
to the pilots passing through his sector,
and talks to the other con t ro llers about
a ny new tra f fic on the hori zon .An d , as a
c on t ro ller juggles all those planes ove r-
h e a d ,he scribbles notes on little pieces of
p a p e r, m oving them around on his desk
as he does. A i r - t ra f fic con t rol depends
on computers and ra d a r. It also depends,
h e a v i ly, on paper and ink.

When people talk about the need to
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On a busy day, a typ i cal air-tra f fic
c on t ro ller might be in charge of a s

m a ny as tw e n ty - five airplanes at a time—
s ome ascending, s ome descending, e a ch
at a diffe rent altitude and tra ve lling at a
d i f fe rent speed.He peers at a large,m on o-
ch romatic radar con s o l e, t ra cking the
m ovement of t i ny tagged blips mov i n g
s l ow ly across the scre e n . He talks to the
sector where a plane is headed, and talks
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BOOKS

THE SOCIAL LIFE OF PAPER
L o oking for method in the mess.

BY MALCOLM GLADWELL

For “k n o w l e d ge work er s,” piles ofp ap er re p resent the process of ac t ive, o n going thinking.

m o d e rn i ze the Am e ri can air-tra f fic -
c on t rol sys t e m , this is, in large part ,w h a t
t h ey are re fe r ring to. Wh e n ever a plane
takes off, the basic data about the
flight—the type of p l a n e, the radar I.D.
n u m b e r, the requested altitude, the des-
t i n a t i on — a re printed out on a stiff p i e c e
o f p a p e r, p e rhaps one and a half by six
and a half i n ch e s ,k n own as a flight stri p.
And as the plane passes through each
sector of the airspace the con t ro ller jots
d ow n , using a kind of s h o rt h a n d , eve ry-
thing new that is happening to the
p l a n e—its speed, s ay, and where it’s
h e a d i n g, cl e a rances from ground con-
t ro l , holding instru c t i on s ,c omments on
the pilot. I t’s a method that dates back to
the days before ra d a r, and it dri ves cri t i c s
o f the air-tra f fic - c on t rol system cra zy.
Why, in this day and age, a re planes
being handled like breakfast orders in a
roadside diner?

This is one of the great puzzles of t h e
m o d e rn work p l a c e .C omputer tech n o l o gy
was supposed to replace paper. But that
h a s n’t happened. E ve ry country in the
We s t e rn world uses more paper today,
on a per-capita basis, than it did ten ye a r s
a go.The con s u m p t i on of uncoated fre e -
sheet paper, for instance—the most com-
m on kind of o f fice paper—rose almost
fifteen per cent in the United St a t e s
b e tween 1995 and 2000. This is gener-
a lly taken as evidence of h ow hard it is 
to era d i cate old, wasteful habits and 
o f h ow stubborn ly resistant we are to
the efficiencies offe red by com p u t e ri za-
t i on . A number of c o g n i t i ve psych o l o-
gists and ergon omics expert s , h ow eve r,
d on’t agre e . Paper has persisted, t h ey
a r g u e, for ve ry good re a s on s : when it
c omes to perf o rming certain kinds of
c o g n i t i ve tasks, paper has many advan-
tages over com p u t e r s . The dismay peo-
ple feel at the sight of a messy desk—or
the spectacle of a i r - t ra f fic con t ro ll e r s
t ra cking flights through notes scri b b l e d
on paper stri p s — a rises from a funda-
mental con f u s i on about the role that
paper plays in our live s .

The case for paper is made most elo-
q u e n t ly in “The Myth of the Pa p e r-

less Offic e” ( M . I . T. ;$ 2 4 . 9 5 ) , by two so-
cial scientists,Abigail Se llen and Rich a rd
H a rp e r. T h ey begin their book with an
account of a study they con d u c t e d at the
I n t e rn a t i onal Mon e t a ry Fu n d , in Wa s h-
i n g t on , D. C . E c on omists at the I.M.F.



