me. Like today I will not do this
thing. Don’t eat candy for lunch. If you’re angry, hold it in and
scream after school. Or 1 make a rule for two days. Like I'm
gonna really work, try hard, Pm gonna do good on my English
tests. 1 won't have a cigarette. Since the computer isn’t around
now, I take a pencil and draw.

This conversation takes place as Deborah is about to graduate
from eighth grade. She no longer has easy access to the computer.
The experimental program for her grade had come to an end.
Although the computer remains in her school, to use it she would
have to compete against a crowd of computer whizzes who monop-
olize its time. She chooses not to compete. Drawing has in some
measure 1'eplace(l graphics pr()gran‘uning for her, but she has
moved on with some wistfulness: “When 1 just wanted a cigarette
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it would have been good to be able to go down to the computer
instead of picking up a pencil. It is more there with you. And it’s
funny, even though I did it such a long time ago, it still reminds
me of making rules and keeping Lo them, of being independent.”

Computers also represent a threat to independence. You can get
hooked on them.

I liked the computer because I put my feelings in it. But you
can’t get too hung up on it, because everything else can get
screwed up. You just want to do it all day. Once, [ was making
this really hard picture on the computer and I didn’t want to go
to class because 1 was too into it, 0o involved with getting it just

right.

Deborah warms to her subject. I ask her if she ever feels too
avolved with other things. She hesitates a long time. Finally there
is a slow “Yes, maybe with my drawing a little,” but then there is an
even slower “No. [tis different with drawing. It is more so with the
computer. It’s like somebody’s there.” This is something I often
hear about the holding power of the computer. 1 hear 1t {rom
children and from adults. Many people ave lonely and isolated, but
when they have a computer around it can feel like somebody 1s
always there, always ready, always 1‘csponsivc, but without the re-
sponsibility of having to deal with another person. The computer
offers a unique mixture of being alone and yet not feeling alone.

Deborah says that she stopped using the computer because ac-
cess became too difficult. But there is more to it than that. She is
withdrawing from something that served its purpose but that she
senses as a danger.

I could start to get bad grades again because 1 started thinking
of the computer all the time. That could screw me up pretty bad.
I didn’t like getting help from teachers no more ‘cause 1 got 80
used to people helping me that 1 couldn’t do things on my own.
And 1 could get mysell stuck like that with the computer. It
would be the same thing. You get s0 used 1o it that i’s always
there, like the teacher helping you. You couldn’t do without it.

Deboralts images of what can happen to pcople with computers
come too close to the (:lependem; place where she began. She is not
aboul to go back.
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Deborah used the computer to build a safe environment that
allowed her to experiment with something new. The way Deborah
used her experience of the machine as an “experience-to-think-
with” was unique to her. But using the machine for world-building
was something I discovered again and again among children her
age.

Bruce and the Mirror in the Machine

-

It is eighth-grade lunch period. The boys’ side of the school
cafeteria is a sea of blue jeans, Oxford shirts, and windbreakers.
Bruce floats out upon it: love beads, open-necked velour sweater,
aviator sunglasses pushed up high on his forehead. Bruce at fifteen
sees himsell as creative, artistic, an individualist. His recollections
of childhood include a golden age when he was six and seven, a
time when he most felt how different he and his family were from
everything around. At that time they lived not in the city but in
Glendale, described by Bruce as a “gross suburb.” The gross sub-
urb was the backdrop for a clear, marvelous sense of feeling spe-
cial. A

