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If men do not pour new wine into old bottles, they do something

almost as bad-—they invest old words W1th new meanlngs "Work" and
Lo ({ ]

"energy" are venerable. mentreng-oLeihe Engllsh vee&ba&ar$ but since the
Industrial and Scientific Revolutions, they have acquired entirely new
meanings, in—setentificand=technical-eontaxts. They have become more
abstract, divorcing themselves from directiy sensed qualities of kuman
activity; and they have become more precise;’expressing themselves in

SpEsifde, quantitative units of measurement--the foot-pound, the erg--

and fundamental exact scientific laws--the Conservation of Energy.

- i "

ence, the word "energy," uttered in a contemporary setting,
may represent quite different concepts st;red in memory and quite dif-
ferent processesAof thought from the word "gnergy" uttered in the 18th
centﬁry. Thas—BufkeLs—oa—ée%éeﬁsonis.nocabula&ieamanewsimilar“toméggg
shou%d~act~d€ﬁ@fVé*uséiﬂtU“Sﬂ?vaing"tﬁﬁthﬁéifffﬂé§§“éféwthemsame,non.

even“thvirwmedesnoﬁwﬁheught.

- <It—is—bother—enaugh to keep in mind the centwry—tmwhich aWord
ix—otteredinmorder—to imterpret—ite—meaming—But—the—ambigutties—are
I\»

evsn-werse—for—the Qld meanlngs do not dlsappear they tend to persist

alongside the new. This is perhaps the most insidious part of what

C. P.'Snow has dubbed "the Problem of the Two Cultures." To know what
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é speaker means by "energy" it is not enough for me to eeasu&t:t&aannign-
der——te know what century he is épeaking in. I£-&-am—aoe—tuﬁmfsﬂﬁﬁ%retahd
g%m;.limust also.knoé whetﬁerlhts talk belongs to the common culture or to
the.sci;htific culture. If the'former, I should nét atttibute to his wotdS'
_the quantltatlve prec1510n that belongs to the lattery and if the latter,

I should not interpret hlS words vaguely or metaphorlcally

o

This-confustomr—of—finterpretations reachey it} peak in social science

discourse,'for historically--and éthnologiéally,'one ight say--the soc1
1 - o .

ééientesisit quarely athwart the boundary beffween the common culture

cluding 'the/ humanities), on the one hand, ghd the stientific culture,

/"ﬁ*"“ T

tist doeg -not—tell yoy which culture he pelongs to-fhence does notf/ tell you
ive, meta-

al world of tHe/common culturef or he may haje invested Wis words--

ot"ried‘to-~with few scientific p ecision. I takq a béok ti.led "Value

- & ———— 4 o

an Cap1ta1" off ‘the shelf and fonder what the author can mean by "value."
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n, on opening the book, I $ind it filled with ma hematzfal equations, I,
raditional, humanistic

cludé that;“vaFue" is no¥ intended in one of its

mehnings, but in the pregise scientific sense it has a

Leﬁé iggl/ééﬁ;omits. . . ;
;; A);;z) $
- v @Ww ’“G QM\ S X

- All of this is preliminary to raising a dlfflculty we must hurdle

Todat,

if we are to communicate cgatgq?, In my talk, I intend to use familiar

uired in modern math-

words 1like "information," "thinking," ‘'organization." Unless I warned
you,.you might have every reason to suppose that these words were being

~used with the meanings that the common culture has attached to them over

Knowing thdt a man is a_card=eh ‘Tﬁ§'54haviora1 or socfal scien-
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the past ‘centuries. But if you make that--quite reasonable--assumption,

'you w111 misunderstand what I am going to say.

T 'D‘Q:ing the past quarter century, words like "information," "think-

- - S - pas . - . - - o . - - e =

- e - - - - P

ing," and "organization" have begun to acquire new scientific meanings,
increasingly precise and increasingly quantitative. Words associated

with the generation and conversion of information are today undergoing
a change of meaning as drastic as the metamorphosis experienced by words

ass001ated Wlth the generation and conversion of energy in the 18th and

19th centuries.

- T ! -

If you Stay within the common culture,.you cannot carry on a

20th century conversation about energy with a physicist or engineer. If

-~ you stay w1thin the common culture, you w111 find it increasingly dif-

ficult to carry on a 20th century conversation about information with a

social sc1ent1st who belongs to the scientific rather than the humanistic

subculture of his discipline; The difficulty will not

stem from jargon, 1t w111 stem from a complete dlSparlty of meanings hld-

den’ behind a superfic1a11y common language

*ﬂ—.>WhaEMdo I mean when 1msay?wﬁﬁachines&thinh"?““The«uoru~"machineﬁ
seems obvious enough--the reference is to a modern electronic, digital
computer. But '"machine" has all sorts of humanistic overlays that I did
not intend in my sentence. A machine, in the-common-culture, moves
repetitively, monotonously. It requires direction from outside. It is
inflexible. With the slightest component failure or mismanagement, it

degenerates into '"'senseless" or 'random" behavior.
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Under certain circumstances (with certain kinds of Programs
‘8tored in its memory) a computer exhibits none of these "mechanical™
pProperties of a machine in its behavior. While retaining the word
:"machine” in the scientific culture as a lebel for a computer, I have
revised drastically the associations stored with the ﬁord in my memory.
.Unless you are aware of that revision, you.will suppoSe.tﬁat my sen-
- tence means: "Devices that behave repetitively? inflexibly, that require
;outslide guidance, that often become random, think,"--a patent absurdity.
The word "think" itself is even more troublesome. Ip tpe com-
mon culture it denotes an unanalyqed partly "intuitive," partly sub-
. conscious and unconscious, sometimes "creative" set of processes oc-
curring in the human mind, which sometunes allows humans to solve
Zproblems or make dec131ons or design something. What does that process
:have in eommbn with the processes computers'follow when»they execute
: their programs?
The common cslture finds almost ndtﬁing in common between them--
- among other reasons, beeause'it has never desctibed the first-mentioned
 process, human thinking, but only named and‘labelled it. Contemporary
psychological research has been discovering what‘is involveq in the
. human information processing called thinking, and has been writing pro-
:jgrams.for digital computers that duplicate that processing. in consider-
-~able detail. - When a psychologlst who has Been steeped in thlS new scien-
- tific culture says "Machines think," he has in mind, of course, the be-
havior of computers governed by programs of this kind. He means some-
thing quite definite and quite precise, and something that has no satis-

factory translation into the language of the common culture. If you wish

SITES o - P — L

ROTCI.

