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Understanding the Economips of
oWERTY: the Necessity of History

PAUL A. DAVID

Cicero demands of historians, first, tbat we Fell true _stf)ries. I
intend fully to perform my duty on th1§ oc&}asmn,'by giving yoy
a homely piece of narrative economic hlSltOI‘y N which ‘ope
damn thing follows another.” The main point of the story will
become plain enough: it is sometimes not possible tg uncover
the logic (or illogic) of the world around us except by
understanding how it got that way. A path-dependent sequence
of economic changes is one in which important influences upon
the eventual outcome can be exerted by temporally remote
events, including happenings dominated by chance e

lements
rather than systematic forces. Stochastic processes like that do

not converge automatically to a fixed-point distribution of
outcomes, and are called non-ergodic. In such circumstances
‘historical accidents’ can neither be ignored, nor neatly
quarantined for the purposes of economic analysis; the
dynamic processitself takes on an essentially historical character.

Standing alone, my story will be simply illustrative and does
not establish how much of the world works this way. That is an
open empirical issue and I would be presumptuous to claim to
have settled it, or to instruct you in what to do about it. Let us
just hope the tale proves mildly diverting to those waiting to
hear if and why the study of economic history is a necessity in
the making of good economists. _

By now you know that T want to dodge the question of th:?f
place of economic history courses in the proper training ¢
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economists. But |
confess : refore plunging ahe
B n:;::;.;:mnn for not spriizcrllﬁl;r}:;::::";"c::::sm:ﬁ I had hEt.tcr
not sufficient }'C:Pncis_aifm:.mcni that history is a ﬁﬂc:'il:::lﬂf:gwal
suffer from whm“itqmn for the making of an Eéf}ﬂfwmir;:jﬂgr;
reaction to the Hhﬁu;‘d ::‘!::HUhtutlly‘ a socially inappmp.rizdﬂe
such reaffirmations. I g;:t‘ae “|r affairs which seems to call for
& ind of Sy mild casc.nf the giggles. It puts me
. uch as the title of a bo :

james Thurber and E. B. White, ci a book written by
or Why You Feel the Way You i ';C; 1925;1_.{-; Sex Necessary?
others who have a different, more ;:mh?:rag:;gm“ there are
this topic 18 brought up. If you are a straight fepction e
tic mention of the subject of instruction ig economist and
_ n economic history
Jeave you feeling edgy, let me suggest that you can make
fortable by substituting ‘Sex’ for
atever else happens, this should help you 10 keep
_ which often is difficult to do once you get deep
hodological discussion. The other thing you can try is
economic historians among you today
‘flesh of your flesh,” so o speak.
t discipline of Economics, they are
for congratulations
ed the sins of the

me, however.
the notation:

«children,’ and
k has to say is

Bein chi paren
i for condolences as

m the gods to0 often have visit
1] talk about that problem another ti

if now W€ have agreed upon
» economic historians =
4 White’s boo©

Upon the
fathers. T’
Actually, if

Parents?,
to me with the qucstiﬂn, “
is: «Tell them the (T

sex?” My answer is always :
the subject in @ tactful way, '€ c ar
ﬂmbarrassmg than giving

shout sex should D€ no more
instruction In pcr:-:unal prnnﬂuns- An
Why not let economists find out

31

one approaches

N

—— “‘\I*‘-ﬁ\."ﬁ--‘-‘x‘ﬂ\\

il

\L- s



R

P A DAVID

good time, instead of going through the "'{ka""“"‘?"l"’ o _‘;‘Y‘;‘ig‘
to tell them about it? Thurber and V:/'mtn nff(.'ru‘ A L,‘m( ¢

answer, along the following lines: ‘One’s ;mrwrf.v d.f(, never tn'f)
old to be told facts. Indeed to keep th.cm in ignorance is
quite cruel, for it allows them to r‘mu‘rmh the (]()llht'ﬂ and
horrors of their imagination. The mu]nr‘uty of parents pick up
their information about sex from smoking-car conversations,
bridge-club teas, and after-dinner speakers. They receive it
from their vicious adult companions who are only scarcely legg
ignorant than they are and who give them a dreadfully garbled
version of what they should know.’