TNY—03/25/02—PAGE 9 3— 1 3 3 S C .

spend most of their time writing re p o rt s
on com p l i cated econ omic question s ,
w o rk that would seem to be perfe c t ly
suited to sitting in front of a com p u t e r.
Non e t h e l e s s , the I.M.F. is awash in
p a p e r, and Se llen and Harper wanted to
find out why. Their answer is that the
business of writing re p o rts—at least at
the I.M.F.—is an intensely coll a b o ra t i ve
p ro c e s s ,i nv o lving the pro fe s s i onal judg-
ments and con t ri b u t i ons of m a ny people.
The econ omists bring dra fts of re p o rts to
c on fe rence ro om s ,s p read out the re l ev a n t
p a g e s , and negotiate changes with on e
o t h e r. T h ey go back to their offices and
jot down comments in the margin, t a k-
ing advantage of the fre e d om offe red by
the inform a l i ty of the handwritten note.
Then they deliver the annotated dra ft to
the author in person , taking him,page by
p a g e, t h rough the suggested ch a n g e s . At
the end of the pro c e s s , the author spre a d s
out all the pages with comments on his
desk and starts to enter them on the
c om p u t e r — m oving the pages around as
he work s , organizing and re o r g a n i z i n g,
saving and disca rd i n g.

Without paper, this kind of c o ll a b-
o ra t i ve, i t e ra t i ve work process would 
be mu ch more diffic u l t . Ac c o rding to
Se llen and H a rp e r,paper has a unique set
o f “a f f o rdances”—that is, qualities that
p e rmit specific kinds of u s e s . Paper is
t a n g i b l e :we can pick up a document,fli p
t h rough it, read little bits here and there,
and quick ly get a sense of i t . (In another
study on reading habits, Se llen and
H a rper observed that in the work p l a c e,
people almost never read a document se-
q u e n t i a lly, f rom beginning to end, t h e
w ay they would read a novel.) Paper is
s p a t i a lly fle x i b l e, meaning that we ca n
s p read it out and arrange it in the way
that suits us best. And it’s tailora b l e :w e
can easily annotate it, and scribble on it as
we re a d , without altering the ori g i n a l
t e x t . Digital documents, o f c o u r s e, h a ve
their own afford a n c e s .T h ey can be easily
s e a rch e d , s h a re d , s t o re d , accessed re-
m o t e ly, and linked to other re l evant ma-
t e ri a l . But they lack the affordances that
re a lly matter to a group of people work-
ing together on a re p o rt . Se llen and
H a rper wri t e:

Because paper is a physical embodiment
of information, actions perf o rmed in re l a t i o n
to paper are, to a large extent, made visible to
o n e ’s colleagues. Reviewers sitting around a
desk could tell whether a colleague was turn-

ing toward or away from a re p o rt; whether
she was flicking through it or setting it aside.
Contrast this with watching someone acro s s
a desk looking at a document on a laptop.
What are they looking at? Where in the doc-
ument are they? Are they really reading their
e-mail? Knowing these things is import a n t
because they help a group coördinate its dis-
cussions and reach a shared understanding of
what is being discussed.

Paper enables a certain kind of t h i n k-
i n g. Pi c t u re, for instance, the top of

your desk. Chances are that you have a
k eyb o a rd and a computer screen off t o
one side, and a clear space ro u g h ly eigh-
teen inches square in front of your ch a i r.
What covers the rest of the desktop is
p ro b a b ly piles—piles of p a p e r s ,j o u rn a l s ,
m a g a z i n e s , b i n d e r s , p o s t ca rd s , v i d e o-
t a p e s , and all the other artifacts of t h e
k n owledge econ om y. The piles look like
a mess, but they are n’t .When a group at
Apple Computer studied piling behavior
s eve ral years ago, t h ey found that eve n
the most disord e rly piles usually make
p e rfect sense to the piler, and that offic e
w o rkers could hold forth in great detail
about the precise history and meaning of
their piles.The pile closest to the cl e a re d ,
e i g h t e e n - i n ch - s q u a re working are a , f o r
e x a m p l e, g e n e ra lly re p resents the most
urgent business, and within that pile the
most important document of a ll is likely
to be at the top. Piles are living, b re a t h-
ing arch i ve s .Over time, t h ey get brok e n
d own and re s o rt e d ,s ometimes ch ron o-
l o g i ca lly and sometimes thematica lly
and sometimes ch ron o l o g i ca lly and the-
m a t i ca lly; clues about certain documents
m ay be phys i ca lly embedded in the fil e
b y, s ay, s t a cking a certain piece of p a p e r
at an angle or inserting dividers into the
s t a ck .

