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From a review of references to early typecasting and typesetting practices, the 
author computes the amount of labor required to handcast 1,000 pieces of type in 
the fifteenth century, and reaches a figure of fourteen man-hours. As a means of 
determining the ability of the type to withstand succeeding blows of the platen and 
the other wear brought about by setting, cleaning, and distributing the type, he 
applies this labor cost to the publication of a fifteenth-century book, the works of 
Flavius Josephus printed at Venice in 1486, postulating different sizes of editions. 
Working on the assumption that excessive labor costs per copy would have made 
this book and others like it uneconomical to produce, he concludes that incunable 
type was able to withstand a t least 10,000 to 20,000 blows of the platen but suggests 
that its life expectancy was actually much higher. He supplements his cost analysis 
by citing other evidence to show that incunable type was fairly durable. 

No specimen of type metal, authoritatively identified as having been 
manufactured during the first few decades following the invention of 
printing, has yet been discovered. Maurice Audin, it is true, has 
concluded that certain type characters recovered from the bed of the 
Saone River at Lyons about 100 years ago are of either late fifteenth-
century or early sixteenth-century origin [1, pp. 9-10] . The fact 
remains, however, that today there is absolutely nothing we can see, 
touch, or feel with the complete assurance that it is really one of the 
many millions of pieces of type cast for the 1, 700 or more printing 
plants which flourished at one time or another during the incunable 
period. And even if we are fortunate enough to unearth a cache of 
unused fifteenth-century type some day, only a breakdown test of the 
unique find on a wooden hand press, using paper and ink similar to 
those of the incunable era, could provide us with a meaningful 
estimate of the durability of fifteenth-century type-which is to say, 
the number of impressions incunable type was capable of with-
standing before it became too worn to continue producing work of 
acceptable quality. 
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The significance of the matter lies in the fact that the number of 
copies of a book which could be printed depended greatly upon the 
life expectancy of the type available to the printer. Iftype was so soft 
that it would wear out quickly, then a large edition was possible only 
if the printer could provide an immense quantity of type with which 
to do the job, or if he could replenish the type as it deteriorated . If, on 
the other hand, type was fairly durable, a printer who owned only a 
modest stock of characters could com pose enough pages of text to fill 
a few forms, print those forms, clean the used type, distribute it back 
into the cases, and then repeat the process as many times as necessary, 
until he finished printing the edition. The ultimate selling price of a 
book, it must be stressed, was materially affected by the durability of 
the type used in its manufacture, for the cost of casting and finishing 
new type was very high [2, pp. 76-78]. Consequently, the direct and 
significant relationship between the life expectancy of type and the 
retail price of early printed books is a matter which merits investiga-
tion. 

Quite obviously, the fledgling printing industry could not have 
survived very long as a self-sustaining economic entity unless it could 
meet and overcome the competition of the scribes, and then reduce 
the price of books sufficiently to create a broad and receptive market 
for them. Buhler has suggested that the products of the press may 
have been as expensive as manuscript work in the very early days of 
printing [3, p . 150 n]. If this is true, the high cost of type, prorated 
on a per-copy basis, must surely have played an important role in the 
establishment of the correspondingly high selling price for the printed 
book. Similarly, the decrease in the price of printed books in succeed-
ing years should be attributed in great part to improvements in 
production techniques, including those pertaining to the durability of 
type. 

We are handicapped in the investigation of early type, not only by 
our inability to study the type itself at first hand , but also by a 
scarcity of records from the incunable period which might throw light 
upon the subject. We know that lead, tin, and antimony were com-
monly employed in the manufacture of the metal, I and that other 

I. It is not certain that antimony was used in the type alloy mix in the early part of 
the incunable period. 
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elements, such as silver and iron, were also used on occasion, although 
it is possible that the iron (or, at least the iron found in the types 
examined by Au din) existed only in traces, as an impurity [ 4, p . 92]. 
There appears to have been no uniform standard of procedure from 
plant to plant either in the metallurgical techniques employed or in 
the determination of the proportions of ingredients making up the 
type alloy. Accordingly, we cannot expect that all types manufactured 
in the incunable era would bear up equally well in pressroom use. 

No meaningful attempt can be made to provide a solution to the 
problem of the durability of early type until certain questions are 
taken into consideration. How do we define the point at which type 
becomes sufficiently worn so that we can say that it is no longer 
capable of yielding impressions of"acceptable" quality? Are we 
speaking of thin-faced types or bold-faced types, of small sizes or 
large sizes? Is the platen of the press made of wood alone, or is its 
underside sheathed in metal? Is the press equipped with some kind of 
mechanical stop to limit the downward travel of the platen, or will the 
platen come down crushingly onto the form if the pressman swings the 
lever somewhat too zealously? Is any packing material (blanketing) 
interposed between the platen and the paper lying on the type? What 
kind of paper and ink are being employed? Are the individual press 
runs so large that the type will undergo only a limited number of 
"wash-ups," distributions, and resettings, or are the runs so small that 
that the type will be subjected repeatedly to the risk of damage and 
the increase in wear inherent in these off-press phases of the work? 
And, of course, how carefully is the type being handled by the work-
men from the time it is removed from the cases until the time it is 
distributed back into the cases? 

Even if we were able to provide specific answers to all of these 
questions, a precise determination of the durability of primitive type 
would still not be possible. If we were to ask a number of modern 
pressmen how many impressions may be anticipated from a font of 
new foundry type being used on a small platen press, the answers 
would vary widely. I asked several pressmen for such estimates, 
specifying a 10-point Futura Medium typeface on a small "snapper" 
press being operated under ordinary shop conditions, and received 
replies ranging from 25,000 to 100,000 impressions, although it was 
agreed tha t much larger runs could be expected if great care was 
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exercised throughout all phases of the work.J ackson says that type 
"will print, if not a bused, hundreds of thousands of clear impressions 
before it wears out," offering this as a rather broad estimate for 
modern power-driven letterpress work [5, p. ll]. Kubler reprints a 
document, dated March 11 , 1806, entitled Arbitration between tlze 
Uniumiry of Cambridge and Andrew Wilson, which states that " it is 
determined by the experience of the University of Oxford that a work 
entirely composed with moveable types, and kept standing, will print 
tolerably fairly 120,000 copies. H ad this font ofletter been subject to 
repeated distribution, repeated composition, repeated correction, 
repeated p laning-over, and all the consequent damage that accom-
panies these destructive operations, it is fair to infer that not more 
than 100,000 impressions per form would have been obtained from it" 
[6, p. 39] . A year or two later, however, the printer and author, 
Thomas H odgson, projected a much higher figure for type which is 
kept standing, "I have heard from good authority," he wrote, "that 
from forms of a bible, or a testament, the types of which are kept 
constantly standing, at the University of Cambridge, no fewer than 
500,000 copies have been printed" [6, pp. 65-66]. 

If we cannot arrive at a fairly exact figure concerning the life 
expectancy of type in our own times, or in comparatively recent times, 
how can we expect to do so for the type of half a millennium ago? 
Quite obviously, the best we can hope for is to ascertain whether 
early type was so soft that it would produce only a few hundred to a 
few thousand impressions, or whether it was hard enough to make as 
many as 10,000, 20,000 or 30,000 impressions possible-or even 
considerably more. It comes as no surprise, therefore, that some 
confusion exists today concerning the durability of fifteenth-century 
type. 

"The type meta l used in the fifteenth century," reports the British 
Museum Catalogue, " appears to have been very soft, and the printer 
who desired to go on using the same fount was obliged to provide for 
its renewal. This could be effected either by a periodical recasting 
of the type in bulk, or by frequent additions to the fount supplement-
ing a diminishing stock of any particular sort" [7, pt. I , p . xv]. 

Febvre and M artin express an opposing view as they open their 
discussion of type usage, asserting tha t incunable types (and a lso 
those of the next three centuries) were unquestionably durable, 

162 Visible Language, V 2, Spring 1971 



although not, possibly, to the same degree as modern types [2, p. 74]. 
Yet they immediately follow this statement by informing us that 
Ambroise Firmin-Didot [8, pp. 99-101] had determined, in a study 
of the post-incunable Aldine Greek texts, that the type characters 
used in these edition wore out quickly, so much so that in 1570 Paul 
Manutius was still having problems with type, and was asking that 
fresh characters be cast for him every time he put a new book into 
production. If this were not done, Paul Manutius is reported to have 
written, the type would be worn out in four months, possibly in the 
middle of the printing of the book. 

The reader is left with the impression that Febvre and Martin do 
agree basically with the contention made in the British Museum 
Catalogue that type was soft, in spite of their initial assertion to the 
contrary, for they reaffirm in the very next paragraph that "types 
wore out rapidly. The printers, therefore, had to replace them 
frequently; in this area they were faced with many problems for a 
long time" [2, p. 76]. 