Laad 2

- -y

T e e

S e e




him into the scientific culture. - -

technologi
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to converse with him--which you well may not'!--you will have to follow

sionals spyang dp to hahdle the new me.é;ngé of "work? and "energy" and the
s associa e;\b”th those new/meanings: -ngineers, {e tists,

mechanics technicians of all sorts.‘ But the cére gf” life in hyman organ-
-izations,| and especfially in the\executive suifeS off organizatipns, was re-
nd conversion
s for the.blue- #Nlar parts of onganizations. Managers--

he foremerd and manager& whose skations were pon the factory floor--

dealt with the tedhnology0nly remotely, Apstractly,| through symbols.

Managempnt activity wés still mgstly a part & the cpmmon gqulture, car-

ried onl in the ldnguage of the common culture. Qnly} in the pecuniary

calculu opposite pole from

" }As the'sciéhéé of information processing continues.
its development, it'will not be as easy to sequeste; it froq the main stream
of managerial activity--or, human social activity--as. it was to isolate the
physical sciences and their associated technologies. '~ Information processing
is at the heart of éxecutive activity, indéed, at the heart of all sociai
interaction. More and more, all of us are finding occasion to ﬁse terms
likg ﬁinformation," "thinking," 'memory," '"decision making' with Zth

century scientific precision. The language of the scientific culture occupics

more and more of the domain previously reserved to the common culture.
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Make no mistake about the significance of this change in langu-
.age. It is, as I have insisted, a'change in thought, in concepts. And
in this instance, ié is a change of the most fundamental kind in Man's

thinking abent his own processes--about himself.

| len‘gmtxm | |

My title speaks of "an information-rich world." How 1ong has
the world been rich in information, and what are the consequences of its
prOSperlty--if that is what it is? |

Last Easter, my neighbors bought their daughter a pair of rabbits.
- Whether by intent or accident, one was male,.one female, and we now live
in a rabbit-rich world. Persons lese fond.than I an of rabbits might even
describe it ae a rabbit-overpopnlated world. Whenher a world is rich or
poor in rabbits is a relative matter.. Since food is essential for bio-.
"logical populations, we might jud%e the»wefld as rabbit-rich or rabbitipoor
by felating the number of rabbits to the amount of lettuce and grass (and .

!

garden flowers) available for them to eat. A rabbit-rich world is a lettuce-
poor world,. and vice versa. o ~ ’

ﬁkuuLauLJxmm&a:_the-matter—&n—bhis—nay,;ﬁe—recoganE‘thatEFKe ob-
verse of a population problem is a scarcity problem--hence e resource al-
location problem. There is only so much lettuce to go around, and it will
have to be allocated somehow among the rabbits.

Now when we speak of an information-rich worid, we may expect, ana-
logically, that tne wealth of information means a dearth of something else~-
- a searcity'of whatever it is that information consumes. What information

consumes is rather obvious: it consumes the attention of its recipients.

Hence a wealth of information creates a poverty of attention, and a need
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to allocate that attention efficiehtly among the overabundance of in- .

formation sources that might consume it. -
: - To formulate an allocation problem properly, ways must be found
to measure the quantities of the scarce resource; and these quantities

must not be expandable at will. By now, all of us have heard of “"bpits of

information"--a unit of information introduced by Shannon in connection

with problems in the design of communication systems. We might consider
'measuring an. information processing systém's capacity for attention in
bits, somehow.

Unfortunately, the bit is not the right unit. Its defects are rather
too technical for detailed discussion here; but, roughly, the trouble is

that ‘the capacity of any device (or person) for receiving information,

’

measured in bits, depends entirely upon how the information is encoded.

Bit capacity is not an invariant, hence is an unsuitable measure of the

scarcity of attention.

However, there is a relativély'straightforward solution to the mea-
. /

) - ;
surement problem. We can measure how much scarce resource is consumed by
——a-message by noting how much time the recipient spends on it. Human béings,

and contemporary computers also, are essentially serial, one-thing-at-a-

. time &ystemsT If they attend to one thing, they cannot, simultaneously,

scarceﬂ e
) escria:

?;;?/‘ nest—momein, John Kemeny sol-é-ycu_abou-t:\modern time-sharing -eempedsem
systemqﬁwwhich seem able to attend to one hundred things at oncels)They

really domdt, of course. Rather, they share their time and attention
among these hundred things. Hence, the attention-capacity measure 1 am
proposing will work for time-sharing systems as well as for more con-
ventional computing systems or human beings. An organization employing
many people can also be viewed as a time-sharing system, and its attention-
allocation problem treated accordingly.

attend to another. That is just another way’qf saying'that attention is
T, W poperp :
: pop 2 J
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S Sdarcity of attention in an infdrmation-rich world will be measufed
by the time, in minutes or in hours, say, of a humap executive. If we
wish to be qord precise, wé can define a standard eXedutive-;oné’with an
I1.Q. of 150' say, a college'Bachelor‘s degreé, and so on--and ask Lew
am‘nIW\
Branscomb# to/%&ene him in the Bureau of Standards here in Washxngton.
That degree of precision won't be necessary Eeﬂtght Further, we can work
out a rough conversion between the attentijon units for human executives
dnd forlﬁarious kinds of computers.
In an information-;}ch Qorld,'most of the cost of inforﬁétion is
the cost incuxred by the reclpient It is not énough'to know how much it
'costs to produce and transmit it; we must also know how much it costs, in
terms of scarce attention, to receive it. I have tried bringing this argu-

ment home to my.frignds by suggesting that they recalculate, on this basis,

‘how much the New York Times (or the Washington Post., if you prefer) costs

them--including the reading costs. After méking the calculation, they us-
hally have exhibited alarm, but haven't cancelled their subscriptions.
Pefhaps‘the benefits still outweigh the costs.

