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Bush (1890–1974) was an American electrical engineer and science 
administrator. He taught at MIT (where Claude Shannon was one of his 
students), and in 1932 became vice president of MIT and the dean of the 
School of Engineering. During the interwar period, Bush was at the fore-
front of designing and building analog computers, most notably the differ-
ential analyzer, a mechanical machine that solved differential equations. 
He later served as president of the Carnegie Institution of Washington, 
chairman of the National Advisory Committee for Aeronautics, and, 
during World War II, as head of the Office of Scientific Research and 
Development, where he was involved in the Manhattan Project. These 
appointments across scientific and governmental institutions make clear 
how Bush’s work influenced the institutional landscape of science and 
policy making in the U.S.: in July 1945, Bush wrote “Science, The Endless 
Frontier,” a landmark report to President Truman urging for greater gov-
ernment support for the sciences. In the same month, he published “As 
We May Think” in the Atlantic, from which the excerpt below is drawn. 
Here, Bush grapples with the dangers of scientific inventions becoming 
forces of destructions and lays out ground-breaking visions for techno-
logical devices to improve everyday life and human society, amongst them 
a Vocoder, a machine “which types when talked to,” and most famously 
the memex, a kind of memory machine that could serve as a personal 
knowledge storehouse for “books, records, and communications.” Such a 
machine, Bush envisioned, would help organize, store, and transmit infor-
mation in order to create knowledge and make it more accessible.

VANNEVAR BUSH, FROM  
“AS WE MAY THINK” (1945)
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254 Media Ecologies

1

Of what lasting benefit has been man’s use of science and of the new instru-
ments which his research brought into existence? First, they have increased his 
control of his material environment. They have improved his food, his clothing, 
his shelter; they have increased his security and released him partly from the 
bondage of bare existence. They have given him increased knowledge of his 
own biological processes so that he has had a progressive freedom from dis-
ease and an increased span of life. They are illuminating the interactions of his 
physiological and psychological functions, giving the promise of an improved 
mental health.

Science has provided the swiftest communication between individuals; it 
has provided a record of ideas and has enabled man to manipulate and to make 
extracts from that record so that knowledge evolves and endures throughout 
the life of a race rather than that of an individual. [. . .]

The difficulty seems to be, not so much that we publish unduly in view of 
the extent and variety of present day interests, but rather that publication has 
been extended far beyond our present ability to make real use of the record. The 
summation of human experience is being expanded at a prodigious rate, and 
the means we use for threading through the consequent maze to the momen-
tarily important item is the same as was used in the days of square-rigged ships.

But there are signs of a change as new and powerful instrumentalities come 
into use. Photocells capable of seeing things in a physical sense, advanced pho-
tography which can record what is seen or even what is not, thermionic tubes 
capable of controlling potent forces under the guidance of less power than a 
mosquito uses to vibrate his wings, cathode ray tubes rendering visible an occur-
rence so brief that by comparison a microsecond is a long time, relay combi-
nations which will carry out involved sequences of movements more reliably 
than any human operator and thousands of times as fast—there are plenty of 
mechanical aids with which to effect a transformation in scientific records. [. . .]

3

To make the record, we now push a pencil or tap a typewriter. Then comes the 
process of digestion and correction, followed by an intricate process of typeset-
ting, printing, and distribution. To consider the first stage of the procedure, will 
the author of the future cease writing by hand or typewriter and talk directly 
to the record? He does so indirectly, by talking to a stenographer or a wax 
cylinder; but the elements are all present if he wishes to have his talk directly 
produce a typed record. All he needs to do is to take advantage of existing 
mechanisms and to alter his language.
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At a recent World Fair a machine called a Voder was shown. A girl stroked 
its keys and it emitted recognizable speech. No human vocal chords entered 
into the procedure at any point; the keys simply combined some electri-
cally produced vibrations and passed these on to a loud-speaker. In the Bell 
Laboratories there is the converse of this machine, called a Vocoder. The 
loudspeaker is replaced by a microphone, which picks up sound. Speak to it, 
and the corresponding keys move. This may be one element of the postulated 
system.

The other element is found in the stenotype, that somewhat disconcerting 
device encountered usually at public meetings. A girl strokes its keys languidly 
and looks about the room and sometimes at the speaker with a disquieting 
gaze. From it emerges a typed strip which records in a phonetically simplified 
language a record of what the speaker is supposed to have said. Later this strip 
is retyped into ordinary language, for in its nascent form it is intelligible only to 
the initiated. Combine these two elements, let the Vocoder run the stenotype, 
and the result is a machine which types when talked to.

Our present languages are not especially adapted to this sort of mechani-
zation, it is true. It is strange that the inventors of universal languages have 
not seized upon the idea of producing one which better fitted the technique 
for transmitting and recording speech. Mechanization may yet force the issue, 
especially in the scientific field; whereupon scientific jargon would become still 
less intelligible to the layman.