I n a previous paper dealing with production costs in early printing 
[9] I examined two copies of the works of Flavius Josephus, printed for 
Octavianus Scotus at Venice in 1486 by J oannes Rubeus Vercellensis 
[10, p . 360, itemJ-486),2 and attempted to arrive at the costs 
(expressed in terms of hours of labor) for the printing of editions of 
200,300, 500, and 1,000 copies of the book. This earlier study did 
not analyze the cost of manufacturing the type needed by J oannes for 
the project. The present paper will investigate this aspect of the 
production of the book by J oannes, again expressed in terms of hours 
oflabor. The purpose will be to establish , in broad terms, how durable 
early type was, primarily by computing how long-lasting it had to be 
before it would be financially feasible to print a book with the typo-
graphic characteristics of the josephus volume-or, by extension, any 
other book. 

The J osephus work is in folio. It consists of274 printed leaves and 
4 blank leaves (548 printed pages and 8 blank pages), each leaf 
measuring in excess of31 0 mm x 212 mm. The type is set in one 
column of 56 lines per page, and the type area on the typical page is 

2. One of the copies examined belongs to the Bridwell Library, Southern 
Methodist University; the other is the property of the author. 
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about 54 picas high by 34 picas wide. The bound book is made up of 
three separate works by Josephus: De Antiquitate Judaica, De Bello 
Judaico, and Contra Appionem. A single style of type, in one size only, 
designated as Proctor 82 R [7, pt. V, Venice, Facsimiles, pl. 36], is used 
throughout the book. This type corresponds fairly closely in size and 
weight, although not in appearance, to the 12-point Century type of 
our times. Each page of the book is estimated to contain, on the 
average, some 5,250 units of type, counting characters, spaces, and 
quads. 

The bound volume is made up of35 sections. a Two of these 
sections contain 12 pages each, while one contains 20. The remaining 
32 sections have 16 pages apiece. In order to simplify our calculations 
and minimize confusion, it will be assumed henceforth that each of 
the book's 35 sections contains 16 pages of printed text. The liberties 
which are being taken will yield results only slightly at variance with 
those which would be obtained if we adhered rigidly to the 
conditions actually existing in the book. The minor discrepancies 
involved will be of no practical importance. 

Since each page contains approximately 5,250 characters, a 
section of 16 pages would require 84,000 pieces of type. The entire 
book of35 sections would thus call for 2,940,000 characters. 

There is no way ofknowing how much typeJ oannes had available 
in his shop when he printed the J osephus work, but we can be certain 
that he did not own enough to be able to compose the entire book in 
one fell swoop. 

Since type was so expensive, it was imperative that the acquisition 
of new type be limited quite severely. Although printers generally did 
their own type casting, the high cost factors imposed rigid restrictions 
upon the quantity of type they could economically manufacture and 
store in the plants. Febvre and Martin state that when, later on, it 
became commonplace for printers to buy type, the practice developed 
of purchasing only minimal quantities, and that a font of type usually 
included between 60,000 and 100,000 pieces [2, p. 78]. Such a font, 
Febvre and Martin explain, would generally be adequate for the 
composition of no more than a few dozen pages at a time. 4 The printer 

3. T he collation is as follows: A-LBM6alOb-rBfBs-xBys. 
4. T he typical page in theJ oannes-Josephus contains many more characters than 

164 Visible Language, V 2, Spring 1971 



was accordingly obliged to reset and reuse the same characters in the 
printing of a book, so that the font wore out rapidly. Febvre and 
Martin refer to a contract written during 1637 in which a typefounder 
sold a font, tres complete, of more than 180,000 pieces [2, p . 170]. Even 
as late as 1637, apparently, a transaction involving so large a font was 
rather unusual. 

Our calculations pertinent to the analysis of the durability of 
J oannes's type can be simplified considerably by making the following 
assumptions, unrealistic though they are: 

l.Joannes owned about 84,000 characters, just enough to set the 
type for one section of 16 pages. 

2. Each section required exactly the same number of a's, b's, c's, 
etc. as every other section. 

3.Joannes's font of84,000 characters coincided sort for sort with 
the type requirements of every one of the 35 sections in the book. 

4. The first section of the josephus edition was composed and 
printed, the type therein was distributed, the second section was 
composed and printed, its type was then distributed, and so forth. 

5. Not a single piece of type was destroyed or mislaid during the 
entire operation, there were no mistakes in the presswork, and no 
overruns or underruns of the press were required. 

These assumptions are very far from being realistic. Nevertheless, 
they can be employed quite logically for our purposes. Joannes 
obviously must have owned considerably more than 84,000 characters 
in order to print anything of the magnitude of the josephus work with 
any reasonable measure of economy and efficiency; but even if he had 
used several times 84,000 characters, it still would not have affected 
the durability of the individual pieces of type. What we are interested 
in determining, after all, is how many blows of the platen could be 
withstood by the type. Those pieces of type which were utilized to the 
extent of, let us say, 60 percent of their life expectancy would still 
have had 40 percent left for subsequent use by J oannes. The assump-
tions we are making at this point simply eliminate the need for the 
repeated application of correction factors to many of the figures which 
will be encountered as we proceed with our computations. 

most incunable pages. A font of as many as 100,000 characters would not have been 
adequate for more than about one and one-half dozen josephus pages. 

165 Pollak: Durability ofFifteenth-centuryType 



For a 16-page section printed in folio the imposition requirements 
are that Form No. 1 (pages 1 and 16) back up with Form No. 2 (pages 
2 and 15); Form No. 3 (pages 3 and 14) with Form No.4 (pages 4 
and 13); Form No.5 (pages 5 and 12) with Form No.6 (pages 6 and 
11); and Form No.7 (pages 7 and 10) with Form No.8 (pages 8 and 
9). 

Theoretically, Joannes could have produced a book of35 sections, 
each of 16 pages, by composing pages l through 9 of each section as 
its turn came up for processing. H e could have locked up pages 8 and 
9 as Form No. 8, and printed this form. The type in these two pages 
could then have been distributed back into the cases. H e would now 
have had enough type on hand to compose pages 10 and 11 for locking 
up with their conjugates, pages 7 and 6 respectively. The two forms 
thus created, Form No.7 and Form No.6, could then have been 
printed (on one or two presses) and the type distributed and set 
again as needed, until the book was finished. Such a procedure could 
have been carried out economically only in a plant operated at an 
awesome level of efficiency, and would have reduced the minimum 
number of characters required from our hypothetical (and unrealistic) 
figure of84,000 to a mere 47,250 (an even more unrealistic quantity, 
representing enough type for nine pages, at 5,250 pieces per page). 
However, the life expectancy of each piece of type would still have 
remained the same. 5 

It is regrettable that today we have no fifteenth-century sources to 
consult for detailed information regarding early printing technology. 
Although a few scattered remarks on the subject are found in the 
colophons and within the texts of various incunable works, they are 

5. In the earliest part of the incurrable period, printing was done one page at a time, 
so that a printer who operated one press could get along with a very small stock of 
type characters, enough essentia lly to compose one page at a time. When the press 
run for one page was completed, the type could be distributed and then reset for the 
page immediately following i t in the book. We may suppose, however, that a 
printer would prefer to own enough type to be able to compose at least one page 
while its predecessor was still on the press, in order to prevent his press from lying 
idle during the distribution and composition processes. The development of the 
technique of printing two or more pages on one form for subsequent inclusion in a 
section of the book created imposition problems which had not previously existed 
for the printer, and which made it necessary for him to own comparatively large 
quantities of type. 
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generally brief, and oflimited value from the technica l point of view. 
We do not encounter any mildly serious attempts to describe the 
mechanics of the craft until well into the sixteenth century, but even 
these are abbreviated and inadequate. The first edition ofVannoccio 
Biringuccio's Pirotechnia, a treatise dealing with the entire field of 
metallurgy as then known, appeared in I540; it allocated only a few 
sentences to printing and typefounding [I I, pp. 374-76]. Although 
this material was slightly enlarged beginning with the second edition, 
issued in I550 [1 1, p. 374 n] , the Pirotechnia contains, all told, no more 
than a few hundred words on the art of printing; and, except for 
giving us a breakdown of the ingredients of the type alloy mix, yields 
little of value in the study of the durability of early type. Nor is there 
much to be learned in this connection from the other sixteenth-
century works which deal peripherally, or rather sketchily, with 
printing, such as Leonardo Fioravanti's Delio Speccio di Scientia Uni-
vmale, published in V enice in 1567, and the Eygentliche Beschreibung 
allerStiinde, with text by H ans Sachs and woodcuts by J ost Amman, a 
curious compendium of contemporary vocations, issued in Frankfurt 
in 1568. A pamphlet devoted completely to the related subjects of 
calligraphy and printing, attributed to Christopher Plan tin and pub-
lished by him in 1567, also provides only skimpy details [1 2]. There 
are a number of woodcuts, the earliest of which appeared in 1499, 
depicting print-shop employees a t work, but these are oflittle worth 
for our purposes in this study, and some are of dubious accuracy. Here 
and there, from correspondence and contracts, it is possible to glean a 
few pertinent and enlightening facts. However, we are compelled to 
depend upon the work of that energetic Londoner, Joseph Moxon, for 
most of the technical information available concerning early printing 
methods-although Moxon's book did not appear untill683-84, two 
centuries after Joannes had printed the josephus volume [13]. I t is 
therefore imperative that we proceed gingerly as we examine Moxon's 
description of printing p ractices, and try to apply the seventeenth-
century techniques he describes to a shop of the period ofj oannes. 