If economists are not to be left to pick up an historicy
approach to their subject ‘from the gutter,’

as it were, thep
responsible folk must sit them down soon or later and te] them
about it. Finding a way to do this, of course, j
problem which every thoroughly modern €eonomic historjap
must overcome. To paraphrase the advice in Thurber apq
White’s manual: ‘When Imparting sex knowledge 1o one’s
parents, it is of the utmost importance to do it in such a way g
not to engender fear or anxiety. C

er hoose your phrasing
carefully, explaining everything clearly while avoiding the yse
of terms that tend to cause nervousness in older people.’

So now for a short, matt

er-of-fact story. T have selecteqd it
with especial care, adhering to

w
take too literally and find upsetting.?

The Story of QWERTY

Why does the topmost row of letters on your personal
computer keyboard spell out QWERTYUIOP, rather than
something else? Nothing in the engineering of computer
terminals requires the awkward keyboard layout known tqd}fi\;
as "QWERTY.” The Maltron keyboard, developed by a Britis
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tea

im::;u(::icgf:(‘)' :«mvc IYhist.s‘ time and motion by dividing keys

frequently in l_t;un! groups: 91 per cent n‘f the letters used most

with 51 ‘.wm ; nglish are on thc Maltron ‘home row,” compared
ent on the OWERTY keyboard. OWERTY forces

your ‘I.mnds to ‘hurdle.’ that is to jump upwards or sideways s
that fingers can strike keys, about 256 times more often );ha(r:
the M:lltrfm arrangement whose tilted keyboard makes the
letters easier to hit. But Maltron has arrived on the scené onl
recently, and we are all old enough to remember that OWERTz

somchgw had been passed down to us from the age of
typewrlters.
Clearly the computer manufacturers had not been persuaded
by previous exhortations to discard QWERTY — even those
which latter-day apostles of DSK (the Dvorak Simplified Key-
board) inserted in trade journals such as Computers and
Automation during the early 1970s. Devotees of the keyboard
qrrangement patented in 1932 by August Dvorak and W. L.
Dealey have long held most of the world’s records for speed-
typing. In the age of the manual typewriter the racing handicap
imposed by QWERTY was especially heavy, except for those
whose left hand and little fingers were uncommonly strong.
Moreover, during the 1940’s US Navy experiments had shown
that the increased efficiency obtained with DSK would amortize
the cost of retraining a group of typists within the first ten days
of their subsequent full-time employment. Dvorak was a
Professor of Education at the University of Washington in
Seattle. He had lived his professional life as a disciple of Frank
B. Gilbreth, the pioneer of time and motion studies and
champion of the cause of designing ‘machines for men not men
for machines.’” But he died, in 1975, a disappointed man. Had
Dvorak construed Gilbreth’s motto more literally and thought
about the actual men and women who constituted the available
\‘UPP_Iy of typists at the time, he might have spared himself the
t::::::crmg frustrgtion of the world’s stubborn rejection of his
.M- :iutt;(ms. As it was, his death came too so0On for him to be
ed by the Apple IIC computer’s built-in switch which
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- : 1 DSK,
instantly converts its k‘cylr‘lm?lr(:lu :,::Th(l):v:;:' :’w::: :‘::;:1:1 d not
Otr‘tc:: II:LL ﬂf::‘lti‘:ir :::1( L\;mulyt.i remain more of a curiosum than a
O ’
rea::r «:(;l;::;’t; {:Z:ﬂ:ertising copy says, DSK ‘lets you type a(}-rt()n/o
faster,’ why did this superior design meet (’-S-“e“““t':ly ‘( ;:‘;"“e
resistance as the previous seven lmpr(wcments ()UnS (e ; ) TY
typewriter keyboard that were patcnted in the and Britain
during the years 1909-247 Was it the Fe.sult of customary, non-
rational behavior by countless individuals wt_xo had _t?een
socialized to carry on in an antiquated technological tradition?
Or had there been a conspiracy among thﬁ: memb.ers of the
tyewriter oligopoly to suppress an invent.ion which it wag
feared would, by increasing the productivity of each typist,
ultimately curtail the demand for their machines? Dvorak
himself once suggested that something like this lay at the root
of the typewriter manufacturers’ apparent disinterest in his
patent. But perhaps we should turn instead to
popular ‘Devil Theory,” and ask
interference with the workings of a

cause of inefficient keyboard re

be blamed on the public scho
that’s awry?

