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The First Alphabetical Treatises in the Renaissance 

Millard Meiss 

Treatises on the design of the alphabet were an innovation of the early Renaissance 
and reOcct that period's concept ion of a world ordered by numrrical proportion 
and geometric shape. The interrelationship or the various mrn and thrir theorirs 
is discussed and illustrated. Although Felice Feliciano inaugura1ed 1hesc alphabeti­
cal tre-at ises, Andrea Mantegna is shown to have had an important place (if not 
key role) in the rcvi,·al of the roman lcttrr. 

A new form of didact ic and theoretical writing appeared in the early 
Renaissance : treatises on the design of the alphabet, which is to say, 
of course, the roman alphabet. The first of these texts known to us 
was written by none other than Felice Feliciano, a friend of the 
painter Andrea Mantcgna who recorded the chief C\Tnts in a fa mons 
archaeological trip they made together to the Lago di Garda. 
Feliciano's treatise on the a lphabet was followed by similar "trattati 
delle lettere antiche," o ne by Damiano l\foillc, printed at Parma 
ca. l480, another by Luca Pacioli, printed in Venice in 1509, and s till 
another by Sigismondo de' Fanti, printed in Venice in 1514. 1 This 
species ofl iterature was then adopted north of the Alps, appearing 
first as a section ofDi.ircr's Underwrysung der Atessung, pri ntcd in 1525. 

Treatises of t his sort seem to be entirely novel; they were, at least, 
written without awareness of precedents in antiquity. They bear 
witness to t he seriousness of the concern ofQuattrocento artisL~ and 
humanists with t he creation of a new script, based on Roman ex­
ample. They also testify to the desire of these innovators to describe, 
record, and communicate thcirintcllcctual and artistic conquests, 
contributing thereby to the advancement of contemporary culture, 
of whose progress they held such an unshakable com·iction. The 
treatises reflect also the desire of these men to get at fundamental 
laws, even those u nderlying the shapes oflctters. Jn fact the primary 
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motive ofFcliciano, i\ loille, and Pacioli was to demonstrate the 
principles of proportionality in the lettera anticaforrnata, as the formal 
script in the new style was called. Sigismondo de' Fanti says at the 
beginning of his discussion ofthc m ajuscules (Book IV) that he 
wishes to impart the principles of t he lettn "cum doctrina crccta," 
and this doctriua is based on the premise, ultimately Grcco-Romau 
itself, that "naturt" has ordered the thing-s of this earthly microcosm 
according lO their tn t1· and proper proportions." Feliciano intro­
duces his discussion of the first kttcr of the a lp!tabn as lullows (Fig. 
7) : 

"According to ancient practice the letter is shaped from the circle 
and the square, the sum of whose forms rises to 52, fi·om which is 
drawn the perlect number, which is 10. i\nd thus the width (ofthe 
stroke) of your letter shou ld l>c one-tenth of its height. In this way 
the letter has as much of the ci rcle as of the square . ... "~ 

T h us in the very first account of the "exquisite litere latine ant i­
quarie," as F rancesco Colonna descrilws them in the l{vjJ/Ieroto­
machia, the premises conform to the mathemat ical mystique of the 
early Renaissance. It was not only the world and man and architec­
ture and music that possessed bL·auty as the cortscquence of an 
inherent numerical proport ionality, but the le tters of the alphabet 
as well! I n the passage q uoted abo\·e, Felic iano probably had Vitru­
vius in mind. It was probably fi·om Vitruvius that he derived the idea 
of the perfection of the number 10, which the Roman writer in turn 
admits havinK taken Ji·om the "anciC"nts," particularly Plato and the 
Pythagorcans.:J These older writers, Vitnl\·ius says, considered 10 
perfect because of its relation to members of the body-fingers and 
toes- and also bccaust· it is cq ual to th<> sum of the monade.r ( 10 ~~ 1 + 
2 + 3+4). The human body, \ ' itrmius adds, manifests a canon of 
p roportion that is based on the ratio 1 - 10. T he figu re may be 
div ided longitudiually into 10 units, each of which is equal to the 
face frum the chin to the top of the f(Jrelwad. 

lt was, moreover, not only the idea of the perlcction of 10 that 
Feliciano took from \'itr uvius. Jn his tn:atisc he proceeded to apply 
to capital ktters the pcrkct furms of the square and the circle that, 
when appl ied by Vi truvi us to man, had stirred the imaginat ion or 
Ghiberti, Leonardo, and the entire Renaissance. In short, to the 
\ ' it r uvian homo ad quadratuml'l rul cirmlum Feliciano and h is successors 
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Figun· I .. \ lant<:gna. /.ri/1'1 in~ un ge.1.1u. ,\Itarpicc•·, Verona. S. Z cuo. 

Figun· :1. :\lantcgrra. l ·l!">li 7, Inscription on tablet, Padu:t. Er<:ntitani, .\far(vr­
dum ofSI. C:ltri.>lof>ha (detail). 
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add the lillna ad qwulralum et ad rirrulum. The letters of the alphabet, 
like the hnman body, manikst a ~cumetric as well as a numerical 

C<lllOII. 

Fcl1ciano·s ick:ts and procedures were adopted and given a more 

pl1ilosuphical c:-.planationby Luca Pacioli, who wrote a half century 
later. In tltl· /Jivina prujJoJ/ioue, w which his liLtlc treatise on letters is 
appt-lltkd, ltc says that "tlw ancients, after h;wing considered the 

right arrangement of" the lntlnau body, proportioned all their work, 
particularly tiLe templ,·s, in accordance with il. For iu the human 

body they found the two main figures without which it is impossible 
to achieve anything, n;llltcly the perfect circle .. . and the square." 
P.tcioli adds a metaphysical in terpretation or these figures and or the 

shape of tile bod):'' ... !'rum the human body d erive ;til mcasur<'s 

and their denominations and in it is to be found all and C\Try ratio 
and proportion by\\ hich Cud reveals the innermost SC'Crets of 
naturc."·1 These st:crl'ts arc l'Vidcntly inhrrent also in the pnfcct 
upi t;tl letl'er 1 Fi.l(. :!•1;. 

Tltc n1an ''Ito, a~ Etr as we now know, inaugu rated the Renais­
sance traditiou of:tlpltahdical tn'<Hiscs, Felic<' Feliciano, was an 
:tlmost e:>.;tn cuntL'lll por;lry or A ndll'<l .\I an tcgna. 5 Famous as ()Ill' or 

the first col k ctors ofaltcicnt inscriptions, and nicknamed "l'attli­
quario, '' Jt,. \\ :tS :tlso SOlll\'tlting of' a poet, a printn, and towards the 
end ol'lti-. lik, .111 alcltcrnist. fie transcribed a biography of' his 

Q_uattrucnno prl·d<"cessor in epigraphy, Ciriaco d'.\ncona. :\mong 
paintt•t·s h<" knew l\larco Zoppo and Gim·anni lkllini as well as l\fan­

tq~ tla, and o11 otH' occasion he addrl'sscd to the lattn a sonnet 
pk.tding lill· .~~sistanLT iu his poverty. \\'c know that in Hl)t! he joined 
till· excmsiun to th(' Lago eli (;arda ; in 147·1 5 h<' was iu V<'nice and 

Fnrar:t; in ll7b Itt· printed a Pctrareh, De 1tiri1 illwlriln1.1, a t Pojano; 
;we\ lw divd :truund 1-PIO. In l'~u3 ltl'lkclicatnl a collection of'in­

'niptions to i\lantegua, "amicus incomparahilis," sp('aking warmly 
oftltcircommon p:lsSiottlill· ancient cullnrc, and praising tlw paittt­
t·t \ k,trning and a~cltacological ,·xpniencc.u The most important of 

his epigraphicaltnanuscripts, preset \Tel in the Vatican Library, 
contain, also 1lt<· treatise on the alphabet (Figs. 7 12).7 
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Figure 8. F. Feliciano,£, R ome, Biblioteca Vaticana, la t. 6852, f. 3. 
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Figure 12. F. Feliciano, Q_, Rome, Bibliotc:ca Vaticana, lar. 6852, f. 9v. 
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L ike the ca pital A discussed abo\T, all or Feliciano's k ucrs exhibit 
his conception o r the pc r!Cct Vitnl\·ian rat io, I - I 0. :\fin giving an 
accou nt ofD, Fel iciano adds : "Nota non tc clomcn ticar br l llt lc lc 
littl'lT grosse Ia part\· xa." Althoug h Fe liciano's COIICl'rll wi t h pro­
por ti on and geomet ry is essentially tlwordic d, it is occasio1tal ly 
bound up with practical and didact ic purposes. Or th e R l~t· s:tvs : 
" La piu d ifllci l parte di fiU l'S ta li ttcra (c) Ia coda pcrchc non ,.i si 
trova alchun trac to di compasso pnkcto .. . l' E1ssi Ia cocl<t ... p1-r 

pratich a piu chc pn rasone .... ··~ R , not rcducibk to p rnpn ge­
ometry, is a sort ofscconcl -cbss letter. 

C lose stud y of' Felic iano's man uscript prm-rs that he not o nl y 
advocated gromctrie const ruc t ion of the maj uscuk hut applied his 
principles, in tlte case of' many kttns at leas t. Fa int traces of' circles, 
Sfiuares, a nd diagonals, as well as the centra l prick of' the f()ot ofth t' 
compass, m ay br seen on rnany fo lios. These geometric forms were 
drawn in t he brownish ink used afterwards to outli ne the kttcrs, and 
they were erased aftrr t hr sh apes of' the letters had been dctnmined. 
Geometry had, howevn, o nly a proximatr meaning. Feliciano, lo r 
instance, preferred a narrow Hand he produced it, en·n though it 
docs not come ncar ro filling th e Sfiua rc with whic h Ill' beg;ut. 

The capita ls in Feliciano's alphabet are prismatic, a nd in t his 
respect they rc~emblc t he much more bea utiful capitals in the in itials 
or a manuscrip t ot' Strabo, De Situ Orb is, whi ch can be d ated 14·59 
(Figs. 3-6) . These splendid letters approximate so closely t h\' capitals 
in contemporary inscriptions by Andrea lamegna ( Figs. I, 2) t ha t 
they seem to mr to h<t,·c bern design!"d by hi m and pai nted in his 
workshop.9 If this is true, how an' we to unders tand the relationsh ip 
between Fel iciano a nd iVIantegna ? Was the prism atic lc tt\'r int ro­
duced ea r lier, in examples unknown to us, and then greatl y relined 
by l\Iantcgna ? The known l ~tc ts of' its his to ry sn·m to dispron· this. 
Could Feliciano, professio nal a ntiquary, han· been its creator? T hL· 
probkm is somrw hat complicated by th r E1ct t hat Pr~1 ti lli has 
recently shown that the Vatican manuscript, contrary to gt·nna l 
belirt; is not datrd , though some bets do poi n t to ca. 146:1, the year 
whe n it is common ly l>clicvcclto hm-e bc\'n fini shed . 10 \\'('arc t here­
lore t hrown back on internal n ·ide ncc, and li.>rtun a tcly this sn·tns 
clear a nd decisi,·c. 

Feliciano, lirst o f' al l, was not an a rti st nor l'\Tn a lirst-ratc call ig-
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raphrr. A Latin miscellany prescrwd in the ;\1 useo Currer at 
Venice p rovides abundant proof of that. Dated 1460, it contains the 
statement "scripw c miniato per mano di me felice fl:liciano da 
\ 'erona .... " J 1 \Vc can he certain then- or, in tellectuals being what 
they an·, reasonably certain- that the initials in this manuscript 
were painted by Feliciano himself (Fig. 13). They arc altogt>ther 
com·entional.l ~The letters themselves are not only withou t special 
distinction but an: strikingly similar to those in the Vatican manu­
script, so that we can assume that th<' IaUer also a rc S])('Cimcns of 
Feliciano's limited craft. They arc scarcdy comparable to those in 
the Strabo . The transversal in Feliciano's H, f(>r instance, is painfully 
thin, especia ll y for a statuesque lc.:tter. The letters generally lack the 
entasis and other ref inements of the Strabo letters, and while they are 
constructed in light and dark, these value changes arc unpredictable 
and umystcmatic. In the Strabo the I ight stri kt·s the initials consis­
tently from the upper left. Feliciano's R is lighted !l·om the right, 
whik the H (Fig. 9) is lighted from within and the A (Fig. 7) fl·om 
both sicks. Surtly Feliciano was applying-, wi th limi ted comprehen­
sion, a principle initiated by the friend a ud colleague to whom he 
dedicated his treatise. 

Given the friendship of Feliciano and l\ Iantcgna, as well as their 
known collab01·ation in the study of antiquity, we might suppose that 
the proportions oftheir letters would be the same. Such, however, is 
no t the case. The Strabo capitals wrre perl1aps laid out o n a square 
and a circle (Figs. Hi, 17), but their ra tios do not con form to the 
prescriptiOIIS or Fe! iciano. When the latter te lls us, in the passage 
quoted allOW, tlwt the "width" of the letter A is -(<J of its height, he 
undoubtedly rdl-rs to the ratio of width to I wight in the right sha nk 
(Fig. 7) . The corresponding rat io in tile Strabo is about I to 12 (Fig. 
16). J r Wl" turn to other letters, H ror example, we discover similar 
difkrcnn·s. Feliciano again st ipulates a ratio of I to 10 for both the 
uprights (Fig-. 9 ), whereas 1\l an tegna, with equal consistency, again 
employt·d I to 12 kll· the more important right shank, while red ucing 
the kit fi>r the sake of a more acti,·c pattern- to about l to 16 (Fig. 
17) . Feliciano prescribes lorE an upper transversal that passes the 
axis of the square by a half of a ll"nth, while the lowt'r transversal 
passes it I>) one-tenth. In the Strabo tht> \'ariation in the lengths (as 
well as the t!Jicknesses) of the thret" transn·rsals is gn·ater. The lower 
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Figure H. D. Moille, A, fi·01 n A/j;/wbetum, Parma, ca. 1-480. Figure 16. Diagram of Mantegna, A, Albi, M S ·f , [ 183v. 

Figure 15. D. Moille, 1-1, from AljJiwbetum, Parma, ca. H80. Figure 17. Diagram of Mant~.:gna, H , A1bi, MS +, f. 273. 

18 
19 



.J 
0 

u 
< .. 

0 
'­
< 
(.) 

< z 
{.) 
w 
i-

"' < 

0 

"' < 

"' i-

"' 

~ ..c 
..c ~ 

·§~ 
~ N~ 
~ ~ 
u u 

"' "' u u 

..c 
-o 
·~ 

"' u 

_,.. 

...... 
.,j 
u 

.., 
-5 
'-
0 

transversal is actually shorter than the upper, hut it has a larger 
ser if: The ratio of width to height in the upright is agai n about I to 12. 

In his choice or a ratio or I to 12 ).I an tcgna, li ke Fdiciano, may 
have intended to conform to a ncient authori ty, particularly \ ' itru­
vius. Actua lly this writer, in the same passage on proportion to which 
we have n:fi:rrcd abU\T, says th a t while ma ny of the ' 'ancien ts" hdd 
10 to b t> the pcrkct number, o thers prckrrccl6. Twcl\'l· was an 
essen t ia l part of the numerical pa ttnnthat is inherent in 6, and it 
was called diplasios. 

l\lcasu rcmcnt or initials like those in the Stmho, whosv par ts are 
merely a fi·action ora centimeter wide, is or course o nly approximate, 
and our belierthatl\•lantegna !tad in mind the ratio J __, 12 therefore 
receives welcome su pport from the theory of D amiano l\ loillc . This 
stationer, miniaturist, and calligrapher of Parma produced in that 
city a round 14·80 the fi rst printed treatise on the design or the litter a 
autiqua (Figs. 14, 15). 13 The little book, pri n ted on only Ont' side or 
the sheet and unbound- probably because it was in tended only for 
c raftsmen- combines a short description of each lcllerwith a diagra m 
that shows it inscribed with in a circle a nd a sq uare. The author 
prescribes for the ratio of the width of an upright to its heigh t the 
same ra tio that we supposed to be inherent in the Strabo. "The I ," 
Moille says, "should be of a width tha t is the twelfth part of the 
height of the square, like all the other letters." ln describing the A, 
JVIoille says that the righ t shank is 1 '2 of its height, and tht·n stipulates 
for the other shanks some of the ra tios that, according to the ancients, 
contribute to the pcrlcction of6 (-i- ~ 3, a nd J = 2) . The width ofthe 
lcll. sha nk is -Land the transversal is :L of tht> right shank. S uch 
varia tions, lacking in Fe liciano's A ( Fig. 7), may be found in the 
Strabo (Fig . 16) . H ere, however, the relation or the transwrsal to the 
left shank is reversed, the tra nsvnsal in the Strabo being larger than 
the left sh ank in the ratio orca. 3 to 2 .1 -1 

The comparative massiveness of the transversal of the.\ , together 
with its low position a nd the wide spread of the shanks, increases the 
weight and the monumental cfTcct of the le tter. T hese qualities 
characterize all the letters in the Strabo. The H, fo r instance, whose 
un iq uely varied verticals we haH· al ready mentioned, is equally 
un iq ue for its overall width (Fig. 17) . I t approaches closely a square, 
more closely at any rate than IvJoi lle's H , which leaves an unfi lled 
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Figun· !H. IJ. \.1oillt-, lo, !rom AlfJ!wbelwn, Parma, ca.l~80. 

space at the right ( l'ig. 15). I n i\ I oi lie's const ructions, as well as in 
those: orPacioli and other latn writcrs, the letters fi-equcntly bil to 
fi.ll tht· square or pn~jcct a littl<-l>cyoud it. The ideal shape is on ly 
approximakd. Ceo!lldry prO\· ides guidance without exerting strict 
control. 