Having explained what I mean by an information-rich world, I am now

: ,{53 . ready to tackle the ‘main queétion: how wé‘can design organizations, busi-
é?& £g§%§ _ ness firms and government agencies, to operate effectively in such a world;
\beaﬂk$ . how we can arrange to conserve and ailocafe effectivély their scarce at-
2 A :
{fh /3 tention. =
I shall p;pceed with the help of three examples, each illustrating

a major aspect of the organization problem. I have made no attempt to
cover all the significant problem areas--the hour is too late for that--

but have simply selected three that arersufficiently different to give a
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picture of how one uses this approach to organization design over a

range of circumstances.

: And one_finallcaveat: any fancied resemblances of_the.hypothet-

L -~ -

'_ical organlzatlons I shall talk about to real organlzatlons, 11v1ng or

dead, in the city of Washington, are illusory, fortuitous, and the prod-

- uct of the purest happenstance.

- .. < = -~ - s - - - . - - - . . P

J:n ;:Ofna.'hew Overioad e

Many proposals for ellmlnatlng "1nformat10n overload" (another

phrase to descrlbe llfe in an 1nformat10n rlch world) contemplate instal-

'ling a computing system, There is gpod precedent‘for this. The Hollerith

punched card is a creative product of the Census Bureau's first bout with

information overload. A series of crises in the central eXchanges of the

F . - . P - .. BIUUPSTPUSES Y - Dot - - -

phone company 1ed to the invention of automatic sw1tching systems. (In
New York at ‘least, those particular crises don't.seem to be over yet.)

Today, for example, it is argued by some that a modern postal ser-

/

vice is doomed to collapse from information overload unless means are found

to automate 1ts sortlng Operatlons. ThlS ‘cannot be so. There is no reason

why mail sorting costs should increaselmore than proportionally with the
volume of mail. Hence, unit costs should, at worst, remain almost constant

with Volume. The cause of this particular Post Office problem (there are

- P PR Y

S e .« -

others, I am sure) is qu1te 31mple. If we tell someone he can have cer-
Utaln-lnformation processing services free, or almost free, he may demand
almost an infinite amount of them. Then we find that we are not really
prepared to provide the subsidy we committed ourselves to implicitly when

we promised the '"free'" services, and we renege by performing the services

badly, with insufficient resources. The crisis in the Post Office does
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not call for computéfsf-it célls fér the thoroughéoing applicatipn of the
price system and mafket mechanisms. - |

This is not to argue that there may not be Post Office operations,
including sogtiné, that can be performed, now or soon,.moré economically
gutomatically than by hand. That kind of tgchnical question can be set;
tled, within reasonable limits of error and debate, ﬁy cost-benefit analy-
sié. But there is no magic in "automatidn" that allowé it to resolve
. &ilemmas posed by an unwillingness or inaﬁility of an drgénization to al-
locate and price scarce.information-processing.resoﬁrces--whether the re-
sources are sorting clerks or electronic devices., Free or undefpriced
resources are always in desperately short supply. .What is sometiﬁes al-
. leged'to.be tecﬁnologiéal lag in‘the Post Office'ig really failure of

't presume to judge whose nerve has failed.f%%;y\

‘nerve. I won

PO

""" Before we rush out to buy a computer to deal with the information

‘ ////;verload, therefore, we had better analyse the situation a little more

deeply. A computef is an information processing system of quite general

capability. It can receive information, store it, operate on it in a vari

i

jety of ways, and transmit it to other systems. Whether a computer will

contribute to the solution of an information overload problem, or compound

‘the pfoblem, depends on the distribution of its own attention among these
four classes of activities--listening, storing, thinking, and speaking.

The general design principle can be put thus:

An information processing subsystem (a computer, a
new organiiation unit)‘will reduce the net demand on atten-
tion of the rest of the organization only if it absorbs
more information, previously received by others, than it

produces--if it listens and thinks more than it speaks,

“{1 could reach a similar conclusion about the perennial shortage of com-
puter capacity on university campuses, but that would lose me some of
the few friends I still have.) '
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- To be an attention conserver for an organization,'an.informatipn
.processing system (an IPS, as I sha%l call it from now on) must be an
information condenser. ‘It is conventional to begin the design of an
.IPS -by considering the information it will supgli. In an information-rich
world, that is doing things backwards. The crucial éﬁestion is how ﬁuch
informafion it ﬁill allow us to withhold frdm the atféntioh of other parts
o. the system. |
Basically, an IPS canlperform an attention-conserving function for
other systems in two ways: (1) it can receive and store information that
“would otherﬁise have to be received by.those other systems, and (2) it can
_transform ("filter") information.into an ouﬁéut that demands fewer hours
-of attention than the input information.
.. To illﬁstrate these two modes of attention conservation, let me
.talk about some of the information needs of-aunation'sfﬁoreign Office. -
(Since the United States has a Staﬁe ﬁepértment and not a Foreign Office,

I am obviously talking about some other‘cduntry—-hence; we can focus on ’
- - : /
g ' /

'principles and not be distracted by irrelevant particulars;sw-The bulk .of
”’”'”’”"”Tinformation tﬁéfJflowé intohthe system from'its-environment'is”irrelevént
to action at the time it flows in. Much of it'willtnever be relevant, but
we can't know in advance with certainty what part will and what won't.
;Clearly,\bne way.to conserve Foreign Office attention.is to interpose ("in--
. terface" ‘is. the verb that computer specialists would use) an IPS, human or
automated or both, bgtween environment and organization, to store the inform-
ation on receipt after indexing it appropriately.
The second way in which the new IPS can conserve foreign Office at-

tention is to analyse the infofmation received, draw inferences from it,

 summarize it, and then store the products of its analyses (properly indexed
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again). When the rest of the system necds information, these products
;can be provided, instead of the raw information.