the other
if political regulation and

‘free market’ has been the
gimentation? Maybe it’s all to
ol system, like everything else

Somehow you can already sense that these will not be the
most promising lines along which to search for an economic
understanding of QWERTY’s present dominance. The agents
engaged in production and purchase decisions in today’s
keyboard market are not the prisoners of custom, conspiracy,
or state control. But while they are, as we now say, perfectly

free to choose,’ their behavior nevertheless is held fast in the
grip of events long forgotten, and shaped by circumstances in
which neither they nor their inter

ests figured. Like the great
men of whom Tolstoi wrote in War and Peace (Bk. IX,ch. 1),
‘(e)very action of theirs, that seems to them an act of their own
free will, is in an historical sense

not free at all, but in bondage
to the whole course of previous history . . . .’
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UNDERSTANDING THE ECONOMICS OF OWERTY

This is a short story, however. So it begins only little more
than a century ago, with the fifty-second man to invent the
typewriter. Christopher Latham Sholes was a printer by trade
and mechanical tinkerer by inclination. Helped by his friends
Carlos Glidden and Samuel W. Soule, who also spent much of
their time hanging around C. F. Kleinsteuber's machine shop
on the northern edge of Milwaukee, Wisconsin during the
1860s, he had built a primitive writing machine for which a
patent application was filed in October 1867. Many defects in
the working of Sholes’ “Type Writer’ stood in the way of its
immediate commercial introduction. Because the printing
point was located underneath the paper-carriage, it was quite
invisible to the operator. ‘Non-visibility’ remained an unfor-
tunate feature for this and other up-stroke machines long after
the flat paper carriage of the original design had been
supplanted by arrangements closely resembling the modern
continuous roller-platen. Consequently, the tendency of the
typebars to clash and jam if struck in rapid succession was a
particularly serious defect. When a typebar would stick at or
near the printing point, every succeeding stroke would merely
serve to hammer the same impression onto the paper. But the
resulting string of repeated letters would be discovered only at
the end of the paragraph, or whenever the typist bothered to
raise the carriage to inspect what had been printed. Unsticking
jammed typebars was a correspondingly awkward and time-
consuming maneuvre, compared to which the jumps and slips
of the weight-driven carriage escapement mechanism, or the
tendency of the weight itself to come loose and crash onto the
operator’s foot, were merely secondary annoyances.

Urged onward by the bullying optimism of James Densmore,
the promoter-venture capitalist whom he had taken into the
partnership in 1867, Sholes struggled for the next six years to
perfect ‘the machine.’ It was during this painful interval that a
four-row, upper case keyboard approaching the modern
OWERTY standard emerged, from the inventor’s triul-and—erfﬂr
rearrangement of the original model’s alphabetical key ordering
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in an effort to reduce the frequency of typebar Clashe,
Vestiges of the primordial layout remained, as they do tq this
day in the ‘home row’ sequence: FGHIKL, with ‘T’ close by in
the second row. In March, 1873 Densmore, with the help of ,
smooth-talking salesman who went by the name of George
Washington Yost, succeeded in placing the mﬂnllfac:turing
rights for the substantially transformed Sholes-Glidden “Type
Writer’ with E. Remington and Sons, the famous arms makerg
Within the next few months QWERTY’s evolution was virtually
completed by Remington’s mechanics, William Jenne apg
Jefferson Clough. Their many modifications included some
fine-tuning of the keyboard design in the course of which the
‘R” wound up in the place previously allotted to the period
mark ‘.’
QWERTY thus had evolved primarily as the chance solution
to an engineering design problem in the construction of a
typewriter which would work reliably at a rate significantly
faster than a copyist could write. Marketing considerations also
may have played some role in Jenne and Clough’s final
keyboard shuffles; it has been suggested that the main
advantage of putting the R into QWERTY was that it thereby
gathered into one row all the letters which a salesman would
need, to impress customers by rapidly pecking out the brand
name: TYPE WRITER
Nevertheless, the early commercial fortunes of the machine
with which QWERTY’s destiny had become linked remained
extremely precarious. The economic downturn of the 1870s
was not the best of times in which to be selling Americans a
novel piece of office equipment costing $125 apiece. When the
Depression lifted, early in the 1880s, Remington's sales of the
Improved Model Two (introduced, complete with recently
patented carriage shift key, in 1878) began to pick up pace,
annual typewriter production reached the rate of 1200 units in
1881. But the market position which QWERTY had acquired
during the course of its early carcer was far from deeply
entrenched; the entire stock of QWERTY-embodying machines
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in the US could not have much exceeded 5000 when the decade
opened.