[ hated Glendale with a passion. Everyone was alike. When
one kid got a three-speed bike, everyone would get three-speed
bikes. And then of course I did not ride a bike. Then they would
get ten-speed bikes. I just use bicycles as an example. They were
into other things in the same way. Like sports. And I'm not, not
at all, into sports. My father was never really into sports—he is
more of an artistic person. And so that kind of rubbed off. He
wasn't the type of father who would take me out to the lawn and
say, “Lets play baseball.” I thought my family was the least alike
to everybody in Glendale because my father was a college pro-
fessor. We had a big house, and at night all these people would
drive up and they’d come in the house and we'd turn out the
lights. Everyone in the town would wonder what we were doing
in there. My dad had switched from just being an English pr()?
fessor to running a film center, and every night he would show
4 movie in the house. 1 would come home after school, and in
the evening my father would have massive movie parties and
there would be twenty-seven college kids staying there all night,
sitting and talking and drinking. 1 would really love these parties
and the movies. I would come down in my little pajamas at two
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o'clock in the morning and say, “What are you doing?” People have to tell you that that was the first thing 1 really loved about
would be playing guitars and sitting around. I loved it. We were them. I mean, you command them. However you want. I re-
really different. . member loving that idea of giving commands.
Even now, the thing I hate most is the idea of being typical.
My father came out of a typical—well, he lived in a suburb . - . . , 3 A
L Co . BV While he was growing up Bruce found a way to have control. He
outside of Washington and he lived a sort of typical, Leave It lo [ Uit in his ¢ Ii liked toy cars and really | L set of
Beaver life. You know, like “Come on, Bill, let’s go over and play ound it in his toys. e Hkee toy cars and reaily loved a 5¢t O
baseball in the backyard.” And then he rebelled and now he's homemade puppets. With these, he gave the commands. But the
‘ less passive toys were threatening—Ilike a toy robot he got when he
was five.

living a life that's similar to mine, with going to parties and
whatnot. An artistic crowd. He doesn’t want to be a typical mid-
dle-aged father. When we get angry at each other, he says, “Typ-
ical teenager” to me and I say, “Typical middle-aged father” to
him.

[ had this robot. A frightening robot. 1 really hated this thing
with a passion. It would start walking. It had a big metal box on
it, and all ol a sudden the doors would open up and guns would
shoot out and it would close its doors and keep on walking and
every so often the eyes would light up—it was a horrid thing.
Then the batteries would run out and it would go slower and
slower and you never knew when . . . and then it would fall over.
I remember looking at it, watching it walk around shooting
things, and I remember hating it. I remember having my grand-
mother put it away for three years and then getting it again. 1
guess it was a pretty expensive thing, so they just kept it for me.
And then I know that when I got it back 1 would make it walk
off tables. 1 still hated it. I would make it start from high places

Bruce acts in a local children’s theater, and the week of our
interviews is tense for him. He has tried out for a part in a summer
production of Peter and the Wolf and has just been called back for a
second audition. First he is nervous about the audition, then about
its outcome. Two weeks later Bruce catches me in the hall to tell
me that he has gotten the part. “I'm so relieved. The worst thing
about these acting tryouts is that everything is out of your control.”
As with Deborah, control is on Bruce’s mind.

1 have a lot in common with my father. . . . We both have
chaos. Emotionally, we tend to act, not think, be fatalistic, be-
cause when youw're in a really chaotic state iU's easier to say, “Well,
yes, however it turns out, it was meant to be that way.” I'm a slob
in my way of thinking, in how 1 keep my things. Both my father
and 1 would like to have a little order. That's where my mother
comes in. My mother pretty much is the order, and that might
be one of the reasons my father married my mother. 1 think it’s
the same reason that I think it’s good that my parents are a bit
protective of me, even though I sometimes complain about it.
Like, I like it that we have dinner together every night. wonder
if my father and 1 were ever alone—1 wonder what would hap-
pen. I think all hell would break loose. We once went to a wed-
ding without my mother, and we both got really drunk. It was

really funny. It was also scary. We both ended up doing a lot of

things without thinking. Hoping for luck. Being disorganized.
But 1 would love to have control. I would absolutely love to have
control. 1 know that you're here because you care about what
happened with the kids who had the computers. And I really

and it would do its horrible things and then I would have it fall
off—that kind of thing. It was weird. 1 never did that sort of
thing with other toys, I was never violent or tried to hurt other
toys. But this robot, though, it was such a [’righl.ening image. It
would shoot out, it would break down. You never knew when it
would do what. I didn’t like them [battery-operated toys), 1
didn’t like the way they started going slower and slower and you
couldn’t help it, couldn’t do anything about it. For me, batteries
always meant that the toy couldn’t be exactly trusted. 1 had great
fun a few years ago. 1 dissected batteries. Yeah. 1 took them
apart. I always hated them.