Now, thlS pr0posa1 has a familiar ring about 1t I have simply

-

described, in somewhat unconventional language, the quite conventional
functions of a quite conventiona1~intelligence unit.i Moreover, I have

'solved the information overload problem simply by adding additional in-
formation processors--1 eliminated scarcity.by increasing the’supply of
scarce resources. Any fool--with money--can do that.

But the very banaiity of’my solution carries an important lesson:
Ihe functional requirements of an IPS--how it must be designed if it is

Jto achieve an attent10n-conserv1ng goal--are largely independent of specific
" hardware, automated or human. Hardware will come back into the picture when
we consider the costs of.performing these functions and the equipment that
will perform them most cheaply--but tnat is a later stage of the analysis.

In several respects, the proposeddsolution ma§ ge far less conven-
tional than it sounds. First of all, I described the IPS-as "analysing
the information received, drawing inferences from it, summarizing it." ‘£n

-ﬂthe language of the common culture, verbs like "analyse" and "summarize"
are vague terms to denote vaguely defined processes carried out in vaguely
specified ways by miscellaneously selected and trained human.beings.

If the new IPS is to be automated, or even partly so, then we must
provide much more precise descriptions, in the language of the scientific
culture, of the processes denoted by these vague terms. And even if we do
not}intend to automate the process, the new information professing technology ‘/
wili permit us to formulate the programs of the human analysts and summarizers
with precision, so that we can predict reliably the relation between the

-

system's inputs and its outputs. Hence, when we look more closely at the
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structure of thé new IPS and how it will.operate, we see that it feally
ﬁill not resemble a éraditional intélligence unit very closely at a11./3;;

Perhaps I have also exaggerated the_conventionality of the solu-
tion in a second dirgction. The intelligence IPS I have proposed is to be
designed not to sﬁgplz the Foreign Office with information, but to buffer
it from the over-rich environmént of information in Whiﬁh it swims. In-
formation does not have to be attended to--and certainly not aftended to
now--just because it exists in the environment. Designing-an intelligence
system means deciding.when.information is to be gathered (much of it will
be presérved indefinitely in the~environment if we don't want to harvest
it now),whére and in what form it is to be stored, ﬁow it is to be reworked
and condensed, how it is to be indexed to givé a#cesé to it, and when, and
oﬁ.whése'initiative it is to be cﬁmmunicated to others.

Designing an intelligence systém on the princible that attention is
scarce and must be preserved is quite different from Aesigning it on the
principle of "the more information the better." The Foreign Office I hav
béen talking about thought it had a particular communications»crisis a‘fgﬁg
years ago. During times when events in the world were lively, the telé:f
types carrying incom%ng diépatches frequently fell behind.‘ The solutioﬁi
replace the teletypes with line printers of muéh greafer,capécity,gfﬁg one,
-apparently, asked about the IPS's (including, presumably, t e/éoreign
Minister) that received and processed the teletypé messages, and whether

. e . .
these IPS's would be readylwy;lling*_and»abIé to process the much larger

e
e
-

v?}nmé/bf messages'coming from the line printers.

#ﬁ (my'thinking on this problem has benefitted greatly from acquaintance
ith the analyses that have been made over the past several years of
information processing requirements in the U. S. State Department.
These planning activities have been laudably free from premature ob-

session with automated hardware.)
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Everything I have'said about intelligence systems in particular
éan be said about management fnfprmafion systems--a currently popular term--
‘in general. The prqﬁer aim of a.ﬁanagement information‘s§stem is not "to
bring the manéger all the information he needs," but to reorganize the
manager's environment of information so as to reduce éhe'amoun: of time
ﬁe must devote té receiving itf Stating the problem in these two different

ways leads to very different system designs.

-r A et
Tho et & Kasr” X

: -%nd that brings'me to the question of the need to know--how do

we go about deciding where information should‘be stéred in an information-

rich world, and who should learn about it? .' : o ' CUGL/.
. Those of us who were raised during the Great Depression don't al;

ways find it easy to adapt to an Affluent Society. " When we afe new pota- Si;m.

toes, we always'ate the peels. ("The best paft.oﬁ\the p&této," my mother

always insisted.) Non-feturnabie containers, even apart from their lit-

" " tering propensities, seem to us symbols of intolerable waste. - -

Our attitudes toward information also reflect the culture of poverty. -

Wé were brought up--perhaps still are--on Abe Lincoln walkihg miles to bor-
‘row (and return!) a book, and reading it by firelight.. Most of us are con-
_ stitutionally unable to throw a bound book into the wastebasket, and have

trouble enough disposing even of magazines and newspapers. Some of us are

so‘obsesse&.with information that we feel combelled to read everything that
falls into our hands--although the bourgeoning of the mails, mentioned
earlier, is helping to cure us of that obsession.

If these attitudes were highly.functional in a world of.clay tablets,

scribes,” and the human memory; if.they'were at least tolerable in the world
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of the printing press and-cable; they are completely maladapted to the
world of broadcast systems and the Xerox machine. |

The change in the information proceéssing technology demands a
-fundamental change in the meaning we attach to the familiar verb "to know."
In the common culture, 'to know'" meant to have stored in one's memory in
such a way as to facilitate recall when appropriete. By metaphoric exten-
sion, knowing might include having access, with the skill necessary for
Fsing it, 'to a file or book containing information:

In the scientific culture, the whole emphasis in "knowing" soifts
from the'storage of information--its ectual physical possession--to access--
the processes of using 1nformat10n. It is possible to have information
stored ‘without having access to it (the name on the t1p of the tongue, the
lost letter in the file, the unindexed book, the uncatalogued library).