Actually, there had not been many significant improvements in 
printing equipment from the incunable decades until Moxon's day. 
Most of the progress could be classified as belonging in the "tricks of 
the trade" category. If, by some miracle, J oannes Rubeus Vercel-
lensis could have been transported over the intervening 200 years to 
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by Vercellensis in 1486 (reduced approximately one-third) . 



rr lnqulrin nJOOtibus abrcoo.W:..r!>J<r.ltut forrirodintm tt ~:led G ronfi.W ru~ Ufltuti 
~U3tmlnpn:cipojnoltrirwbraroni!Jpnr:6!fortiillnubd~!.~'u.~mnnU:L. 
Qort.un mctt uri ruu.Smo rami opomos ab un.1<JW;B oorr;~rr nnluconul!_ronn rudas:q ~ 
ptr ruaspro:um<U~otrunr.Conrn DOS.~ nobtt aur rn tall rrrra mt;~ndu rll:ubt non~­
bus frd 2mus «at (orritr,.. prxh.ln: ""Gr IOC\J$ n!n quo wins drurdos drugrrr. His11'1Q 
arus lomth:J~ mlli1 rwlirom rh&"ns:Ob hraofoJ)miS <grrdmrrcum mttt ryonr. ~ 
U<nKfqur ad wpp<m:c/lra ru.rr.J ounatrm drfpofwt. N:un roprmfl< porus conclu(a-~ot: 11\. 
rus h:Jlxn!lS cullodus•bappoJJomo ronf!Jru=Cwl<Jl•omrh.n obfidrrrpu.tJlh res: nJbilb ""r...., CJUitl lml dcwllan:t pou:u :pmur. AppoiJ~liUS U(TO apr= ·~rrns.towrm a lOc.l. 
tham:rru nu1uc:quirum (unx:n<:& <>ao mrlu p<dlru ada:o~m pn;ucmr:&r.nnd~ r.!Citr ~ 
l•timq; u.um 6br paftor. Cum rrgo L.IO'nJ1tt i JOW<R1 """l.ll2 rccrd«:torurham rrnhrr ad etrn 
purn:confidrnsc:qwribus 8( lj>fin " ' habrns fu:r waorcr~ proaJlitrrr lorurh.n:~ 
cur ufq;od a:orom .oppollonru: qw cum •d CJmpum uidtifrr holltn1 utnlffr:conuurus J>Qgllf 
cum COC<irwC.rMrllt '""'6 c:qu•rcs appollonius 3d mrldl3f '" aliquo romnrc dJfpofucrar:q01 ~ no uumros mG!tn:mr.Qgod ICnrxm lonarlw:non dl rurb.uw: frdordrru m m qu>dro Oa-
orum:ur F< .unba• port<> inlm•costxoFrrnr:honaros rll:ur forrirrr mrr U<l rcrro ~~ 
bw ub~q;rrlifirrrr.Pr:l'ho>:ir uf<J ;od U<l'pcram proccd<nrr-.<hns fr.> rn f)·moni parrrm n..-CI 
rus:r11ffir >duafJnolo' cum acitm wu:rd<rr:fw(Q! pnn:cprr:rrfiudrnr f.rd:l fl&Jrt>scqufrij ~ 
Frr·<2!!• cum pr;tttpta {rolli:nr rutul ltttbirur.qu.iuu holla fupa cM frrqucn• rt'b hb~ 
uf<JUOJUO fws r-JJcw!ltnc ph>rrrr:a.N>m ligim: rorpot:l chJ>FIS fcplil:nunum rotingrt.a,;; 
romconllrp.~oonc rrfiudtnu rc!J ~icnD.I rdilgorrnrur Cum ~roapnmonun~urq; utli 
rc~<~cu!Jrucs>docrlilriidcfcoflrnr.!nrdlrg~nslj'!"on latrO<rocrnU3drr '!f'tnr:forrnrr'llal t; 
mrlmbusduntClnS: IUpult rnimocO<. V•dcrrsour «JW!CS f'<'drra ad (up conucrf~& fP<roru 
d<ctpri finrdccor<& rurprrrrabfatrcrunr:& pt"rorm Clmpum dJfpttli fuycrunr. Qsas~ 
rusron.nhzu('Jad .corum mul<M orod11 rorum.Q!'! d< fw falurr d<fpaJ11<rs:ad ~Ia 
dlgonrs cOfugrranr:qd crar m o::-oro.Opimsoiir mron.on< fw ouir:n<' romrhas:incidrr ~ 
omD<S ora cam urea.:""''' pcpnor rcmpfo d.JgonU:(cd crfam &mruinttrontirmplir. &~ 
lbi confugcr.~nr rnrn1kr.Mu/nrudo ucro qu;r m JJJo conodJt pr:rlro ulll cum r11rsqui In tip,: 
confuSO'•nr.odo mdu fugmmr. V•nc:ms ergo "'"ru ton>rh.nc.u:rmum:<lb•:om dJfctiT'rr· 
>da(CJ.lon ucnrr.N for.u dmracrmallr:J conflrrurnn:mnrr •fc:~lonrrr:m occurfum .,~ & 
don.! porunra.Qyt bud>ns <O!J.: uolunClrtm rruafu• rfi 3d hJ<roiOiynum:mul::~m p~ nr 
rcns:qu.iuldt'oorura ur&s hoihbu<•blhJMr.-. Alr.r.~ndrr Jure dcu•{lumJudJrnsdUCI'In r. fe 
•ppollonrurn.fim"Llun g.rudwm ·~ prztrr<ltH ll-nrcnru cum lon>thi conRurtrrr:qu1eusutm, 
au cr•r:mrrrrrq; rdlrrnonrum ronJrh:r:pr:rbn przmlum 8l honorcm: 8{ rorquc' aurculll·~l 
(o!cr .tllirui:>U< r<fiS d.tn.""); comnuur acc.tronu prourr.cr:r nugtfinrum. · t 

CJ; uulum. VII, 
Odcm remporerrz proiO!tld!S phr1omcror dtdus:ruwlrm ductns tt(l'd rum II{ 
dJrrs:ad (fmm urnrcb.J r:Jie.r.~ndro li1o gmrro foiJrra pr:l'b•turuJ. Q!rc' omnir 0 !::_ 
~ra f!ud•oU, .nrx•ndro pr.captcnrr fulo!'K'banr:Bl deducd•anr ufcp ad 82=oru 

. ubi ors,pcl.unab.'"t:.lccu!Jnrrs /onarhan q. rrn•plu rll<'rnc!JfTtr&drlltu.\'IJrn:.,~l 
cwoq;wfi.lffrr:mu/rofq;"'-"m·cmnrtrcr.Q_=prho/o=maudtisrJcull.lonarhJsatlrT-IJ). 
F n occurnr prholomco r!om cl.lnffinu url honorrm ab eo ptmpvns: & frodurms ca"' '"P· 
•d Ruwum qw <k-JChrruHPfYILlrur: Jd h •crofolt·num mu<Jwr. Ptrucnims "!O m:."J 
n:.11dcm. ;nx rrr omne fFm p.1ulonunus fuburr mrrrlin prha!omcus mC.dus alaandrf Jo; 
pa imomu •n.urup.~raurnr.fll.lnrfrllrs Jur fJdrs mlldm ptholomrus akxondro 1Cnb1 ~as d 
nJm Jmmonru pt'ttm:&druns rnfl.ir.n lt•obtu p3ffom & umdu'!;i furrcrr 1ufiurfi"r A~~ 
urn> non conccd<nrr ptholo~s mrrllon rllum <Ju6m rnlidJJ1< nontrr. Q!)apro -~o 
du< rfi odJofu<. AnncXncn~s aur 1!1 pnw rrar od1brlrs alrit.tndrr proprrr 3mrronru:rn!:'h;~ f~ 
paru~r p.~trr fiXJ'Jt.&r<rnJqurdcabammomo proCJus dc1:<'!rsruurunr:O«Jdrnres ..U 5q 
r.lrlqUJ mubrr f< ,rperab~r ablcondcre j,1brru nrcunduus/a:mrnco C.rur alrh1 dJCiu dl Pt <!IIi 
lomru<Jtlq;JCCU Vlscumur p.iuorrmnuptuj!.' frlr.-r fu;r:rr.mfsrrf1"o:iq;aunlu quodct ha.. 
rr.r dtmcrrruru dcduxtllrr.folutr .1ffin1rar.'N.1m & aufrrrr< (uJm /rllam:od dcmerriu r~"' 
nrm drrurr~mtorum cun1 ro r<''f'Onms.friL'q; d.m·J"< f< rllrtuorm1 &; rrlhntrTr por:.-;,&mo 
pnnc~pJrur copronunrns.f'tmrrnusucro g.'IUdcs:tir f(<prr Jrg~noncm & nupn.n. T um m ~Ill 
um p.h<>lu:nro IJbor rrflJ!-Jr.tlcClcrr >nnorhcoos: ur drO'Cinu ru'crrrr~m.rum "''"' miD< 
fucrunr cog.J p.~neau' d..· memo n:ulrJ pdT'Ull.l p.~ih fwflrnr:e< Jlt.l.mdro t.l/llm Jn:~: 