I never was much with machines. Not really machine phobia,
more like awkwardness. 1 always feel that I'm going to break
this. That kind of thing. Not really able to interact with it. When
my father was showing films at the house he taught me how to
thread the projector. But I always used to get nervous that 1
would do something wrong, that the machine would break—you
never knew when it would break, it’s flaky like our toaster—and
it would be my fault. The first thing [ even remember, literally
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my first memory, was when 1 broke a typewril.er when [ was like
three. My parents were always typing. 1 said, “What’s this?” and
I pushed the typewriter off the table. They were really upset.

Bruce and Deborah are both unsure of finding the inner re-
sources to exert self-control. This issue dominated their lives be-
fore they ever came near a computer; it is not surprising. that it
became a major theme in their interactions with it. Bruce and Deb-
orah are contrasting cases of what “microworld” construction can
he about. Even though their concerns are similar, what they do
with the computer is at opposite extremes. Deborah uses the com-
puter as an emotional medium to “play with the other side,” to play
with a small world of control and constraint. What she got from
the experience 18 clear: by restricting herselt she put hersell in a
position to experience what it 1s like to exert a greater degree of
control than she had ever known. Her experience did not change
her into “somebody else.” She still feels that her actions are deter-
mined more from without than from within. But she had an im-
portant experience of feeling what it is like to be “the other kind
of person” and learned to integrate some of their ways of coping.

Bruce took the same computer and used it, not to “play with
what he wasn’t,” but to externalize what he felt himself to be, a
chaotic person. Deborah worked hard to create order in her com-
puter world. Bruce worked no less hard to maintain disorder in
his. He consistently rejected orderly progmmming practices even
though he was aware ol these techniques and knew that ignoring
them would cause him inconvenience. He would refuse to take
notes about what he did, or would leave them lying around the
classroom, perpetually “lost.” Perhaps most saliently, the subject

matter of Bruce’s programs was at the other extreme from Debo-
ah’s. Deborah’s careful, planned, rule-governed shapes were
exercises in restraint. They enforced a demand for total un-
derstanding of how they were built. For Bruce, the goal seemed to
be to produce as much wild, uncontrolled, and not always explica-
ble movement as possible: one of his favorite programs created
triangles that spun in complicated and confusing counterrotations.

Both used the computer to create a microworld, as other chil-
dren create them with drawing materials or dolls or toy soldiers.

The child who begins to draw by taking up a pencil and asking for

a ruler in order to draw “perfect” stick figures, and the child who
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starts out by applying color in broad, sweeping strokes, the child
Wl‘l() arranges dolls in a neat circle and has them all sit down (o
afternoon tea, and the child who lines up toy soldiers in opposing‘
camps for a battle—in each case there is projection that reveals
something about how the child is thinking, feeling, and organizing
experience. In all of these cases the world the cllilzl creates:-of r;lle%;
or disorder, peace or violence, reflects back an image of who t‘ha}
child is or perhaps wants to be. Such images can help people mbvé
L()yvar(l greater insight about conflicts, problems, and ways of
thinking.

But Bruce comes to the computer with a conflicted emotional
a‘genda. He needs not only to put his own disorder into the situa-
tion but also to vanquish any sense of the computer as autono-
mous. The computer must be chaotic—it reflects his inner life—
bu.t it can have no life of its own. In order to reassure himself about
this, Bruce goes to extremes. For example, the computer comes
With aic!s for editing programs that make it easy to insert a nev;/
instruction in the proper place in the body of the program. Bruce
wogl(l rather retype the whole program than use the automatic
dev_lce. In the middle of “wasting” a half hour struggling with
typing that he knew was unnecessary, Bruce was not kupser. He
used the moment to reassert his individuality. When he no'ticed
raised eyebrows he would simply say, “Leave me alone, it’s m
funeral.” ’ !

‘I‘\/Iany young programmers who share Bruce’s interest in visual
effects and love for the spectacular like to produce screen effects
that computer scientists call “artifacts.” The “straight” route to
computer graphics puts shapes onto the screen and sometimes sets
them in motion under the logical control of a program. The overall
result is often surprising. For example, superimposed shapes can
produce illusions of dimensionality. But the surprise is in the mind
and the eye of the viewer. Each detail on the screen can be traced
back in an intelligible way to the instructions in the program. But
somietimes the reign of logic breaks down. In the system Bruce was
worku‘lg on, the computer’s display can put up only a certain num-
i?er of l.ines. As long as a program instructs the system to put up
I‘ewer.l%nes, things proceed smoothly and predictably. But when
‘t‘he critical nu_mber is exceeded, the computer shows symptoms of
overloagl”m[or example, a strobelike flickering on the screen.
Many children are delighted when they first encounter this kind of
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effect and work hard to exploit this “ynofficial” unprogrammed
behavior of the computer. It adds to the machine’s “magic.” Not
Bruce. For him all artifacts were anathema: they recalled the robot
taking off on its own. He didi’t want anything going on behind his
back.