It is possible to have access to information without haring it stored (a

computer program for calculating values of the sine fumction, a thermometer

. . for taking a patient's temperature), | ;

¥

-

It is obvious that if a library holds two copies of the same book,
one of them can be destroyed (let me avoid the word *burned"), or exchahged,
“without losing information from the system. In the language of Shannon's

- information theory, we say that the copies make the library redundant. But

copies are only one of three important forms of redundancy in information.
" Even if the library has only one copy of each book, there will be a high
degree of overlap in the information they eontain; If half the titles in
the Library of Congress, selected at random, were destroyed, little of the
World's knowledge would have disappeared, even from the Library.

. But the most important, and Subtle, form of nwedundancy derives from

the fact that the world is highly lawful. To say that certain facts are
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random is to say»that no part of thémvcan be prédicted from any other parts--
éach fact is independent of the others. To say that the facts are lawful

is -to say that certain of them can be predicted from cerﬁain others. But

in that cage; af;br storing only a fraction of them--the fraction npedéd
to.predict»the.otherSe-we still retain full knowledge of theﬁ.

. That is exactly what science is all about~--the process of replac-

_ing unordered masses of brute fact with tidy statements of orderly relations

_from.which those facts can be inferred. The progress of science, far from
cluttering up the world's libraries'with'new.information, enormously in-
creases the redundancy of those libraries by discovering the orderliness

of the information already stored. With each important advance in scientif-

“ic theory, we can reduce the volume of explicitly stored knowledge--destroy

\ : . ° .
a few;bgpks-fwiFhoup losing any information whatsoever. That we make so

little usé of this opportunity does not deny that the opportunity exists.

>

Let me recite an anécdote that illustrates the point very well.
We are all aware that there is a DDT brbblem; DDT is one of those mixed
blesSings_that technology has given us--very lethal to noxious insects, /.

but uncomfortably persistent and cumulatively harmful to eagles, game fiéh,

and possibly ourselves. The practical problem: how can we enjoy the agri-

cultural and medical benefits that the toxicity of DDT has given us without

suffering the consequences of its persistence?

A distinguished chemist of my acquaintance, a specialist neither
in insecticides nor biochemistry, asked himself that question. From the
name of DDT, he was able to write down the approximate chemical structure

of the compound, encoded in the name. 1In the structural formula, he could

.recognize, on general theoretical principles, the component radicals that

accounted for its toxicity. The formula also told him, on theoretical

VPR Ty < S
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grounds, why the substancg was persistent--wby the molecule did nbt,
decompose»readily or rapidly. He asked,‘again on theoreticél grdﬁnds,
what a compound would'loqk like~that.had the}toxicity of DDT, but would
decompose readily. He was able to ﬁritevdown the formula, and couid see
no theoretical reason why the compound could not éasily be produced: (All
of this cost him'gen minutes.) |

A phone gall_to'an expert in the»field confirmed all éf his con-
jectures. The new compound he had "inventéd" waé a well-kﬁown insecticide,
which had been availasle conmercially before DDT. It was not as lethal
as DDT.over quite as broad a banﬂ of organisms, but nearly so, and it de-
composed fairly readily. Now I don't know if the new-old.chemical "solves"
the DDT problem. The durability of DDT was one of the very qualities its
inventors wére trying to produce--so that fréquent reépraying would not be
needed,.and the costs of treatment correspondingly.reduqed. There may be
other economic issues invol&ed, and even cﬁemical and biological ones.

My point is quite différent; Wh;t.the story illustrates is that
good proBlem-solving capacities combined with powerful, but compact, theosies
- may take the place of whole shelées of reference_books. (And, I might add,
that a telephbne call may take the place of keeping the reference books,
"even if they are required, on your own sheives.)':It may often ﬁe more ef-
ficient to leave information in the library of Nature, to be extracted by
experiment or observation when needed, than to mine it and stockpile it in
Man's libraries--where the retrieval costs may be as high as the costs of
recreating it.from new experiments or deriving it from theory.

These considerations temper my enthusiasm for usiﬁg the new auto-
mated data procéssing technology that is becoming available largely as a

means of storing and retrieving bodies of data larger than‘any we have ever
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stored and retrieved before. I do not mean to express a blanket dis-
épproval of all propésals éo imprové the world's stores of information.
I will even propose, a littlé later, that we experiment more vigorously
:éha'imaginatiVely than we have been willing to do thus far with fhe dev-
elopment of appropriate data banks of infofmation about social phenomené.
‘What I am arguing for is the design of IPS's'thét will have data
analysis capabilities able.to keep up with our pfopensities to-store vast
bodies of data. Our capacity to analyse data will progress at én adequate
pace only if we are willing to invest substantial funds~--comparable to those |
we aré ﬁow willing to invest, say, in high-energy physics--in basic research
and development of computer "software," particularly in those areas that
go.under the headings of information fetrieval, naturéi laﬁguage proces-
-Si;g,'and artificial iﬁtelligence.

deay,.computers aremxst ofteﬁ regarded as moronic fobots--and
that is what they are and will be ashibng és thé.progfamhing art remains
in its present primitive state. Moronic roboté can sop up and store vast ,
~qﬁantities of information, and they'can spew out vast quantities. If the§.
are to exercise due respect for the scarce attention of thg recipients o%
that information--anq that is what they afe going’to have to do for us-- -

'then they need to behave at a higher level of intelligence. &t will take
a large and vigorous research and deve10pmeﬁt effort to bring that about.