llfOPm" ammonfu i~?fcrbirur:ut p~imus.Qyi pul(us ab :mtf«h>a:m cilidam u(<J mfr. 
J><ole>mcus«goadatf~hmos urn~a:ra~bilhsliCmtlttibusotdtnatur~duof.b.d.a­
d<nUta fupapofwt:unu afyz:: :alraum cgyptl.Bcnignus ~~ liC 1ufun tlll.fltns:n« rotlCUp\U 
•IJeo2!(cd&fu~prouickn<:~cuJarrr<gnudccr<;~n:nere>mme>S~annod:! 
(>(ISII1COntloM congr<g:uu:Acdncosut <lctnttriu fuiOpncnr: ~·;;;,· .. ·-"'1! rre 
dolorcrrt ~NJ<:fa \Xn(~rurabas:dodorC:~ribonlsliCdlKifcilii~lf:'~:act• 
bUS llCSC>Cils lmnufcac:(lblautdlcrbat<g)"P._tl r<gnfi fuffi<a-c. Q_U2:dd\(nm fkdat an~· 
no<dcmCmll!?l fufdpc:r<.AiatndroUCJo CU ?»Prmlnu ud~ild (yrlamaolaoa,pfe 
ao:mnm<)l •rlochcnoft pdirc prolomcus cu gcnco c:Otn ru durlt cxndtum.m lam filcl r..a 
tolrnmonaal! tun: dcmctno contnda~<'l':lr.& UltlC<ns oluandrum:adanbl2 r. uu.U.COri It 
30rcm tn pllo:ut cquu~ptolo!:"d uoceclrph:lduudkns:ptolomru b&ttr.Q:od cii ulda~t 
taoftcs:tmpctum fupeu fccuut: mulnfg; uulncrib!,J1 copur auspfor:itcs:adl?'<lllu motttHun1 
:xfdu.rcrunt.Scd cu{l~ corpons dus "'!Pimtn <U hb.taoc:ruoc81 ita q qu.uuor din drftGtus 
,3(UitUt nrc loquf ncclnrdhga-e porua~r. Alaandn ucro raput anbU porenti!Umus zabtlus 
abfodtns proto~ rranfmlllr.Q;IJ dle quinto rdeuarns :tuuln<J< dolott:fuaue (1bi ~m fum• 
rntlq; rpeaaculu aluo.n.drl motte bmul& apneuidmqui t.\mrn paulopoft wei finlult:pro ale· 
:ondrl morrc g:mdto fl~•mo ~QelttUS.~Utf trg<;>•fya;_ak:xanderqui didusdl: b.llans :lnis 
qu1nc,:ficur f.'!Jiis demOftracu dl:.Sufol'!!ns ucro ptldp3tu dl:mecrius qui nionor appell•bafl 
f<'udtbUS co!:""pc: ccepit ptolomd mallru obhrus:& 9> focer dus&:tu.riltuor fu!flh: & :Uilnls 
per connubiu d~rn. Qg.lptOprtt nuhtn pro lome! 3d alexldri3 rofttgkl'Unl'!ekph:itos :tUc 
(l<rnCtrlUS con•phendar.lo~ras tnttrea prlncrps C.tttdorU a omni lll<k> lib! mil ita c~r. 
ar<rn' httrofolymol!<oblidebar:uba cuOodL1 rm«donu:& rranfgrrll"oJ< multltudo locar• w, 
dtb.m<t.Et ht quldc contcneb.lnt lo~rhan fxknrenucha(l.lmenta:conflcknta lod munldo-
' "bus.NoGtu ucro quldc malluolltll<kte.rcunres:oetlti'Unt ad dtmetmi:ards obfidio~ niid:to 
res Ql}l nuoo UICit3tus:c.remrU contn ion.uhan ab annoch~:~ alu.rir.Cung; :ld ptOionutdem 
fC~m!'!Cr:fmp!lr aomrh:l':poptcns ad ptolomaidC e\i cinus occurref.lonathasaiir oblidtone 
qutd<m maniroe folum dtt~tt:!i:ntom utt. o popult& 13cttdores con~ns:& auJ< & asge 
wrn & uc{l(:cii mu!otudble donoJ< deportans::ld dmxmii uf<J~t.Q_U%ru obrultlfer. tr.i 
tillS mo!lutt:& honorarus f11111u abro prfndpani lkerdoru fu!Ctpit: qui a ~bus ante rp(um 
dona rum pofiideb.w..xcuC.nnbufq;.U tt3llffugl<:dcmmius ds noncmlidlr: ftc!& perm q-
m>US pro omnttudea:utl mbus proumais:Citm.ln:l'utlaoppe:oo g.thlea:n=nta tanrom <Wtt 
rJlcnro pro ommbut his cps{loli a i>C\Jnr:quz uab:> haiu!Crroodi cOrlnebat.R.ex denxtnus lo 
031h;r: fr~m:gtntlq!iudeo!l< f:tlur<.~c:mplum tp~Rob: qu212fttni ~to no!l:ro fmpGmust 
rr;Ulflmffimus uolns:ut om nouertos.Ra dcmo:trius bflttll pa_tri r.tute .lwkoJ< genn nobis 
am1a::nonf3ql tuiT'a fmuntl:pro fide dentui do!u pbcn:& rmpolllilloneutlaerm:belfcdl-
dl·ucl r.1m.1rh<:: qux :ldduz funr tu&as & Cun..ltia:liC hts amnenw:& quantaciiqpb unmot.i• nbUS htetofolymo.Jt rrgn acetpltb.it a nrc n>t:ucl qu:rciiq; de frudu r~ud plltaris: omi:tql 
lhJqu..-c nonrorompctWlt aun:udp:lludrs C.hs:ud pro coronls qua: no!m offac:b.lmurosc.O 
c:cdo;S: mhtl e.rtotqllt.ltur ~b hts 3ntmodo /)( !pollr~CuDigtturut hutustpifto~ f1.1t exiplar 
6/. dtrur ton.nhz:<Jwtcnus m nobth loco teph rcponarur.Hzc fcnpr:a fuer:tnr. Vtderu ergo de. 
01~mus poce:nullug; fl!p(trc periculu:II(C bell1 nmou:folutt=rani lhpcndi-'91 to))< immum 
l)(iohs ill is fumprus pbeb.lf:qul cii to a crcr.t udall" mfuhs uencr.i!. Vndc odiu uelmimloo:e 
0111trum COtl'3 cii c31brz funt:quabus tpfe quid( nahtl pbeoor:reges uero ante i'p(i1m m :inonas 
rr1.i 1n JXIC:C fubmirulll'3b.lnr:ur eosin cmomintbus ll oportem pro fe fidcks I)( rronos h!tJlr : 
Jttp paranmmos tn rc bdlica& pam cu omn! h.tbertnr conlidrntia cxpetm:. 

C1pirulum.VIII. 
NteU!g(s lr.Jc:V odau miHni etrt4&rotrrliial~r! qda dux:apamcnus gencrc: diodotus 
nommc:qui Ill rnfon dlccb:uur:uemr ad nukhu arabii:qui (ii!G altr.tndnanno<hli nu-
mer.n: mJ.ntfdbnfq~ a tn!mtowse,aorusqii3S wnrra dcrmtriu hab.bir cbr! !ib1 pi:• 

t<NI annochii: rui rrgce\i tam-e:uel patmtii pt>nopani o If: tcilirum: dit:tb.1r.Q!!i pnmii re• 
hllcb.lt:m•nfc cttdrns:polt uno mulro 'i'C mfontpcrire:umot malchus:flcrufill uoliitarc fu.1 
dl ad 1'3 q tnfon pereb.lr.Pnncc:ps out fxtr.dorti tonath:uc:t!'(l'l: uolcns Jrcc htnorol}1no~:l!l 
111d(OS tr.tnffug.ts:Ul'l iptos oefq1 quip tor.i ,puana3 cu!lodcs eranr:rranfmttres ad &,!U(mu lc 
um c\i doms;roglb.lt ur de caRe I!•~ tu.dra:: run~ rnttm.Coi ru no J\x,: r.i~ fe pberc: fed 

~-1j h•s matora ,pmi"ebar:J)O(l fi~ belhqd p~nu~bus habeb.lr:ptrtb;tucroeu &~=I~• rr:if 
n~1um:m:idis !t c.\crotus (uus ab t'O rccdlilftt.Tiic tonarhas tr131llllt.luuhru cbges ddhnautr. 

p 



the shop of Joseph Moxon, he would surely have been greatly im-
pressed by the procedural advances which had been made in that 
long span of time, but he would have seen very little in the way of 
tools and machinery that was completely strange to him. Neverthe-
less, the improvements in foundry techniques, press operation, and the 
other activities carried on routinely in printing shops had been 
substantial. We must assume, therefore, that a printer inJoannes's 
time could not perform his functions as rapidly or as efficiently as a 
printer in Moxon's day. It is essential that we bear this in mind as we 
read Moxon. 