Bruce wants the machine to be predictable in spite of his most
unpredictable programming. He would like it to be as different
from the unpredictability and the variety of people as possible.

I think of the computer as being perfect. People are imperfcct,
and that's the difference. As of now, when you put things into a
computer you pretty much know what it is going to do. With
people you never know. That’s the point. It could be that some-
day they could make it s0 that you would not know what the
computer is going to do. It would all get too complicated to
now. One of the first movies 1 remember was Kubrick’s 2001.
Wow! HAL in 2001 and my robot that I kept trying to destroy
by making it walk off the table—1 never thought of them to-
gether. HAL was certainly unpredictable, and he was supposed
to have feelings.

Bruce was reassured by his experience with Logo programming.
He was able to see the computer as “perl’ect,” by which he meant
that it did only what it was told. He found a style of working with
it that gave it no chance for surprises. Some people not only delight
i artifacts, but eventually even develop an aesthetic of program-
ming that puts a value on the surprising, the counterintuitive. For
them, programming is a way of walking on the threshold of the
machine’s mysteries, pushing it to its limit as an “unpredictable
system.” But this demands a tolerance for the machine as lifelike,
as “magic,” as surprising. Bruce had none. Against his sense of
inner chaos, the world of things was reassuring only if predictable.

Bruce liked the computer insofar as he could see it as at his total
command. This is what attracted him to the machine. But then the
computer has to be kept in line. For Bruce, concessions to the
machine’s ability to carry out complex {unctions or, even worse, L0
produce artifactual effects outside his control seemed to confer too
much “personh()od” on it. His response to the threat-of what we
might call the computer’s “qutomaticity” illustrates its power to
reflect the programmer’s personality.
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Bruce expresses who he is in his spontaneous behavior with the
computer. He also has worked out a set of abstractly formulated
?ehefs.ab.out computers and people. He has an ideology about

what it is to be a person.” A person refuses dictated order. A
person is not pl'ﬁdictﬂbl(ﬁ. A person is emotional. In the sense timt
the computer is perfect, to be human is to be not-perfect. It is to
be not-computer. Bruce fears that somehow computers in their
perfection might be a threat to the nonperfection ol people. He
sees the machines as undermining the things that he and his f"l.th(;‘l‘
most value: unpredictability and variety. (

What I really hate about computers is that they might cut down
on the variety of people. I have seen some footage that
frlxghltened me. It was on Nova a few years ago. They showed a
clip from a Kawasaki promotional film. It was all robotized wiL{1
'ftll th:se giant computer arms building motorcycles. All ()f’these
1d‘ent1cal things. And there were no human workers in the plant
If that happens all over the world, that means that humans won"t.'
do that kind of work. I like the idea of variety in people Somé
people like to do mechanical work, and I would hate t(; think
_Lhat a certain kind of work would be cut out by anything. The
idea that computers might cut down on the variety of thing's that
people could do—that’s the thing that bothers me.

When I asked Bruce to look back on his whole experience with
the C(.)mputer and tell me what he thought he had gotten out of it
he sz}xd, “The very best thing was I loved doing things on my own’
Making things that nobody else has ever made. Nobody could h’xvc;
ever done that exact same thing.” | ‘
Deborah wants more than anything else to be like other people
a'nd she uses her experience with the computer to bring out ¢ L}'llii
ties she might share with them. Bruce wants to be as differelm’( as
1)95511)1@ from everyone else. He uses the computer to undersco;‘e
‘[‘hlS difference, as a mirror for his own uniqueness. He tells me

When I saw what I did with the computer, I used to laugh; 1 coulci
see'what a nut I was.” Externalization onto a canvas is a way of
seeing who you are. ‘ !
_The difference between Deborah and Bruce is not only a matter
of psychology, but of the different worlds they live in. Realil.;/ for