One can now picture a future investigator in his laboratory. His hands are 
free, and he is not anchored. As he moves about and observes, he photographs 
and comments. Time is automatically recorded to tie the two records together. 
If he goes into the field, he may be connected by radio to his recorder. As he 
ponders over his notes in the evening, he again talks his comments into the 
record. His typed record, as well as his photographs, may both be in miniature, 
so that he projects them for examination. [. . .]

6

The real heart of the matter of selection, however, goes deeper than a lag in the 
adoption of mechanisms by libraries, or a lack of development of devices for 
their use. Our ineptitude in getting at the record is largely caused by the artifi-
ciality of systems of indexing. When data of any sort are placed in storage, they 
are filed alphabetically or numerically, and information is found (when it is) 
by tracing it down from subclass to subclass. It can be in only one place, unless 
duplicates are used; one has to have rules as to which path will locate it, and the 
rules are cumbersome. Having found one item, moreover, one has to emerge 
from the system and re-enter on a new path.
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The human mind does not work that way. It operates by association. With 
one item in its grasp, it snaps instantly to the next that is suggested by the asso-
ciation of thoughts, in accordance with some intricate web of trails carried by 
the cells of the brain. It has other characteristics, of course; trails that are not 
frequently followed are prone to fade, items are not fully permanent, memory 
is transitory. Yet the speed of action, the intricacy of trails, the detail of mental 
pictures, is awe-inspiring beyond all else in nature.

Man cannot hope fully to duplicate this mental process artificially, but he 
certainly ought to be able to learn from it. In minor ways he may even improve, 
for his records have relative permanency. The first idea, however, to be drawn 
from the analogy concerns selection. Selection by association, rather than 
indexing, may yet be mechanized. One cannot hope thus to equal the speed 
and flexibility with which the mind follows an associative trail, but it should be 
possible to beat the mind decisively in regard to the permanence and clarity of 
the items resurrected from storage.

Consider a future device for individual use, which is a sort of mechanized 
private file and library. It needs a name, and, to coin one at random, “memex” 
will do. A memex is a device in which an individual stores all his books, records, 
and communications, and which is mechanized so that it may be consulted 
with exceeding speed and flexibility. It is an enlarged intimate supplement to 
his memory.

It consists of a desk, and while it can presumably be operated from a dis-
tance, it is primarily the piece of furniture at which he works. On the top are 
slanting translucent screens, on which material can be projected for convenient 
reading. There is a keyboard, and sets of buttons and levers. Otherwise it looks 
like an ordinary desk.

In one end is the stored material. The matter of bulk is well taken care of by 
improved microfilm. Only a small part of the interior of the memex is devoted 
to storage, the rest to mechanism. Yet if the user inserted 5000 pages of material 
a day it would take him hundreds of years to fill the repository, so he can be 
profligate and enter material freely.

Most of the memex contents are purchased on microfilm ready for insertion. 
Books of all sorts, pictures, current periodicals, newspapers, are thus obtained 
and dropped into place. Business correspondence takes the same path. And 
there is provision for direct entry. On the top of the memex is a transparent 
platen. On this are placed longhand notes, photographs, memoranda, all sorts 
of things. When one is in place, the depression of a lever causes it to be photo-
graphed onto the next blank space in a section of the memex film, dry photog-
raphy being employed.

There is, of course, provision for consultation of the record by the usual 
scheme of indexing. If the user wishes to consult a certain book, he taps its code 
on the keyboard, and the title page of the book promptly appears before him, 
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projected onto one of his viewing positions. Frequently used codes are mne-
monic, so that he seldom consults his code book; but when he does, a single 
tap of a key projects it for his use. Moreover, he has supplemental levers. On 
deflecting one of these levers to the right he runs through the book before him, 
each page in turn being projected at a speed which just allows a recognizing 
glance at each. If he deflects it further to the right, he steps through the book 
10 pages at a time; still further at 100 pages at a time. Deflection to the left gives 
him the same control backwards.

A special button transfers him immediately to the first page of the index. 
Any given book of his library can thus be called up and consulted with far 
greater facility than if it were taken from a shelf. As he has several projection 
positions, he can leave one item in position while he calls up another. He can 
add marginal notes and comments, taking advantage of one possible type of 
dry photography, and it could even be arranged so that he can do this by a 
stylus scheme, such as is now employed in the telautograph seen in railroad 
waiting rooms, just as though he had the physical page before him.

7

All this is conventional, except for the projection forward of present-day 
mechanisms and gadgetry. It affords an immediate step, however, to associa-
tive indexing, the basic idea of which is a provision whereby any item may 
be caused at will to select immediately and automatically another. This is the 
essential feature of the memex. The process of tying two items together is the 
important thing.