Tlw rdatiuns of Fdiciano and \foillc with the Stmbo, and with 
OI H' anothn, are n·idcn lly qui te co mplrx . Only Feliciano adopts the 
ktt('r in n·lid: hut i\foilk\ proportions arc closn ro \lantegna's. 
Luca l'acioli 's COili Jt'ctions with his predecessors are no less com plex 
1 Fig~. 20, ~ 1 ·, , L> It lw~ !wen argued that he knew both Feliciano and 
.\ lodk, cwn though lw didn't I(J! Iow eithn w ry closely. i\ncl when 
one con~Ickrs suc!t aspects of 1 he kttn ~ as the serifs, it is a pparcn t 
tii:Ll tiiou~J , i\loillc, like tlit' Rumans themsch-cs, om its Lop se rif~ on 
.'\ I, Pacioli .ts \\ell as Feliciano ('In ploys LlH' Irl. 1u i\t the same t im<: 
PaL·iu!i's le tters, sh aped in 1509 in tilt' period ofthc High Rcnais­
sann·, aH· ~quarn and bulkier than those of his predecessors. This 
cha11g<· is rdkctl'd in his basic Jlroponion ol'lhc width of'lhc st rok(' 
tu Ih height , which is no longer I ~" 1 ~, but 1 ~ 9. T he ratio of the 
,mailer ~truk(' to the lan(.LT -the tr;ms\Trsal of II , for instance, lo 
tii<· tipri~l,h Fig.~ I ), nt the tr:JIIS\Trsa l of A to the r igh l shank (Fig. 
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Fig u re 19. Italian !aiL' X\' C('lllury, 11 from an alphabc1, Chicago, 1'\ewbctT) 
Libra ry. 
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Figure 20. L. Pacioli, A, frolll Divina Proporlione, Venice, 1509. 
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20)- is moreover orten I = ~> - In a ll of th is ( 1- :) - 9) we recognize not 
on ly a predilection fo r a certain sha pe but liJr a cntain abst ract pro­

portion, na mely the Platonic, as setlorth in the 'lim.tlfll.L 

Pacio li is th e last of the major earl y Italian theorists oftht· design 
of the alphabet. Sigismondo de' Fan ti's book, publis lwd in Venice 
five years a ftn Pacioli's, is notab le chiefly as a f'ull- flcclged man ual, 
g iving p recise and d etailed inst ruct ions for the construction of the 
letters, which arc illustrated by complex di agrams (fig. 2:2 ) . 17 1 t is a 
sign of the times that Fanti should discuss fi rst no t Roman capitals 
but G o thic m inuscules. As we have observed clscwhne, ts alh:r the 
first wave o r en thusiasm for t he /itlrm rmtiqua Gothic le t tcrs ret u r n<"'d 

to favor, especially for re-lig ious texts. 
Bu t an accoun t, however br ief, of' the fi rst hal f century of the 

t heory of t he d esign of' the a lphabet canno t end w ith P acioli , and 
much less wi t h Fanti . For a highly signi ftcant contribution was made 
a t th is ti me, first a p parently by the o r igi nator -whOt'\'t'l' he was of 
the ideas contained in a manuscript that belonged in the early six­
teenth century to the Ntirnberg physician and scholar, l lartmann 
Schcdcl. This manuscript , of' which onl y the briefest notices have been 
published, 1~ proposes th ree possible ratios fo r the le t tns : I = 12, 
1 = 10, I = 9, though 1 =- I 0 is f~wored. A similar concept of'a lte m a­
t ivcs emngcs in t he thought o f' Albrecht Dtirer, perhaps inspired by 
th is a nonymous text. Oi:1ret- in any e vent had been twice to Venice, 
and he was no doubt familiar wi th a t least those alphabet ical treatises 
tha t had been p ubl ished, two o f' which had appeared in that city 
i tsel f.J ust as in h is specu lation a bout t he human figure D i.i rer had 
come to recognizt• mo re than one hcautif'u l [onn and one canon or 
proport ion, ~o so i n h is accou nt o f' roman ca pi tals in t he Unr!ei'W~)'SUIIg 

der iV!eJJuug he p resen ted more t han one perfect example of' each 
letter. H e ofiered fo r each let ter the ratio I = 9 as well as I ~ 10, and 
two or more shapes, recommend ing to the reader the usc of' the o ne 
"wdichc dir am basten gefcl t." T hus D Urer and his a nonymous 
fore run ne r undermi ned the centra l concept of' the earlier t heorists­
t ha t of' a sing le perf'ect form . Without abandon ing geomet ry and 
numerical law they opened the door to mul tiformi ty and to individual 

taste. 
But the idea ora perf'cc t letter, possessing a fixed proport ion, con­

t inued to hau nt the six teenth a nd seventeent h centuri<"'s. l ndeed in 
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Figure 22. S. de' Fant i, 1::, from Theurita et Pratlica de modo scribendi, Venice, 1514. 

Figure 23. /\.DU rer, A, from Umferwey•ung der Messung, Ni.im berg, 1525. 
)0(11)1.~'t/C llmUI:JIIUI ;at"C-'CIIrrCIIJ:IIIIICII VIColllfl\~~'1..1+ ~'" JIO'U" '·:t·V"-"''" .. "'\'f'"' ""'"''"' 
Mtinuu<jl>rn.cJ'I.inYIIV'IIIIInl.l f.cl)ltich:utfflNnnu \-dlin•d}IICul'I..Umntt1n~(l(tllot1fl•lkll 
l).."ttl><nu.\-brrftat,.llll:ltctlmm•!rt~tl\tii iOtof:'Nnt>:r9(mtlm~n•tbn't;.ct.at. ·,alfi>b.lOirC{'(N'Tt.:cl1 
Wllllljj(u t>tc i tt'(n ••uurrm.1.f .• m nm'tt l~'t>dca•~:mmo• cut \l:l)lm\)cl .• tbcrocr••unrr c l'tmt ~'t ~bm 
IliUm ut i:leu ~ttrl.tbm . ..2>.un.u~ ;cmQI'I.tt\ '' · \'ltilc'r Nnt ;u'l:CI}jlnr~.!J.I.juf:tm c· fl• n tlnct,t n,ull 
Ct'!ln>li:.lf(L't~~!f" t'('ltl b<t 11n.~fcmt ~:rocm . .t\!nuii-l<~l:oln llnnlo:(ll(tu jlnct, tflot cut nuLl!nn 
MO:unt'-nl'n'ficl•llbnli!Cflmnt:J.mr-tfrcvtfl'u w!'lnNnNu bt.~jl.tNnt'Mtmn cmcrf\'"N.Int_tnl , 

~~/, t~~~~~:.~;;i',~~~~~~~ii~~i:::,~;'~;~~t.~·~~!~~~:,~~~;~;~.~~:-;;~;~:1~~~c;;,,~~~r~111g1:: 
tiUIICrN IJil'>miCti U..'I IOtrtimm'l fC\>Intt'l.t~ o~bcr umcn hlncmW.~l'm .ltq;tl:lt ~'l.'l tllcr~'C\~lfm l 
it-.'fi'COI N~~n\No;wq D:ucut U"CI)I ricti:CUOit ll.h>ll9'11 tu, kOc'lntn,>lniiiCUitlll nrt.1l>:uru .aUfiOc"e, 
!:,"'\ o~:ni'ltrl'n.~:tl'llnt t(nrklt:cm (c9. 

~~:,~;~~,~:!.'~~«~:·:;:.f,~~~~·~~~~~·~~~~~~:~ ~~~~;~~~:~:~:: ~::r,~~~~::~~rc~~~~!~.~ 
nrt .... ·r ;ttt:l!IICJI qcru<h lt<O'i'lnt, .Dtftr l'rm·c tiiCI>IIInl~ n1111lllu l'lad~!Jclo:Jtltr,<'l l /ll'Chct-c lin lltU "'' 
nnt•~tti'l t ''"llmmt' :u.~}lciJdl(rtNl'!; tnc I:IIJtr ~utlo~t>.<~. ~'kit \~ll'll'tttlotau(;gcfc~\'O'fi t\'lrOt .djU 
f!o'{i~t.IU·\' IIUf;(.l'lt'Olffntl"tCbtlfl.llootMfhtct,t>:tjcNkl;«tiC'~jntll"(T((nt .1l6t\itfl. b.f.n."t-n' 
l'O.ftCJtl tl't'II~~\•\Cnl'Xn U'K~I t'<nt.ld)lf:cn lt'tql • .)tOIItl.tf...l. llt.l illf liU IINf;laUllnfltll,ICf..nt/ 
IU4H~td}('bolfih.ll'pf fi'(WIOI!Iti'o DIC tlnchc(l('lltiCI;-c"riui•IIIIOI ~'"\tnhlcf}rtlcfMt j tt'(T(f;l JII!IOII 
tt'ftu'! mrri;'ct.tb .\"l m.H~}IU t t ~"<~l\~~!(t)j o.~ll'ft.1: 1'111 111.1\\llllu.tl)flntjfnr~l.ll.'l'n rimt~f .Wfc~ncpmt 

-~-:-,~~·' ·'t:':r··----· 

26 

~~: A 
A A .. 

F igure 2-1. Geoli·oy Tory, 1, from ClwmfiFieury, Paris, 1529 . 

Figure 25. N . J augeon, Land M, Drawing, Paris, llibliothequc Nationale. 



France, where Italian criticism and theory were rigorously systema­
tized, the mathematical determination orletters was raised to an 
astonishing It: vel of precision. In 1692 the Academie des Sciences, com­
posing a set of mock Is of cap ita ls fur the engraver of the lmjJrimerie 
Ro)taLe, laid them out o n a fidd subdi vided into 2304 squares (Fig. 
25) . The story is not complete ltowever without adding that the en­
graver, confi·ottted with these laboriously contri ved geometric 
patterns, absolutely refused to adhere to them, insisting that the eye 
was the sovereign creator and judge of form. 2 1 Mantcgna and his 
contempo raries would probably not deny this, but they would not, 
at the same time, sense an inherent conflict. Even while invoking 
geometry as a guid e to form th <.:y assumed its limits, a nd they knew 
in tui ti ,·ely how w make somethi ng living and personal of it. 

This a rticle is adapt<-d I rom chaptet I \ " in J\,( illard Meiss, Andrea Nlantegna as 
11/wninator, an f.)isode in Renai.s.wnce Art, Humanism, and DljJiomacy. New York: Col­
umbia University Press. 

I. There is a lso a manuscript on letter design now in the Ne wbe rry Library, Chica­
go, formerly in the Ricket ts Collection (Fig. 19) . Measurements and brief instruc­
tions are written on or around the lett ers (Cf. F. W. Goudy, " The Roman Alpha­
bet," in ArJ TyfJografJhica. II , 1926, pp. 202- 5, with an unfounded ascrip tion to 
L eona rdo- see be low, note 15). r have been unable to find reproductions of another 
alphabet in the Baycr ische Staatsbibliothek, Munich, Clm ..J.51. Sec below, note 19. 

2. "Suole lusanza antiqua caua re Ia !i tt era di tondo c quadro, Ia summa dele qual 
forme ascende a l numero Lll , del q ua l si caua il numer-o perfecto che c.:. X . c cossi 
uol esserla tua littcra grossa Ia X•. pa rte d elaltcza c.:t per q ucsto modo hauerc tan to 
del tondo qua nto del quadro ... " 

3. Vitruvius, Book 11 J, chapter I. 

+. Diuina fJYOfJOrtioue, ed. C. Wintc.;rberg, V ienna, IHB9, pp. 129, 13 1. The two 
passa ges a rc quoted a bove in tltc English translation given by R . W iukower, 
A rchitertural Prindples in the Age of !-Iuman ism, London, 19-l-9, p. l ..J.. 

5. He was born in I +31. The published accounts or the life and works of' Feliciano 
evidently abound in erro r. A recent s tudy by L. Pratilli, " Felice Felic iano a lia luce 
dei suoi codici," in Atti del R eale l stituto Veneto di Scienze, Leuere, ed Arti, XCIX, 
1939- 40, pp. 33-105, ma kc.:s real p rogress, but much remains to be done. See also 
C. '1'iraboschi, Storia delta l..el/eratura Ita Iiana , ed. J\1ila n, 182+, V I, I, p. ::10+, a nd 
S. Maffei, Verona l lfustrata , Milan , IB25, ll l , p. 191 fl. 

6. Ms. 269, Biblioteca Capitolare, Verona . T he dedica tory preface is printed in 
Pratilli, op. cit. , p. 49 . 
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7. M s. lat. 6B52. The text on the alphabet was printed by R. :->chiit~c, " Fclicis 
Felicia ni Vcroncnsis Opusculum ineditum," in l~;hemeriJ· E/JigrajJiuca: Ro_m:, IB72,, 

. 255 ff. See a lso j. Poppdreutn, "Zu Felice Fdicia nos romts~hcn Sc~nftlormen, 
E1 R eJJertoriumflir KtmstwiJ·senschaji, XXVll , 190-1 , pp. 57- 60 (wtth the tncorr?c:, . 
s tatemen t that the.; Vatican ma nuscrip t was finished in I-lUI ), and R .lkrtten, Ch 
S tudi ltaliani sull'Alfabeto ncl Rinascimcnto," in Gutenber.l!,-]ahrbuclt, l~J29, P· 
269fT. The lellers E, M , S have.; not hitherto been n.:produced. . 

W. R. Koehler has kindly inlonned ntt: ora sort or Carolingian prdu~c to thts 
Quattroccnto concern with the measurement of roman script, d escrib,·d m a letter 
dated 836 of Lupus of Fcrrihcs to Eginhard. " Practcr('a sct•tptor rcgtus BertC'andus 
dicitur antiquarun• Iittcraruru, dun1laxat (i.e. videlicel) cantnl quae 111axu~1ac , 

sun t et unciales a quibusdam vocari existitnantur, habere.; mcnsuram dcscnpta m. 
(Cf. 'Leltres de Seruat Lo11p , Abbi de Ferrieres, eel. Desdevis<'s, Paris. IBBB, pp. 60- 61 .) 

B. Drawings of a ll these kttt"rS were published by Schone, ufJ. cit. Pratilli, O/J. cit. , 

reproduc('S photographs or sevnal. . , . 
9 The relationship of the.; Strabo capi ta ls to J\la ntegna, and Mantcgna s role tn the 
r~vival or tlw Roman imperial majuscule- a major one, in the write r's opinion­
arc discussed in Meiss, op. cit., pp. 52- 67, a nd idem, " Toward a More Compre­
hensive R enaissance Paleography," Art Bulletin, XLII , 1960, pp. 97- 112. 

10. The date.; l ·Hl l on r. 17, taken by some swdents to be determining, is actually, 
according to Pratilli (op. cit., p. 58) an addition . 
II. Musco Corrcr, ms. 3 H. V I, 35 1, 1'. 5 . Cl'. Pra tilli, of;. cit. , p. 96. 

12. A similar kind orinl cr lace a pp<:'ars in tiH: fri ezes or t!w r,:trarch printed by 

Felic iano (cf. Pratilli , o/J. cit. , llg. 7). 
13. C f. thc· facsimile published by S. Morison, A New(y D iscovered Trea_tise 011 Classic 
Letter Desig11 , Paris, 1927. Da miano was born shor~ ly aft er H 39 and dll·cl r.r~bably 
in 1500. C r. also Ie,ori delle B ibliotec!te d' l talw, £11ulw e Romagna, Milan, 193_ , P· 

5-1·2 and figs. 305- 6. 
H. The relationship is peculia r to th(· S trabn, and difTcrcnt iato.:s i t from all the 

treatises, including Pacioli's. 
15. The opinion. shared by Morison (of;. cit., p. 20), .tha t Pacioli wrote.his account 
of the alphabet in l-I·B3, has been refu ted by R. lkrtten, o/J. ctl. 13t: rltcn shows that 
this treat ise was written expressly l()r the volume oft he D iui11ll Prof:ortione PL~~It_shc~ 
in 1509. Jk rti<"ri argu t>s also that there 1s no substance tn thco ld v tcw that I ,Jctolt s 
Ie tt<'rs were dra wn by Leonardo, and h e.; su~f:t'Sts instea d (w11 h Itt lie e v1dcncc) 
Piero della Franccsca. l.ler tieri a lso point s out that there is no cvidL·nn' lor t~> c· 
attribution to Lt"tJ11a rdo (c.;wn u ltitnat <·ly) or the alphabt"t 110\V 111 the r\c.;wberry 
L ibrary, Ch icago (Fig . 19). On this see above, note I. 

16. On this point see !\ !orison, foe. cit . 

17. Tlteorh·a et Practica de modo scribendi, Ven ice, 15 H. 

lB. Meiss, op. cit., p. 6·~. 

19 . See C. Dchio, " Zur Geschichte dcr Buchstabcnrdorm in dn Renaissance ," ~n 
Ref;ertorium fii r h-tmstwiJJfJISdw)i, IV, l!l!ll , pp. 269- 79, a nd E. C_rous, Diirer wu! dte 
Scltrift, Be rlin, 1933, p. I I . The text lor one.; letter has bcc·n publtshed (by De!11o) , 
but none or the letters thcmsdves. lkhio proposed that the text was coptcd !rom a 
lost late lil'teenth-eentury treatise, probably by L eonardo, and also was th~ source 
oft he ideas of l'ac ioli, J)iircr , :~nd Feliciano, whose ars ltllerana he- dated al ter H!ll. 
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l r is 10 be hoped tha t this manuscript, apparently important, will soon be studied 
aclequat<:ly. Crous, whose book becan~t· a vailabk to me only after my own was in 
galleys, givcs a short accou11t of the alphabetical I n·at ises. His s tatements of fact are 
sometinws incorrect, as, l(>r· irrsrann·, abou t J'vloi lle's prd(:rred ratio . He is the only 
wnter \.vho COIIIHH'lltS Olllhc prisntatic lctlc.:·r, wonder ing wiH:.:ther tht: innunH'rable: 
examples in prin ted books oi'the 'rrinerics dnive i'rom Felicia no. 

20. See E. Panolsky, Allnedtl Oiirn, l'rinc<·ton, l!l-13, 1, p. 266 1-r. See alsop. 25B lor 
a discus.sio11 of Dtircr's :dphabcr. 

2.1. SeeS. \ forisu11, of'· <it., p. :n. See also.\. Christ ian, Debuts de I' lmprimetie en 
hmtcr. Pans. 1905. p . B:l aud plat" opjJosilc p. '1.75 .. \!ready in 15:l~ Gcoli·oy Tory 
u11hz('d a more elaborate syst t·m of coordinates than his Italian predecessors, 
a.'nnng ~t a morepn:cise marhnllat ical dt·termination oft he lcuer-s (fig-. ~-1 ) . CC 
Chamj;l·lnll)', Pans. 15:l!l (<'<1. G . Colwn, Paris, 19:31). 

Computer Recognition ofHand-printed Text 

John H . Munson 

This paper describes the p rocedures and results of a project aimed at th<' computer 
recognition of relatively unconstrained hand-printed texts. Scanning, feat me­
extraction, and character classificat ion technique~ arc described. Novel approaches 
investigated include a feature-ex tracting preprocessor consisting entirely orlocal 
edge detec tors, the use of m ult iple-valued confid,·nce indicators both bef(m· and 
after classification, the combining of independent prcprocessor-classilier ~ys1<·ms 
in parallel to achieve improved character-recognition accuracy, and rhc use of 
application-oriented context analysis. Two large files of hand-pr inted clara are 
described, and results concerning their legibility arc given . .i\n extensive bibl iog­
raphy in hand-printed charact<"r recognition i~ included. 

Introduction and Background 

Among the many subject a reas in the field of pattern recognttiOn, 
the recognition of machine-printed and hand-printed a lphanu­
meric characters has perhaps been the classic example to wh ich 
people have referred in exemplifying the fiel d. Interest in charac­
ter recognition has long run high; an extensive literature in 
hand-printed ch aracter recognition alone dates back to at least 
J955.l- 3U 

I n recent years the recognition of machine printing has become a 
commercia l real ity. Following the introduction of the highly con­
trolled E l 3B magnetic font by the banking industry, SC\Tral ach·am:cs 
in optical character recognition (OCR) capability have been 
brought to the market-place. The trend of these advances is toward 
the acceptance of broader and less controlled classes of in put: ti·orn 
single, stylized ((mts to mu lti-font capability; from high-quality copy 
to ord inary inked- ribbon impressions, and even to mul ti-part carbons 
of surprisingly poor quality. Still, in contrast to hand prin ting, the 
approaches to OCR have been able to rdy on the lack of' gross 
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spatial distortions in the character images, and to ma ke considerable 
use of templates. 

Progress in the ofr. Ji ne recogni tion of hand printi ng has been 
slower. Th e problem .is intri nsica lly harder than that of OCR, as 
reflected in the f;tct that the human recogni tion rrror rate ro r isolated, 
hand-printed characters is many times higher than for machine 
printing. The gn·at spa tial Yariability of hand-printed cha racters has 
led many n•searchers to C'xplore non-template methods for recogni­
tion. 

Thus, t l1 e major efl(>rL of many rt"scarchcrs has been the explora­
tion of unique methods of preprocessing, o r feature extractio n, 
applied to th e hand-printed character images. Dinn een, 1 in one of 
the earliest papers, i nvcstigatcd local averagi ng a nd smoothing o pera­
tions to improve the quali ty of tltc cha racter image. Similar opera­
t ions have a ppeared as a part o f many other a pproaches. 4.7 Lewis, t5 

Uyehara,21 Stem a nd Shen,23 and R abinow Electronics31 have used 
schemes in which the seq uencc ofinterser t ions of a slit scan with the 
character image, or the cg uivaknt, gave rise to featu res for c lassi­
ficat ion . Lewis 15 was one of the relatively few to em phasizc the use of 
multi p ic-valued rather tha n IJina ry-val ucd fea tures, a n ingrcd icnt 
we have found important in our own work. 