The cutting of a full set of punches was in itself a very costly affair. 
From such a set it was then necessary to strike rough matrices (one for 
each punch in the set) and to justify, or finish, them, procedures 
which added greatly to the already high costs. OnJanuary 16, 1576, 
ninety years after the publication of the J oannes-J osephus, according 
to Voet [14, pp. 44- 45], the punchcutter Hendrik van den Keere 
wrote a letter to his customer, the eminent printer Christopher 
P1antin, concerning the ')olye romain" type font which he was pre-
paring for Plantin [15, vol. 5, p. 698]. In this letter, van den Keere 
explained that it took him more than a full day to cut each character 
in a font, and that the making of five or six matrices required an 
additional day. He estimated that he could complete the cutting of 
the punches in about three months, and that the processes of striking 
and justifying the matrices and making the molds would take four 
more weeks. H aving thus prepared the ground, van den K eere then 
explained why it was going to take even more than four months to 
complete the work. IfPlantin wanted to be sure that proper care 
could be given to all the details of the job, van den Keere cautioned, 
he would be well advised to allow two more months for that purpose. 
In other words, van den Keere was figuring on about six months of 
his time (plus the time of the people who may have been helping him) 
to prepare a set of punches and the necessary appurtenances. 

A cursory survey of van den Keere's computations will reveal that 
the font he was cutting for P1antin could not have exceeded five or six 
dozen characters in number and was, consequently, a comparatively 
small font, for it could not have included much more than an alphabet 
in upper- and lower-cases, the numera ls, and a few points and 
ligatures. An incunable font generally required many abbreviations, 

170 Visible Language, V 2, Spring 1971 



ligatures, contractions, and points, so that an average-sized font in 
J oannes's time conta ined more than 100 units, and would therefore 
have taken much more time to cut than the font which van den K eere 
made for Plan tin. 

It is perhaps not out of order to suspect that van den Keere did not 
want to be rushed by his customer, and was tacking on two months to 
his normal schedule for reasons which had less to do with quality 
control than with keeping Plan tin from pressing him unduly for early 
delivery. Of course, whether it took four months or six months, the job 
was very expensive, all the more so since it called for craftsmanship of 
the highest order. 

One set of punches could have been the source for the creation of an 
indeterminate number of matrices. Vervliet states that "several 
dozens of strikes can be made with one set of punches" [16, p . 7], but 
an incunable printer who was more interested in keeping costs down 
than in producing work of quality could readily have gone well 
beyond the limits set by Vervliet. Each set of matrices could, in turn, 
have been used for the casting of a large number of characters. H ow 
much of the time devoted to the making of a set of punches and its 
auxiliary items should be apportioned as a labor cost to each thousand 
impressions of the type d erived from these punches, should now be 
considered. 

Let us begin by returning to van den Keere's estimate of six months 
for the cutting of a set of punches and the preparation of the accom-
panying matrices and molds, but let us also assume that in these six 
months he made a full-sized font rather than the smaller one he 
actually prepared. This will serve to compensate, to some degree, for 
the possibility tha t he was exaggerating his time requirements in the 
letter to Plan tin. Let us also assume that van den Keere, like his con-
temporaries in the printing trade, observed the many holidays then 
in vogue. H e would thus have worked, according to Oswald [17, 
p. 365], about 120 days in the six-month period. 

When the typefounders eventually received the matrices from van 
den Keere, they naturally cast more of the frequently used characters 
than those wh ich appear less often, so that the degree of wear in-
curred by the individual matrices within a set differed in proportion 
to their use by the typefounders. Unless replacements for the worn-out 
matrices were then struck from the punches, the first matrix to be-
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come no longer usable would put an end to the value of the entire set. 
The remedy was to strike new matrices as the need arose. Conse-
quently, the individual punches in a font also wore out at varying 
rates.6 

To attempt to compute the number of type characters which could 
have been derived from a set of punches would constitute an exercise 
in futility; to attempt to determine the number of man-hours re-
quired to cut punches and strike matrices for, let us say, each 100,000 
pieces of type made would be an equally unrewarding experience, 
unless we knew the total number of characters which were actually 
produced from these punches. If we accept the van den K eere 
figures, it can be stated that in the case where only 100,000 units of 
type were made from a set of punches, the labor cost of that set of 
punches and its accessories was 120 man-days, or 1.20 man-days per 
1,000 characters- conversely, 1,000 characters in 1.20 man-days, or 
833 characters in one man-day. If200,000 characters were produced 
from the one set of punches, one day of the punchcutter's time would 
have to be applied as a labor cost figure to the casting of each 1,667 
characters, and so forth. No la bor cost allowance is being made here 
for the restriking of matrices. 

We may assume that the efficient printer tried to squeeze out as 
much use as possible from his punches, so that the number of characters 
eventually obtained from each set of punches would proba bly have 
run into many hundreds of thousands, if not into millions. It appears 
safe to assert that while punch (or matrix) deterioration did, of course, 
represent a necessary expense to the printer, it was not critically signi-
ficant in the calculation of the cost of type and, consequently, in the 
cost of each thousand impressions produced with the type. This 
would have been true, of course, only if the type was utilized quite 
extensively. However, in the case of a type which received very little 
actual use, such as a type employed exclusively for headings, the cost 
of cutting the punches from which this type was ultimately derived 
must have been fantastically high in rela tion to the number of pieces 

6. The rate of deterioration of punches and matrices would also be affected, of 
course, by other considerations, such as the size and design of the letter, the kind of 
metal of which the ma trices were made, the care exercised by the workmen, and so 
forth. 
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cast and the number of impressions to which these pieces were sub-
j ected. Nevertheless, even when a type received substantial use, the 
factor of punch and matrix wear could not be ignored completely, for 
if, let us say, a million pieces of type were cast from one set of 
punches, the punchcutter's time outlay would have amounted to 
nearly one-eighth of a man-day for each 1,000 of these characters. 

The labor costs for the cutting of the punches for Proctor 82 R, the 
type in which the J osephus work was composed, must have been 
r ather low in relation to the number of pieces of type eventually 
derived from these punches, for Type 82 R underwent very extensive 
use over a period of many years. Information extracted from the 
British Museum Catalogue [7, V, pp. xxxviii, 414-22; VI, pp. 896-
97], Goff[10, p. 711, and items referred to therein], and the British 
Museum Short- T itle Catalogue [18, pp. 93 1-32, 978] indicates that 
J oannes Rubeus Vercellensis was engaged in the printing business, 
first at Treviso and then at Venice, from 1480 to 1519, that his brother 
Albertinus Vercellensis was his partner for some time, and that he also 
printed a number of books in association with Bernardinus Vercel-
lensis. During this period of four decades, the V ercellensis brothers 
had a hand in the printing of at least 100 books. The British Museum 
Catalogue, which limits itself to works published during the fifteenth 
century and which provides typographic data concerning these 
works, lists forty books printed by Joannes and Albertinus. Of these 
forty, thirty were composed, either entirely or substantially, in Type 
82 R; at least one other printer, Matteo Capcasa [7, V, p. 482] , used 
the V ercellensis 82 R for the production of several books. 

Those editions listed in the British Museum Catalogue in which 
82 R is the only, or predominant, type contain some 10,000 pages of 
crowded text including, I estimate, nearly as many characters on the 
average page as there are in the Josephus work. I have not a ttempted 
to determine whether 82 R was used in the composition of those 
Vercellensis (or V ercellensis-related) books which do not appear in 
the British Museum Catalogue; and I have also disregarded the fact 
that 82 R almost surely occurred frequently in other products of the 
Vercellensis shops, such as ephemera and books of which no record 
exists today. Nevertheless, even if we restrict our computations to the 
10,000 pages of82 R noted by the British Museum Catalogue, we con-
clude that the Vercellensis compositors must have set, during the last 
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two decades of the fifteenth century, some 50,000,000 pieces of that 
type alone. This achievement, equivalent to composing seventeen 
volumes, each of the size and typographic specifications of the Jose-
phus work, makes it obvious that the Vercellensis inventory of Type 
82 R was replenished frequently. The typefounders must have been 
kept very busy casting enough sorts to see to it tha t the compositors' 
cases were properly stocked. 