When the user is building a trail, he names it, inserts the name in his code 
book, and taps it out on his keyboard. Before him are the two items to be 
joined, projected onto adjacent viewing positions. At the bottom of each there 
are a number of blank code spaces, and a pointer is set to indicate one of these 
on each item. The user taps a single key, and the items are permanently joined. 
In each code space appears the code word. Out of view, but also in the code 
space, is inserted a set of dots for photocell viewing; and on each item these 
dots by their positions designate the index number of the other item.

Thereafter, at any time, when one of these items is in view, the other can be 
instantly recalled merely by tapping a button below the corresponding code 
space. Moreover, when numerous items have been thus joined together to form 
a trail, they can be reviewed in turn, rapidly or slowly, by deflecting a lever like 
that used for turning the pages of a book. It is exactly as though the physical 
items had been gathered together from widely separated sources and bound 
together to form a new book. It is more than this, for any item can be joined 
into numerous trails.
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The owner of the memex, let us say, is interested in the origin and properties 
of the bow and arrow. Specifically he is studying why the short Turkish bow was 
apparently superior to the English long bow in the skirmishes of the Crusades. 
He has dozens of possibly pertinent books and articles in his memex. First he 
runs through an encyclopedia, finds an interesting but sketchy article, leaves it 
projected. Next, in a history, he finds another pertinent item, and ties the two 
together. Thus he goes, building a trail of many items. Occasionally he inserts a 
comment of his own, either linking it into the main trail or joining it by a side 
trail to a particular item. When it becomes evident that the elastic properties 
of available materials had a great deal to do with the bow, he branches off on a 
side trail which takes him through textbooks on elasticity and tables of physical 
constants. He inserts a page of longhand analysis of his own. Thus he builds a 
trail of his interest through the maze of materials available to him.

And his trails do not fade. Several years later, his talk with a friend turns to 
the queer ways in which a people resist innovations, even of vital interest. He 
has an example, in the fact that the outraged Europeans still failed to adopt 
the Turkish bow. In fact he has a trail on it. A touch brings up the code book. 
Tapping a few keys projects the head of the trail. A lever runs through it at will, 
stopping at interesting items, going off on side excursions. It is an interesting 
trail, pertinent to the discussion. So he sets a reproducer in action, photographs 
the whole trail out, and passes it to his friend for insertion in his own memex, 
there to be linked into the more general trail.

8

Wholly new forms of encyclopedias will appear, ready made with a mesh of 
associative trails running through them, ready to be dropped into the memex 
and there amplified. The lawyer has at his touch the associated opinions and 
decisions of his whole experience, and of the experience of friends and authori-
ties. The patent attorney has on call the millions of issued patents, with familiar 
trails to every point of his client’s interest. The physician, puzzled by a patient’s 
reactions, strikes the trail established in studying an earlier similar case, and 
runs rapidly through analogous case histories, with side references to the clas-
sics for the pertinent anatomy and histology. The chemist, struggling with the 
synthesis of an organic compound, has all the chemical literature before him in 
his laboratory, with trails following the analogies of compounds, and side trails 
to their physical and chemical behavior.

The historian, with a vast chronological account of a people, parallels it with 
a skip trail which stops only on the salient items, and can follow at any time 
contemporary trails which lead him all over civilization at a particular epoch. 
There is a new profession of trail blazers, those who find delight in the task of 
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establishing useful trails through the enormous mass of the common record. 
The inheritance from the master becomes, not only his additions to the world’s 
record, but for his disciples the entire scaffolding by which they were erected.

Thus science may implement the ways in which man produces, stores, and 
consults the record of the race. It might be striking to outline the instrumentali-
ties of the future more spectacularly, rather than to stick closely to methods and 
elements now known and undergoing rapid development, as has been done 
here. Technical difficulties of all sorts have been ignored, certainly, but also 
ignored are means as yet unknown which may come any day to accelerate tech-
nical progress as violently as did the advent of the thermionic tube. In order 
that the picture may not be too commonplace, by reason of sticking to pres-
ent-day patterns, it may be well to mention one such possibility, not to proph-
esy but merely to suggest, for prophecy based on extension of the known has 
substance, while prophecy founded on the unknown is only a doubly involved 
guess. [. . .]

The applications of science have built man a well-supplied house, and are 
teaching him to live healthily therein. They have enabled him to throw masses 
of people against one another with cruel weapons. They may yet allow him 
truly to encompass the great record and to grow in the wisdom of race experi-
ence. He may perish in conflict before he learns to wield that record for his true 
good. Yet, in the application of science to the needs and desires of man, it would 
seem to be a singularly unfortunate stage at which to terminate the process, or 
to lose hope as to the outcome.
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