Singcr12 and l\Jinncman30 e-m ployed a ci rcular raster, which can 
facilitate size normal ization and rota tion inva•·iance. U ngcr,? Doyle,9 
and Glucksmant7 have emphasize-d features derived from shape 
attributes such as lakes, !Jays, and profllt"s. The buildi ng up of a 
character representation from component elements matched to the 
image, such as short line segments or portio ns of the boundary, has 
been attempted by Bom ba, 4 G ri msda le, et at. ," K uhl, l!l a nd Spi n­
rad. 26 Correlation tcchniq ues have been tried by Hig hlcyman 13 and 
Minneman.30 Contour-followi ng with a captive fl ying-spot scan or 
its simulated equivalent has appeared in the work ofGrcan ias, et 
al., to Bradshaw, t 2 and Clemens. ts The work ofGreanias, et al., to is 
especially sign ificant because it led to the method used in the IBM 
1287 character reader. 

Other workers have p laced greater rela tive emphasis on classifica­
tion techniques and on the selection of fea tures from a fic·atu re set or 
pool. Chow16•29 has long worked with statistical classification 
methods. Bledsoe a nd Browning3 and Roberts~ a pplied adaptive 
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procedures to features obtained from more or less •-andom connec­
tions with the image raster. Uhr and Vossler II performed a n impor­
tant pioneering study of a program that "grn l'rates, evaluates, and 
adjusts" its own parameters. Not surprisingly, however, th e au to­
matically generated fea tu res were confined to sim ple, luca ltrmplates_ 

The recognition of cha racters prin ted subj ect to specific con­
straints (such as guide markers appear ing in the priming area) has 
been studied by Dimond, t Kamentsky, •'1 and l\ lasterson.IS 

It may be said of most of these investigations that they wrre in the 
academic, rather than the practical, realm. I n general, tht' methods 
were never tested against a body of real-world data large enough to 

give some estimate of their performance in a practical situat ion . 
This p robably reflects a common emphasis on checking out a pre­
processing scheme ra ther than attacking a particular application 
problem ; it certainly also reflects the labor and equ ipment rcquirt'­
ments involved in collecting a nd controlling a significan t body or 
data. An exception to this general statement is the work of H ig-h ley­
man a nd K amentsky in the early 1960's, in which they used data 
files numbering in the thousands of cha racte rs . 1 :J, l 4 Also, several 
flles each con ta in ing m any thousands of characters of graded q ual ity 
were gathered in conjunction wi th the development or the IBJ\1 1287 
character reader and arc currently in usc a t IBJ\[ and in our group. 
Bakis, et al. 35 describe these data, on which they and others at IB ~ [ 
have performed extensive experiments. 

The use of context to improve recogni Lion performance, which 
figures prominen tly in our own work, was d iscussed briefly by Bledsoe 
and Browning,3 but otherwise has received scant a ttention in the 
past. Some studies have been carried out under simplifying assump­
tions such as Markov dependence in digrams a nd trigrams. 

Chodrow, et aL, 31 su rveyed hand-printed charactcr- reCO<Ynit ion 
• • • t'> 

techmq ues 111 1965 and d1scussed a t some length the p roccd u res of 
Clemens, 28 Greanias, et al., 20 and R abinow Electronics. The book 
Pattern Recognition by Uhr32 reprin ts a num!Jer of the importan t source 

3 6 s u d · It · papers · • • an contams a we wntten survey. An early progress 
report on the work described herein was given by Munson. 36 

Recently, commercial organizations have announced the capa­
bility to read off-line hand printing_ At the date of th is writin" 

b 

(early 1968), one system (the IBM 1287 opt ical reader) has achieved 
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pilot p roduction operation. The 1287 reader can read the ten 
numerals and five letters. Another system is announced to have full 
alphanumeric capabil ity. 

A com mon charactcristic of the announced systems is that they are 
intended to work with hand printing of very high quality, produced 
by coders who have undergone training in the skill of printing for 
n;::tchine recognition. If individual characters must he recognizcd 
with, say, better than 99.9%, accuracy in order to yield usable docu­
ment an;eptann:' rates, this type of training is clearly rcquired. Some 
experiments that will be described in the next section show that 
humans cannot rt'cognize isolated characters printrd by an untutored 
population with any rate approaching the required accuracy. 

In our work, we hmT taken the alternative approach : given text 
from an untutored coder, in which the indiYidual characters cannot 
be recognized (by man o r machine) with high accuracy, contextual 
analysis is used to reduce the error ratl' . Every form of text has its 
own coutcxtual structure, which is utilized by humans in a complex, 
largely unconscious process. VVc have therefore emphasized the fol­
lowing points in our research: the l'Stablishmcnt of large hand­
printed data filcs of known quality; the choice of a well defined 
character a lphabet and textual situation (Fo RTRAN program texts) 
as a veh icle for study and the reporting of results; th<' use of multiple 
approaches to preprocessing; context analysis to improve recogni­
tion; and the preservation of non-b inary confidence information 
IJetwecn the preprocessor and c lassifier and between the classifier and 
the context analyzer. 

In a com pan ion paper, ~7 Dud a and Hart d<·scribe the usc or pro­
gramnlcd contextual analysis in thl· n ·cognit ion of l'O RTRAN pro­
gram texts. The present papn will therefore concern itself on ly with 
the probkm ofrecugni;-.ing indiYidual characters. 

ProMnn Dt:finition 
in a fi:CCIIt paper, the au thor has argued that there is an infinity o[' 
character-recognition problems, a nd that recognit ion results arc 
meaningkss as they arc often reported in the literature, without a n 
adeq uatc description ur the problem being treated. a!! Accordingly, 
we shall try to describe the two recogn ition p roblems dealt with in 
this papt·r thorough ly enough that the reader can form an intuitive 
opinion of the difficulty oft llC' probkms. 

3+ 

We m ust first distinguish bet ween o ff-line charactcr recognition 
from a pri n ted page, and on-l ine recognit ion, in which the charac­
ters arc gcnerated by a ligh t pen, RAN o tablet, or similar 
d evice.2•1,33,3·1 On-line recognit ion is m uch simpler brcause the data 
provide a nearly exact t race of the path of the writing instrument 
a nd give accurate stroke-posi tion and time-sequrncc information. 
Fu rthermore, an error rate of as m uch as 5% may be considcrl'd 
acceptable, because each character can be classified, displayed, and 
corrected immediately by the writer if it is wrong. 

The recognition of hand-p ri nted characters should also be dis­
tinguished from that of cursive (connected ) script.~5 The stparatioll 
of the p rinted characters and the f~tct that each belongs in a wdl­
specif1cd category obviate the "segmentation problem" that makcs 
cu rsive-script recogn ition much more difficult. 

Within the framework of ofT-line block hand printing, the difficulty 
of a particular p roblem is still a ffected by many variables : the size of 
the a lphabet ; the "standard" forms o f" t he individual characters and 
the degree of constrain t placed on their formation; the size, spacing, 
and arrangement of text on the page; the writing inst ru ment(s) ; the 
number of wt·ite rs; t heir training and mot ivation; and the (fixed and 
time-varying) characterist ics of each individual writer. To illustrate 
the variability of hand printing, we may cite several instances of 
hu man rccognition rates on sam ples of hand printing. Neisser a nd 
Weene reported a 4.1 % average error rate on characters primed by 
visitors a t the front gate at Lincoln Laboratory. to With all subjrcts 
voting toge ther, the error rate was 3 . 2~~ - We have reported an error 
rate of 11 Oft1 on the well-known quanti<:ed chat·actc r set collected by 
Highleyman, which sullers from crude quantization urthe chantc­
ters . ~9 On the multiple-code r data file used in our experiments a nd 
described below, the error rate was 4.5<>;'0 ; on the single-coder file, 
0 . 7°/o . F inally, present com mercial systems are intended to oper::tte 
wi th character error and rejec t ra tes on the order ofO.l % to 0 .0 I ~~ -

T he most sign ifican t determinants of hand -pri nting quality a rc the 
training and the motivation of the printing population. Our choice 
in the work described in this paper was to treat data li·om an 
essentially untutored, moderately motivated population, represented 
by comp uter users who hand-code program texts (or keyp unching. 
Such a coder has typica lly received no instruction in pri nting, beyond 
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a few rules about slash ing or crossing characters to avoid such 
confusions as 1-1, 0-Z(·ro, and 2-Z. He docs receive feedback of the 
results from prior keypunching jobs, which motivates him to main­
tain (perhaps grudgingly) a certain level ofl egibility. Thus, whi le 
this printing is far sloppier than that allowed by presently announced 
recognition systems, it is more legible than that produced by the 
general public while, for example, addressing mail. 

Two files of data were used in the experi ments reported in this 
paper, a multiple-coder fik and a single-coder file . T he characters in 
both files were hand -printed on standard general-purpose coding 
sheets obtained from the Stanford Research Institute compu ter 
center. The cells ou these sheets measured-} inch high by -f\0 inch 
wide, with no extra spacing between cells. A thin- lead mechanical 
pencil with an HB (soft) lead was used, afte r brief experimentation 
indicated that no other conventional writing instrument gave 
crisper images when viewed through our input system. (A pencil is 
the preferred instrument because it facilitates erasure.) The coder 
was free to use whatever character size he found natural. 

The I 0 numerals, the 26 upper-case letters, and the symbols 
[ = * /+-.,Sl comprised the a lphabet of46 characters. This is the basic 
l'O R T R AN alphabet, with brackets substituted for parentheses in 
accordance with the convention associated with our computer 
system at the time. The blank was not treated as a character category, 
the recognition of blanks being more a function of a document­
scanning subsystem than a pattern-recognition problem. We 
instructed the coders to print zero with a diagonal slash and Z with a 
midline sl ash , and to put crossbars on the letter I. Numeral l was to 
be without serifs; several coders, however, added serifs. Other 
choices were left to the individual, such as open versus closed4, the 
crossbar onj, and the numbet· of verticals in $. 

Multiple-Coder File. Printed data fi·om 49 individuals were included in 
the multiple-coder fi le. Each person was asked to pri n t scveral46-
character alphabets on a coding sheet (at one sitting), and the first 
three alphabets from each sheet were taken for the file. The data from 
the first 32 persons (96 alphabets, 4416 characters) were used as 
training or design data during the experiments, and the data from 
the remaining 17 persons (51 alphabets, 2346 characters) for test. 
The coders of the training data were a ll personnel of the author's 
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JalJoratory and the computer center at SRI. The coders of the test 
data were eight fl·orn SRI and nine from the US Army Electronics 
Command, Fort .1\ [onmouth, N.J. Any cross-country bias in printing 
styles is probably small compared with ind i\'idual clifli:rcnccs. 

Portions ofSt"\Tral oft he test a lphabets arc shown in Figure I. The 
coders were asked to print naturally, bei ng neither especially casual 
nor especially meticulous. However, it is ob,· ious that data gathered 
this way arc not candid; they arc probably better than data from 
ac tual coding sheets prepared f(w keypunchi ng. Unfortuna tely, it was 
not feasib le for us to process cand id data fl·om a number of people 
using a varict y of coding fo rms and languages. 

Five huma n subjects were asked to class ify the charactns i11 17 of 
tltc test a lphabets one from each coder viewing tiH' quan tized 
images (sec the sect ion o tt scan ning) itt isolat ion and in random order 
on a cathode-ray tube display. The rrror rates ranged fl·om 3.0°" ro 
6.4o/0 , with an average of4.5~~ - Taking a plurality \·otr among the 
five responses, the error rate was 3.2° ; •. 

Single-Coder File. Experiments vvere also pcrlunned with a single-coder 
file, in order to investigate the impro\-cmcnt in pcdurm:tm-e resulting 
from allowing the recogni tion system to specialize in the printing oLt 
single individual. This file con tained l727 training cha racters and 
1042 test characters. The training set included 15 alphabds (690 
characters) oft he type collected for the multipk-codn file. The 
remain ing I 037 training characters wnc ta ken from FORT R .\ x text 
on coding sheets, as were the I 04-2 test cha racters. The 15 alphabns 
were iucludcd in th e tt·a ini ng set to ensure adequate representation 
oLd I the characte r categories, since t hL·ir appearance in actual tex t 
was haphazard. 

The text charactns wnc taken fl·om FORTR .-\N cod ing shlTls 
prepared by the author in rhe cou rse of actual p rogram dn'l'iopmcnt, 
sotnc months before the recognition expn imcnts were perliu·med . The 
coder corrcc red major mallormations of'charactl'rs as he noticnl 
them, bu t a\'Oid('d printing with tnt natural care. Thus, whil l' these 
data arc not candid, it is felt that they closely modd a realistic 
situation that would be obtain('d if one tried to SlT\'l' a coder wlto was 
making a minimal c flo rt to assist the system. 
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:-\sample ofthc test d a ta is shown in Fig ure '2 . \Ve m ay d escribe 
these characte rs as being quite legi ble to humans bu t not hig h ly 
regu lar. T en human sul~jecrs w"CIT a~ked to c lassify the test characters. 
T he average error ra te was 0. 7° ;). T aki ng a plurality vote a mong the 
I 0 responses, the error rate was 0.'2° ~ ( two error:; in I 04·2 characters) . 

Scanniug 
The hand-printed characters wne scanned ti·om the source 
documents (the codi ng sheets) by a \·iclicon tele-vision camera fitted 
witl1 a c lose-up lc11s and operated under the contro l of" an SDS 9 10 
com puter. Each document was mounted in a concave cylind rical 
holde r so that, as the Cllllera panned across the documen t, the view­
ing distance and hence the im age sca le rema ined cons ta nt. The fie ld 
ofYiew was approximatdy o ne inch square. T he camera gent'ra ted 
a standard closed-circ ui t tclt·vision waveform, which was quan tized 
to two k\-els (black/white) by a Schmidt trigger and sampled in a 
ras ter of 120 X 120 points. 

The document was illuminated by lour noodl igh ts moumcd a round 
the T\ ' camera. r\ colored filte r was placed o\·cr the camera le ns, to 
suppre-ss the colort'd coding-sheet guidelines appear ing o n the docu­
ment. The guidelines could haYe been used for locating the characters, 
but we prcf(:rreclto strin: for a fiTc- ficlcl cha racter-locating procedure 
that could ultimately handle between-the-lines corrections or coding 
on a blank sheet of paper. Also, without a color-sensi tive input sys tem, 
separating thc- gu id eli nes from the characters where they c rossed or 
coinc ided could be a m<0or problem. 

The field of view was chosen so th at a single character image was 
usually a little less th an 24 poin ts high a nd abo ut 15 po in ts wide. The 
com pu tcr began t l1 e scan ning by reading in a 120 X 120-point pic tu re 
contai ning, in general, several character images. A sca nning routine 
then proceeded approximately horizo nta lly thro ug h the picture, 
finding and iso lating cha rac tf'r images. Provisions were included for 
tracking a line of tex t, and fo r accepting multi-part character images 
such as equal s igns and cha racters with unconnected crossbars. 
\\"hen t he scanning rou t ine got to th f' right of the 120 X 120 p ic tu re, it 
requested the camera to move to the right a nd input a nother picture. 

r\s each character was isolated , it was placed in a sta ndard 24 x '24 
raster format (Fig. 3) . );o corrections for magnification or ro ta tion 
were applied. The BCD rod e of the charac ter was entered manua lly 
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FigUJ·e 3. A hand-printed character in the standard 2-l- "\. 2-J. lo r111at. 
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at the console typcwriter and attached to the character record for 
subsequent usc in the traini ng and testing procedures. The tw~ files 
(single-coder and multiple-coder) of quantized 24 x 24 black/wh ite 
character images served as the starting point lor all subsequent 
processing. We ho pe to make these files avai lable to other rescarehcrs 
through the cftons of the Subcommittee on Rclerencc D ata Sets ofthe 
Committee 0~1 Pattern Recognition of the IEEE Computer Group. 

Our scanning s<'t up was "strictly experimcn tal. " I t was an in­
expensive substitutc for the sophisticated optical scanner and mechan­
ical transport requ ired fc>r a high-volume prod uction system. 
A lthough the scanning routine enabled us to gather the thousands of 
q~antized characters in our data files, it was never capable of running 
without an attendant to rescue i[ fl·om its e rrors. These wcrc duc to 
badly non-uniform sensitivity across the fidel of view (common in 
vidicon tubes), which made it impossible to se t a si ngle quantization 
threshold val id th roughout the fidel, a nd to the lack of precise knowl­
edge of the position ofthc TV camera. (Incidentally, by solving 
these problems, it sho uld be possible to c rcate a low-speed, 
inexpensive automat ie scann ing systcm along the lines of the one 
described above.) 

Othei· files of digi[ized hand-printed data, supplied through the 
courtesy ofW. Highleyman and researchers at IBM Corporation and 
R ecognitiOn Equipment, Inc., have been processed merely by 
convertmg them to our standard 24 X 24 format. In some cases this 
has r~quired changing the size of the charac ter raster by copyi i~g or 
ddetmg rows and columns. 

Preprocessing 
Th~ term "prep_rocessing" has acquired a variety of meanings. We 
use lt here to refer to the specific activi ty of fea ture extraction: The 
calculation, from the (quantized) character image, of a set of 
numerical feature values that fo rm the basis of subsequent pa ttern 
classification. 

. Two preprocessing methods were used in these experiments. The 
f1rst, embodied in a computer program called PREP, was a simulation 
?fa previously constructed optical preprocessor capable of extracting, 
m parallel, 1024 optical correlations between a character image and a 
set of photographic templates, or masks.40 The second, a program 
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called T OP o, extracted a large number of topological and geometric 
features of the character image. 

The PREP Preprocessor. The P REP program performed edge detection 
on the 24 X 24 quantized images through the use o f edge-detecting 
mask pairs, or templates. Each mask pair consisted of two 2 x 8 
rectangles of points, adj acent to each other along their long edges. 
One of the masks was given positive weight, the other, negative, and 
a threshold was set such that if the positive mask encountered six 
more figure poin ts than the negative one, the binary response oftht.: 
m ask pai r was O N (Fig. 4). 

To provide a limited degree of translation invariance, the responses 
of five such mask pairs were OR-ed together to give a single binary 
component of the output feature vec tor. The five mask pairs in a 
group had the same orientation and were in the same region of the 
24 X 24 field. Nine regions were allotted to each of the fo ur major 
compass directions, and six regions were allotted to each of the eight 
secondary directions (a t 30° intervals). Thus, the complete feature 
vector consisted of84 L> inary components, and the significance of a 
typical componen t was, "an edge oriented north-of-west has been 
detected in the left cen tra l region oft he fie ld." Figure 5 shows a 
computer display in which the lines a re normal to edges detected in a 
sample of the n umera12. The lines emanate from 15loci representi ng 
the a llotted regions. 

Each quantized image was presented to the P R EP preprocessor 
nine differen t times, first in the center of the 24 X 24· field, then in the 
eight positions formed by translating it vertically and/or horizontally 
by two units. Thus, for each pattern, a set of nine 84-bit featu re 
vectors was formed . T he use of these multiple-view feature \TCtors to 
improve class ificat ion performance is described below. 

The TOPO P1·eprocessor. The TO PO preprocessor was a sizeable 
collection of computer r outines asst:mbled to extract topological ami 
geometric features from th e character image. I n general, these 
fea tures described the p resence, size, locatio n, and orientat ion or sue h 
enti t ies as enclosure~ and concavities (lakes and bays) and stroke t ips 
in the character. 

TOP o began with a single connected character image in the 
24 X 24 fi eld. (The equals sign was sought out in advance, and trea ted 
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Blouse Foundation 

Princess Line Blouse Foundation 

c 
F 

How to shift the blouse into a slim fit princess seam blouse. 

Draw the princess style line from the armhole to the hem and blend into the large or 
s mall waist dart (depending on desired fit). Then close the bust dart. 

c 
F 

c 
F 



c 
F 

Loose Fitting Blouse 
Squa re down a straight line fro m the center back neckline and a rmhole. 

Close the front bust dart,a nd transfe r the di fference by opening the la rge r waist 
da rt. 

Draw down a straight line from the a rmhole. 

~ 

i ' ,; ? 

Re-draw the new patterns ignoring all the da rts. 
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(a) 

(c) 

Figure ·1. Edge-detcctiug mru;ks in PREP: (a ) quantiznl character image; (b) an 
edge n1ask; (c) charaCL('t' and rnask toget her. 