Deborah is protecting hersell” from dri
ah is protecting hersell’ from drink, drugs, and sex—and
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their consequences. Her mother may be protective, but she can’t
protect her in the social world outside. Deborah’s difficulties in
asserting control place her at risk, and she knows it. In self-de-
fense, in the machine she found an aid for making rules.
Deboral’s family is poor. Bruce’s is relatively well off. Deboraly’s
father does odd jobs. Bruce’s father is a teacher and writer. In
Bruce’s world the threats are not those of the street, not threats on
the person, but threats on a felt sense of personlmod. He worries

about the computer coming too close:

[ think I believe that maybe someday they could give computers
feelings. But 1 would think more of the human race if 10 didn’t
happen. We'd be like gods if we could create something that had
feelings. 1t would be something that would be a clone of who we
are. 1 think it would be very hard to do this, but two thousand
years ago they didn’t think we could do the things we do now.
But 1 think it would be different from the things we do now.
Much worse. Putting the feelings into the computers would be
much worse. It would be like the apocalypse.

Reflecting on the computer experience leacdls Bruce into an elabo-

rate theory of what constitutes order in the cosmos.

To me the Frankenstein story is the apocalypse . .. Being able
(o create. The test-tube baby always sickened me. But at least the
test-tube baby, it’s not really all that synthetic.-1 mean there were
still people. But the whole idea of computers having feelings, I
could not stand that. 1t is possible for it to happen, but I hope it
doesn’t. 1f there are enough people like me it won’t. I think that
human beings were meant L0 be the things with feelings. There
are natural things, animals and humans, they can have the right
to have feelings. I believe that God made us, animals and natural
things.

Here Bruce is struck by a very
about the “feeling computer.” Such a computer cou
experience that comstitutes one
father: “1 mean, could you |
saying, ‘Well, no, this isn't very good™? 1 hate it.

cringe.”

personal image of what is so bad
1d share in an
of his most intimate bonds with his
just see a4 computer watching a movie,
It makes me
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Thinking Through

I'he story of Narcissus is usually read as a warning against self:
love. Narcissus saw his image in the water and fell to his‘L ill»*'t ]~
peczluse of his desire to touch it, to be closer to its beauty. B l t'(lutl"‘l
is another way to understand the story. Narcissus {(dl 1yn ‘l(:i/'—“) lule
what appeu‘red to him to be another. This image of l’lnl’L “l,“;l'
person Iascma"ted him because it objectified a sénse 0(".1);*"m(:1‘ ‘U[
Wth.h he ha(;l felt only a vague inner sense. e

Mirrors, literal and metaphorical, play an important role i
human de\felopment. In literature, music, visual art ()1 coui))L 1}1
programming, they allow us to see ourselves from 1]12‘ ()utsidel l:'l LU!
to objectify ;lsl‘)ect"s of ourselves we had perceived oxtlly [’ro‘m wi,t’;u'lc
Bruce was relerring to this when he said, “I could see what [ “'“;
doing on the computer and I could see what a nut 1 \wns ” IScb Wdlb
came even cl()se_r to this idea: “When you ]')1'()9,‘1‘11111'21‘ com )(letdl
there 1s a little piece of your mind, and now it’s a little piece l.f' lClA
comp\uter’s mind. And now you can see it.” T preee ot

hlf;m}:ﬁ are fascinated by their reflections as they grope toward :
sense of their bodies as coherent wholes. With pubcigrl' ! t‘lné:"/ftfl'(' )
%lSSﬂlllt on the sense of coherence of the body and i.lie‘?;,li;l(l "Ll‘;‘S :l'li
1»5 new gx’pwl.h, new desire, new feelings. As adolescents wc' rcl’t:';
to our n’urrol“s; I programming, Deborah and Bruce found ‘).()w—
erful ones. Some children become far more explicit tha lL! g
abf)ut seeing the computer as a mirror of the mind ‘ [h:: 2 1()’
cl‘x.lklren who make explicit use of computational n.)‘cl"x ol AL' '(UL
l.hmlf about themselves. Looking at the detail of how l'lcllc I(Z;f) t"()
Pr()vules a vantage point for understanding somelzhing (h}ju‘ )'()b*(?
b¢y0nd the stories of individual children. It ilelps us to un‘dér‘sﬁuci
l}f)w computer metaphors can turn into a new po )ul"w )sy 1 l( l'(
for the culture at large. PR pRyeReiony
) ()zg}'lzl 1s a hifth grader who has been working with the computer
1(:)1‘ [‘lVC‘lﬂOI'lLllS. I visit her classroom on zu; umm'ml da l H(:l'
:)L}'fl(cll'llter ;s'lolut sick, and a substitute teacher is l‘.aking: over‘ (Uy'nsu;