Its future also was not much protected by any compelling
rechnological necessities. For there were ways to make a
typcwriter without the up-stroke typebar mechanism that had
called forth the QWERTY adaptation, and rival designs were
appearing on the American scene — not to mention those
already established in Europe. A down-stroke design with an
‘almost visible’ printing point would be patented by Charles
Spiro and introduced in New York as the ‘Bar-Lock’ type-
writer in 1889, to be followed a year later by the first fully
visible down-stroke machine, manufactured by the Daugherty
Typewriter Co. of Pennsylvania. By 1893 Francis X. Wagner’s
superior design for a front-stroke visible machine with a four-
row keyboard was patented, and in another three years it
would be taken over by John Underwood’s typewriter-supply
firm to become the prototype for all the following upright
front-stroke machines. Front-stroke action and visibility would
greatly mitigate the problems of typebar jamming which were
the original rationale for QWERTY’s existence.

Meanwhile, back in 1878 when Remington had just brought
out the Model Two and the whole enterprise was teetering on
the edge of bankruptcy, the print-wheel offered a more radical
but immediately available alternative to the typebar tech-
nology. It had been used in the Englishman John Pratt’s
typewriter of 1866, the fateful description of which, in the
magazine Scientific American, had been shown to our hero
Sholes during the following year by his friend Glidden.
Furthermore, a patent had been filed for an electric print-
wheel device in 1872 by a young mechanic at the Automatic
Telegraph Co. in New York. This was none other than Thomas
Edison, who, having helped improve one of the many Sholes—
Glidden experimental models around 1870, then set out to
prove that he could build a better instrument for printing
telegraphs than the machine which Densmore and Sholes were
urging upon his employers. This particular Edison invention
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went on to be used in teletype machin®s leaving  the
instrument introduced in 1879 by a former Remington em-
ployee, Lucien Stephen Crandall, the honor of being Fhe
second typewriter to reach the US market. It was also the first
commercial entrant that circumvented the problem of clashing
typebars by dispensing with them entirely; in favor of an
arrangement of the type on a cylindrical sleeve. The sleeve was
made to revolve to the required letter and come down onto the
= printing point, locking in place for correct alignment. So much
f for the ‘revolutionary’ character of the IBM 72/82’s ‘golfball
i design.
-‘ Very soon thereafter, in 1881, the first units of James
Bartlett Hammond’s alternative to the typebar system entered
the American market using a swinging type-sector to insure
perfect alignment and a rubber buffered hammer located
behind the paper to achieve evenness of impression. While
Hammond’s first model was offered with a curved two-row
keyboard, with the introduction of his Model Two in 1893 a
square three-row layout also became available. Freed from the
legacy of typebars, the arrangement of keys offered by the
Hammond from the outset was more sensible than QWERTY:
its so-called ‘ideal’ keyboard placed the sequence DHIATENSOR
in the home row, these being ten letters with which one may
compose over 70 percent of the words in the English language.
The same, ideal layout later appeared on the small type-wheel
portable with a three-row keyboard and double shift, first
patented in 1889 and marketed as the Model Five by the
Blickensderfer Manufacturing Company in 1893. (Notice that
Dvorak also used these ten letters in his keyboard’s home row,
AOEUIDHTNS, except for the replacement of the R with U.)
The beginning of the typewriter boom in the 1880s had thus
witnessed a rapid proliferation of competitive designs, manu-
facturing companies and keyboard arrangements rivalling the
Sholes-Remington QWERTY. Yet, by the middle of the next
decade, just when it had become evident that any micro-
technological rationale for QWERTY’s dominance was being

1
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UNDERSTANDING THE ECONOMICS OF QWERTY

removed by the progress of typewriter engineering, the US
industry was rapidly moving toward the standard of an upright
front-stroke machine with a four-row QWERTY keyboard that
was referred to as ‘The Universal.” The authorities disagree as
to the exact dating, but it appears that sometime around 1896
George Blickensderfer started to offer “The Universal’ as an
optional alternative to the Ideal keyboard on the various
machines in the illustrious ‘Blick’ line. Hammond too seems
to have fallen into step, offering the same option at least by

1905.