Figure 5. Responses or the PRE I' cdge-dc.>t.-cting mask groups to a numeral:!. 



as a special case. Other unconnected figures were forcibly joined by 
growing a bridge between the individual connected regions. If this 
failed, the lesser rcgion (s) were discarded. ) The perimeter of the figure 
was fi rst found (Fig. 6) . The perimeter was defined as a list of figu re 
points, beginning with the bottommost of the leftmost points of the 
cha racter figu re, found by stepping a long the edge of the figure and 
keeping the figure always a t the rig ht hand and the ground (non­
figure) at the left. The perimeter has the property of including all 
figure points that a re 8-adjaccnt (adj acent horizontally, vertical ly, or 
diagonally) ro ground points outside. 

Next, the convex hull boundw] (CHB) of t he figure was fou nd (Fig. 7). 
The CHB of a two-d imensional figure may be thought of as the o ut­
line of a rubber ba nd stretched around the figu re. In the case of a 
quant ized figure, some a rb itrariness is required in the specifica tion 
of the C HB, because a straight line between two points on the image 
grid docs not general ly fa ll on exact grid locations. We defi ned the 
CHB to include al l the ext remal points oCtile character image, 
represented by letters other than "X" or "0" in Figure 7. In between 
these extremal points, the C HR was to follow as stra ight a path as 
possible, but neYer fal ling outside of the theoretical stra igh t li ne 
connecting the extremal points. Keeping the C HB to the inside 
reduced the number of' small, insig nificant concavities fou nd subse­
q uently. To {1nd the extremal points in the C HB, it was only necessary 
to search among those perimeter poi n ts at which the peri meter turned 
to the rig ht. 

After the CHB was obtained, the concavit ies and enclosures of the 
cha racter image cou ld be found qu ite readily usi ng compute r 
routines that simulated Boolean a nd connectivi ty opera tio ns perform­
ed in parallel over the entire 24 x 24 field. Let the border consist o f 
those grou nd points in the outermost rows and columns of the 24 X 24 
field . Let an image l.Je formed consisting of th e ground, minus the 
CHB. The portion of this image that is not connected to the bord er 
lies within the CHB and consists of the concavities and enclosures of 
the character. Those regions that arc connected to the borde r by a 
path of ground points (including ground points in the C HB) are 
concavities; those regions that are not are enclosu res within the 
figure. The character in Figure 7 contains two concavities a nd two 
enclosures. 
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Figure 6. Hand-printed c hat·actcr with perimeter points marked X . 

F igure 7. Character with convex hull boundary (CHB). 
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Figure 8. Spur-find ing. (a) finding the spur tip; (b) tracing the spur. t 
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l\lultiplc concavities and/o r enclosures were extracted all at onct· in 
a single 24 x 24· a rray l>y tile para llel o per;tt ions. They were then 
separated (again using the connectivity operations) ami sorted by 
size for su bseq urn t usc. 

The spurs of a character arc those strokes that t·nd in an isolated 
tip. Idea lly, the letter X has four spurs, tile kllcr 0, none, and til<· 

letterS, o ne spur with the special property of having a tip at each end. 
The list of perimeter poin Ls was used to find tlic spurs. Consider 1 wo 
pointers movi ng down the Ji st of perimeter points, wit h OllC pointer 
ahead of the other by, say, 15 places. As the poin ters mowcl , w,· 

calcu lated the Euclidean distance between tile two perimeter points 
indicated by Lite pointers. Some of these distances :tiT rcprcsenll'd by 
arrows in Figure 8a. !\'l ost of t he ti me th is distance would he approxi­
mately 15 units. A sudden decrease of the distance bt'lwcen the two 
poi nts to a m inimum that was less than hall" i ts usual ,·alttc indicated 
that the pet·imeter had gone around a sharp bend -i.e., had gone 
a round the tip of a spur. The position ol"the spu r ti p, indicated by the 
perimeter point halfway o n the list between the two minimum­
separa tion points, was the prima ry aurib utc of the spur used for 
form ing features. 

O nce a spur was lclUnd, it could be traced by the "c:diper method" 
(Fig . 8b) . I magine that the legs of a pai r of calipers arc placed at the 
two mi nim um-sepa ration poi nts . The cali pers arc then "slid" along­
the spur by stepping the legs of the calipers along tht· pcrinwtcr, away 
from the ti p. T he calipers arc moved as hu as they can go wi thout 
having to be spread by more than, say, seven units.ln some cases, 
such as the numeral 6, LlH· calipns will be obstructed by the body ol" 
the figu re and musr stop. I n o ther cases, such as the let tcr S, the lt-gs 
of the calipers will travel al l the way a long the fig ure and meet ;\l the 
far end, indicat ing a "single-stroke" figure. T he mid poin r or thc 
moving ca lipers traces out the backbone ol"the spur, and a list ol"the 
midpoint positions can be stored to rep resent the spur (the heavy lim· 
in Figure 8b). 

Another set or character a ttril.mtcs fo und in TOp 0 and used for 
1eature generation were the profiles or the character image. The pro­
files were four lists, of24 entries each , speci ["ying the first row (or 
column) in which a fig ure point was encou ntered in each succcssi'-c 
column (or row) as seen from the top, bottom, left, and right. The 
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prof iles were the basis or a num bcr ofspecial i7.ed featu re ca lc ulations, 
designed to discriminate among particula r categories, that evaluated 
such propert ies as the width of the character a t ,·arious levels, the 
number of re\'ersals of direction in a profile, and discontinuities in the 

profiles. 

. \ imurical Ffalure Calrulalion in TOP o . 1\fi.e r the topologica l and geo­
metric components of the character image- concavities, enclosures, 
spurs, profiles, e tc. - we- re e-xtracted, it remained to convert them to 
numerical compon ents of a feature vec tor suitable fo r subseq uent 
classifica tion hy an adaptive machine. This task was beset wi th 
se,·eral concept ual a nd practical diflic ulties that rnay no t he o bvious 

a t fi rst. 
In T O I'O the task was carri ed out in two steps. first , descripton· 

\ indi,·idual numeri cal quantities) were deri,Td from the info rmation 
at hand. Sccond,features in a standard form were calcu lated fi·o m the 

descri pturs. 
Each descriptor had to b!." chosen so that it always represen ted a 

unique charac teris tic of the cha•·<u.: ter image. For example, sup pose 
that one descri ptor were to represent the ,·ertica l posit ion of the 
rightmost spur tip. S uch a descriptor wou ld help to disc riminate, for 
example, between T a nd L. But this descri ptor would give unpredict­
able results for charac ters such as C, E , and I, depending on wh ich 
spur extended Guther to the rig ht, and would probably be detri­
mental tO the dassification of characters in these categories. I n 
addi tion, there is the problem of vacuous descri ptors : What value do 
we assign to th e above descripto1· .in the case of a le tter 0? 

In TO 1' o, these problems were coun tered by a ca reful choice of the 
definition of the descrip to rs. I n many cases it was possible to devise a 
descriptor that was a lways well defined. For example, if a spur­
descriptor is put in the form, "to what extent is t here a spur in the 
upper righthand corne r, " it is dcfmecl fo r any n umber of spu rs and 
can properly be gi ,-cn its min imum value for a figure with no spurs 
at a ll. In addi tion, th is form of definition (u nlike the preceding o ne) 
has the importan t proper ty of continuity: deformations of t he cha racter 
image that mo\'e the spurs by small amounts a lways cause small 
changes in the value of the descriptor. I n another paper, the author 
has a rgued that the presen·ation of continuity is important throug hout 
the various stages of the pattern-recognition p rocess. as 
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As the fina l step in TOPO, t he actualkaturcs (the numerieal 
comp onents oCthe feature vector for classification) were calculated 
fi·om the desc riptors. 1\ first requirement on the fealllrcs was that 
t hey be of com parable magnitudes, so that none would dominate the 
sums formed in t he pattern classifier. Thus, t he fi:atuiTS wrre all gin•n 

a stand ard range of zero to 100. (Note that tlwse features were 
mu ltiple-valued, whereas those li·01n the PR EP preprocessor \n-rt· 

bina ry.) 
i\ second, lu::urist ic req ui rement on the kat t1 res was 1 ha t they 

emphasize the sign if icant eli fl"erences among characll'r c lasses. In a 
two-category classi fi cation problem, it is J<-as ihlc to a ualy7.c r ite 
discrim i1~at i ng power of a feature statistically (or ewn by insp<'l'tion ), 
and to adjust the transformat ion from descriptor to katu re so as to 
maximi;~.r this power. Tn our 'Hi-category problem, we cou ld onlv 
guess a t reasonable transformat ions. I n any case, o ne should not 
~xpect the fea ture to be a simple linear function or:l descriptor. 

T he d erivation of features in TOPO may be indica ted by an exam­
ple. Consider a descript01·, MCONC(u p), wl1ich is a measur~ of the 
presence or an upwarcl - f~tcing conca,·ity in the character. l·or a flat­
topp~:d o r round-topped cha racter, such as T o•· 0, ~~ <: o :-< q up) 
shou ld h;n-c the value 7.ero. For a cha ractn such as U or\ ', ~~co:--:<:­
(up) shou ld have a \'alue of eight or greate r. For a Y or an open­
toppecl4, howen"r, we should on ly expect values offi\T or g rc:ttcr. 
Owing to t he linea r nature of the do t-product units used in the pattern 
classifier, it is impossible Cor a single fCature p roportional to~ ~ coN c­
(up) to discriminate between Y a nd T, for exam ple, without treating 
U as a "supcr-Y. " VVe actu ally require two featu res o nt· tha t 
"switches" in the range 0 to 5 and one that docs so a t a higher range. 

Tile two transfo rmations tha t derived featuresll·om MCONc (up) in 
TOPO a rc shown in Figure 9 . There were two such 1\:atures corres­
ponding to each spur descr iptor and concavity ckscri ptor in TOP o. 
ln al l, TO PO producecl6H features: 16 for the spurs, 16 for the eon­
cavities, 8 for the enclosures, 6 lor O\'erall character size and shape, 
and 22 resulting fi·om special calcu lations about the width or 
the character a t va rious levels, discontinuities in the profiles, etc. Each 
feature was calcu lated fi ·om a numerical desc riptor by a iransf(mna­

tion arrived at by inspection. 
1 t should he eYiclcnt fi·om the foregoi ng description t ha t the 
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development oCTo PO was a cut-and-try afl"air. The extraction of 
topological entities and the generation of desc riptors and features 
were cominutd only as far as patience permitted. For exam ple, a 
f..:ature to look for st ructure within an enclosure and help discrimi­
nate bet ween 0 and Q was never implemen ted. It is the author's 
opi n ion that th e generation a nd selection ol'features for pattern 
classification, especially in the multi-ca tegory case, is the greatest 
problem area in pattern recognition at the presen t.:!~ 

(;/ assifiwt iou 
.\n adaptive pattern classifier, or leaming mach ine, was used to 
classif)r the characters on the basis of the feature vecto rs generated by 
a preprocessor, either PREP or 1'0 PO. The learning machine was of 
the piecewise linear (PWL) type, descri bed by 1 ilsson. 41 The lcam­
ing machine for these experiments was implemented by a compu ter 
program called c.>. u1 (Collected A lgori thms fo r Learning.\ lach­
ines) , -12 runn ing on th e SDS 910 computer, which sim ulated the 
anion of" the :\liN 0 S I I hardware learn ing machine canst ructecl 
earl ier du ring this project.·lU, ·13, 44 

52 

BrieOy, a learning machint" embodies a set of Dot ProdliCt Units 
(DPU's) that fcm11 the dot product (also called the in ner prodllct or 
V\'ctor product) between the incoming pattern, or feature \'l'clor, and 
a srtofstorecl weights. T ltejl11 DPU of the marhiiH·IimllS the dot 

product 

sj = .Y· wj = ~·x; Wjj 

I 

lxtwecn the pattem vector X and tlw weig-ht , ·ector fl 'i associat\'cl 
with thcj"' DPU. I n a P\VL learning machine, a small numbcr of 
DPU 's arc assigned to each of the 4·6 character categorie-s. Thc 
largest clot p rod uct fo rmed among the DP U's assigned to a category 
is takC II as the resjJollse for tha t category. 

The category responses may be utilized in two ways. Jfit is 
desired to explicitly categorize a character, the character is assigned 

to the ca tegory with the largest response. r\ testing margin or dmd ::.one 
may be employed, so that any character for which the largest responS\' 
does not exceed rhe second la rgest by the margin is class\·d as a reject. 
I n the performance results listed below, the reject margin is not used. 
The performance scores arc thus oft he simpl<"st possible type: 
perc<"nrage ofsuccessful classifications with no n:jerts allowed 
( rrsponse tics are broken arbitrarily) . 

Alternatively, irthe goal is no t to achiew ~~ succinct prrlixmancc 
measu re but rather to use tlw character-classification in[onnation for 
contextual analysis, the responses may be used to obtain co11jidntce 
itifomwtion. T he simpk:st confidence measure is till' set of"-l·G responses 
from the learn ing mach ine, with a higlwr response ind icating a highcr 
con fidcnce til a t tlie c ltaracter belonged to tile ca u.:gory in question. 

T o adapt a learning machine, a tmi11ing pattem is presented, and the 
responses to that pattern a rc obtained . If the response in the true 
category of the traini ng paltern does not exceed the la rgest response 
among the other categories by a value ca ll ed the traini11g margi11, the 
DPU yielding the response i n the t rue category is marked to be 
iucrernented, and that yieldi ng the competing response is marked tO be 
decremeuled. This is done by setting 

a true = I a CUOl(ll'ling = -I 



in the adapt vector A, and setting all the othe r components of !Ito zero. 
Adapta tion of' the weig h ts is then perfo rmed according to thcj ixed­
incremmt error correction mLe: 

I Vi .._ Wi t- ai · D · .\', fo r a ll j . 

1 n other \\·ords, t he pattern vector is addrd to or su b trac tcd from the 
jth weight ,·ector, depend ing on ai . Dis an overa ll mul t iplying factor 
cal led the adapt slejJ si.:e, usually set to a sma ll intcgr r througho u t a 
block of' training. (O ther methods or determ ini ng tlte responses and 
.-\ and 0 lead to lcaming machines othe r tha n the P\VL 
mac!t ine.)·11, 4~ 

The adaptation causes the subseq uent clot prod uct between the 
pattern ,·c::ctor and the weight vector to be chang ed by an amouut 

Since x~ and D are always posi t ive, the sign of a j automatica lly 
deter m ines w hether the response ( i.e., the dot prod uct) of th e jl11 

DPC' with the patte rn.\' is enhanced or reduced . Thro ugh th is means, 
appropriate DPU's can lx: mad<.: to respond to certain patterns a nd 
ul timately to c lasses of patterns. 

T o perform a learning-machine experiment, the adaptive weights 
\\' ii a rc in itialized, usually to zero. The t rai ning pa tterns a rc then 
p resen ted seq u~:utially. The responses to each t raining pal lt:rn are 
formed, a nd if' the classificatio n is incorrect the m achi ne is tra ined. 
One pass through the t ra ining pa tterns is called an iteration. T ypica ll y, 
repeated iterations through the tra ining set a re performed u ntil the 
c lass ifi catio n performance on th ~.: tra ining pa tterns ceasrs to improve. 
:\ t that t ime, the test p:\ltem s may be pi-esentC"d , a nd the classifica­
tion perf(wmanec on them recorded. This perfo rma nce is gene rally 
ta ken as the measure of' success of the learning machine on the task 
represented by the tra ining and test pa tterns. 

I n dealing wi th the n ine-view sets of'fca tu re vec tors p roduced by 
t lw P RE P p reprocessor, the running procrdure was modifi ed 
~lightly (Fig. 1 0). Duri ng train ing, one of tltc nine l(·atu re vectors 
rt'prcseming a training pattern was selected quasi-ra ndomly a t each 
iteration. Thus, it took nine iterations for the machine to encounter 
each view of' each patter n. The use of' mul tip le views had the ef-lect of 
"bmacleni ng" the tra in ing experience of the lea rning machine. 
During "ni ne-\ ·iew testing," all nine views o f' each test pa llc rn were 
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presented and the nine responses in each category wert: added 
togethe r to form cumulative responses that wc1T used ;~s the basis lor 
classi fication . It will be seen that the redundancy achieved by 
accumula ting the nine responses led to a sign ificant impro,·enwnt in 
perfo rmance. This techn iq uc has also been used successfu lly b:· 
Darli ng anciJost·plt i n the proces~ing of satell ite photographs. -t:. 

ExperimentaL Results 
A series of experiments were performed on t it~.: singk--cocln aud 
m ultiple-cod er data files, using the preprocessors and learning 
machin e descri bed abo,·c. Experiments were run under four 
concli lions. 

I n Condit ion I , t he characters wnc preprocrsscd by PREP, but 
on ly the one feature vector representing the central \·icw o!'cach 
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pattern was used for training a nd testing the learni ng mach inf'. O nly 
the single-coder file was run under Conditiou 1. 

In Cond ition 2, the charac ters wen· preprocessed by 1' RE P in all 
uirH' views, and n ine-view training a nd tes ting were performed as 
described above. A P\'\'L learning machine w ith two DPU's per 
ca tcgory was used in Conditions J and 2. 

In Con el i tion 3, the characters were p repr ocessed by TO P o, and 
the si ngle featu re \·ectors produced by TOPO were nsecl for train ing 
a nd testing. Owing to computer rest rictions, a learni ng machine with 
o nly one DPU per category was used. Thi s is genera ll y called a linear 
rather t han a PWL lcaming mac!Jinc, alh:r the form o!"the dis­
criminant functions in J(·atu rc space. ·11 

In Condition 'I· t llc responses ofthe learning machines in Condi­
tions 2 all(! 3 for each test pattern were added together a nd t.;1ken as a 
new basis for class ifica tion. This procedure was a way of harnessing 
the preprocessor-classifier systems of Conditions 2 <Jnd 3 "i n tandem" 
in order to improve class ifiration pf'rlormance, in a man ner analogous 
to the nine-view testing oft he PREP feature vectors. 

The results of the experiments arf' presented in T able I. T he 
resul ts show a significan t improveme nt .i n performance for the case 
of n ine-view training and testing ovrr single-vinv trai ning and test­
ing, and fur ther improvem ent with the combined system of Condi­
tion 4·. The most imporLaut resu lts can l>e summarized as fo llows: 

Using thf· com bined system , a correct dmractcr-classification rate 
of97o/0 (wi th no rejects) was obtained on ind ependen t test of 
relatively unconstrained hand prin ti ng .in t he 46-ch aracter FoR TRAN 
alphabet, when the learning machine was a llowed to specialize on 
data fi·om a single codn. vVlwn tl1e learning machine was trained on 
the printing of32 coders and tested on the printi ng of" 17 others, tl1e 
correct classification rate was onl y 85~/o . These rates a re fo r the 
isolated characters, without context. 

A well -known set ofq uantized hand-prin ted charac ter images 
(lc ticrs and numerals only) collected by High leyman were also 
processed undrr Condi t io n 2, yielding a tes t c lassif-icat ion score or 
6~0j0 . P reviously reported classifica tion methods, not employing 
preprocessing, bad achieved scores of58o/0 or less. These c ha racters 
arc of" very poor quali ty, being only 86% to 89% classifiable by 
h um ans. These results are d escribed in R eference 39. 
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:\ large number of p reliminary and auxil ia ry experiments, not 
described in this paper, were p erfo rmed. ]n part icula r, du ring the 
development of the TOPO preprocessor, an attempt was made to usc 
the [eatu res produced by TOP o in a bi na ry dccisi on- trct· dassi fie r. 
The results of" th is dfort were very poor, becausr it was impossibk to 

find features reliable enough to sen·c for dichotomization o!"thc 
char acter classes. 

For example, the p resence oLen enclosure W<lS a use less fea ture, 
because q uantization noise inlroduced some spurious enc losu res, and 
other <>xpected o nes were lost becausf' th ey were filled in or uot 

completely lormecl . It thus ap pears to us that, l(H· patterns with tile 
\·ariabilit.y ofl1and printing, a n approach that considers all the 
teat urcs in parallel is a necessity. 