The fact that 50,000,000 characters of82 R were composed does 
not mean, of course, that 50,000,000 characters were cast. T ype was 
made, used for setting a number of pages of text, put on the press for 
whatever run was specified, washed, distributed , and then set again. 
New type was manufactured as need ed ; the total amount of type 
eventually cast to meet the requirements of the compositors was a 
function, in the mathematical sense, of the life expectancy of that 
type. 

It would appear thatJoannes obtained a set of punches in 82 R 
during or before 1480, struck matrices from these punches, and made 
his original font. T ime and again, as the years passed, his type-
founders cast replacement and additional type from the matrices, 
striking new matrices as the old ones wore out. When a punch was no 
longer up to the standard of qua lity demanded by Joannes, a substi-
tute was cut. The possibility also exists, in light of the evidence 
accumula ted by H arry Carter regarding the type acquisition practices 
of the early printers, that all, or part, of the type manufacturing pro-
cesses-from the cutting of the punches to the casting and finishing of 
the characters- could have been contracted out to others [19, chap. 
5]. In either case, the labor costs for the cutting of the punches and 
the making of the matrices, we may surmise, could not have been 
very significant when a type was used as thoroughly as the Ver-
cellensis 82 R. 

No attempt will be made in this study to estimate the amount of 
labor which went into the preparation of the type alloy needed by 
the typefounder for casting the type, although this operation, accord-
ing to Moxon, was " labour would make Hercules sweat" [1 3, p. 167]. 
So grueling was the work, we are told, that its completion was 
gratefully marked by a time-honoured ritual which unquestionably 
took priority over all the other activities in the plant, and which was 
supposed to help the workmen gird themselves for the exertions which 
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still lay ahead. Moxon describes this essential step in the manufacture 
of type in sympathetic detail, telling us that "Now (according to 
Custom) is H aifa Pint of Sack mingled with Sallad Oyl, provided for 
each Workman to Drink; intended for an Antidote against the 
Poysonous Fumes of the Antimony, and to restore the Spirits that so 
Violent a Fire and Hard Labour may have exhausted" [13, p. 167]. 

The flagging energies of the foundrymen having been revived, the 
casting of the type followed. The alloy was melted, and the type-
founder then poured the molten metal into the mold, a technique 
requiring a great deal of skill. A separate casting was needed to make 
each and every letter. Legros and Grant describe the procedure in 
this manner: " In the early days of typefounding the metal was first 
melted into a pot from which it was taken in a ladle and poured by 
hand into the mould . This was j erked upwards by the founder with a 
peculiar and dexterous motion, so as to cause the liquid metal to 
reach the ma trix at its end and so obtain a cast of the impression 
previously made by the punch" [20, pp. 16-17] . 

The speed at which this work could be accomplished is specified by 
Moxon. "A Work-man," he says, "will Cast about four thousand of 
these Letters ordinarily in one day" [13, p . 173.]. However, P. S. 
Fournier Lejeune, writing in 1764, about eighty years later than 
Moxon, puts the number at 2,000 to 3,000 a day [13, p. 173 n]. The 
discrepancy between the two estimates is substantial, and the fact 
that the figures presented a t the later date show a lower daily produc-
tion capacity is rather surprising. One would expect that with the 
passage of time and the growth of technical expertise, Fournier's 
contemporaries would have been able to make at least as much type 
in a day as the foundrymen of Moxon's time. It may be, however, that 
the craftsmen ofFournier 's acquaintance worked fewer hours each 
day than the men Moxon knew, or that they simply did not work as 
hard, or as well. It may also be that neither Moxon nor Fournier kept 
precise figures on foundry production, but that each was merely 
quoting rather general estimates of the number of type characters 
which, in his opinion, could be expected from each man-day of 
labor. It appears reasonable to assume that the daily production 
rate lay someplace between the lower limit of2,000 characters 
proposed by Fournier and the higher quota of 4,000 advanced by 
Moxon. This assumption is lent credence by a statement made in 
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1750, in the Universal Magazine [21 , p. 278], that a man could cast 
3,000 letters in a day. Since this figure coincides with the average of 
the two extremes provided by Moxon and Fournier, it is being 
accepted as the basis for further computations in our analysis of type 
manufacture costs. However, a caveat should be noted here- the 
typefounder in the very early years of printing must surely have 
produced fewer pieces for each hour he worked than his successors in 
the craft two or three centuries later. This lower hourly rate, on the 
other hand, could have been offset by the fact that the incunable 
craftsmen may have worked more hours per day than did the later 
generations plying the same trade. 

The rough casting which emerged from the typefounder's mold had 
to be converted into the finished character which the typesetter could 
place into his composing stick. This metamorphosis was effected by 
routing the casting through a series of operations which, in total, 
consumed much more working time than the process of casting itself. 

The steps by means of which the rough castings were transformed 
into usable type characters are painstakingly detailed for us by 
Moxon [13, pp. 173- 90]; it becomes obvious from reading his de-
scription that the necessary finishing work on the castings was tedious 
and time-consuming. 

The length of the working day during the fifteenth century varied 
from place to place, but it appears that it consisted, in the average 
print shop at least, of about fourteen hours. 7 The casting of3,000 
characters per day would thus represent a rate of one piece every 
sixteen or seventeen seconds. Moxon's description of the steps fol-
lowing the casting process indicates that it must have taken consider-
ably more time to finish each character than it did to cast it. The 
reader who wishes to pursue this matter more thoroughly is referred 
to the Moxon account; and it is suggested that he try to estimate how 

7. Febvre and Martin have listed four examples of daily working hours in print 
shops during the first two centuries following Gutenberg. The average working day 
appears to have been about fourteen hours long [2, p. 198) , although by the t ime of 
Moxon and Fournier the working day may not have been as long as it was when 
J oannes was operating his shop. In fact, one of the major objectives of the workers 
in the numerous strikes which took place in the printing industry during the post-
incunable period was the reduction of the length of the working day. 
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much time it would have taken, per character, to carry out each of the 
operations which Moxon describes. The total of the time consumed by 
all these operations will be substantia lly greater than the sixteen or 
seventeen seconds which have been computed for the casting of each 
piece of type. It should also be remembered that this estimate of 
sixteen to seventeen seconds has been calculated backward, so to 
speak. We accepted 3,000 pieces as the total output for a day of 
fourteen hours, during which there must surely have been quite a 
few interruptions in the work, such as pauses for refreshment and 
chatting with fellow-workers, stoppages while waiting for materials, 
and all the other time-consuming breaks which inevitably crop up in 
a long working day. To the time estimates made by us for each step 
in the finishing processes listed by Moxon, we should, accordingly, 
add a bit more in order to make up for such stoppages during the 
day. 

I believe that it must have taken at least twice as much time to 
finish the type and put it into the cases (or package each sort separ-
ately for shipment elsewhere) than it did to perform the casting work 
itself. s If this is correct, then the time required to process each 1, 000 
pieces of type from beginning to end would have been at least four-
teen hours oflabor, a figure which represents a rate of seventy-one 
pieces per hour, or somewhat more than one unit of type per minute. 
I am inclined to the opinion, I should add, that the work actually pro-
ceeded much more slowly than this, so that the cost of type characters, 
expressed in terms of man-hours oflabor, was greater than the 
fourteen hours which have been allocated per 1,000 pieces. Neverthe-
less, this figure, inadequate as it appears to be, will be used here. 

If we assume, accordingly, thatJoannes owned 84,000 pieces of 
type, and that it took one man-day of fourteen hours to cast and 
finish each 1,000 units of this type, then the manufacture ofJoannes's 
inventory of84,000 characters required eighty-four man-days, or 
1,176 man-hours of direct labor. 

It should be emphasized that the direct labor which has been 

8. I discussed this matter with Roger Levenson, lecturer in librarianship, U niversity 
of California, Berkeley, and proprietor ofTamalpais Press. Mr. Levenson, who has 
personally done a good deal ofhandcasting and finishing of type, agrees that the 
finishing processes consume at least twice as much time as the casting work. 
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considered here has not included any allowances for the time de-
voted to the making of the punches, matrices, and molds, or to the 
melting and mixing of the ingredients which made up the alloy. We 
have also failed to allot any time for such indirect labor items as the 
hauling, delivery, and storage of the fuel and raw materials used in 
the manufacturing of the alloy, running errands, cleaning furnaces, 
starting and feeding fires, maintenance work, supervisory labor, 
labor resulting from inefficiency, waste, and human error, and so 
forth. I am, therefore, adding one-third more labor time to the 
direct labor figure of 1,176 man-hours which has been computed, 
so that the adjusted labor charge for making 84,000 pieces of type 
now becomes 1,568 man-hours. Although this adjustment of33t per-
cent is completely arbitrary, I believe that it is, in fact, much too low. 
(It will be recalled that the punchcutter's time expenditure for the 
cutting of punches, in the case where a million characters were ulti-
mately derived from these punches, was by itself computed at nearly 
one-eighth of a man-day for each 1,000 characters-which is to say, 
that this item alone could have accounted for about 12 of the 33-! per-
cent being proposed here as the appropriate increment.) 