Basic QWERTY-nomics

To understand what had happened in this fateful interval, the
economist must attend to the fact that typewriters were
beginning to take their place as an element of a larger, rather
complex system of production that was technically interrelated.
This system involved typewriter operators as well as typewriting
machines, and therefore the relevant decision agents within it
included others besides the makers and buyers of typewriter
hardware: there were the typists who supplied a skilled labor
service to employers, and the variety of organizations, both
private and public, undertaking to train people in such skills.
Still more critical to the outcome was the fact that, in contrast
to the hardware subsystems of which QWERTY or other
keyboards were a part, this larger system of production was
nobody’s design. It was not conceived at the outset, in the
dreams of Sholes, Glidden, Densmore or Philo Remington.
Rather like the proverbial Topsy, and much else in the history
of economics besides, it ‘jes’ growed.’

Instruction in typewriters began to be offered by private
business colleges in New York City soon after the first
Remington-built machines became available, but emphasis was
placed upon mastering the mechanical operations rather than
typing per se. In 1880 the firm of N. T. Underwood issued one
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¢ containing ‘inductive
.c ' correct use of the
¢, It was not unti]

of the earliest instructional handbook
?‘xcrciscs. arranged with a typical guid e

Ingers;’ only some of the fingers, however: , ;
1882 that tge radical in{;mvr;%ion of an CIght'fmgiro ty]pln,g
method was put forward by the prOPfi_‘""f’SS O.f H ngleys
Shorthand and Typewriter Institute, in C'“_C'"nat,l' T pam-
phlet happened to be ‘adapted to Remington s pel.'fected
typewriters.” That very same year, the New York firm of
Wyckoff, Seamans & Benedict, having just bought ﬂ!e world-
wide sales agency rights for the Remington Type Writer from
the firm of E. Remington & Sons, began to promote their
product by imitating another instructional innovation that
lately had been introduced by the City’s Central Branch of the
YWCA. The ‘Y’ had organized an experimental class to teach
eight young women to typewrite during 1881 and, despite
critics’ predictions that typewriting was destined to remain a
masculine occupation, every one of the female graduates had
found employment quickly. Remington schools for typewriting
soon joined the private business and stenographic ‘colleges’
that were now springing up in all the leading cities.

But Mrs L. V. Longley’s Typewriter Lessons were not
sufficient to carry the day immediately for the proponents of
eight-finger typing. She was denounced repeatedly in the pages
of Cosmopolitan Shorthander and eventually was challenged to
prove her case by another teacher of typewriting from her own
city. The challenger, one Louis Taub, proclaimed the superi-
ority of four-finger typing on the Caligraph. This was a rival
machine which had been brought out in 1881 by Densmore’s
former partner, Yost. It came equipped with a six-row
keyboard, accommodating upper- and lower-case keys to make
up for its lack of the Remington’s shift-action. In 1888, when
the first public speed-typing competition was organized which
put to the test these contending systems, the honor of Mrs
Longley and the Remington was vindicated by a Federal Court
stenographer from Salt Lake City who had taught himself to
type on a Remington No. 1, way back in 1878. Frank E.
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lists as their champion

Gurri
McGurrin, the man who entered the
me in demonstrations

;g?iﬂﬂi Lnufs Taub, already had won fa
ajd?tri:mgaff:mg ;1]ur.lif:nct:s throughout the West, because, in
emorized th;p oying the ‘all-finger technique, he had
mh *lhcr‘lwcm[d(ﬂﬁnkrw keyboard. We shall never know
whe C ave managed the same feat with the 72 keys

of the Caligraph machine.
The advent of ‘touch’ typing, the name coined for McGurrin’s
publiﬁhed in

method in a manual of typewriter instructions
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ave rise 10 three features of the evolving product
n causing QWERTY to