But why do we pile documents in-
stead of filing them? Because piles re p-
resent the process of a c t i ve, on go i n g
t h i n k i n g.The psychologist Alison Kidd,
whose re s e a rch Se llen and Harper re fe r
to extensive ly, argues that “k n ow l e d g e
w o rk e r s ” use the phys i cal space of t h e
desktop to hold “ideas which they ca n-
not yet ca t e go ri ze or even decide how
t h ey might use.” The messy desk is not
n e c e s s a ri ly a sign of d i s o r g a n i za t i on. I t
m ay be a sign of c om p l e x i ty: those who
deal with many unre s o lved ideas simu l-
t a n e o u s ly cannot sort and file the papers
on their desks, b e cause they have n’t ye t
s o rted and filed the ideas in their head.
Kidd writes that many of the people she
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talked to use the papers on their desks as
c ontextual cues to “re c over a complex set
o f t h reads without diffic u l ty and delay ”
when they come in on a Mon d ay morn-
i n g, or after their work has been inter-
rupted by a ph one ca ll . What we see
when we look at the piles on our desks 
i s , in a sense, the contents of our bra i n s .

Se llen and Harper arri ved at similar
findings when they did some con s u l t i n g
w o rk with a chocolate manufacture r.T h e
people in the firm they were most inter-
ested in were the buyers—the staff w h o
h a n dled the com p a ny’s re l a t i onships with
its ve n d e r s ,f rom cocoa and sugar manu-
f a c t u rers to adve rt i s e r s . The buyers kept
f o l d e r s( c ontaining con t ra c t s ,c o r re s p on-
d e n c e, meeting notes, and so forth) on
eve ry supplier they had dealings with.T h e
c om p a ny wanted to move the inform a t i on
in those documents on l i n e, to save space
and mon ey,and make it easier for eve ryon e
in the firm to have access to it.That sounds
like an eminently ra t i onal thing to do.B u t
when Se llen and Harper looked at the fold-
e r s t h ey discove red that they contained all
kinds of i d i o s yn c ratic materi a l — a d ve r-
tising para ph e rn a l i a ,p rintouts of e - m a i l s ,
p re s e n t a t i on notes, and letters—mu ch of
w h i ch had been annotated in the margins

with thoughts and amendments and,
th ey wri t e,“p e rhaps most import a n t ,c om-
m e n t s about problems and issues with a
s u p p l i e r’s perf o rmance not intended for
the supplier’s eye s . ” The inform a t i on in
e a ch folder was organize d — i f it was or-
g a n i zed at all — a c c o rding to the whims
o f the particular buye r. Wh e n ever other
people wanted to look at a document,
t h ey genera lly had to be walked thro u g h
it by the buyer who “ow n e d” i t ,b e cause it
s i m p ly wouldn’t make sense otherw i s e .
The mu ch adve rtised advantage of d i g i-
tizing documents—that they could be
made available to anyon e, at any time—
was ill u s o ry: documents cannot speak for
t h e m s e lve s. “A ll of this emph a s i zed that
most of what constituted a buye r’s exper-
tise resulted from inv o lvement with the
b u ye r’s own suppliers through a long his-
t o ry of ph one ca lls and meetings,”Se ll e n
and Harper wri t e :

The correspondence, notes, and other
documents such discussions would pro d u c e
f o rmed a significant part of the documents
buyers kept. These materials there f o re s u p -
p o rt e d rather than c o n s t i t u t e d the expert i s e
of the buyers. In other words, the knowledge
existed not so much in the documents as in
the heads of the people who owned them—in
their memories of what the documents were ,

in their knowledge of the history of that sup-
plier relationship, and in the re c o l l e c t i o n s
that were prompted whenever they went
t h rough the fil e s .

This idea that paper facilitates a highly
s p e c i a l i zed cognitive and social pro-