In a knowledge-rich world, progress does.not lie in the direction
of reading information faster, writing it faster, and storing more of it,
Progress lies in the direction of extracting and exploiting the patterns
of the world--its redundancy--so that far less information needs to be read,
written, or st&red. And that progress will depend on the IPS's, human or

autbmated, that we are able to devise for analysing and recoding information--
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in brief, on our ability to devise better and more powerful thinking

-

nrograms for man and machine. _ S L
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Attention is generally scarce in organizations. It is particularly

‘scarce at the tops of organizations. And it is desgerately scarce at the

t0p of the organization we call the United States Government. There is

- -

only one Pre31dent and although he can be assisted in certain respects

by his Budget Bureau, hlS Office of Sc1ence and Technology, and the other

elements of the Executive Office, a frightening array of matters converges

[ S

oon that 51ngle, serial 1nformation proce331ng system, the President of

T
)

1129 he United States.
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G“"\'~ ' .There is only one Congress of the United States. To a considerable

rf e - -

) ’?7 "~ extent, it can turn itself into a parallel organization by operating through

its committees. But every important matter must occupy the attention of

many members of that body, and highly 1mportant matters may claim substan-

1,

tial time and attention from all. =~ . - . . /
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There is only one body of citizens in the United States. For many

purposes, they can go “about their several affairs, but large public Prob-"wm

lems--the Viet Nam War, civil rights, student unrest, the cities, environ-
mental quality, to mention five near the top of the current agenda--require
periodically a synchrony of public attention.’ And even the short list I
gave above (not even mentioning full employment, the Bomb, and so on and on)
is more than enough to crowd the agenda to the point of unworkability or
inaction.

Let‘me-avoid{the task of describing how the entire agenda should

be set--which staggers me--and focus on just one small segment of it. Our
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| ﬁﬁiﬁkﬁgimihis evening, Congressman Daddario, ﬁas devoted a great deal
of thought in recent yearstq-improving the procedures in our society and
Governménﬁ for dealing with the new.technology that we ﬁroduce SO pro-
digiéusly. At the request‘of his House SﬁBcommittee oh Science, Research
and Development, a panel, on which I served, of_theNafional Academy of

Sciences recently prepared a report on. technology assessment.,‘["q.

the

line

o ("/ t eCh

.t

80 shioniglg’

the roﬁi;ﬁ weRe only /that éimple!
we could simply ‘ n At. .

Technology assessment is not just a matter of determining what goéd
and bad effects new technblogical deyglopments_qggulikely to have. Eveﬁ'f
'iéss is it a matter of making sure, before new téchnology is licensed, that
it ﬁill have no undesirablé effects.. The dream of thinking everything ouﬁ

‘Before.we act; of making certain that we have all the facts, know all the

: éonsequencgs, is a sick Hamlet's dream. It is the dream of someone who has
no appreciation of the‘seamless web of causation in the world, the}limits
of human thinking, or--our topic tonight--the scarcity of human attention.

The world outside is itself the greatest storehouse of knowledge.
Human reason, drawing upon the pattern and redundancy of nature, can pre-

dict some of the consequences of human action. But the world will always
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remain the largest laboratory, the largest information store, from which

we will learn the outcomes, good and bad, of what we have done. Of

course it is costly to learn from experience. But it is also costly to
‘ca;;; out reseatcnvand analysis to'antic1pate.experience. -
, Knowledge from the laboratory is not alwa&s cheaper--and frequently is
muchiless feliable-ethan knowledge from life.

— lecnnologf‘assessment_is an intelligence function. If it oper-
ated perfectly, which it is certain not to, it would do two things for us:
First, it would warn us in advance--before we had taken action--of the
really dangerous, andiespeCially the 1trevers1b1y dangerous consequences
that might flow from proposed innovations, Second, it would give us
Aeagly-uarning--before major irreversible damage had been doneeéof unantici-
pated 'con'sequences.of innovations as they became visible in nature's labor-

atory after they had been introduced. In performing both of these functions,

it would be mindful of the precious scafcity'of attention. It would only

I

fimput 1tems on the agenda on a presumption that some attention and action was
needed--in some cases, only the action of gathering 1nformation to evaluate
| tne need for further attention. o

A phrase like "technology assessment" conjures up a picture of
scientific competence and objectivity, of deliberateness and thoughtfulness,
of concern for the long run, of a "systems" view that considers all aspects,
all consequences. Those are all desirable qualities of a decision making
system, but they are not qualities we can impose without considering the
organizational and political environment of that system.

As our scientific and engineering knowledge grows, so does our power

to adopt measures and take actions that have consequences ramifying over vast
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reaches of space and time. The growth of knowledge not only makes our
actions mbre consequential but it also allows us to recognize their

consequences, where we would have been ignorant or 1gnored them before.

il - - . 2z

We are able to make bigger and bigger waves, and at the same time we have

\f..'

more and more sensitive 1nstruments to detect the rocking of the boat.

Today, wé sterilize and quarantine everythlng that travels between Earth

SN Ll L - *V(QpchS‘S

and Moon. Less than five hundred years ago, we diffused E%ﬁﬁﬂ, Smallpox,
AN

and syphilis throughout the Americas in happy ignorance.

The inJunction to "take account of all the effects" only conjures

A we e e e

up the picture of an integral that stretches out through all space and time

and doesn't converge. We must assume, as mankind has aluays assumed, that

if we do a reasonable job of allocating our 11m1ted attention and our lim-

'L.,-

ited powers of thought we W1ll solve the crucial problems that face us

O aa i oY f-- s -

at least as fast as new crucial problems arise. If that assumption is

- ‘
T e - . . - . - . >

wrong,.there is no help for us. -If it is right, then technology assessment

' -- - becomes part and parcel of the task of setting society's and our Govern-
‘ment's agenda. . - ) o -/

_;_ To bring the notion of technology‘assessment out'of the realm of
abstraction, let me go back to a Specific example mentioned earlier--~DDT.
As far as I know--though I haven't researched the history of'the matter--
bDT was introduced on a large scale without thorough, or.at least adequate,
study_otuthe potential dangers of its cumulation in the atmosphere and in
organisms--especially predators. It nas hailed, for its agricultural and

medical benefits, as one of technology's '"miracles." Now, some decades

later, we learn that it is a somewhat flawed miracle.

The possible adverse effects.of DDT have been known to specialists

) P/ﬁ"(, o~ ""if
for some time. PerhapSkthey were even known, but 1gnored at the time DDT




of nature.