1889, &
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‘locked in’ as the dominant keyboard arrangement.
ess, ecoOnomies of scale and

chnical inrerre!aredn
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typewriter hardware. Neverthelcss, the pu E_l?y o poten_llﬂ
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. e
R ; h.typists. To the CCgIc
externality to compatibly trained touch ”’lf subsequent typists

to which this increased the likelihood the ference to another
would choose to learn OQWERTY in pre t.I dware would not
method for which the stock of Cﬂmpﬂ“hlc hd‘l;iﬂ system based
be so large, the overall user costs of a tﬂ’ﬂ:“’;‘) fc;uld tend to
upon QWERTY (or any specific keyborts B0 o ems
decrease as it gained in acceptance relative e i
Essentially symmetrical conditions Dhlﬂ‘lﬂﬂ:j R to | i
instruction in touch-typing. There, typists declﬁl{}"‘s VR
the QWERTY keyboard would raise the value ]5? _QWER'I.’%
equipped machines to their employer-owners. By INCreasing
the likelihood that such machines would be mst:fll}ed in
preference to others, such a decision raised the probability that
another prospective typist subsequently would opt to be
trained in a QWERTY-based method.
These decreasing cost conditions — or system scale economies
— had a number of consequences, among which undoubtedly
the most important was the tendency for the process of inter-
system competition to lead toward de facto standardization
through the predominance of a single keyboard design. For
analytical purposes, the matter can be simplified by supposing
that buyers of typewriters uniformly were without inherent
preferences concerning keyboards, and cared only about how
the stock of touch-typists was distributed among alternative
specific keyboard styles. The candidates for typewriter instruc-
tion, on the other hand, may be supposed to have been
heterogeneous in their preferences for learning QWERTY-based
‘touch’, as opposed to other methods, but attentive also to the
way the stock of machines was distributed according to
keyboard styles. If we imagine the members of this hetero-
f::;?;‘;’-‘i;?ﬁ;:‘lﬂtlﬂn deciding in random order what kind of
F it 8 10 acquire, it may be seen that with unbounded
> 118 costs of selection each stochastic decision in favor of

OWER" at 1H
o RTY would raise the probability (but not guarantee) that
€ next selector would favor Qw

the form; ‘
ormal theory of stochastic processes, what we are looking
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UNDERSTANDING THE ECONOMICS OF QWERTY

at now is equivalent to a generalized ‘Polya urn scheme.” In a
simple scheme of that kind, an urn containing balls of various
colors is sampled with replacement and every drawing of a ball
of a specified color results in a second ball of the same color
being returned to the urn; the probabilities that balls of
specified colors will be added are therefore increasing (linear)
functions of the proportions in which the respective colors are
mprescntcd within the urn. A recent theorem due to Arthur,
Ermoliev and Kaniovski® allows us to say that when generalized
forms of such processes (characterized by increasing returns)
are extended indefinitely, the selection probabilities eventually
appma{:h a limit function (if one exists) and the proportional
share of on€ of the colors will, with probability one, converge

to unity.

There may be many eligible candidates for supremacy, and
from an ex ante vantage point we cannot say with corresponding
he contending colors — Or rival

certainty which among t
keyboard arrangements — will be the one to gain eventual

dominance. That part of the story is likely to be governed by
‘historical accidents,” which is to say, by the particular
sequencing of choices made close to the beginnings of the
process. It is there that essentially random, transient factors
are most likely to exert great leverage, as has been neatly
shown by Arthur’s model® of the dynamics of technological

competition under increasing returns.
Intuition suggests that if choices W

looking way, rather than myopically on
among the currently prevailing costs of different systems, the

final outcome could be influenced strongly by the expectations
that investors in system components — whether specific touch-
L};T:E skills or typewriters — came 1o hold regarding the
H\,.H,&;];L]Et would be ma@e by the other agents. A particular
of the so ftw: tr'L"r“!i'h over rivals merely because the pu_rchasers
do . ;['his‘ ;”:3 _(-:}Hd:"ﬂr the hardware) expected that 1t would
analyses of “ uition seems to be supported by recent formal