To facilitate our computations, we have postulated thatJoannes 
used the same 84,000 pieces of type thirty-five times in printing 
thirty-five sections of the Josephus volume. Consequently, each piece 
underwent exactly thirty-five impressions in the printing of each copy 
of the book. Since it required 1,568 man-hours oflabor for the 
manufacture of84,000 units of type, it follows that if this type was so 
soft that it would withstand only (let us say, for the sake of illustration) 
thirty-five blows of the platen, then all of these 1,568 man-hours 
would have had to be charged to the printing of one copy of the 
Josephus. It is a lso evident that it would have been possible to print 
about twenty-nine copies of the book for each 1,000 impressions 
which the type was capable of withstanding (1,000 impressions/35 
impressions per copy = 28.6 copies). 

We are now able to write a simple mathematical equation to 
demonstrate the relationship- under the conditions postulated in this 
study-between ( 1) the life expectancies, at various levels, which 
Joannes's type could have been capable of sustaining in the printing 
of the J osephus work (the number of impressions which the type could 
withstand at any level being designated as N); (2) the number of 
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books whichJoannes could have produced with his 84,000 pieces of 
type at each of these levels (N/35) ; and (3) the p rorated labor costs 
per copy (expressed in man-hours, and designated as L ) at such levels: 

L = 1,568. 
N/35 

Table I has been constructed by substituting quantities ranging 
from 1,000 to 50,000 for N. All figures have been rounded out to the 
nearest full number. 

Column N/35 in T able I includes listings for edition sizes of200, 
300, 500, and 1,000 copies, since these were the edition size figures 
which were analyzed in the earlier paper on the labor costs involved 
in the production of the Josephus work. The corresponding Nand L 
quantities have been entered in their appropriate positions in Table 
I. 

T able II has been abstracted from the earlier study, and lists the 
number ofman-hours oflabor- including an augmentation of one-

TABLE I. Labor Requirements for the Mamifacture of Type in the Production of the 
Joannes-]osephus at Various Levels of Type Life Expectancy 

Number of Impressions Type Number of Copies of the Number of 1\lfan-Hours 
Is Assumed To Be Capable Book Which Could Be Pro- Needed to Manufacture Type 
of Withstanding duced at Each Level of Type for Each Copy Produced 

Life Expectancy 
(N ) (N/35) ( L = 1,568) 

N /35 

1,000 29 55 
2,000 57 27 
3,000 86 18 
4,000 114 14 
5,000 143 II 
7,000 200 8 

10,000 286 5 
10,500 300 5 
17,500 500 3 
20,000 571 3 
30,000 857 2 
35,000 1,000 2 
40,000 1,143 
50,000 1,429 



TABLE I I. lAbor Requirements for Composition, Presswork, and Bindery Work in the Pro-
duction of the J oannes-JosephliS in Various Edition Siz;es 

Processes Number of Man-Hours by Siz:e of Edition 
200 300 500 1,000 

Number of man-hours required for 
composition, presswork, and 
bindery work 9,969 

Number of man-hours per copy pro-
duced (to nearest man-hour) 50 

12,488 

42 

17,525 30,119 

35 30 

third to allow for indirect labor, at least in part- whichJoannes would 
have had to expend for composition, presswork and bindery work 
(exclusive of the actual covering of the book) for editions of200, 300, 
500, and 1,000 copies. 

If we now draw up Table III by adding the appropriate figure 
from column LofT able I to each of the figures on the bottom line of 
Table II, we will obtain the per-copy number of man-hours oflabor 
needed in edition sizes of200, 300, 500, and 1,000 copies to perform 
all the work described in the earlier study and, in addition, to cover 
the manufacturing of the type. The number of impressions which the 
type would have had to be able to withstand in order to produce each 
edition size (column N, T able I) is a lso indicated in Table III, as is 
the percentage of the overall labor time attributed to the manufacture 
of the type. 

An edition of300 copies was fairly common in the 1480s, the 
decade during which the Josephus volume was printed by Joannes. 
Ifjoannes wore out his font of type by producing an edition of this 
size, then the labor expenditure for each of the 300 copies amounted 
to forty-seven hours. 

This figure offorty-seven man-hours by no means represents the 
total cost of producing each copy of the book. We have ignored all 
overhead and editorial expense, as well as the many other outlays 
which occur in commercial ventures of all kinds. And, above all, we 
have not even mentioned the expenditures for materials- fuel, metal, 
ink, and, most important, paper. 

Hirsch concludes that "the permissible generalization ... is that 
in the earliest period the cost of material probably equalled or slightly 
exceeded the cost oflabor, tha t it decreased at a slow rate, but may 
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TAB LE II 1. Labor Requirements for the Production of the Joannes-Josephus in Various 
Edition Sizes 

Number of Man-Hours by Size of Edition 
200 300 500 1,000 

Number of impressions type is able 
to withstand (table 1, col. N ) 7,000 10,500 17,500 35,000 

Number of man-hours required per 
copy for composition, presswork, 
and bindery work (from table u) 50 42 35 30 

Number of man-hours required per 
copy for manufacture of type 
(table I , col. L ) 8 5 3 2 

Totals 58 47 38 32 
Percentage of overall labor costs 

attributable to type manufacture 14% 11 % 8% 6% 

have been reduced to a third of the total cost some time during the 
second half of the XVI century" [22, p. 40] . Although, as Hirsch 
points out, this is no more than a generalization, it nevertheless 
indicates that the cost of furnishing the paper for, and printing, each 
copy of a 300-copy edition of the J oannes-J osephus must have been 
very high, quite likely equivalent to the earnings of a skilled printing 
craftsman over a period substantially greater than a full week. The 
retail price of the book would, of course, have been considerably more 
than that, for it would have had to take into account many other costs 
- overhead, transportation, sales expenses, allowances for bad debts, 
and so forth. Moreover, the businessmen who had invested their funds 
in the printing and selling of the book would have had to set the 
market price high enough to enable them to make a profit. It would 
thus appear that a book of the typographic characteristics and size of 
the J osephus must have sold for a sum equivalent to the earnings of 
an artisan over a period of several weeks. Even in the fifteenth century, 
when wages were low, this must have represented a tidy outlay on the 
part of the purchaser. Printed books were obviously cheaper than 
manuscripts, but they were still quite expensive. 

It was stated earlier in this study that the best we could hope to 
achieve in our investigation of the durability of early type would be 
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to ascertain whether this type was so soft that it could provide only a 
few hundred to a few thousand impressions, or whether it was hard 
enough to allow 10,000 or more impressions be made from it. 

We can, at this point, reject as untenable any assertion that early 
type was so fragile that only a few hundred to a few thousand im-
pressions could be expected from it. In T able I we see that when N 
(the number of impressions type is able to withstand) is 1,000, an 
edition of only twenty-nine copies could be produced from our hypo-
thetical font of84,000 characters, and that L (the number of man-
hours which have been spent in making this type, prorated on a per-
copy basis for this edition of twenty-nine copies) would have been 
fifty-five hours, a forbiddingly high figure . The reader is reminded 
that if the edition had been large-say, 1,000 copies- the L cost 
would still have been fifty-five hours oflabor per copy, sinceJ oannes 
would have had to keep casting new type repeatedly (at the cost of 
1,568 man-hours per 84,000 characters) in order to keep his pressmen 
working. In fact, in an edition of 1,000 copies, with a type life ex-
pectancy of only 1,000 impressions,Joannes would have been able, 
in theory, to print exactly 1,000 copies of each form with the type 
before it wore out. Since he had thirty-five forms to complete, he 
would have had to cast, in all, 35 x 84,000 characters, or 2,940,000 
pieces. This would have entailed 35 x 1,568 man-hours (54,880 man-
hours) simply to make the type for the printing of this one edition. If 
we divide the last figure by the number of copies in the edition, 1,000, 
we come back to our previously determined cost of fifty-five man-
hours per copy for the manufacture of the type in an edition of this 
size. (A small offsetting factor would have been introduced under 
these conditions- the time for washing and distributing the type after 
printing each form would have been eliminated.) 

We can, accordingly, assume that it would have been financially 
impractical for J oannes to have printed the Josephus work if type 
was so soft that it would yield only as few as 1,000 impressions. It also 
seems unlikely that the type's life expectancy was limited to as few as 
7,000 impressions (permitting an edition of only 200 copies, with the 
cost of type manufacture running to eight man-hours per copy) . I 
think that the information currently available to us permits us to 
assume that type was probably usable, on the average, for at least 
10,000 to 20,000 impressions. This would have permitted edition 
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runs oftheJ oannes-Josephus ofbetween 286 and 571 copies with 
labor costs for type manufacture ranging from five to three man-hours 
per copy (Table I ) . I suspect, however, that the incunable printer 
could normally expect tha t his type would last for several tens of 
thousands of impressions. 