T ile development of the TO p 0 preprocessor, the exploration or 
\·ariations of the P J{ E P preprocessor, and the running of"<:i<lssifica tion 
experiments with difl"cren t learning-machine configura lions an d el i!~ 

le rent data files were a ll severely restricted by system limitations or 
two types. First, it was awkward to handle the necrssa ry large cl;1ta 
files on our comp uter, which had paper tape input/output and one 
magnetic tape u nit. Second, all of the operations of' scanning, pre­
p rocessing, a nd cla ssification were performed in serial or at most in 
24-bit parallel by simulations in the computer (an SDS 910, w ith 
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12K words of24-bit memory and an 8fLsec cycle time). It sometimes 
took days to accomplish the experimenta l runs. H owever, the 
flexibility, guaranteed reproducibility, and operational advantages 
of computer simulation compensated for the drawbacks. With a 
view toward practical systems, it may be noted that the operations of 
PREP and the learning machine, and even much of To PO, are ex­
tremely well suited for implementation in parallel hardware. 

Conclusion 
This paper has been concerned solely with the classification of 
individual hand-printed characters, in isol ation . To this end, per­
forman ce scores based on the positive classi fication of each character 
have been presented, as the simplest and most understandable 
measure of performance. The end goal, however, is text recognition, 
not character recognition per se. The results presented here, includ­
ing the scores for classification by humans, indicate that context 
analysis wi ll be a necessary adj unct to character classification for the 
recognition of fa irly unconstrained, untutored hand-printed text. 
The companion paper by Duda and Hart37 describes our effort in 
context analysis. To assist context a nalysis, the classifier puts out not 
explicit classifications but lists of alternate categories and their con­
fidences for each character. This may be viewed as a way of retaining 
additional valuable information generated by the classifier, under a 
continuous transformation (from feature space, through the learning 
machine, to the space of category confidence values) . This preserva­
tion of alternative information is a vital aspect of context-aided text 
recognition, not to our knowledge previously discussed in the 
character-recogni tion literature. 

In experimenting with a large body of actual data from an un­
tutored hand-coding population, we are attempting to set a bench­
mark in an area not covered by the experiments in the form er 
literature, nor by the present commercial developments. At the 
current levels of avai lable computing power and cost, contextual 
analysis appears economically infeasible, at least for syntactically 
rich texts such as FORTRAN. However, if the progress of OCR is a 
guide, we may expect a pressure for the extension of recognition 
systems for hand printing to accept input from broader and less 
highly trained classes of coders. The character-recognition methods 
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described in th is paper and the context-analysis procedures 
described by D uda and Hart may then point toward systems of future 
importance. 
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Th .- s la1 11 or 1he ups1 rokes in you r 
hand-w rit i n~ is a dead ~ivcaway 10 
your ··cnlotio na li ty," accord ing to tlu-
1 n1crnational Graphoanalysis Socic1y . 
To take you r own cmol ional 
h:n1pcratun:. find a scntcru·<.· or two 
you wrote a day or so ago (it's he11er 10 

liS<" old wri ti ng. preferably on unlined 
paper). You'll necd about25 words. 
n ,·aw a '·base li n<:" under the lines or 
writi ng. From this base li ne d raw in 
lines following the angle of slant of 50 
consecut ivc ' ·upsl rokcs" (lll usl ral ion 
I ). Lgnon · ilw curv<:s o f the lt·t t<' rs -
make a s1 raigh t I i ne. T ake a piece or 
t ranspa ren t paper and make a tracing 
or the Sla nt G uide, ( l ll us1 ration 2). 
Lay this ~uide on 1op of your 
111a rkcd -up wri l in~ . Each upst roke w ill 
!"a ll SOni<·WII< T{" bctW<"f"ll 111<" lctt t'n·d 
li n.-s. T a bula le you r ma rked slrokes in 
a ~raph th en110I11C"t t.·r sitTl ilar to 
I l l ust ra t ion:~. Most likely you will 
have: strokes J~tl l i ng: in thr('c o r n'OIT 

areas. T hen c heck your ··emotional 
score'' by comparing the ~rouping 
of utal'kcU strokes in <.:ach area 
against Illust ration ·1. 

Exerptt'd with p<"rmission from 
infor mation rcc~:iwd li·um Lhl· 
l n tcrna1ional Graphoanalysis Soci(· ty, 
325 W . .Jackson Bl vd .. Ch icago, 111.. 
60606. 

R eco <rniz ino· t he Marks o n Paper b \"") 

R. l\ '1. N . Crosby 

1\ clativdy liu k is known about how a ch ild learns to read i.e., wha1 processes go 
on in h is n lind. In dea ling w il h how the beginni ng readn kams IU dilli-rerll iate 
graphic syrnbols, this an ide considers se\Tral rdatnl prol>kms: l lnw clo,·s pre­
school expcrienn· hamper the child in his iniLial discrinrination ol"kllcr-likc forms ,• 
How clues a t:hiltllcarn to difkrentiatl· bet wcen lellers ·,• . \ nd bet ween words._, \\'hat 
is the correlat ion between n·ading and wri t in~ _, St:\'l·ral rc:ading research progra1ns 
are d iscusse-d . 

How docs a childleam to read ;l That millions accomplish the difll­
cul t task every year docs not negate the fact that little is known about 
how the child does it. We strongly suspect that if an intdlign1t child 
who is neu rologically, culturally, and emotionally normal were !ell 
enti rely to his own devices, but p roperly motivated to learn to read, 
he would d iscover how to do it himse!L Jf'giwn a few simple instruc­
tions, he would learn much more rapidly. 

The vast majorityofnormal ch ildren wi ll learn to read despite the 
methods or instruc t ion used. I t logically follows t h<Lt il" ideal reaching 
methods a rc used , the same chi ld may le-a rn mon' easily and at an 
earlier age. 1\lorc important ly, the m inority o f" ch ildren whu arc 
dyslexic may be ht'l ped 0\·er th is necessary rducational hurdle. 

Some rcaclers may be su rprised that ed ucators, psychologists, and 
phys icians do not know how a ch ild learns to rcacl. True, it is known 
tha t if a chi ld is taught by a look-say method , phonic method, linguis­
tics, augmented roman alphabet, or some combination of these in a 
basal-reader, individualized, o r experience approach to teaching, 
he learns to read - o r most of them do. But no o ne knows wha l goes 
o n in a chi ld's mind. How does he difl"crentia te between letters? How 
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does hl' translate the graphic symbol into sound? How docs he group 
letters into combinations and words and sentences so t he reading 

process becomes more rapid and automatic? 
While our knowledge of how a child learns to read is E1r from com­

plete, it is vastly extended as the result or a study performed a t Cornell 
U ni,·ersity, A Basic Research l'rogmnt on Reading, 1 clone in co-operat ion 
with the OfficeofEducation oft!te U .S. Department of Health, 
Edu cation, and Wclfitrc . The two-and-a-hal(~ i nch-thick report which 
stemmed li·om the fou r-year study was r·eleased in 1963. Director oC 
the project was Pro!Cssor Harry Levin. Other Ltcul ty mem bers, all 
psychologists, who performed and supervised the research, in wh ich 
graduate students p a rticipated, were EkanorJ Gibson , Alfred L. 
Daldwin,James .J. Gi lJson, Charles F. H ockett, Henry N. Riccuit i 
and Georgej . Suci . 

This is an excellent study. The research attempted was basic and 
the hypotheses tes ted were well thought out. The experiments to 
test t he hypotheses were careful ly designed and control g roups were 
used to give an accura te measurement of the findings. Several studies 
were incomplete in their findings. 'vVe can only hope that the Cornell 
researchers or otlrcrs will continue the work to a definitive conclu­
sion. But the fact remains that the Cornell study was a h ig hly scien tif­
ic examination oChow a ch ild karns to read and, as such, a major 
contribution to the knowledge of reading a nd a tribute to Cornell 
University and its faculty . Unfortunately, copies of the fu ll report are 
di ffic ult to obta in. There is, howeve r, an excellent evaluation of the 
fi ndings by Eleanor Gibson in Science.2 

\\'e place great emphasis upon this study because it was obviously 
predicated upon knowledge of the neurological process of read ing. 
The researche rs l1ad an awareness, for exam ple, that reading .is 
translating graph ic symbols i nto sound, and t he findings of the well­
designed ex peri men ts p rovide the best indication so Lr of precisely 
how tire child goes about th is process. There are thousands of experi­
mental studies wh ich have been clone to try to explain normal 
reading processes. The g reat majority of these a re single isolated 
studies with little connection to the central problem , less appl icability 
to teaching theory, and almost no neurological information. Nlany oC 
these st udies are poorly conceived and performed with inadequate 
control. It is neither necessary nor possible for this article to contain 
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a critical review of this li terature. T he interested reader may Jlnd 
many excellent references in the Cornell study a nd may pursue the 
various subjects involved in the several indices available. 

In her Scieuce article, Dr. Gibson m a kes this statement: " Once a 
ch ild begins his progression hom spoken language to written lan­
guage, there, are, I think , three phases of learning to be considered . 
T hey present three di fferen t kinds of learning tasks, a nd they are 
roughly sequential, though there must be considerable overlapping. 
These three phases are: learning to differen tiate graphic symbols ; 
.learn ing to decode letters to sounds ('map' the letters into sou nds) ; 
and using p rogressively higher-order units of structure." The Cornell 
researchers set up experiments to exp lore each of these th ree stages. 

Learning to differentia te each printed letter or number used in 
English is the first step in learn ing to read a nd it is not very easy. The 
same le tter comes in \'a rious styles, such as capi tal and lowe r case, 
pri nted and cursive. There arc a wide variety ol'typcl~1ccs, in cluding 
italic, and a considerable range ol'sizes. When the letters arc made by 
hand, as by a teacher, the varia tions both in printing and handwrit­
ing are endless and a ll ol'them vary in in numerable ways !'rom printed 
letters. 

Preschool Traiuing 
The gt·eatest difiiculty for the bcginuing reader is that his preschool 
experiences may not have prepared h im to discrimi nate l>et\veen 
letters. For one th ing, the child m ust discover the concept that a n 
object (a letter) is not a lways the same regard less ol' its position. 
Nothing in his previous experience has prepared him for this. He 
knows, fo r example, that a go!!' club is a golf club no matler what its 
position or se tting is. It's a golf cJ u b in his bther's hand on the eigh­
teenth fa irway, in Lite golfl>ag in the closet, intltc sporting goods 
store, whether new or damaged backward or forward , upside down, 
horizontal, or wrap ped a rou nd a tree in h is father's frustration. No 
matter what one does with it, a go iC club is a lways a golf club. 

Then, in the sixth year of his life, the child goes to school and is 
shown som eth ing that roug hly resembles a golf cl u b- the lette-r d . 
Only now he has to understand that iCthe letter is moved, it becomes 
a bora p or a q or, if the h andw riting is im precise, an h or a g- all 
of which a rc difl'eren t things. Sim ilarly, a word .is not a lways the same 
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regardless of its posi tion. Saw, reversed, becomes was. Dog bt'comes 
god , cat becomes t<tc, rat becomes tar, and so on . 

/\.child's preschool training hampers him in learni ng to read in 
another and more- ser ious way. H e has bad relatively little experience 
with linea r o~jc<.:ts. He exists, prior to going to school, la rgely in a 
three-dimensional world of toys, balls and bats, kni\TS and forks, 
water glasses, and other objects which have depth and shape he can 
touch. H e has had relatively less exp~:rience wi th two-dimensional 
linear objects, which is what letters and numbers a re. H e is simply 
less accustomed to fun ctioning and conceiving of a linear world. 

Even the limi ted experience he has had in working with lim:a r 
objects has not particu larly prepared him to work with letters. He 
has colored, painted, and drawn cats and dogs, people, and o ther 
figu res. \Vith kw exceptions, the letters in the English alphabet don't 
resemble cats and dogs and people. Let ters consist of cu rved and 
stra ight lines in various combinations. Even the reading-readiness 
s tudies he has in kindergarten a re not particula rl y helpful, lor there 
he usually learns to dillcrentiate betw<'cll cat and pumpkin [tees and 
other objects. It must be said that the preschool tra ining of childrcn 
might be more helpfu l if the child worked more with lettcr-li kt• 
lorms, rather tl1 an drawings of objects. It m ight help accustom h im 
to the forms ol"lcttns tha t lw will be using in learning to read in the 
fi rst g rade. 

The initial task to be accom plished in learning to read is d iiii:ren­
tiati ng and identifying (not necessarily hy name) the le:lters of thc 
alphabet. This is a basic departure li·01n the manner in which the 
chi ld learned to speak. A lthoug h li e di ll rrentiatecl between th e 
sounds of Englisl1, he was not requ ired to idcu ti (y them. He didn ' t 
have to know that he was uttering a long a sound or a short e sound 
or any other, nor that the sound was part of h is language. But in 
reading it is vi ta l that he identi ly the le-tters, even with the Look-.1a_V 
method ofreadiug. H e must discriminate a t least the first and last letter 
of the word . \\'hen identifying the word cat, he is not required to 
identify t he c ancltby name, but he has to know tha t they arc not d 
and a or other let ters. H e has to be able to dist inguish the shapes or 
lett ers and discriminate them from others. In wri t ing let ters, the 
ability to discrimi nate is even more essen tial. 
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Perception 
In neurological terms, the chi ld , when he discriminates lwtwel'll 
letters (or the shapes of any objects), is using visual perception. The 
te rm percej;lion is g ivc11 a variety or d i fl(·rent meanings by those- who 
usc it. The psychologist gives the- term a broad meaning, to encom­
pass anything a person becomes awaiT of' in his en\·ironnwnt. Tile 
dictionary dclines perception as anything known of an object; the 
seeing o1· hearing of it ; direct acquaintance with anything through 
the senses. Psychologists R. l\1. :t\J.owbray and T. Ferguson Rod~cr3 

define disordered fJen:eption as the inabi li ty to organ ize st imnli in a 
meani ngfu l l:1shion. Stedmau's ill t!dical .Dictionm)' says perception is 
" th e men tal process by which the nature or an object is recognized 
th rough the associa t ion ora memory or its other qualities with the 
special sense, b ring ing it to consciousncss." 4 

We use perception in a narrower sense defining it as the abili ty 
to be aware of and conceive ora pattern or shape. This is a highn­
orcler sensory fu nction and involves interpretation and integral ion or 
the basic i1dormation ofsigl1 t, hearing, touch, etc. l n visual pnccp­
tion this is the recogni t ion that a t riangk, the end of a tnll and a 
capital A a rc the same shape; in aucl itory percept ion, the n-cog­
ni t ion of a tune or melody played in a dilkrcnt key; and in touch, 
the abi lity to correctly iden tify by touch alone the textures or 
velvet and deni m. In reading, visual percept ion means the ability to 
clil-krentiate between the letters d and b, for example ; auditOry per­
cep tion means the abi lity to dilkrcntiatc between th~, sounds ot' thc 
words leaf and kave. 

Two major comments oug l1t to be made about percept ion. First , 
it is difficul t to know l1ow a chi ld {;til s to pnceivc. For example, ira 
chi ld has a disord cr of" visual p t'rception and he is asked to draw a 
tr iangle and renders it poorly so that it resembles an m·al d01'S he 
do it because his brain is unaware that a triangle is composed of th ree 
straight lines connected by three anglrs? Or does his br;1in recri\·c 
this informat ion b u t is unaware of its sign ificance, causing h im to 
neglect this inlormation ? vVe don ' t know the answer. 

Second, perception is learned. T his has been shown by rcearch 
with persons b lind rrom birth who have rega ined their sight th rough 
su rgery. Psychologist D. 0 . H ebb has wri tten a fasc inating accoun t 
of th is J"Cscarch : 5 
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The idt>a that one has to learn to see a tria ngle m ust sound cxtremdy 
improbable, and 'o 1 shall now p rescm thc evide nce to this c fTec tntorc 
sys tema tically. We h ave seen that the pe rceptions of the congenita lly blind 
a licr opera tiou an.: aln1ost comple tel y lacking in ide nti ty. Scnde n rcpon s 
ca;,cs in which there was a n immedia te perception of diffe rences in two 
ligu res ;,cen together, b ut a lso o ne definite instance in w hich even thi s wa~ 
not possib le. T hus the pa tien t somdi111es saw di flc re nccs between a 
,phcrc and cube, sonwtimcs no t. Color has IJ<.:cn fo und to domi natt· fon n 
persisten tl y in the fi rst vision of tlwsc pa tients. Eleven months a fter 
opera tion the color names learned by a p a t ient in hospi tal were re ta ined , 
but the liu le that had been learned of fo rm was fot-gotrc n. An egg, po ta to, 
and c ube of sugar we re seen by a patie n t repea tedly, un tilna lll ing was 
prompt, bu t then were not recogniz<.:d w hen p ut imo <.:olored light ; the 
n 1bc was well na med when it was seen on the table or in the investigator's 
hand bu t not recognized when suspended by a t hn~ad wi th a c ha nge of 
background. 

Such patients, when learning has proceeded Jar enough , m a nifest the 
charactcri; ti c generalizations oft he norn1al pet-son, so the initial d iflicult ies 
a r·e not pu t down to ~ tructural defec ts of Lit e scnsot·y a ppa ra rus. 

Riesen h as full y confi rmed the conclusion tha t ot·clinary visual p ercep­
tion in higher ntanllnals presupposes a long karning period. His observa­
tio ns concerning the almost complete visua l incapacity of chi Ill panzcL·s 
reared in darkness, and the slowness orlearn ing, arc oftlw greatest 
impon a nc<.:. They show that Senden 's simila r resul ts w ith m a n arc not clue 
to some inad<'quacy of the cl inical tests, nor pecul ia rly huma n. 

H e b b then w ri tes: 

The course of perceptual lea rning in 111a n is gradual, proceeding !i·on1 a 
domina nce of<.:olm·, through a pe riod of separa te at t<.:ntion to cadt part of a 
figure. to a gradua lly a rri ved at identification of the whole as a whole: an 
appar-en tly sin1ulta neous instead ora seri a l apprehension . A patie n t was 
trained to d iscriminate squa re fi·om u·ianglc over a period of I 3 days, a nd 
had learned so littl<' in th is time "that he could no t r-eport their fnnn wi th­
out coun ti ng cor ners on <.: after another. . .. A nd yet i t seems tha t the 
recogni tion process was beginn ing alt·ead y lO b<.: autom a tic, so tha t some 
day thejudgn l<"tlt 'sq ua re ' would be g ive n wi Lh simple vision, whi ch 
wo uld then easily lead to the belief that!Cmn was a lways simulta neously 
given'' [ He bb is q uo ti ng Sendcuj. The shont·st time in which a patien t 
approximated to normal perception, cvt·t l when learning was confined to 
a sma ll number of objects, seems to have been abo ut a month . 

l t is possible then tha t the non nal huma n infa n t goes throug h the sallie 
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process, a nd that we a rc a ble to sn ' a square as such in a singk glance only 
as the result ofco111pkx lea rning. The no tion ~eems unlikely, bccau~e of tlw 
11lter simplic ity ofsuc h a perception to the normal adult. But110 such 
argument can be va lid , since Lashley has show n tha t subject ivt' simp licity 
and imm~cliacy may be very d eceptive as an index of physiological simpli­
city . There an: m ornw cr residual t ra ces of learning in normal perception, 
and hints orits CO illpJcxity. 

Gelle rman n,pon s tha t chi ntp<u tzees and 1\l'o-yt·ar-old chi ld ren 
recognized a t rianglr tha t had been rotated thro ugh 120° Ji·om the training 
position, bu t (in the one protocol that is g iven) responded sekctiwly only 
t!(ler a head rot a tion ; and persiste nt head ro ta tinn continued in the latet· 
discriminations. O lder human subj <.:c ts d o 110 t need to make the sarnc 
recep tor adjusum' ll t to recogni:.-:e the lig urG in two positions, a nd so this 
generalization may be a karned capaci ty, ~ impk as it seerns to us. 