cess is a far cry from the way we have his-
t o ri ca lly thought about the stuff. Pa p e r
first began to pro l i fe rate in the work p l a c e
in the late nineteenth century as part of t h e
m ove tow a rd “s ystematic management.”
To cope with the com p l e x i ty of the in-
d u s t rial econ om y, managers were in-
stituting com p a ny-wide policies and de-
manding m on t h ly, w e e k ly, or even daily
updates from their s u b o rd i n a t e s. T h u s
was born the mon t h ly sales re p o rt , a n d
the office manual and the internal com-
p a ny new s l e t t e r.The typ ewriter took off
in the eighteen-e i g h t i e s ,making it possi-
ble to create documents in a fra c t i on of
the time it had prev i o u s ly taken,and that
was foll owed cl o s e ly by the advent of ca r-
b on paper, w h i ch meant that a typ i s t
could create ten copies of that document
s i mu l t a n e o u s ly. I f you were, s ay, a ra i l ro a d
c om p a ny, then you would now have a
s e c re t a ry at the com p a ny headquart e r s
type up a schedule eve ry week, s e t t i n g
out what train was tra ve lling in what di-
re c t i on at what time,b e cause in the mid-
nineteenth c e n t u ry coll i s i ons were a ter-
rible pro b l e m. Then the secre t a ry would
make ten ca rb on copies of that sch e d u l e
and send them out to the stations alon g
your ra i lw ay line. Paper was import a n t
not to facilitate cre a t i ve coll a b o ra t i on and
thought but as an instrument of c on t ro l .

Pe rhaps no one embodied this notion
m o re than the turn - o f - t h e - c e n t u ry re-
f o rmer Melvil Dew ey.D ew ey has largely
been forgotten by history, p e rhaps be-
cause he was such a nasty fe ll ow — a n
o u t s p oken racist and anti-Se m i t e— b u t
in his day he dominated Am e ri ca’s think-
ing about the work p l a c e . He inve n t e d
the Dew ey decimal sys t e m ,w h i ch rev o-
l u t i on i zed the organiza t i on of l i b ra ri e s .
He was an ardent advocate of s h o rt h a n d
and of the metric sys t e m , and was so ob-
sessed with time-saving and simplifica-
t i on that he changed his first name from
M e lv i lle to the more logical Melv i l .( H e
also pushed for the adoption of “ca t a l o g”
in place of “ca t a l o g u e, ” and of “ t h ru w ay ”
to describe major highways , a usage that
s u rv i ves to this day in New Yo rk St a t e ) .
D ew ey’s principal business was som e-
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“This is where I come to unwind. ”
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thing ca lled the Libra ry Bure a u , w h i ch
was essentially the Office Depot of h i s
d ay, s e lling ca rd ca t a l o g u e s , ca b i n e t s ,o f-
fice chairs and tables, p re - p rinted busi-
ness form s , a n d , most import a n t , fil i n g
ca b i n e t s . Prev i o u s ly, businessmen had
s t o red their documents in cumbersom e
ca s e s , or folded and labelled the pieces of
paper and stuck them in the pigeon h o l e s
o f the secre t a ry desks so com m on in the
Vi c t o rian era . What Dew ey pro p o s e d
was essentially an enlarged ve r s i on of a
ca rd ca t a l o g u e, w h e re paper documents
hung ve rt i ca lly in long dra w e r s .

The ve rt i cal file was a stunning accom-
p l i s h m e n t . In those effic i e n cy - o b s e s s e d
d ays , it prompted books and art i cles and
debates and ended up winning a go l d
medal at the 1893 Wo rl d’s Fa i r, b e ca u s e
it so neatly addressed the threat of d i s-
o rder posed by the pro l i fe ra t i on of p a p e r.
What good was that ra i l road sch e d u l e,
a fter all ,i f it was lost on som e on e’s desk?
Now a ra i l road could buy one of D ew ey’s
ve rt i cal filing ca b i n e t s , and put the sch e d-
u l e under “ S , ”w h e re eve ryone could fin d
i t . In “ S c ro lling Fo rw a rd : Making Se n s e
o f Documents in the Digital Age” ( A r-
ca d e ; $ 2 4 . 9 5 ) , the computer scientist
David M. Levy argues that Dew ey was
the anti-Walt Wh i t m a n , and that his
v i s i on of re g u l a rizing and standard i z i n g
l i fe ended up being just as big a com p o-
nent of the Am e ri can psyche as Wh i t-
m a n’s appeal to embrace the world just as
it is. That seems absolutely ri g h t . T h e
fact is, the thought of a ll those memos
and re p o rts and manuals made Dew ey
a n x i o u s , and that anxiety has never re a lly
gone away, even in the face of ev i d e n c e
that paper is no longer something to be
anxious about.