he children’s normal routine, the new teacher gives them :
unaccustomed chance to sit around and mlkl Lx(;;(])l;tl tilcvt:)xlxlll;lllllcxl:l
;:Lt(il;lll)c;xc no};yei ()1} ‘lihen' ex!)criences. Since the class has Lhirl‘.y-’
hildren, they break up mto smaller groups to pursue their

conversatic 1 one circle 1
sation. In one circle of twelve, the discussion turns to
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whether or not computers are alive. Someone in the circle says,
“No, they are not alive, because they are programmed,” a comment
that is met by mumbles of approval———almost everyone finds this a
very good answer. Everyone; that 1s, except Carla, a quiet girl who
usually does not take a stand against any consensus. “Well, I don’t
know if they are alive. They certainly are not completely alive, but
[ don’t think it has to do with that they’re programn'led. We are all
pl"()gl"zll'l]l]led.”

I talk to Carla for a long time. Her family is poor. They are very
religious, very observant Catholics. She is the youngest of six chil-
dren, her parents are in their fifties. Carla’s life is filled with com-
plex rules. There are rules of religion, rules of demeanor, rules
about whom you can and cannot play with. There are rules for
dress: all of her clothes are rank-ordered in terms of their “good-
ness” so that she can wear the “worst” ones to school and wear
them out before pm(zeeding to the next in line. When children are
learning to program, one of the things that most delights them 1s
naming the programs. When Carla wrote her first computer pro-
gram, she called it CLOTHES. The idea of executing steps in a
procedure was not new to her. [t was how she was made to organize
her closet, and to a certain extent, it was how she thought about
her life. She answered questions about what she liked to do, what
she did after school, and who her friends were, with the rules for
what games she is allowed to play, how late she is allowed to stay
out, and whom she is allowed to play with. It is not surprising that
her encounter with the computer, with its step-wise procedures,

was familiar and could be integrated into her way of talking about

herself. “I think that 1 am pr()grzunmed like the computer. Other
kids in the school aren’t as programmed as me. They have to do
things, but they don’t have to do them in order. My mother did
my progrann‘ning. And the Pope. Well, not really, the priest did it
But the Pope did his.”

Here Carla breaks out in nervous giggles. She has clearly said
something that to her feels like a very bad thing to say, and she
looks at me somewhat warily. 1 don’t say anything, and she contin-
ues, looking nervous. Finally 1 say, “Well, 1 guess that can be sort
of 1‘0ugh—-—zlll those rules.” Her reply astounds me: “Well, you
know, you can change the program. Once you know how, you can
change the program. [ can’t do it now, but that doesn’t mean that
[ won't be able to someday.” or Carla, experiencing herself as
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progrmnmed is not to see hersell in a situation of total constraint
It.cxpresses a hope that somehow the program life—
might be changed.

Al,)enl;lis has just begun high school. He is fourteen and preoccu-
Pled W{th the ways in which he is like and unlike his father l"'lis‘
.{zuhcr is a political-science professor, very successful im:‘ellec:tu‘tlk
nl‘.—ense; Dennis f?‘Cls he is like his father. “The ol,hér kids d.()lt'l,l,
t,l}m}f 1111 much fun. I guess I turn everything into a brains con-l
test.” But he also admires his father. “He really is the smartest
person.” Dennis is concerned with what there 1s about him tln'ﬂ ‘is
“real,” what is his “true identity,” and what is changeable ncéi(‘k;tl
l‘.:dl (and here he uses a computer expression), “m"‘ti{'n(:lu,al » Is hlc_‘
like his father in some fundamental way? Will he be like 1.'1 at for
the rest of his life? | e