This resea rc h into the na ture or p ercep tu al learn ing, w h ich H cbb 

has summa rized so well, is o f the g reatest impo rta nce in the teaching 

of reading . The d istinc tive sh a pes ofktt crs a nd numbers do not leap 

into recognitio n as they do with an adul t . The child must exam ine 

th e figures to d c t('Ct thc it· distinguishing c harac teristics . F o r example, 

when identirying a sq uare, he a c tu ally co uuts th e corn n s. 

This w as sho wn by an cxperimc n t re i a ted by H ebb," as follows: 

The su bject is shown a diagram suc h as 

X c a q 
r I s 
0 f z 0" 

" d y Ll p 

and studies it unti l he has, appa rently, an itnage of the '-v ho k sq ua re a nd 
can " look al" it a nd r t:aclthe letters ofl~ one by one. Tfhc really has sudt 
an image, it will no t ma t ter in w hat di rcniou he.: i~ asked to ·· read .' ' 
Actua lly, it is !o unclt hatt he sabjen canno t reproduce the kttns a~ li1st 
ti·om right to left as from left to r igh t, o r promptl y give the lour kttt-rs, p, z, 
1, x, tha t make up the diagonal from lower righ t to up per left. So what seems 
a simple , immediately given image ofth<.· w hole is act ually a serial reron­
struct ion of pa rts of t he.: fig ure. An '· irnagc" of tr iangle o r sq ua re is simpler, 
longer practiced , b ut may be funda m cmall y the same. Thc p crn·ption of 
such ligures a lso may involve a temporal sequence. 

Thus, th e no rma l c hi ld must learn to discriminate the sklpCS o r 

lette rs, w hethe r h e is being taug ht by a p hon ic or a.look-~ay method. 
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1 dentifying ].etters 
A t this point it is proper to consider the difficulty wh.ic h the normal 
child has in identifying letters. The Cornell study sought to discover 
how a child differentiates one letter from another. 

It was oiAious to the Cornell scientists that letters of the a lphabet 
could not be used to discover how the chi ld learns them. The children 
being tested might know one or several letters. They would at least 
have a fa miliarity wi th them. To avoid this difficulty, the rcsearchl"rs 
prepared a group or le tter-l ike forms consisting of stra ight and curved 
Jines such as those used in le tters. Then, 12 variants were prepared of 
each stand ard letter-like form. In some of the variants the forms 
were rotated o r reversed (as letters a re); o r cu rved li nes were used 
inst.ead of stra ight ones; or there were breaks in the lines t hat did not 
exist in the standarcllorm; or tltere were perspective transfo rmations 
in which the standard figure was slan ted backward or forward. 

Then the Cornell psychologists asked a group of children, ages 
lour through eight, to pick out copies of' t he standard form from a 
group that included all of its transformations. The youngste rs were to 
select only the exact copies of the standard Jo rm. T h e er rors made by 
the children were scored a nd the errors classified according to the 
type of transformation . 

Results of the test showed that the \·isual discrimination of chil­
dren improved from ages four to eight, but that some discriminations 
between forms were harder to make than others and that i mprove­
ment in discri mination varies from form to form. For example, 
errors for perspective transformations were very n umerous a mong 
Jour-ycar-olds and still numerous among eigh t-year-olds. This was 
not considered critical because English lette rs do not normal ly con­
tain perspectives, that is, the letters a re all m ade to appea r fl at. At 
least in the p rimary grades, there is no attempt to g ive the letters the 
appearance of depth. 

Of greater significance were these rcsu Its: c hanges of break or 
close, such as between a c and an o, are easiest for chi ldren. Even 
the youngest tested made relatively few errors and none of the c ight­
ycar-olds made a mistake. 

Errors fo r rotations and rcversals- d and b, p and q, Nf a nd 'vV, c 
and u - -were very high among the four-ycar-olds, but dropped to 
nearly zero by age eight. 

70 

Errors for changes from line to c ut'\'C- -v a nd u, for t'xampk· 
were relat ively n umerous (dependi ng o n the num bcr of.'changt'S) 
among the youngest children bu t showed a rapid drop among the 
older ones, almost to zero lor the eigltt-ycar-olds. 

The Cornell researchers then t ried th e same translorrnations of' 
real le tters on the fi ve-year-o ld gro up and fouttd that the same nlll­

fusions resulted. This indicated that problems in discrimination 
apply general ly and not just to the specifi c lo rms clrawnli.Jr t ltl· 
experiment. 

Some commen ts can lx made concerning the results of' tit is experi­
ment. F irst, a child 's ability to disti ngu ish o ne lei ter ti·om another 
improves with age. By age eight he is an expert, ma king hardly any 
mistakes at a ll. llul the child of' eight is usually in the thi rd grade 
What of the fi rst-grader who is having trouble discriminating OI I L' 

letter [i·om another ? I s he receiving proper hdp from !tis teacher ? 
Teachers work quite hard on reversals and rotations, but do they 
realize that I i ne-to-c urve clisti nctions also cause d i flicul t y? The 
a nswer to t hese questions is somewhat important, lor the Cornell 
study showed that at age six t he children tested mack about 18° u 

errors in rotation and reversa l a nd 26~1 in line-to-cun-e Lrans­
formations. 

How does a c hild difkrcntiat:e one letter from anot her ;> Irt!tc> 
answer to this question could be obtained , it wou ld open a newavenuc 
of teachi ng, in which instruction can be given to the child to help 
him d .ist inguish one letter fi·om a nother, thus eli minating some oft he 
time-consum ing trial and error of' seH~d iscmTry. * 

*The usc- he would say abuse-· -orselr-discovny learning in reading 
instruction has been criticized by psychologist H.oger Brown in an a rticle 
" A Dispute about Reading" in the book Human L eaming in the Sdwo/ ,7 as 
fo llows : 

"The ne('d for phonetic a ttack 011 new wor·ds is generally recognized by 
educators of the look-and-say persuasion, bu t tor otw reason or another 
they believe the necessary generalizations should Ut' incidentally learned 
or, if directly taught, postponed until the second or third grade. \Vhat arc 
the reasons !()r this bdicP Dolch a nd Bloomster have said: ' I t is true that 
the usc of phonetics means the usc of generalizations, that generalizations are 
best Learnt•d induclil•e(v, and that sight words arc the basis ofinductive r·cason-
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The Cornell expnimenters formed two hypotheses concerning 
how children might discriminate letters. In o ne it was assumed tha t 
the cltild builds up a kind of model of ea c h le tter and the n compares 

u nti l he makes a match, or, in the o ther, that he discovers how letters 

differ and n:co~nizes them by distinctive fi::atun:s. 

To test wh ich hypo thesis was cor rect, the psychologists worked 
wi th a group of kindergarten children, tra ining them to discriminate 

between letter-like forms similar to those usrd in the earlier experi­
ment. T hen the children were divided into three g rou ps. Group one 
was given new fo rms tu learn, forms which , ·a rird in new ways fi ·om 

the sam e standards of" discrim ination they had already learned. 

Group two was g iven new sets offorms which dil l"ercd in th e same 

ways as the fo rms they had a lready learned. The third g roup was a 
comrol gi\'cn both new sta ndards and new dimensio ns ofdillcrence 

to discriminate. 
It was inferred th at better perfo rmance by the first g roup would 

suggest that disc riminatio n learning proceeded by construc tio n o f" a 

model of the standards agai nst w hich the variants could be matched. 

If the second group perfo rmed better it would suggest that distinctive 
difi(: rcnces had been detected by the ch ildren. 

ing.' (ltal ics my own. ) The italicized portion of this S<'ll t(' II CC .is hardly 
a com111 on-sensc obs<' rvation. \Vhy does the scientist write ou l his laws, the 
ch("fhis n·cipcs, th(" prokssional golf('!" his instructions fo r tht.: novice, if not 
to spare the rest of us inductive labor ? \1Vt.: bcndit ll·otn th<' cxp•·r icnccs of 
om prede-cesso r~ by r('ading the generalizatio ns reformed. J t may lx- that 
the Darwinian Theory of Evolution is best k a rncd iudunivc ly--bcst in the 
s('nse of" most unl<>rgeuably. But if it had to be learned that way, most of us 
'' ould live without a theory of evolution. On the face ol"it , a gencral i<:a tion 
is more rapidly and certainly learned when i t is <'xplicitly stated. J n addi­
tion , then: a rf' cxpcrim<'nta l results to show that incidenta l learning is slow 
and uncertain by comparison wi th d irected learning. The educator, who 
would claim that phonetic generalizat ions a re beu er learned by incidental 
induction than by d irect formulation with examples. a~SUllll'S the burden of 
proof. llis claim docs not conform to popular belief, nor has it been demon­
~trated in tht' laborawry. I f you really \\·am your p upil to learn a phonet ic 
t·ule, it Sl"t::ms sensible to tell him the rule." 
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R esults showed tha t both groups one and two performed better 
t han the control g roup, and t hat g roup two pcrlormtcll.Jcst, making 
39 er rors to group o ne's 69. " vVe infer li·om t hese results," Dr. 

El ea nor Gibson w ro te in Science, ''that, wh ile children probably do 

learn prototypes of letter sh apes, the p ro totypes themselves arc nor 

the origina l basis f<>r d iffe rentiation. T he most rdc\'<llll kind of train­
ing- for discrimination is practice which p rovides experience \\"it h the 

cha racteristi c differences t ha t disting uish the set ofitl'lns. Features 
which a rc actuall y distinctive for let tlTS could be emphasized by 
presen ting let tcrs in con trast pairs. "s 

TIH' experimen ters made a n dlort, unfortu nately nut cornpktcd, 

to de te rmine whic h features a child dist inguishes. J t seemed to 
ind.icatc that children distinguish bet wren cu tYccl and st ra ight lines 
and be twee n the obl iCfueness of" a line, as in A, K, :'>! ,and'/. . l t is to 

be hoped these experiments can be continued until it is known pre­
cisely w·hich features of letters help a c h ild distinguish it fro m an­

other.* 
The C ornell stud y seems 10 indicate t hat a teache r would be wise 

to drill stude nts o n discriminating between letters as wrll as ickntif)·­

ingthem. 

*\\"(" would like to suggest that some cxperimcntet·s develop what m ight 
bt.: called an Jniliai Perceptual /J.ijJhabel (l Pi\ ), a CO II lTJ>l similar to the lniliaf 
iearhiug .'Jf{Jhabet (l TA).lTA is au attempt to circunl Vl'll t the phonet ic 
itT<·gu lariti('s of" the E nglish alphabet by cn·at ing kiln ligures I(H· each ol" 
the common phonetic elements in thl" languag(·, ·H in all, so that cal"h IT.\ 
kun t·c·pn·s("n ts one English sound. Afkr kaming by this tnethnd, tlw 
child latct·t,·ansf<Ts easily to a reg ular alphabet. \ V(· considn this a most 
appnding addition to the Llt cory of" reading instruction. \\"1" atT suggesting 
that a simi lar techniq ue b<' used to circun tv<·nt soml· oft hl· visualconfu­
~ions in the alphabet, such as the band d, p a nd q, m and \1", u and v. 11" 
another form were substituted for one of t he confusing kucrs- thl"t"l" is no 
rc•ason tha t squares, tria ngles and other gcometrir forms cannot lw used­
it would simplify the visual aspec t. The child, after benefiting l"ro111 his 1 P.:\ 

exposure, could then be transferred to the rcgulai·lc ttcr forms. 
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Reading and Writing are Related 
Another team of" psydwlogis ts at Com el l sought to determine the 
correla t ion between reading and wri ting. T he hypothesis was sla ted 
well by the rescarc hers, J ames.J. Gibson and H a rry O sser : 

ln the acquisition or language it is clca1· that a ehi lcl never !cams to unci<T­
stand sp<Tch without at th<· same ti me learning to speak. The circul a1·i ty or 
speaking and heari ng has always been recognized and the degree to which 
the auditory ICed back controls the process or uttering wo1·ds has recently 
been studied expcrinwlllally. \'\'hat has not been so dea1· is that a child 
never learns w read without at the same time learning to write. Readi ng and 
writing an· d illl:rem te-rms and oli.cn S<Tll1 to be thought or as cl iA'erent 
school sub jec ts. Ncvcnhclcss, th e visua l ked back which controls the 
manual an of writing is quite analogous to Llw audi tory fred back which 
controls the vocal an or speaking . J ust as one cannot speak without hearing 
one's speech, so one cannot write without, in a peculiar sense, reading one's 
writing. 

G ibson and O sscr po inted o ut tha t what a child m ust learn in 
order to read a nd write is that "speech sounds can appear, and can 
be made to appear on a visible surface." 

I s it useful in the c lassroom to have the child write letters as a 
means of helping h im to discrim ina te a nd identify them ? G ibson 
and Osser sought to discover this by having 20 ch ilcl rcn, fo ur to six 
years of age, puncl1 out letters on a typewrite r. Some of the ch ildren 
used a typewrite r tha t con tained a ribbon, thus permi tt ing them to 
see the letters they made. The remainder used typewriters wi thou t 
ribbons and thus received no visual rein fo rcem ent of thei r eflon s. 

R esults showed tha t those c hild ren who used typewriters with 
ribbons perrormcd sign ificantly better than those who mere ly 
punched a typewriter key. T he resul ts a re interesting in that they 
showed that merely by looking a t letters the child made with a 
typewriter helped his discr im ination of them. I t is unf(>rtu na tc, how­
ever, that t ypewri tc rs were used ia tit is experime nt. If a nothe r gro up 
ofehildren had wri tten or pr inted the le tters by ha nd, it is likely 
that they would ha\'1:: shown c\·cn greater reinforcement of thei r 
ability to discriminate. There is abundan t evid ence that tactile per­
ception provides an avenue of learni ng. Helen K el ler used th is 
method exclusively. Schools experimenting with t he teaching of 
dyslex ic children wi th severe visua l a nd aud itory imperception a rt: 
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obt;l ining good resul ts by teach ing chi ldren to read by nwans of 
tacti le percept ion, that is, having them fee l let ters and write them in 
sandboxes o r on blackboards. (Grace FcmalciU has clone the most 
significa nt imTstigation of the eflicacy oftactik method~ oflt'aehing 

reading.) 
W e bd ieYe there is grea t value in teaching read ing and writing 

simu ltaneously, rat her than as separatl' subjects in the curriculum. 
\ , . ri t i ng the letters a ids the child in dist ingu ish ing and identi lyi ng 
them. He is using visual pnct'ption when he sees thl· lellcrs, auditor~ 
percept ion when the teacher speaks t ht>m, and tactile perception 
when he writes them on paper or the blackboard . T he normal child 
thus is using th rec broad a venues to language co m prehension. 'J'h is 
three-pronged Jcami ng p rocesS is or\·alue C\·cn afttr he has kamcd 
the first step in read ing and can distingu ish and iclent il)r lettns. 
\\·riting, as well as seeing and hearing, help him to learn th~: spd li ng 
pat terns a nd t he n the sen tence structu res wh ich arc charactnist ir of 
English . I n shor t, w riting is a most valuable tool in the teach ing of 

reading. 

Jdentijj,ing WoTds 
The im portance of teac hing chi ldren to d iscrim inate one le tte r rrom 
;ulOthn ,·c ry early in t he instruc tional program was illustrakcl in 
ano ther Cornell experiment . P erformed b y Gabrie-lle Edelman, this 
investigat ion produced results which h;l\·e br-rcach ing significance 

for the practicing classroom teacher. 
M iss Ed leman sough t to d iscover t he cues by which a nonreader 

o r beg in ni ng reade r ide nti fies a wurcl he has nevn seen, whether the 
same cut'S are used to recognizt• a long wo rd and a short word. 
whe ther nonreaders and beginni ng r\'adc rs usc the same cues, and 
whether boys and girls use the same curs. T wo groups were st>ln.:tcd: 
50 kindergartem:rs and 50 first-graders, each chust·n a! random from 
publ.i c schools and l·aeh divided equally am ong boys and girls. 

T he children were shown a card Otl which was p r inted a IHJtiSI'JISt' 

word, lor example, cug. Then the youngs ters were shown response 
cards in ra ndom arrangement. They were to po im to the word on 
one of the response cards which was identical or most rcsembkd the 

word they had seen on the firs t card . The response cards werl' 
a r ranged so as to determine (1) whether the ch ildren c ued on the 
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basis of shape by scl tcting arp, which has th e same shape as cug but 
all the lcucrs changed; (2) by the firs t letter by selecting chc, which 
has the same firs t le tter as cug but different second and th ird letters 
and the shape changed; (3) on the basis of the second lcllcr by 
~e l ecti ng tuk, which has the same second lt-tter as cug but the first 
and third kttt rs am! the shape arc clill'crent; o r (4-) on the basis or 
the fina l letter by selecting ilg, which has the same th ird lette r but 
the firs t two and the sltapc arc changed. A similar sys tem was worked 
o utlc>r fi,-c-lcttcr nonsense words. In botl1the three-lttter and the 
fi\"C-Iet t<T tests, the response cards were presented in varyi ng ordet· 
so no cue could be based 0 11 sequence. There were e ight combina­
tions ol\adt tlll"(:c-letter word and 52 cornbi11ations of"c<tch live­
letter word . 

The resu lts were di11t~ rent depending on the size of th e word and, 
surprisingly, on the sex of the pa rticipants. The fi rst letter of both 
the long- a nd sho rt-word forms was the cue most utilized by non­
readers (kindcrgartcners) and beginni ng readers (first-graders). Th e 
last ktte r is also an impo rtan t cue, especia ll y lo r kinde rgartcnc rs, 
a nd mo re so in short words than in long ones. Boys tend to recognize 
words on the basis of the firs t mo re than th<·last ICLter. Gi rls, while 
using both f·irs t and last, place greater emphasis on the second letter 
than boys do, as shown by the following table: 

Five-Leiter l Vonh 

Cues: SHA P E FIRST ~ECOND THIRD FOU RTIL PlFT il 

Ki ndc·r~:1 rt cn 3:{0 1673 ;,.JO 755 51!l 1:?6!"> 
lsL Grade 80 2497 757 6!)3 287 930 

Hoy» 2 1-1 1886 589 780 -1·-15 1208 
Girls I<JG 228·~ 70H GH 360 1087 

( "/ he)lgwr.• ~tjneoeutlht 111111tl11'r uftimeo children ~rcug~ti::.ed wu"h 011/he Utl.li,, '!fee/lain 
l"llf$ . ) 

Gabrielle Eddrnan concl uded fro m her experimen t that "theories 
whieh propose that nonreaders anclfo r beg-inning readers recognize 
words as wholes by thei r shape have not been supported in this study. 
The shapes of words, ollcrcd as a cue next to lt-tter cues, was rejected 
in fiH·o r oflctter cues .. . in this experiment. " S he pointed our that 
the first lrtter is the most important cue in whole-word recogn ition 
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and tha t the last letter is next in importance. She theorized that this 
phenomenon may lie in the primacy of the first letter and the recency 
of the last, o r simp ly tha t t he fi rst and last letters, since they are 
bordered 0 11 o ne side by white spaee, stand out more than those 
letters embedded in the middle of a word. 

The umjor implication ((),. the reach ing of •·eading I according to.\ I iss 

Eddn•a n , a view which we share] is t ha t the basic bdid"on which tl~t·" hole­

word method of" teac hing reading lies ( i.e. , the lx li c!"that children rccog­
uize words by their shape) is inco•Tect. Educators 1nay lJl"lie,·l· the ch ild i, 

aLtcuding to tl1 c w h ole word, when he is actually u ti lizing certain kttn 

n tcs. Helping pupib learn the k t tcrs well so th at tlwy may usc letter cues 
to the best of their abi li ty wou ld be an im portant t1·aching illlprovcllll'lll. 

This info rmat ion about the ma nner in which a normal ch il d 
recognizes and identifies the graphic sym bois on a page is or the great­
est poss ible imponance in teaching ol"reacling. l t olkrs, we bdin·e, 
some insig hts into the problems of the normal child in teaming to 
read a nd to some ways teachers can assist this rhi ld on·r these hurdles. 