"“long enough to bring action.
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-was originally introduced. If that were true, it would simply underscore

my - fundamental theme of the scarcity of attention. Suppose it is not

true--that the dangers of DDT have been discovered only in the laboratory

. - - . P - . -

Now I must say-something that may enrage allithe eagle lovers in

this audience. 1 am not sure that we--or even the eagles--have suffered

- gnconscionable or. irreversible loss by letting eXperience, actual use,

tell us about DDT, rather than trying to anticipate and predict that exper-

ience in advance. The technolqu'assessment*has been made--is being made--

by the environment; we are getting signals from the environment calling at-

tention to some of its findings; and these signals are strong enough to

" deserve and get our attention. As you know Irom reading the newspapers,

the DDT issue has been claiming attention intermittently for some months.

The loudest environmental signal attracting that attention has been the .

'detection of DDT in Great Lakes game fish. The issue finds itself high on

tﬁe—aéénda’df"ﬁEWSﬁapérs,'courts;'and committees, and attention may persist

- S ’
: . 4

&

. . Y know this sounds complacent, and 1 really do not feel complacent.
_But it serves.no useful social purpose to treat with anguish and hand-wring-

ing every public problem which, by hindsight, might have been avoided if we.

had been able to afford the luxury of more foresight. Now that we know
that DDT creates problems, it is more profitable to address ourselves to
those prpblems than to hold inquests to discover who should have seen the
problems earlier. |

Carrying the DDT problem out of the past. into present and future,
what 1s involved, concretely, in asse531ng this particular piece of

technology? Our information about the effects of DDT--particularly about
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its effééts onldthéflénimais énd pi%nfé;‘aﬁd fﬁéﬂgffects of long-contin-
:Ued:diffuse conthmingtion--is.in many respects quite unsatisféctory. That
Es frﬁé, byiphe way, of our information about almost any issue of public
’iéiicy you may want to ihvestigate. But to say that our information is
unsatisfactory does not mean that we could improve the situation by mas;
sive Eoilection ;f data. On the contrary,;ﬁhatvwe mainly need is carefully-
Aaimed; high qﬁaiity biological investigétion of the cause and effect mech-
Ehisﬁs involved in both the diffusion and metabbliém of DDT. After we |
‘understand better the chemistry and biology of the problem, perhaps we

could make sense of masses of data we might géther--but probably we would

-

fﬁgn ﬁot neéd mucﬁ data. 
. ..But first-rate biologists and chemiéts éapable of doing the re-
;eéréh‘a}é in as short supply as nmstotﬁer'ﬁigh-Quality inforﬁatioh proces-
éingZSystems. Their attention is an exceedingly scarce commodity, and we
;re unlikeiy to capture much of it séon: Thé practical question, as a1§ays,
is how to deal with the §ituation on the basis of the sﬁrapé;;»inédééuate
p

data we have now. ' T o S | /

Wémﬁégiﬁ to ask qdéstions like thééé: Assumihémfhé'ﬁoféiuboééifi;m
.Ease for the harmful ‘effects éf DDT, what might.be the magnitudé of these
Aéffects; humanly, economically, ecologically, and to what‘extent do they
appear irreversible? What would it cost u§ to do without DDT entirely,
ﬁuﬁaniy;.eéonomically, ecologically? What is the next-best alternative if
we couldn't use it? And so on.
Now my first comment on these questions is that they are conmon-
sense questipnsu You don't have to know #nything about the technology to

ask them--though you might learn something about the technology from the
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answers. My second comment is that'the most effective IPS for getting

answers to the questions con31sts of a telephone, a Xerox machine (to

copy some of the documents your telephone correspondents refer you to),

- ~ -

and a couple of very bright profe581onals (though not necessarily special-

————— o~ -

ists) who do know something about the technology With this retrieval

- . - - - ~ - -

system, you can extract Just about anything in the world that 1s now known

[N

- - -s'.. N - -

~ about the problem, and do it in a few man-weeks of work (The time re-

quired W1ll go up con81derably if 1nst1tut10nal customs trap you into hold-

- = .- - - -

ing "hearings" and "briefings " or organizing a "research project," but

it would take ‘me too far afield to pursue that issue. )

\-~,.

My third comment is that there are any number of locations, in-

~side and out31de the Federal government where the questions may be asked.

They may be asked by a group working in the Office of Sc1ence and Technology,

,—-a_

in the National Academy of Sciences or of Engineering, in a non- profit cor-

—— - - - w———— A ——— : -
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poration like the RAND Corporation or Resources for the Future, in a Congres-
) sionalicommittee. "(An excellent example of the latter is the recent series

of reports on steam-powered automobiles.) | -/

e The location of the 1nvestigat1ng group is significant from only
one standpoint-;but that may be a crucial one. Where the group is located
‘Vmay determine the attention it can command, -and, related to that, the legit-
imacy that will be accorded its findings. Attention and ‘legitimacy are
interdependent, but by no means identical, matters.
In technology assessment, legitimacy may sometimes be achieved,
and even attention secured, by using the.usual'social credentials of science--

the right degrees, professional posts, scientific reputations. But we all

know of impeccable reports that are buried (perhaps some of our own), and
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we know of other reports that gain a pléce high on the agenda without the
proper credentials. The Ralph\Nadf;é of the wbrid show us that writing
and-speaking forcefully, understanding the mass media--and being.usualiy
right about the f;cts--can compensate for all kinds of missing union cards
and lack of access to ofganizational channels. Rachel Carson sﬁowed that
even literary excellence is sometimes enough to turn the trick.

I am strongly in accoxrd with Cong;eSSmaﬁ Daddario's view that we
caﬁ and should stféngtheﬂ the processes of technblogy assessment in our
" country, and make them more effective. While that strengthening will not
pérmit us fo.dispenée with the world itself as é major laboratory, it
'proﬂably Wili permit us, to a-modest extent, fo substituté foresigﬁt for
'hindSiéht. It may have been unnecessary to have.waited until all Los
Angeles wept before doing anything about aqtomobile engine exhausts. Well-
finénced institufions for‘technology assessment.would, even today, probébly
be Spénding ten times as much as we arg'gctuaily séending--a hundred mil-

3

lion dollars a year instead of ten--to find out whether the steam auto-

mobile offers a long-term solution to a smog problem which we are now treat-

ing with temporary expedients.