markets where purchasers of rival products benefit
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:;Z?Sn?x(t)?r? alities conditional upon the size of the compatible
network® with which they thereby become joined:
Katz and Shapiro® and Hanson® have recently demonstrated
the crucial role played by expectations in both static and
dynamic duopoly games of this kind respectively. Thus,
although the carly lead acquired by QOWERTY through its initia]
association with the Remington was quantitatively very slender,
when magnified by expectations it may well have been quite
sufficient to guarantee that the industry eventually would lock
in to a de facto QWERTY standard.
The occurrence of this ‘lock in’ as ear
appear to have owed something also to other causes. Conven-

tional economies of scale were part of the story, as these soon
were exploited by the private business colleges that taught
young men and women to touch-type through the use of
instruction manuals. Those organizations’ impact upon the
supply of OWERTY-habituated typists remained minor by
comparison with the public high school systems that at a much
later point, in the 1920s, began to include typewriting among
their expanding curriculum of ‘business’ subjects. Nevertheless,
the activities of business and commercial colleges offering
stenography and typewriting during the late 1880s and early
1890s brought them into contact with both prospective em-
ployers and typewriter companies’ sales agencies. Consider-
able leverage was thereby given to the aumerically tiny cadre of
pioneer touch-typing teachers who had become habituated to
using the QWERTY keyboard. -

The strategic significance of this latter point is brought out
more fully by considering the third critical element among
those I enumerated as having been added by the innovation Qf
touch-typing. This was the high costs of ‘software conv_erswn ,
and the consequent quasi-irreversibility of investment 1l labor
force training. The human capital formed in learning to touc f
type is remarkably durable, for the skill resembles that ©
bicycle-riding or swimming in that once mastered 11 1S lf:ﬁg
retained at some functional level and may be upgraded rapidly
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by practice. Moreover, once a specific touch-typing program

has been “installed in memory’ it becomes quite costly (in
retraining time and typing errors) to convert the afflicted typist
to a different program. Thus, as far as keyboard conversion
costs were concerned, an important asymmetry had appeared
hetween the snftjwarc and the hardware components of the
evolving Lypewriting system: the costs of typewriter software
conversion were going up, whereas the costs of typewriter
pardware conversion were coming down. While the novel,
aon-typebar technologies developed during the 1880s were
frecing the keyboard frlnm technical bondage to QWERTY, by
the same token typewriter makers were freed from fixed-cost
hondage to any particular keyboard arrangement. Manu-
facturers who adopted those engineering advances found it
very inexpensive to provide the QWERTY option to any
~ustomers who might prefer it to the other keyboards they
were being offered. A market inducement for producers to
sandardize voluntarily, at least in this one attribute, had arisen
with the demonstrated superiority of QWERTY-based touch-
typing over the four-finger hunt-and-peck method. Curiously,
no public trial seems to have been held during the 1890s to
determine whether or not a hunt-and-peck typist using the
more efficient, Ideal keyboard also could be bested by the likes
! Frank McGurrin (using QWERTY). But it is not clear
whether the outcome would have mattered at all by that time.
[t was enough that non-QWERTY typewriter manufacturers
“ouldswitch cheaply to achieve compatibility with the QWERTY-
Vogrammed typists, who could not. For a producer newly
cring the typewriter market the short-run attractions surely
U:J':‘j”‘-*»"lm of expanding market share quickly. And this
Ve [ \::d}f:{:-itrﬁnng to the needs of the extant ‘mst_alled base’ of
H”mij Eﬂdﬂrm:iﬂdftyplsts, though it must still _have been
laub, py S 2;_ 1E"-lt:«idf:' after McGurrin’s 1888 wc_tnr}r over
Manusgriny whtduill?fttes for 1900, based_ﬂn a samphng of the
H4l there wore € of the US Censgs in that year, indicate
wome 8200-9200 gainfully occupied typists
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(‘type-wﬁters‘b they were called) in the country, of Wl:'l()m at
least 5500 had entered the pursul! during the prCGfilng ten
years when OWERTY-based touch-typing was Coming intg
vogue. Since at this time American women typically left the
workforce at marriage, and the mean age at marriage yyq
declining among the white native born who dominated the ranks

of female office workers, the potcntial pcrsonal. typewrites
sck of QWERTY-trained typistg

market represented by the St .
must have struck contemporary observers as considerably large;

and cxpanding steadily. This, then, Was a situation in which the

precise details of timing had made it privately profitable in the
short run to adapt machines to men (or, as was the case
increasingly, to women) rather than the other way around. And

the business has continued that way ever since.