Uut our p rimary p urpose in includ ing this material is to show the 
monstrous task that confronts the dyslexic child with poor visual 
perception . If he docs no t co t-rectly perceive the sha pe of the klllT d, 
for example, just try to imagine his difliculty in dillcrcntiating the 
lrtter l"rom a b, p or q . Hhe does no t correctly pnceive the shape of 
a n m, how can he d istinguish it f1·o m a w? And making such dis­
tinct ions is t he absolutely essential first step in reading. This ch ild, 
even if" his impairment i; a m ild o ne, needs a g reat d eal of time-con­
sumin g help in surmounti ng the first step in read ing. 

This artit·k is a reprint ol"chapl<T 5 in R . .\1. :--1. Crosby (with Robt·rt .\.Liston \. 
"/he Wt!)'.,idt'ro : a Nnt• :lpfm){[dt /u Rmding and lht' l!t•.,{nif Rmdn·. :'>il"IV York: 
Delacor ll" l'n·ss. 1968. 

1. The Cornell university srudy, .I litHic Rt•setudt l '~tJgram on Readiug. consists ol"22 
separate papers which art· not sequcmially llllllliJt·ITcl, so that JKlg"t" rd"crt·nn·s 
would bt· of Jiulc sign ificance. Because copies or the li.dl report arc dillicul! to 
obtain, addi tiona l rekrenct>S will be listed lor cac.:h paper, il"publishc-cl ds,·where. 
The paper,; discussed in this chaprer arc: 
G ibson, Eleanor]. ; Cibson.JamesJ. ; Pick, .-\ nm· D . ; and Os.~•·r, Harry."'.\ 
Developme-ntal Stud y of t he Discriminat ion or l.t·ill·r-Likt· Fonns" (also publ•shrd 
in J. ComfJ. PI!)'Jiol. I'>J'dtol .. 55 :!197- 905, 1962). 
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G ibson, Elea nor J., Osser, Ha rry, Schiff Will iam, a nd Smith, j esse. · ·An A nalysis 
of Critical Feat ures ofLc ner-,;. T ested by a Contlrsion .VI a trix." 

Pick , .\nne D. ·· 1 mprovemcm in\ 'isua l Disn·imi na tion ofL,·ttcr-Likc Forms" 
I also puhlislred in ]. R.,j,. PJJ•clrol .. 69:331. 1965). Giuson . .James j . , and Osser, 
Harry. ''A Possible Em:ct of Learn in~ to \ Vritc on Learning to Read." 

I:dclman. Gabrielle. "Ti re Us<: of Cues in \ \ 'orcl R <:cognit ion. " 

2. Cibson. Eleanor .J . " L•·anring to R ead.'' in Sdmre. 1411 (1\ la y 11. 1965) 1066 
1072. ' 

:-1. tl 'lowbray, R . . \I., and R oclg.-r. T. Ft..-guson. Pl)•drolo!jl' i11 Hdatiun to i\lediri11e. 
Edinburgh: E. a nd S. Livingstor w, I%:{, p. 208. 

·1. Stedman'.> .\lcdicallJiclirmmy. Hah irnor<:: \\' ill iam a nd \Vil k<·ns Co., :lOt h edition. 
I ~JG I. 

5. I khb, D. ( ). J Ire Organi:::alimr u} Bdwvior. New York :.John Wiley a nd Sons, I ~H~, 
PP· :~ 1 :n. 
G. Ibid., p. 36. 

7. Brown. Hoger ... ,\ Disp ute : \bout R ead ing.'' in llllrnwr Leaming in the Sdwol, 
.J ohn 1'. DcC..:cco, e(L, New York : Holt, R in.:han ami W inston, 196+, p . 348. ( Re­
prrrllt·d front Brown, Rog<·r: IVm dsam/ 7 /rint:>. G lencoe, l llinois: The free l'rcss, 
1 ~~s~. p. 7:1.) 

8. Cibson, Elt-anorj ., p. IOG8. 

9. Fnnald, C ra ce. Runedial Feclmiqne.• i11 llfoic !>ilrool S11bjel'l>. Nt·\\ York : l\IcC raw­
l-lill, I~H:{. 

Relative Leg ibility ofLeroy a nd Lincoln/!\! rT R E Fonts 
on T elevision 

!Junaid Shurlldl' 

The legibility ol's ta nda rd Leroy alpha nutm·ric syru bols was cun1pan ·d with that 
of a lll'W lou t, I he Lincoln/~lt T R E, Oil a Ldevision lllOlli lor a t ITSOiut ions ofll, I 0. 
I:Z , and I+ li n(·s pe-r sy111bo l heig ht. The new (()Ill was 1101 supnior in ll'gihilitv to 
th•· Leroy f(Hll a t a ny o l'the values of resolu tio11s t<·st,·d . \ Vhilt· thl' find i11~s lor the 
n<·w· fon t we-n: nc:gativ(·, insig hts w e re g-ained abou t hU"w to i tnpn>\'t' syn tbul <.ksiMn 
lo r more kgiblc ll' ll'vision d isplays. lt was n-comrnt·ndcclthat these nc·" de,ign 
t<.'ch niqtr<"S be· !'valuatc·d in fu ture work on tdn·ision displays. 

T elevision is a n tluablc display de\· icc for systems use because of its 
versatility, case of sig nal tra nsmission , rdiahili ty of image reproduc­
t ion, ea~e or ma i ntcna ncr, a nd comparatively low cost. In addi t ion, 
the ability of tclc\·ision to combine cl illc rr nt d a ta inpu ts into a single 
composite d isplay is well known. evertheless, the acceptabil ity or 
television for many milita ry and indust rial systcms applications 
depends upon its abili ty to display symbols which can he accurately 
and q u ickly identifi ed by the viewer. 

T his a bility has seldom been dc tcrmim:d through obj ect in: per­
formance tests that provide est im ates of accuracy and speed (Icgibil ity) 
of symbol identi fi ca t io n. E ven thoug h television is widely mcd for 
enterta inment, education, and comm unication, the research which 
mig ht have solved some of the legibility pro blems has been directed 
elsewhere instead . Commercia l T V studies lean to such problems as 
picture q ual ity, n icker, color quali ty, and in educationa l T \ ·, to 
eval ua t ions of' television as a n inst ructio nal dcvie ..... \\' hen tcln ·ision 
is used as a means of communication in system settings, symbol 
legib il ity is often determined by su bjecti\·c opinions, preferences, or 
even g uesses. 

T here is a need to conduct compara tive studies of'd ifli: ren t lon ts 
fo r developing standards to gu ide the designer a nd manufacturer of 
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display equipment to select the most legible symbols. The prrsent a: 'a 
study tried to srlcct a better font for television use by studying the 1-
relati\·e legibility ofsLandarcl Leroy symbols and a set of improved a ~ 
sym bois (Lincoln/MITRE) on a tclc\·ision monitor. An improved (/) 
symbol font may be expected to a id television legibility in ei ther one 

0:: \S\ a.. to 
o!'two ways (or both) by lowering the min imum number o!'scan 
lines per symbol height rcq uircd for a high accuracy or identifica tion, 0 en 0 r---
or to produce fi1ster identification times at previously established 
minimal values of symbol resolution (10 to 12 lines per symbol height, a.. (X) z '() 
sec rcft-rcnccs 2, 3, 8, and 9) . 

A set of' alphanumerics which might !Jest serve as a standard wonld 0 1'- :E L.n retain good legibility when displayed on any display such as a shaped-
beam or slewed-beam ca thode ray tube, a high speed printer, an z <D _J ::t office typewrite r, a telev ision monitor, and so on. \Nork on the 

:E development of a unin:rsally legible font was started several years &0 
ago and, in part, continued some earlier work a t Lincoln Laboratory. _J v ~ n 
Essent ia lly, this work il1\·ol ved refining a set of' symbols originally 
designed by :-.1 ackworth. The history of the development of this font 

~ is described in more detail cbewhen: . ~ rt) -, N 
The latest \'ersion or this font called Lincoln/:11 1 T R £ (L/ Nf) is -:> C\1 1-1 

shown in Figure I. In a recent study·1 the L f tv1 font was compared 
with the Leroy lont (Fi t-(. I ) which is a standard letteri ng style used ..... - I N cxtcnsi\·cly in commercial art and advertising. The results ol'thc 
study showed that subj ects made f(:wer erro rs identifying Lachisto- :I: N .~ >- ~ scopically presented L f l\1 symbols than identilying Leroy symbols at 
each or severa l values or brightness con tr;\st ratios, ranging fi·om 4 : 1 (!) >- " 

X -
to lO: l. u.. "' 

LL X c 
\\'hi lt: the work to date with the Lfl\1 fon t is encouraging, there is 0 

u 

a need to conduct addi tio nal evaluations of this font bclot·e it may be 
~ w 3: c 

w ~ 

recomm ended as a standard for usc in other display applications. ~ 
it 

Furthermore, the tachistoscope study indicated that some additional c > A > 0. 

improvements might be mack iu the legibi lity of L/M symbols by ~ 

changes in the gcomctry of those symbols which the suhjccts mis- 0 ::::> u ::::> ~ 
identified most frequently . H owever, before any additional changes 

CD ~· 
in symbol design were made, it seemed desirab le to collect more data 

~ t-
<.. 
-l 

0 11 inter-symbol confusions when the Lf l\1 font is tes ted in other kinds <( -
of displays. t: 

ex: t/1 g_ 
Sinct the legibi lity of' tdc\·ised symbols has been a major and con- i.Z 
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tin uing in terest a t MI T RE, it seemed reasonable to extend the evalua­
tion of the L jrvl fon t by compa ring it with the Leroy font on a tde­
\'isioll monitor. Television represents a unique problem in symbol 
design l>ecausc of the way in which the symbob arc constructed and 
displayed. There a re two major characterist ics of television which 
in fluence symbol geometry; the cu tting u p of symbols by the active 
I i nes of' the tde,·ision raster, a nd the "on-ofT" cha racteristics of' the 
sca nning element. The first characteristic affects symbol geometry by 
deleting selected parts or the sym bol, whi le the second characte rist ic 
may affect symbol geometry by smea ring, which is caused by the lack 
of a sharp "on- ofl"' response of the scan ning c lement in l1orizontal 
transitions from light to dark a n·as. Both of these characteristics, the 
cutting u p and the smearing of symbols, are shown clearly in Figure 2 
where photographs of' selected televised symbols a t I 0 lines a rc 
presen ted. 

Prn·ious attempts to develop a fon t un iquely suited to television 
have f'ailed. 7·S ln each case, the imp roved {ont was no be tter than 
standard Leroy symbols. In the present study, the Leroy li:lllt was 
com pa red wi th the L /lVL Ion t a t sym bo l rcso l utions of8, 10, J 2, and 14 
lines per symbol heig h t. The resul ts showed no ma rked superiority of 
Lf.\J symbols over L eroy symbols at any of the resolutions stud ied. As 
in pn'\·ious studies~.3.M,9 legibility lor both fonts was g reatly impai red 
f(J,· ,·esolutions below 10 lines per symbol he ight. \tVhilt: the find ings 
for the Lf i\1 sym bois were disappointing, t he results provided some 
new insigh ts into o ther, and hopefu lly more fruitful tech niques for 
imprO\·ing the design of'sym bols for televis ion displays. 

J let!tod:-. 

The subjects W<:>IT four M 1 T R E employees who had 20/20 ncar and l~t r 
acuity, normal color vision, and no marked phoria . 

7 rlel•isiou EquifJinenl. The television equipment and ma nner or p rcscn l ­

ing symbols to each su bject is desc ribed in detail in a previo us report' 
and only a brief description is given he re. The symbols were pro­
jected onto a translucent screen which was mounted on a modi fied 
!\ lotion Analy:ltr. The symbols were picked up by a 945-lin c General 
Precision camera (.Model820) and shown to the subj rct on a Conrac 
( i\ lodcl CQE 14/945) 14 inch video monitor. T he camera-to-screen 
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distance was a r ranged to obta in the dcsin:d line resolution, and the 

su bject-to-monitor distance was arranged tO maintain an a ng le or 
sul)lcnse at the eye of 16 min u tes of a rc. The subject initiated the 

exposurl' of a symbol by depressing a button. The exposure ol" t he 
symbol \\"HS ended when the su bject m ade his \'Crbal identification . 

The subject was inst ructed to make his identifica tions as quickly a nd 
accurately as possi ble. The t ime required to ident ify each symbol , a nd 
tl1e symbol named, were record<:d. 

The L f.\1 and I..er~; · .~ymbo!s. The sym bo ls were photograplttd on 35mm. 
Jil m st rips. Each str ip contain e-d J RO sym bois or a given fo nt with th r 

:~G symbols a p pearing fi, -e tim es each. T he- ;t\"eragc sym bol wid t h for 
the 1 wu fonts was three-q uar tr rs of" the symbol heig h t. T h r two fonts 

had a ratio ofs trokr:- \ov idth to height o f o ne-sixth. ll was necessary to 
mod if)· rhc s ta ndar·d Leroy 0 a nd 1 in o rcin to di!Teren tiate the 0 
from the le tter 0, and the n umeral I fi·om the letter I. 

TIH· sequence of sym bols on the fil m str ip was detnrnined by a 
table or random numbers. A stepping swi tc h controlled the ad,·anc(: 
ol"the film tl rrough the fi lm pmjector a nd provided a number of 

diOcrent symbol sequences, wh ich he lped to JXC\"Cnt the subjects 
from memorizing the letter sequences. 

EAfmimeutal De.1ign. Each sul~ject ident ified sym bols in both fo n ts at 
each o!"thc fr>u r· va lu es of resolution (8, 10, 12, ancll 4 1incs) . The 
subjec ts ,·iewcd o ne Jont at a ll resolutions before being- p resented the 
other fon t, t.wu o!"t l1e subjects seeing Leroy first and the other two 

seeing Lineoln/M IT R E fi rst. The two subjects sec i11g Leroy firs t wen : 
present ed the rcwlu t io ns ir1 two di!krcut orcl crs w hic h were de ter­
minccll)y a ta ble of random nu mbers. T hese same seque nces or 

reso lut ions were used also for the two remai ni ng sul~jccts w ho sta rted 
wi th th e L j .'\ 1 font. When the su bjects were switched to the a lternate 
k>rH, two new o rders of resolutions were made u p with a table or 
random numbers. Each subject seeing- the Leroy fo nt viewed o ne of 

the ne\\" sequences and these same seq uences were used fo r the two 
subjects who saw the Lf l\ l fon t. 

Each of the subjects made- a total or 180 symbol identif-ica tions (five 
per symbol) for each fo n t at each of" the four resolutions. Bclo re each 

series of sessions wi t h a given font, the s ul~jects wrrc given practice 
in idcn ti !>·ing the symbols making up t hat (o n t. T he prac t ice session 

H4· 

included 180 idemifications, fi, ·c !or each syml>ul o!"tlH' !(lilt. Thc~t' 

sy mbols were shO\nt on the television monitor and wne n:soln:cl by 

60 active lines per symbol height. During pract ice any nrors m;tdc l>y 

the su bject were cor rected by the expcr imcntn anclnrors rardy 
occu rred d u ri ng- practice. 

Clwracteri.rticso/1Plez·ised,~J'711bols. T he a<:Liw lines in the sym i>Ois l1ad 

a n average brightness ofa pproxima td y :ZO I" L and a background 
IJrighllll"SS ( to om· side of the symbol) ofapproxim;"Jtci)' :2 I" J. a ~ 

mcasu rl·d by a Spectra Brightness S pot \kll"r. The proccclu n · 
lollowccl in <l clj usting the television cquipmentlwf(H·c t>ad t t'xpni­

menta l session is described b y Bei J. L 

Nesulu and Discussion 
The percentage ofidt>J"llili cation errors {()r Lf!\ I a nd I .n oy symbols 

at each of four values of resolu tion arc shown in Figure:); the ident ili­
eation speed !(>r these two fonts at t he same ,·;dues o!"n·sol ut ion arc 
shov.;n in F igu re 4 . As Figures:-; and 4 ind icate, there wnc no 
marked differences l>e twer:n the t wo !()lltS in cithn accuracy or speed 

for a ny of the resolu tions st ud ied. The speed and accuracy o!"symbol 
idcnt i!icat ionl()r each subject are presen ted in T ables 1 and II. F rom 

Tables l a nd II it is c\·iclcnt that none of the cliflcrcnccs I>L"Lwt·,·n fonts 
were very large and statistical analysis revealed no sign ificant 

cliflcrences in these dat<t. En ·n t he rela tive ly la rge mean difftTenres 
in identifica tio n time lo r the two fi)lltS at a resolut ion of eigh t li;ll·s 
was not stat ist ical ly s ignificant. 

The d l"ects of" dec reases in resolu tion on speed a nd accuracy of 
symbol identification lor both fo nts is similar to that reported in many 
previous stud ics. ~.:J,ti,u 

Two conclusions follow fro m these ( I) cia ta: 'J'dc,·isnl LJ \ l 
symbols arc not supnior in legibili ty to trle,· iscd Leroy symbols, and 
(2) a minim um resolution o!" IO lines per symbol htig-lt t is n·quirl"cl 
lo r a 90o/0 o r bet te r accuracy of"indcn t i!icat ion. 

luter-.~J'IIlbo l C:onfusiom·. The pa nicular symbols which had t he highest 
concentra t ion ofl'r rors were si milar lo r the two fonts at resolu t ions or 

Band I 0 lines. The only notable clifk rcncc between the two fo n ts 

was at a resolution or l 2 li nes where there was no con!"usion :tmong till· 
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T .\ o 1. E 1. Perren/ age p;, rurfur Each of Fuur Subjec/J 

Re>olulion in Line.1 Per .~)•mho{ Ht·ighl 

Subjt'Cts 1-1 12 10 a 
L f M r.noy L/ M Leroy Lf').l Lt'roy L/~1 LcrO\' 

() I 0 6 '2 7 8 H 
2 I :I 2 '2 8 ~ 1 :){j ·IZ 
:J 0 {) 3 3 1'2 5 2:3 17 
·I 0 I 0 3 Hl 7 -16 '2'2 
1\ lrnu 0.25 1.'25 1.25 :).50 10.00 7.00 :W.25 '2:-U::i 

T A Ill. " I I. ldenti/imtion rime in Serullll..jur Each <!{Four Su~jecl> 

Rewlution iu L ines Per .~ymbol /leigh/ 

Subjecls 1-1- 12 10 B 

Lf!VI l.eroy L/ M Leroy L/ M L<"roy L/ ~1 Lt·roy 
0.65 [).()~) 0.76 1.-J.!.J 1.0 I l.:-32 :2. ~J:I 1.-J.I 

:2 0.63 0.6'1 0.75 0.71 1.08 O.!JO 1.3!.1 1.50 
3 0.5+ 0.57 0.87 0.71 l.-12 0.8:2 1.63 1.36 
· ~ 0.96 0.8-1· 1.0-J. 1.25 2.36 1.75 :1.92 :2.93 
.\ li'fln 0.70 0.70 0.86 1.0-~ l. -1-7 1.20 2.-16 1.80 

L / Msymbols while th e B, 8, Q , O, G, and G of the Lcroy font 
continue to be major sources of error. The absence of errors f(>J. tlw 
L/M font and I he presence of errors fo r t he Leroy font at 12 I i ncs is 
no t too su rprisiug when it is recalled that the LfJ\1 f(mL is csscnri:Illy 
a refinement of the geometry of a lon t much li ke the Leroy.5 It is 
noted that by COlll J)arino· the two fonts (sec fio·urc l ) tltc •rcome tr ic n n b 

refi nements include such th ings as increasing the siz(· ol's111all symbol 
de tail (for example, increasing the length and changing the posit ion 
urtltc horizontal bar or the letter G), changing the out line ofsym hols 
(for example, changi ng the upper part of the n umeral B fi·om a circk 
to a triangle), and al tering t h<" ru rYature or symbol strokes (ltlr 
example, changing the cu rvature o[ the kttcr S) . The fai ltuT or thcs·· 
design changes to aid ident ificat io n at the lower resol utions is prob­
ably related to the fact that small di !Ierenccs in detail and stroke 
curvature arc not resolved sufficiently by the coarse scan structure or 
the television. Apparently, a scan structure as fine as 12 lines per 
symbol heigh t is nccclccl befOI-e these geomet ric cliOerences a re 
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rcsoh·cd suffic ien tly lo r lite sulJj ect lO be a ble to detect t hem and usc 
tl1em in !tis identifications. 