and her life—

. Dennis started to program computers when he was ten. He pot
mvolvcd. witl¥ them by hanging around the computer center ()LI) a.
lz‘»l,rge umvgrsuy that accepted “tourists” on the system, and, indécd
l'?ls precocity won him the role of favored guest. Recently, he ‘ln‘i;
found that thinking about levels of }‘)rogrzu;nninq lungunqés ()“‘C(l“‘%
a way to think about his personal probiem. Ead: corﬂpuiﬁ (‘()mc;
yvq,h its own specific “machine language.” This is a fixed (‘llzn‘;lcle{"—
istic. Dennis explains to me that it ish part of the “hzn‘dv;/irinq”' of
the system. He thinks of this as the computer’s “real i(l(;‘l’lllil.y.;’ But
p]()St p\‘()gralnlllex's do not communicate with the machine by “l;ili )
zl}g to it” In its 11.1uchine language, since this would be cumbcrso'mc.
I'hey communicate with it in a “high-level language” ol which
Logo is just one example (BASIC, FORTRAN, COBOL, PASCAL
and LISP are others). The machine accepts the high-level langua )(,’
zu'ld.translzltes it back into the machine-language cmnmundﬁ' v("lf"’u
are in direct communication with its hardw;&e. & R
A con‘xpptcr that plays master chess may have the same machine-
language identity as a computer that runs a robot arm on an uil’l‘—
plane assembly line or passes messages between branch offices ol a
pzmk. Yet these machines have different behaviors that are d‘cl[irwél
in L-he pr()gramming of the high-level language. These bclmvi(‘n"s‘
which Dennis thinks of as “psychologies,” can be chanqéd rcp'r(l)—’
grammed. When you are interacting with a pzn‘ticularL (:m’npulm'
!,hc most salient thing about it seems to be its behavior, its wayn 0(,'
interacting with you, but, as Dennis points out, “that’s jL,lSl because
you only know enough to get involved with it at that lcvcl "l"hzn,’.s:
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your problem, not the computer’s. It’s not part of the computer’s
‘core identity.””

Dennis began to elaborate a model of himself in which he distin-
guished between his machine language—his “core machine”—and
high-level programs written on top of it. He decided that he and
his father had different machine languages. They were two very
different machines, “like an IBM and a DEC. We are fundamen-
tally, fundamentally different.” But, Dennis explained, clever pro-
gramn‘ling, “neat hacking, really neat hacking,” had been able to
get these two very differently structured machines to behave simi-
larly. This way of thinking landed Dennis in a more comfortable
spot. All of the similarities between his behavior and that of his
father, similarities that he didn’t like and wanted to be able to
change, were on the level of a higher-order language that was
reprogrammable. The machine analogy left him with an optimism
not unlike Carla’s. The trick was to find a way to do the reprogram-
ming.

Dennis has never read Freud or any of the American “neo-
Freudians” who considerably softened Freud’s notions of the de-
termining power of the unconscious when they put forward a
notion of an autonomous ego that the individual could feel to be a
“center,” a “self.”* But as I listened to him pondering reprogram-
ming strategies for himself, T thought to myself that here was a boy
who had rediscovered the notion of a “conflict-free” zone of the
ego: a platform to stand on, a zone of mental functioning that is
not determined, that is open to change.

Carla’s analogies and Dennis’ theorizing are not isolated exam-
ples of what happens when people meet up with computers. They
are taking first steps towards playing with the idea of mind as
machine, personality as program. This kind of play with computa-
tion and models of the self is very much a part of what the adult
world is doing with computers. It is not confined to the experts. It
happens among college students taking their first programming
course, among people buying personal computer systems for their
homes, among people whose contact with computers was initially
“just for business,” to handle tax returns, to help them run a small
company, or to do word processing. It is also part of children’s
computer experience. It is implicit in the musings of very small
children. It is implicit in the anthropomorphization of the machine
by the third, fourth and fifth graders who are more deeply com-
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mitted to mastering it. And it becomes increasingly explicit as ad-
olescence unfolds.

George, a college sophomore, was lethargic, depressed, unable
to focus his attention on anything that required him to take an
nitiative. He was failing most of his courses, did little else during
his day but watch television soap operas. He didn’t spend time with
friends, and he had nearly broken off contact with his family. He
was particularly anxious about the prospect ol any contact with his
father, a successful physician. George had always admired his fa-
ther, wanted to please him and grow up to be like him. As a fresh-
man George did not have to choose a major, and he did very well
__so well, in fact, that he felt he would be able to handle premedi-
cal studies. At the end of his freshman year he declared his major
to be biology, a subject in which he had always excelled, and ‘he
spent the summer sailing with his parents. He came bac:l_c the fol-
lowing fall filled with expectations—only to find himself in a state
of debilitating depression.