Strengthening techno%ogy aséessment means‘improving our procedures
for setting the public agenda. It does not méan pressing more information
and more problems on an already burdened President, Congréss, and public.

To paraphréée the harfassed householder of the story, “New problems? We
already have problems -thet we haveﬂ?t begun to use yet." There is no
special virtue, in an information?rich world, in prematurely early warnings,
We ﬁan beét afford to let the world store the information for us until the

time hag come for us to focus our attention and thought on it.




0%/

i ,..‘_—‘..—‘* i —

Brookings - 27

The final issue I should like to adfiress tonight is itself a

Ao
e

problem in technology assessment We are confronted with a major new

- - - -~ e

scxence and technology'of 1nformatlon proce331ng It is only a quarter
century old and we have only the falntest_gllmmerings‘of what it will

look 1like whenianother quarter century has gone by. How shall we assess
Lrt, aoq_how shall.we make sore.that.it_wili develop in'socially beneficial
" ways? o o
) The most tisible, and suoerficially}Speetacular part of the new
'teehnoiogy is its hardware--the.computers; typewrrter consoles, cathode ray
_tﬁbes'and associated gadgets it brings with it. These deviceskgire us
'powerful new ways for recording, storlng; processing, and writing inform-

ation to 1mprove and replace the human IPS's ‘with which we have had to make

do through all these generations of Man s hlstory

In my remarks tonlght I have trled to make two main p01nts about

the hardware of the new IPS's. First, by.itself, the hardware does not

__solve any of our organizational problems, our’problems of attention scarcity.

I
/

_Second, the hardware boxes will only begin to'make significant contribu-

tions toward solving these problems as we begin to understand information

processing systems well enough to conceive sophisticated programs for them--

- programs that will permit them to think in the ways that man ooes, and at
ileast as well. | _
Bht each step we take toward increasing our sophistication and
scientific knowledge about automated IPS's increases at the same time, and
in about the same heasure, our sophistication and scientific knowledge
about the human IPS, about Man's thought processes. What we are acquiring

with the newﬁcomputers and new gadgets is something of far more basic sig-

nificance--a science of human thinking and human organization.

-
- e




. Brookings - 28

P - P ——— o A o - § e W

There is no reason to suppose that the armchair W111 be any more
effective'as"a scient@fic instrument for understanding this new technology
than it'has.heen‘for understanding previous technologies'as-theyemerged.

\X{ 1%yme'are:to understand information processing;'we are:godng to have to
.study it in the laboratory of nature. We are going to have to construct,
ahﬁ’pro%ram ahd?rmerate many kinds of’information,processiné‘systems, in

order to see what they do and how they perform.

The systems'we construct initially (and most of those we have con-

structed in the past twenty-flve years) will perform in all sorts of unex-

pected ways--most of them stupld --and will, by hlnd31ght seem incredibly

crude. They w111 never pass a cost effectlveness test on thelr operating

c///' performance we shall have to wrlte them off as,& research and development

From the behav1or of some of these exper1menta1 systems, we may learn

that the new technology contains dangers as we11 as promises. Already, for
example, there has been expressed considerable concern about the threats to

o

prrvacy d&t the new technology might create., All of these concerns will be

.- - —— v e o et « < st s Lo e -~ ot e .

mere armchair Speculatlons until we have a broad base of experlence agalnstw
Which to test them. |

Very early in the computer era, I advised severai business firms,——
not to acquire computers until they knew_exactly how they would use them,
and how the§ would pay their way. I soon realized that was bad advice.
-Initially, computers pay their way by educating large numbers of us about
computers. They are:now, and will continue to be; the principal instruments
in aiding us to replace the vague, inadeouate common-culture meanings that now

inhabit "the words in our information processing vocabulary by the sharp, rich
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scientific meanings those words will have to have in the future.

"All of tnis points, 1 think, to a rather clear public policy
' for'understanding and assessing the new technology. We need public sup-

port for research- and development efforts on a scale much larger than the

écéie'bﬁ &hiéh they are-supported today. These efforts should be as

varied in nature as p0531b1e They should certainly include network ex-

~ .- -
<

periments of the sort that John Kemeny env1sagesié]They should 1nc1ude

,.,. .-

data bank experiments. And above all, they should include experiments in
robotry,-large;scale memory organization,'and artificial intelligence of
many sorts thatAW111 permit the building of the ba81c foundations of a
‘, science of‘information process1ng

If past experience, on a very modest scale, is a fair indication,

‘a program pursued in the exper1menta1 spirit I have 1nd1cated will not

lack by~ products of great practical value Not many of you would recognize,

—— - o e —— e o e —— . PN
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perhaps the term "list‘processing It denotes an esoteric development
of computer programming 1anguages motivated initially--about fifteen years
iagoéeby pure research interests in artificial intelligence. Today, list ‘.
_iprocessing congepts are deeply;imbedded in the design of all of the large
:programming'and operating svstems that underlie the everyday bread-and-butter
[uses of computers for accounting or engineering computation. &
The exploration of the Moon is a great adventure, and after the
-Moon, therevare other objects still further out in space. But Man's inner
;space,_his mind, has been less well known than the space of the planets.
th is time that we establish a National policy to explore that space vigor-
ously, and that we establish goals, time-tables, and budgets. Will you
think me whimsical or impractical if I.propose,- as one of those goals, a |

-

world champion chess playing computer program by 1975, and as another, an
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~order of magnitude increase by 1980 in the speed with which a human being

oo

o mdiea

can learn:é'difficult school subject--say, a foreign langﬁage or arith-

metic7 '
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