When T h omas Edison invented the
ph on o g ra ph , for example, h ow did he
imagine it would be used? As a dictation
d evice that a businessman could pass
a round the office in place of a paper
m e m o. In 1945, the computer pion e e r
Va n n evar Bush imagined what he ca ll e d
a “m e m e x”—a mech a n i zed libra ry and
filing ca b i n e t , on which an office work e r
would store all his re l evant inform a t i on
without the need for paper files at all .So,
t o o, with the inform a t i on - t e ch n o l o gy
w i za rds who have descended on the
w o rkplace in recent ye a r s . Instead of a
real desktop, t h ey have offe red us the
c omputer desktop, w h e re cook i e - c u t t e r
i c ons run in ord e rly rows across a sooth-
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t ro ll e r s , and what he has written dow n
on the flight strips in front of h i m , a n d
c on s t ruct a thre e - d i m e n s i onal “p i c t u re”
o f a ll the planes in his sector. Ps ych o l o-
gists ca ll the ability to create that mental
p i c t u re “s i t u a t i on aware n e s s . ”“ Si t u a t i on
a w a reness operates on three leve l s , ”s ays
M i ca Endsley, the president of S . A .
Te ch n o l o g i e s , in Georgia, and perh a p s
the country’s leading expert on the sub-
j e c t .“One is perc e i v i n g. Se c ond is under-
s t a n d i n g what the inform a t i on means—
a n a l o gous to reading com p re h e n s i on .
T h a t’s where you or I would have pro b-
l e m s . We’d see the blips on the scre e n ,
and it wouldn’t mean anything to us.T he
highest leve l ,t h o u g h , is pro j e c t i on — t h e
a b i l i ty to predict which airc ra ft are com-
ing in and when.Yo u’ve got to be able to
l o ok into the future,p ro b a b ly by as mu ch
as five minutes.”

Ps ychologists believe that those so-
ca lled flight strips play a major role in
helping con t ro llers ach i eve this situation
a w a re n e s s .R e c e n t ly, for example,We n d y
M a ck ay, a computer scientist now work-
ing in Pa ri s , spent seve ral months at 
an air-tra f fic - c on t rol facility near Orly
A i rp o rt , in Pa ri s .The Fre n ch air-tra f fic -
c on t rol system is virt u a lly identical to
the Am e ri can sys t e m . One con t ro ll e r,
the planning con t ro ll e r, is re s p onsible for
the ra d a r. He has a part n e r, whose job is
to alert the radar con t ro ller to incom i n g
t ra f fic , and what Mack ay observed was
h ow beautifully the strips enable effic i e n t
i n t e ra c t i on between these two people.T h e
planning con t ro ll e r, for instance, ove r-
hears what his partner is saying on the
ra d i o, and watches him annotate stri p s .
I f he has a new stri p, he might keep it
just out of his part n e r’s visual field until
it is re l ev a n t .“ She [the planner] moves it
into his peri ph e ral view if the strip should
be dealt with soon , but not immediately, ”
M a ck ay wri t e s . “I f the problem is ur-
g e n t , she will phys i ca lly move it into his
f o cal view, placing the strip on top of
the stri p b o a rd or, ra re ly, i n s e rting it.”

Those strips moving in and out of
the peri ph e ral view of the con t ro ll e r
s e rve as cognitive cues, w h i ch the con-
t ro ller uses to help keep the “p i c t u re” o f
his sector clear in his head.When taking
over a con t rol position ,c on t ro llers touch
and re a r range the strips in front of t h e m .
When they are given a new stri p, t h ey
a re forced mentally to register a new
flight and the new tra f fic situation . B y

writing on the stri p s , t h ey can off-load
i n f o rm a t i on ,keeping their minds free to
attend to other matters. The con t ro ll e r’s
flight strips are like the piles of paper on
a desk: t h ey are the phys i cal manife s t a-
t i ons of what goes on inside his head. I s
it any wonder that the modern i za -
t i on of the air-tra f fic - c on t rol system has
taken so long? No one wants to do any-
thing that might disrupt that cri t i ca l
mental pro c e s s .