Shortly after I met him, George began to take an introductory
course in biostatistics required of all biology majors. He quickly
became absorbed not in the course itself, but in the intricacies of
the computer system that handled the statistical material. George
became deeply immersed in computer programming.

In his depression, George’s attention span was short. Correcting
an error, in a biology experiment or in an English paper, seemed
overwhelming because making a change implied starting over, re-
thinking the whole, like when a tower of blocks falls down for a
child. Programming had a different “feel.” The “feel” as he de-
scribed it was that he “could go into the program and deal with the
thing that is wrong with it, deal directly with the rotten part. I
could fix up the problems but leave things basically intact.” He
enjoyed the sense of being able to deal in an isolated way with a
specific error and sge an immediate result. Moreover, he was able
to carry out experiments with his programs that seemed (although
sometimes he admitted that this might be an illusion) to provide
‘nformation about how well things were going. He felt himself to
be the recipient of continual feedback on his progress. And he
could initiate the process that would get that information back to
him. In the course of a few months George started to build on this
experience.

First, he was able to use his successes in pmgramming to restore
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his confidence that he could finish a task. IHe completed a
series of small pmgrmnmiug projects; when each one was done he
brought the printout of the program Lo sessions with his psycho-
therapist. They were symbols of hope, symbols that he could find
a way back. Second, 1t)1‘()g1"zu’1'1ming was the first thing he had ever
done that was not “1"equired” of him. He did it for his own plea-
sure. He could have easily passed the statistics course by learning a
few “cookbook rules” on how to feed data into a prepmgrm‘nmed
package, but instead he turned himsell into a programming wiz-
ard. He discovered a talent and he found that he could pursue it
wholeheartedly without outside pressure. But what is most relevant
here is that George took a concept from programming and used it
as a metaphor for thinking about his mind, his pmblems, and their
possible solution.
Programs are instructions to a computer that tell it literally what
to do, what steps to take, what }’)r()cedurcs to follow. Their broad
outlines can be planned in advance, but they hardly ever come out
“perl‘ect” on a first pass. A detail doesn’t work or there can be

unforeseen interactions among segments of the program that were
other. These are the program’s

designed independently from each
“bugs.” Programmers learn to think about what ails their products
without recourse to the formula “the program is wrong.” The pro-
gram is basically sound; it simply needs to be debugged. Debug-
ging is the search for errors that can be identified and isolated.
And once isolated they can be dealt with in a “local” way.?

George began to think about his mind in terms of a program,
and of working his way out of his dcpressi(m in terms of debug-
ging. His whole life had not been bad. The foundation seemed

sohid.

When I began psych()t.hcmpy, [ began to read Freud. I thought
that it might help. 1 read some in'l'\igh school and it seemed
pretty interesting. I think that in terms of all the “Freudian
stalf)” the basic things, 1 think | had a very good start. Very
good basic pr()grumming with my mother and father. But there
is 2 bug. Not really fundamental. 1 started to feel that my father
would be (lisuppoinmd in me i 1 didn’t become a doctor. 1
started to feel it because | wanted to be like him. I mean [ think

he is a really remendous persort. But he never said so. And this

past week L called him and asked him straight out and he said

that he really didn’t feel that way.
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George went ~
1t O v that
pI'Ogrmimin o nl to say that he must be stuck in a loop, a vici
e st'u-[i%] rcle where all paths lead back to the S;‘lilflé u o
. < ¥ . =~ . . - < n (Yo
his CXPGI‘ienLC& ﬁomt. George used the unage to get a h'mdlpm
e, It was ¢ oy . 4 ldndie on
frustation i whi V;/dbl a ?l?ce to start talking about the cycle n[l‘
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minds have something in common with the “mind” of the com-
puter before them. Whether or not computer scientists ever create
an artificial intelligence that can think like a person, computers
change the way people think—especially about themselves.

PART 11

COMPUTER
CULTURES: THE
MECHANIZATION
OF THE MIND
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Press, 1970). Paul Willis, Profane Culture (Berkeley: University of (‘fxln’f(’n{)’m
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