Above the financial considerations analyzed here, there are other 
grounds for believing that inc unable type was moderately durable. (I 
use the word "moderately" to indicate that, on the one hand, the 
type was not so soft that it could be subjected to only a few thousand 
blows of the platen, while, on the other hand, it was not as durable as 
modern type.) 

We must concede that the alloy from which the type was made had 
to be reasonably tough. Had the characters consisted of lead alone, 
they would have been very soft, of course, and would not have been 
able to survive as many impressions as the process of alloying made 
possible.9 Nevertheless, it is quite feasible to produce a press run of 
respectable size using type characters made of nothing but pure lead. 
William Blades proved this more than a century ago, describing his 
purpose and method in these words [23, p. 108] : 

The metal of which Caxton's types were cast can only be conjectured. T he 
probability is that it was soft, and if even so soft as lead it would have been 
sufficiently durable to have performed the work for the small impression 
required of each book. In demonstration of this, the author procured, by 
the kindness of Messrs. Figgins, a fount of their Caxton types in pure lead, 
and composed a page ofCaxton's "Chess Book," working it in the usual 
way, at a common hand press, and numbering each impression as it came 
from the tympan in order to note its gradual wear. The paper was a roya l 
cartridge of the common rough quality, and was worked dry. After 500 
pulls, perceiving no appreciable wear, the author stopped the experiment, 
being sufficiently satisfied. 

9. The use of an alloy, rather than lead alone, not only increases the durability of 
type but also provides other noteworthy advantages. T he modern type alloy is made 
oflead, t in , a nd antimony, and may also include small percentages of copper and/ 
or other metals. Its melting point is approximately 475°F, much lower than that of 
lead (621 °F). The alloy's fluidi ty is superior to that oflead, as a re its expansion and 
contraction characteristics in the mold during the processes of cooling and solidifi-
cation. Type made oflead alone will produce fewer impressions by far than type 
made of the a lloy, and the quality of these impressions will be decidedly inferior (5, 
pp. 15-16). 
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Blades considered it likely that Caxton's type was soft. But, how 
soft ? He says that he used a rough paper and ran it dry. The in-
cunable printer, more often than not, a lso used wha t might be termed 
a rough paper, but ran it wet. The dry paper which Blades ran was, of 
course, harder on his type than wet paper would have been. He 
stopped the experiment at the 500th impression, although it is 
obvious that he could have printed many more sheets, had he chosen 
to do so. H ence, if type made of pure lead alone can yield more than 
500 impressions on dry paper-and probably a number of multiples 
of that figure- how many more impressions could have been gotten if 
wet paper had been used and ifthe type had been cast from the 
much tougher alloy which we know to have been available in in-
cunable days ? The evidence provided by Blades's experiment surely 
establishes the minimal figure for incunable type durability at several 
thousands of impressions. 

Moreover, had fifteenth-century type not been capable of with-
standing many thousands of impressions, virtually every page of 
incunable print which has come down to us would include a dis-
tressingly large number of broken and fuzzy characters. Much of 
incunable printing is poorly done, it is true, and there is no shortage 
of pages of text in which many defective characters may be seen. It is 
an indisputable fact that more than a few incunable printers con-
tinued to use type long after it should have been discarded. However, 
if we restrict our investigation to the output of the better printers of 
the time, we find that the condition of the individual type characters 
on the pages is uniformly good. Would this be true if type was forever 
breaking down ? 

Horatio Brown, having studied the craftsmanship of the master 
printer Nicolaus J enson, makes this comment [24, pp. 17-18]: "The 
characteristics of the J enson type are maintained all through his 
work; and if we note a marked difference in the freshness and sharp-
ness of the print of one year as compared with that of another, this is 
to be attributed to the fact that the more brilliant print is the result 
of a fresh casting from the old matrices, or possibly even from fresh 
matrices newly stamped from the original punches." 

Brown, it will be noted, does not say that he has found numerous 
cases in which individual pieces of type (or even lines or islands of 
type) within a page had broken down. H e speaks, on the contrary, of 
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a uniformity of freshness and sharpness, implying that the wear which 
inevitably took place did so on a broad basis. Had type been breaking 
down after comparatively short runs of the press, such a uniformity 
could not have prevailed for very many impressions unless Jenson 
had been casting replacements for entire pages repeatedly- that is, 
every time a type breakdown occurred within those pages. IfJenson 
had been doing this, textual examination of specific pages from copy 
to copy within any edition of his would reveal the fact very quickly, 
and the year-to-year comparison which Brown makes would be 
totally inappropriate. 

No printer, not even as meticulous a craftsman as Jenson, could 
have permitted himself the luxury of examining each sheet for defec-
tive characters as it came off the press and, if he found such characters 
cropping up, stop the press, take the form off the press, remove and 
discard the offending type, and then set up replacement type, lock it 
into position in the form, put the form back on the press, and start 
printing again. While such stoppages did occur from time to time, it 
would have spelled financial ruin to a printer to have been compelled 
to close down his press operation repeatedly during the course of each 
working day for the purpose of replacing worn-out type. How much 
more calamitous would it have been if the printer had been forced to 
set up an en tire page when a breakdown took place in only a small 
portion of that page ! 

It seems apparent that when the incunable printer put a form on 
the press he must have known that the type could be expected to last 
for a run of quite a few thousand impressions. If, at the end of the 
press run of any particular form, it was noticed that certain characters 
were showing signs of wear, they could be culled out as the type was 
being distributed into the cases, so that no interruption of the press 
operation would be required. 

An objection may be raised at this point. Reference was made 
earlier in this study to the assertion of Paul Manutius, in 1570, that 
type would wear out in only four months, and that it was desirable to 
cast fresh type before starting work on any new book in order to lessen 
the risk of having the characters go bad in the middle of the printing 
of the book. The inference to be drawn, it would appear, is that early 
type was not very durable. Such a deduction, however, is not 
necessarily valid. 
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To begin with, it is not at all unlikely that Manutius was exaggerat-
ing his difficulties with type, in which case his complaints should not 
be taken too seriously or too literally. H e would not be the first 
printer, nor the last, to find fault with materials and equipment, justi-
fiably or not. Moreover, even if the Manutius figure offour months is 
taken to be correct for the life expectancy of early type, we have no 
way of knowing how many impressions were actually made with the 
type during that period. How many characters were available at the 
start of the work? H ow many presses were used on the job, and how 
much work did they produce? How many times, in essence, did the 
average character print an image of itself on paper during those four 
months? 

Finally, Haebler cites a contract, dated December 19, 1483, which 
may be construed as presenting a position differing radically from 
that ofManutius [25, p. 19]. In this document, Domenico Caraffa 
agrees to lease equipment and type to a printer who, according to 
H aebler, "was designated as Justo [T]heotonico, probably identical 
with the Neapolitan printer J odocus Hohenstein." H aebler says that 
the contract stipulates " that the weight of the type leased by 
H ohenstein for nine months at the price of 10 ducats was 122 lbs." 
H aebler also deduces from other documentation that this type had in 
all probability a lready been used for eighteen months by two pre-
vious associates ofCaraffa,Johann Steingamer ofLandsburg and 
Werner R aptor of Mar burg. 

If a printer paid as much as ten ducats for a nine-month lease of 
type, at a time when the earnings of the average Italian printing 
craftsman for an entire month amounted to only four ducats [22, p. 
38], he must surely have planned to get his money's worth by utilizing 
the type rather thoroughly. In addition, th is type, as has been noted, 
may already have seen eighteen months of use. That it was being 
leased instead of sold would indicate either that Caraffa did not 
expect it to be completely worn out when Hohenstein had finished 
with it, or that he simply wanted to retain ownership of the metal. 

The fact remains that in both cases- Caraffa's type and that of 
Manutius-we still do not know how many impressions were involved. 
The evidence is not conclusive, of course, but it does appear that 
Caraffa's estimate of type durability, in 1483, was substantially 
higher than Manutius's, in 1570. 
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Conclusion 
Iftype life expectancy during the incunable era had been limited to 
only a few thousand impressions, the excessive labor costs inherent 
in the manufacture of the type characters would have raised the pro-
duction costs of the printed book very substantially. It is difficult to 
believe that printing could have been carried on extensively on a 
commercial basis during the fifteenth century had type life ex-
pectancy been very low. Moreover, the fact that we do not find large 
numbers of defective characters in the works of the better printers of 
the time tends to reinforce this point of view, as does the prevalence 
of the "freshness and sharpness of the print of one year as compared 
with that of another," pointed out in the works of Jenson by Brown. 

Still another indication that incunable type was sturdy enough to 
last for quite a few thousand impressions is furnished by Blades's 
experiment with type made of pure lead. 

The lines of reasoning which have been pursued in this study lead 
to the conclusion that incunable type was fairly durable, probably to 
a substantially greater degree than has been suggested by either the 
British Museum Catalogue or Febvre and Martin. It would appear 
that the number of"acceptable" impressions which the early printer 
could expect to obtain from his type must have been on the order of 
several tens of thousands. 
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