This is, o f c o u r s e, a difficult con cl u-
s i on for us to accept. Like the managers
o f the offic e - t e ch n o l o gy lab, we have in
our heads the notion that an air-tra f fic -
c on t rol center ought to be a pristine and
gleaming place, f u ll of the latest elec-
t ronic gadgetry. We think of a ll those
flight strips as cl u t t e ring and con f u s i n g
the work of the offic e, and we fret about
w h e re all that paper will go.B u t , as Se ll e n
and Harper point out,we needn’t worry.
It is on ly if p a p e r’s usefulness is in the in-
f o rm a t i on written dire c t ly on it that it
must be store d . I f its usefulness lies in
the prom o t i on of on going cre a t i ve think-
i n g, t h e n , once that thinking is fin i s h e d ,
the paper becomes superflu o u s .The so-
l u t i on to our paper pro b l e m ,t h ey wri t e,
is not to use less paper but to k e e pl e s s
p a p e r. Why bother filing at all? Eve ry-
thing we know about the workplace sug-
gests that few if a ny knowledge work e r s
ever re fer to documents again once they
h a ve filed them away, w h i ch should
c ome as no surp ri s e,since paper is a lousy
w ay to arch i ve inform a t i on .I t’s too hard
to search and it takes up too mu ch space.
B e s i d e s , we all have the best filing sys t e m
ever inve n t e d , right there on our desks—
the personal com p u t e r.That is the irony
o f the P. C . : the workplace problem that
it solves is the nineteenth-century anxiety.
I t’s a better filing cabinet than the ori g i-
nal ve rt i cal fil e, and if D ew ey were alive
t o d ay, h e’d no doubt be working ve ry
h a p p i ly in an inform a t i on - t e ch n o l o gy
d e p a rtment som ew h e re . The pro b l e m
that paper solve s , by c on t ra s t , is the pro b-
lem that most con c e rns us today, w h i ch
is how to support knowledge work . I n
f retting over paper,we have been tri p p e d
up by a histori cal accident of i n n ov a-
t i on , c onfused by the assumption that
the most important inve n t i on is alw ays
the most re c e n t .Had the computer com e
first—and paper second—no one would
raise an eye b row at the flight strips cl u t-
t e ring our air-tra f fic - c on t rol centers. ♦
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ing back g ro u n d ,i m p l i c i t ly promising to
b ring order to the chaos of our offic e s .

Se llen and Harper include in their
b o ok a ph o t o g ra ph of an office piled
high with stacks of p a p e r.The occupant
o f the offic e—a re s e a rcher in Xerox’s
E u ropean re s e a rch facility—was con s i d-
e red neither ineffe c t i ve nor ineffic i e n t .
Quite the con t ra ry: he was, t h ey tell us,
l e g e n d a ry in being able to find any doc-
ument in his office ve ry quick ly. But the
managers of the labora t o ry were un-
c om f o rtable with his office because of
what it said about their labora t o ry. T h ey
w e re, a fter all , an organiza t i on looking to
d evelop digital workplace solution s .
“T h ey wanted to show that this was a
w o rkplace re a ching out to the future
rather than being trapped in an ineffi-
cient past,” Se llen and Harper wri t e .
“Ye t , i f this individual’s office was any-
thing to go by, the re a l i ty was that this
w o rkplace of the future was full of p a p e r. ”
Wh e n ever senior colleagues came by the
o f fic e, t h e n , the man with the messy
desk was instructed to put his papers in
b oxes and hide them under the stairs.
The irony is,o f c o u r s e, that it was not the
re s e a rcher who was trapped in an ineffi-
cient past but the managers. T h ey were
ca p t i ves of the nineteenth-century no-
t i on that paper was most useful when it
was put away. T h ey were ch a n n e ll i n g
M e lvil Dew ey. But this is a diffe rent era .
In the tasks that face modern know l-
edge work e r s , paper is most useful out in
the open, w h e re it can be shuffled and
s o rted and annotated and spread out.
The mark of the con t e m p o ra ry office is
not the fil e .I t’s the pile.

Ai r - t ra f fic con t ro llers are quintessen-
tial knowledge work e r s .T h ey per-

f o rm a ra re fied ve r s i on of the task faced
by the econ omists at the I.M.F. w h e n
t h ey sit down at the computer with the
c omments and dra fts of five other peo-
ple spread around them, or the manager
when she gets to her office on Mon d ay
m o rn i n g, l o oks at the piles of papers on
her desk, and tries to make sense of a ll
the things she has to do in the com i n g
w e e k .When an air-tra f fic con t ro ller look s
at his ra d a r, he sees a tw o - d i m e n s i on a l
p i c t u re of w h e re the planes in his sector
a re . But what he needs to know is where
his planes will be. He has to be able to
take the evidence from ra d a r, what he
hears from the pilots and other con-