Message

In place of a moral, I want to leave you with a message of faith
and qualified hope. The story of QWERTY is a rather intriguing
one for economists. Despite the presence of the sort of
externalities that standard static analysis tells us would interfere
with the achievement of the socially optimal degree of system
compatibility, competition in the absence of perfect futures
markets drove the industry prematurely into de facto stan-
dardization on the wrong system — and that is where de
centralized decision-making subsequently has sufficed to hold
it. Outcomes of this kind are not so exotic. For such things to
happen seems only too possible in the presence of strons
technical interrelatedness, scale economies, and irreversibilitic®
due to learning and habituation. They come as no surprise ¥
readers prepared by Thorstein Veblen’s classic passages “1_
Germany and the Industrial Revolution”, on the proble™ L:
Britain’s under-sized railway wagons and ‘the Pe“"‘l“eb,;o
taking the lead;” they may be painfully familiar to student® N
have been obliged to assimilate the details of deserve

ly less
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renowned scribblings of mine! about the obstacles which ridge-
and-furrow placed in the path of British farm mechanization,
or the influence of remote events in nineteenth-century US
factor price "-"'ﬂ"l'}' upon the mlhﬁcquuntly emerging bias
rowards Hicksian labor-saving improvements in the production
technology set for certain branches of manufacturing.

I believe there are many more QWERTY worlds lying out
there in the past, on the very cdges of the modern economic
analyst’s tidy universe; w?rrlds we do not yet fully perceive or
derstand, but whose influence, like that of dark stars,
e .nds none the less to shape the visible orbits of our
e ~n;p0raf}’ economic affairs. Most of the time I feel sure
ﬁmh:hg absorbing delights and quiet terrors of exploring
[hﬂ-t:RTY worlds will suffice to draw adventurous e€conomists
Lm,] the systematic study of essentially historical dynamic
mhnaqea and so will seduce them into the ways of economic
F.rfu"f ”cl a better grasp of their own subject matter.
history an .. g .

But will it? Messrs Thurber and White cnnclu_ded their
-hapter with a gentle warning not to bet too heavily on the
passive approach to educating a parent, along these lines:
Sometimes it may be advisable to quote to your parents directly
from standard works on the subject of sex. When this is felt to
b¢ 100 abrupt, less intrusive approaches may seem attractive.
some children have told me that instead of quoting from books
ey have left the books lying around, opened at pertinent
pages. But even this has failed to work In most cases. A book
hat s lying around soon will seem dusty to the average parent.
'he “mothers” will usually pick it up, dust it, and close it.’

Notes

:1: -”Ihurhu:r and E, B, White
.I- ay Yoy Do Gard !

Wk

: Is Sex Necessary? or Why You Feel the
i folows 3TN City, New York: Blyc Ribbon Books, 1929,
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_1985), pp- 332-7. 1h

Ty N ﬂ?
Review, Papers and Proceedings. vol. TE;T:"L::L sceived subsequent to
m ' e subject of typewriters,

does not reflect the voluminous COrres
the Dallas, Texas Meetings of the A F.A 0N ih ameiisssiln
their kevboards, other illustrations inf pnlhfllcpcm]cn y s sses,
: .ptations. 1AM ratcfu_l for the SUpport thay

. received under a grant 1

and their mathematical represe i
the limited piece of rescarch, reported on ere, w , .
the 'I‘m*l'unu.ﬁlF:mgiml Innovation Program of the Center I"u:" l.;.m::mm Policy
Rescarch, Stanford University. Douglas puffert supplied @ le research
assistance. The text and references record some bu not the whole of my
indebtedness to Brian Arthur's views on QWERTY and OWERTY-like
lly, for crrors of fact and

subjects. | bear full responsibility, naturally,
liar opinions on the necessity of

interpretation, as well as for the pect

history (and scx) rcprcﬁcntcd in thesc pages. _
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