I )eJign oj.~'rmbolsjor Felevision 
I t is clca r from l he resu lts of the prcsc n t study and p revious stud ies7,s 
that small rhan~es in detail and CU I'\'atun · of' st rokes of' sy mbo ls arc 
not goi ng- to irnpro,·e the lcg ihi li tv ol'teJe,·ision d isplays. It appears 
l hat l \\'0 Ol her IV<l ys Of' chang-i ng sym boJs should be C' \ '<1 Juatcd bdorc 
the s<"arc h fill· a bnlt-r telcvisio11 lo11 t is ahando 11 C'd . 

In ;'\ II earlier st udy7 twelve L e roy symbols we lT revised a11d tested 
i(>r legibi l ity 0 11 a television monilor . El<-\'('11 o f' these revisions 
im·o h-ccl sma ll cha nges in sym bol de ta il , but one IT\·ision in voh-cd a 
rather simple design change, t hat of increasing the w idth of t he letler 
H li·om 75l' " to 100% of' the symbol height. I\ lost ofth<· changes in 
small deta il " ere nol successful, but increasing the width of t he H 
eli minated both t he H-ca lled-,\1 <tiid t he H-cal lcd-N con fusions 
which previously had been major sou rces of' er ror. T he finding 
suggests that increasing symbol width might be successful with o ther 
sy mbols im·oh-ed in major confusions on television. 

1n addi t ion to increasi ng symbol width, des ign cha nges involving 
a decrease in symbol stroke-width may be successful. Cross c hanges 
in symbol design such as increasing lhc width or decreasing the 
stroke-width o f'symbols may be expected to aid teb·ision lcgibi lity 
because th~;: discriminat ion ol'gross detai l is less dependent u pon the 
lin cncss of' the scan st ructu re than is d iscrimination or small symbol 
d etail. furthermore, increasi ng the w idth or d ecreasi ng t he slroke­
wi dth of' symbo ls may be expected to im pro,·<· legibi lity by reducing 
the amount of' ho rizon ta l smearing or syrn IJol strokes. T herefore, 
l'urth('r work may prod uce better symbols !(Jr television by studying 
liH· d-J (:c ts of' symbol widt h a nd st roke-width. 

I. C. J3d l, Siudics in Display Symbol Lcgibili1y: X \ ' 1. T he l.egi bili1 y or 
l"dcly)){'Wri ler Symbols on ' 1\·Jt-,·ision. T he ~IITR,.. Corp .. lkdl(ml. ;\lassadlllsells, 
ESD TR ti7 10-l,.·\pri l l~)li7. 

:!. (.;_ Ko~noidn. Sllld icsofDisplay Symbol Lo·gibi li1y: \ ' .The Elli:cl orTdn·ision 
TrallSillis.,ion 011 I he Legibilil )'or Common. J."i\'e-kllcr \\ 'ur<k Tht• "IT R I Corp .. 
lkdlord, J\ lassadouscl ts. ESD T R--65-- l:lS, :\lay l!llili. 

3. C. Kos1nidcr. !\ I. Young. and C. C. Ki11ncy. Studio·s or l>ispl:o) Sy11ollo>l 
Lo·gibili ty: \ ' Ill. Furlht•l' Sluch · or 11w Legibililv orColii!IIOII. 1:i1 o·-lo·lln \\"c1nb 011 
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6. D . . \. Slourtkfl'. )),·sigll Problems in \ ' isu:tl Displays: II. 1-':tc ltii'S in I he Ll'gibilitv 
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1-:sD TR Go :!99, August 1966. 
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Lo.:gibility of'Tdo'l'ised Leroy . \ lphanurneric Sylllhols. Tho· M I 'I'R 1·, Corp .. Bo·dl<ll'd. 
;\ (assachusclls. ESD-TR G~ll. ~lay l 'lo!i. 

8. 1>. Shunldl~ and D. Owl·n. Studio·s o r Display Sy111hol J.,·!{ibilit v: \ ' I. . \ 
Compari,on or the I .q.(ibili1y ofTele\'ised L.-roy and ( :ourlno.:y Symbols. Till' 
~l iTRE Corp., U.-df'ord, i\'lassachuseu s, ESD TR - 65 l::lli. :\lay 19liG. 
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~!ITR J, C:orp .. lk dlord. :'-fassachusclls, ESD- TR- G5- U7. \lay 1 ~166. 

:\dclitional Studies ofTclcvision Legi bil ity 

I. Both a, B., and ShuniL-11~ D., Studies of Display Symbol Ln.(ibilily: Tho· Elli·cts 
of'L ino.: Cous1ruc1ion. Exposure Time, a11cl S1roko· \\'idth, ESD T DR li3-:!+9 . 
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3. Shunlo:fl'. D. , llo1ha, B .. a nd Young, M., Studies or IJ i~play Synobol L<"gibi li ty: 
Ill. The Efl'o:cts or Line Scan Oriental ion. T he ~11 -r R E C:orpor:tl ion, U<"dlord. 
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-J.. Kinn .. y, (;,C .. l\ larseua, M., and Showman, D.J .. Studies iu Display Symbol 
Lt·gibilit y: X I I . ' l'he ! .q~ibility or Alphanuuteric Symbols 1()1' Dig it alized 
'l'dc,·i; ion , The· )II T JH. Corporation, fled ford, Mas.-s., ESD- TR- GG- 1 17, 
. \ugusL 1~66. 

5. Shunkfl: I )., and .\ larse11a, t\ 1., Studic:; in Display Symbol Legibility: X!\'. 
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Typographic Education 

T l1i1 tlrfilll lfllurl i.> 1111 ilflt'JI/IIIiunaljinumf ur facu/~p 1/ll'lllbt'YI. 1/l/llur/.1. /llrlt"liring dl'.>igm 11 • 

and ollrer ini<'II'Jlctl fm 11111.\lt'lra arr inl'iled lu .111hmil.lflccin<'l arlido dt'llling u•i llr t•dumlional 
lrl'!uh .j tclli.l t!f:. llu{l•. 1lt•sign ledmiqne.1 . a111/ .>lndnll fnublmr.• in llu· ;'({fiou' ~l'/'U,!tlllfJirit 
, dura tiona/ /Jiugrtl/11.> . 

England: The Wo rking Par ty on Typographic T eachi ng 

1 [!tr J J'orking Pari)• 
1.1 Origins. The Working Party on T ypograp l1i (' Teaching was st·t 
up in Onobn, l9GG, hy the Socit·ty ul'lndustr ial Artists and Dcsign­
n s ( Lonclon), with the acti , ·e su ppun ul'the Societ y oi'T ypographic 
Dl'sig1tns, in rc~ponsc to repeated c ri tici~m from a~scssors, teachers, 
:-~nd spokesmen from indus try that m uch graphic design work in 
colleges of a r t ancl design was let down by an immature approach tu 

typography. Since then, the Working Party has bt"comc an indepe tt­
dcnt and permanent body with nearly lif'ty acti,·c mcmbrrs drawn 
{i·om dcpartntClltS of prin ting, colleges o['art and design, lllli\Tl'Sities, 
and <t number or branches ofind us try. Amongst tlwm an' rcprcscnta­
tin"s of'lcading national and international organizations and socidies 
connected with typography and graphic design, heads ol'graphic 
design and printing departments, and teachers (both li.tll- and part­
time) from many parts of the country. 

1.2 [mns nfrifereuce. The initia l terms or rd'c rcncc 1\'l'I'C lU consider 
tltc place o f typographic design in graphic drsign courses and to 
suggest mr:1ns of improving the quality oftlw te:tching of the su bjtTl. 

. \s work progrc~sed it soon lxcame oiJ,·ious tha t the l r:td it ion a! 
meaning of typography (p rin ting) would have to be l'Xtt'nckd to 

include all visual commu nication systl'ms im·o h-i n~ th e use o f words, 
numbers, and other symbols. It also became clear that we were 
really concerned wi th the fund amental issues ol' tht' desig n process 
which, in our experience, can best be approached throu~h the slltd \' 
ol'an industrial design discipline such as typog raphy l' ngincning 
or architecture would serve equally well , but typography is the 
o b,·ious choice in graphic design courses. 
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1.3 ReguLar activitieJ . The organized activiti es of" the \\'o rking Part) 
a rc or t '' o mai n kinds : regular month ly meetings lo1· mcm bers, and a 
series of national study coukrcnc~:s . Th e month ly meetings usually 
take t he Jorm of demonstrations and descriptions ofpr~jects which 
rncrnbns ha\·e undertaken w ith the i1· own students; and these han · 
prm·icl<-d , ·aluablc points of"dcparture fo r the discussion oftrcncral . ~ . ( 

ideas about what we wa 11 t our students to I cam :welt he value o f the 
tt·aching methods we use. Other meetings ha,·c been conducted as 
disc ussio11s in troduced hy a member oft he grou p or b y a , ·isitor. 
!\mong til l· topics em-c1Td have i)CCJI the te a<.:hi ng of" cngiiJl"tTing 
desig n, co urses lor teachers or typography and grap hi c design , and 
the placv of" the study ul' the history of typography, tcclnJUlogy, and 
dl ·sig11. In ad dition , the Working Party has set up SJX'Cial s tudy groups 
w <.:o nsider in more d etai l a number of sueh aspects o f" the tearhino· or 

'"' typography. 

1.4 ./1/atioual Coufereucr.l. Thret· national st udy confercnt..:~·s han· been 
held. The response to t hese has confirmed o ur bclief"tha ttlte 
dissa tisfaction with the presen t structure of courses andtht: approach 
to the teaching oft ypography and g raphic design is widespread. 
0\Tr 300 people attended the first eonft:rcn<.:t" "Crea tive teach ino· in 
g raphic d esign," which was held in London i1~ O cto bn, 1967, " 
amongst them practicing designers, teachers of typography, p r incipals 
of"co lkges of" art attcl design, represen tati\'cs from the printin" and 
allic·d indust ries a nd professional bodies con nected with prin~ing, and 
an observer from the Department or Education and Sci cnrc. 

1.5 1limJ and intentions. These organized acti vities have gone some way 
towards m ak ing the ai ms of the Working Party knowu, but perhaps 
its most valuable contribution to elate has been in providing an 
opportuni ty for the iu lormal cx<.:hangcofvicwsamongst ntembcrs with 
a w idt' ra ngc of professiona I and indus trial experience. Contacts or 
this kindhavt' enabled us to clariry our ideas and learn from om· 
anothe r ; in this respect a particularly important role has been played 
by those members working in industry. 

One of t he original imentions of the \ Vorking Party was to produce 
some- kind ofclocum<"nt outlining basic requi remen ts in relation to 
cours<"s, starTing, equipment, and so forth. It soon became clear, 
howcn:: r, that such a docum ent would be premature, and possibly 
C)') 

e\Tn undesirable. I n the first plan:, we ha\T IJl"gun to explore m'w 
approaches to one area of design education; too spec ific proposals 
a t this stage migh t even have the cHert of in hibi t ing furt her essential 
experiments. What is cleat· is that we need a si tua tion tha t posi tin·ly 
encou rages new and , ·ariecl kinds of" courses to emerge. Secondly, \\·e 
ucl icve that cou rses should be desig ned to suit t he ge nuine ed ucat ional 
t1ccds of studen ts lor the benefit of socie ty as a w!tok, and that they 
must be shaped to so nw cxtelll by t he imcrcsrs of" particular lt";tche r~ 

and by local considerations both inside and o utside the teaching 

ccn tcrs. 
!\few examples m ay help to illustrate this last point. Some srudy or 

cy bcrnetics, lingu ist ics, and percC'ption seems to be essential to an 
ideal course in typography and graphic design, b ut we do nut suggest 
that these subjec ts should be ubligawry at t his stage in view of" th e 
cliflicult y o f" re-train ing existing teachers and find ing suitable new 
starr. The history of printing may be most profitably studied, 
pa rticula r ly where original m aterial exists locall y in a good library, 
bu t the his tory of technology may pro\'c quite as rewarding when 
studied in an area whne interest can he aroused and nurtured by 
contac t with ac tual examples of engineering li·om the past. Prac t ical 
involvement with modern p rinting machinery may be a most va luable 
part of a student's course, but i t is not absolutely essent ial, and the 
nature of the contact would certain ly depend on the size and type of 
t he educat ional institution and th e attitlldt· of"local indust ry. 

1.6 The major issue. This report is therdiJJ"C main ly roncemccl with 
general ideas and principles. Tl1ough it has ht-cn prepared l>y 
members with wide experience of" the organization of courses in 
typography and graphic d esign, it dwells primarily on the need for a 
new approach to design education a nd , as an example ol"this, the 
relation of typography to o ther subjec ts. The d esign and implementa­
t ion of courses m ust stem !"rom an acceptance of these fundamental 

p roposit ions. 

2 The Art and Design Conflict 
2.1 FozmdationJ of design and design teaching. In our examination of 
objectives and teaching methods we ha,·c found th at inadequacies itt 
typograph ic design teaching mostly stem from the tr("<ltl11l'll! or the 
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subject as a form of personal \·isual expression, a concern which may 
be p erfectly legitima te in pain ting and sculpture, but is a distortion 
oftypograph ic d esigning and, for tha t matter, any o ther desig ning. 
The most e fl(·cti\'ely de\'rloped me-thods we have seen have been 
those that lta\T n:jected the usc of typogra phy as a (()rm of applied 
a rt and have concen trated on the runctiona l, technical , and economic 
fac tors which a re in \'oh'ed in its usL> as a means of commu n icati ng 

information wi thin a pn·scribcd hrid: 
\\'e contend tha t so long as the pLu·puscs of a r t arc a llowed to 

d omin a tc til l: study ofciC'sign, stud('nts will be robbed of an opportu­
nity to cle\·elop the knowledge and attitudes re-quired to deal with 
design problems in t he area of' visual communication. We believe that 
d esign p ro blems a rc di f-l (Tent in kind fi·om those associated with the 
practice of' either a r t o r craft and requi re difl'erent forms of'trai n ing 
fi·om those which a re traditionally assoc iated with art and craf'L. The 
designn is no louger confined to the task of c rea t ing ae-s thetically 
satisfyi ng objects within prescribed an:as oLtctivit y and is becoming 
increasing ly concerne-d wi th planning a nd co-ord ina tion as a major 

funct ion. 

2.2 !mplimtioll.ljor snond(JI)' education. The chang ing role of the designe-r 
also require-s that p otential design students in seco ndary education 
should be gi \·cn a clearer idea of'thc ne w kinds of su bjects which they 
will be required to study o n d esign com srs and whe-n they practice 
as profe-ss ional d esigners. T his in tnrn means that the d esigner's 
fun ctio n h as to be understood by those responsible at se-condary level 
to r advice about future ca reers. \Ve bel ieve that the view of indus trial 
design held by teach ers and pu pils i n s<:condary educatio n is st ill 
la rgely based o n the concept oft he designer as an artist, and design 
courses as means of' re lining the "artistic abi lity" ofstud <: nts who 
show prom ise of this kind a t school. \Ve bd ie\·e tha t this view must 
be cha nged if students with t he right atti t udes and potential a re to 
come f(>rward. For t his to happen, design educat ion in colleges of art 
and design must be seen to be concerned wi th mattns other tha n 

t hose of' the art and craft room. 

2.3 T he weird role of the dr.1igner. The pre\·a iling confusion over d esign 
ed uca tio n has impo rtant socia l rami fica Lions. \Ve believe tha t t he 
present ed ucatio na l pattern does not e nco urage the design stude-nt to 
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a pprecia te the sig n ificance of the role he has to play in the com mu nity 
at la rge. Much too much importance is attached to pnsona l 
satisf~tct iou aris ing from self~indulgencc ra th<'r than from the reward 
of seeing a d esig n problem satisf<lCtorily soh-rei for the bem·fit of 
others. This is only too cle-ar in the case o f typog ra phic ed ucat ion 
where the tradition tends to encourage certa in kinds ol'jobs wh ich a rc 
superficially treated and involve no mon· titan visua lly e-xcit ing 
images. Other a reas or desig ning, or mo1T conscq ttt·nn· to socidy, a rc 
neglec ted. Furthermore, the emphasis on w-call<:d origina lity ortcn 
results in m ere sty lish ness which disguises a complnc absence or 
orig ina l thin ki ng. Conseq uentl y, many ext remely importa nt !Jut 
u nspectac ula r areas or typography and graph ic desig n, such as 
ed ucational boo ks and o ther visual aids, sc ien ti fic pa pers, go\TI'Ilment 
regu lations, reports, instructions, forms, and di rec tiona l systems, a ll 
o f which play an important part in our l ives, arc usuall y either 110t 
de-signed at all o r arc designed Yt>ry badl y. 

2.4 Economic considemtiunsfur the count!) '· \\'c bdie\'e tha t, on economic 
gro unds alone, this country ca n not a fford to tolerate bad desig n 
educa tion any longer. Our concern here is with the ro le of th e 
typographe r, wh ich is perha ps rather a special one since printing and 
o ther visua l co mmun ica t ion systems <ItT ce-nt ra l to th e m ach inery of 
gove-rnment, industry, trade, transport, e-duca tion and scholarship. 
The efT-ic it:nt working of a ll ki nds and levels of society cl r p r nds to a 
large extent on com m un ication hy mea ns of' the printed word. \Vc 
cope- wi tit an enormous q uant ity of ma tcrial of this kind, t he 
dll:Ctivcness o f' which depends to a la rge extent o n th(' ability o f' ti ll' 
typographer to u nderstand its content, ord er it mcaning l'ull y, <tnd 
lind a su itab le med ium lor it. A pattern of desig n educatio n based 
primarily on c ultiva ting personal expressio n docs little to conw to 
terms with this problem. l\1ost st ude nts leaving colleges of art and 
d esign t his year will be ill-equipped Lo EtCL' up to the needs or 
industry today, let a lo ne the fu tu re. 

3 T he Work qfthe [_1•pograp!ter 
As s ta ted ear lier, we bclie\'C that desig n nw thod in ge nera l is best 
s tudied thro ugh a sp<:c iflc industrial desig n disc ipli ne, and as L r as 
g raphic design is concerned we belic\T that typography is the id eal 
one. 
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The function oftlw professionaltypograplwr is to com mt 
specific information as dliciently as possible \vi thin rite limi• 
imposed by his brid: In the fi rst place the typographer mus 
capable of analyzing "copy" and, if nerd be, re-ordering its 
:\thorough understamling oft he usc of English is essential [ 
handle efficiently a ny matnial giq'n to him. H e must equal 
to ad,·is<' a cli ent as to the appropriate means ofcommuni cr 
:\ gennaJ knowledge OfSVStl'I11S of COillmunication aS a w ho 
therefore necessary, tog<·tlwr with an understanding of t he 1 
logy of'pne<:ption . The need to be able to discuss and analy 
projects and problems with keen minds fi·om business a nd it 
fields suggests that tit<· typograpiH-r needs to he ar ticu late a: 

li reratc. 
Because the typographer must produce creati,·c a nd < 

solutions to the problems that are put to him, we must stres! 
point the importance of'stimulating th e student's irnagi nati· 
as train ing his analy ti cal powers. :\ course which neg-lected 
lin·or o r purely scientific and technical studies would be gro 
unbalanced . \\"c recommend that any complem en tary stud 
designed to m·uid this imbalance sl1otddlx· connected wher 
with the student's main fie ld of" study. T o quote a singk cxa 
historical topic can on its own be a clisciplinccl and imagina 
of' study, but when related to the typographer's o th er act ivi 
enrich and expand h is appreciation of them. 

Hrl\·ing studied a client's requirenwnts and ha\'ing, fi·om 
experience in this field, a rri,·ed at an dficient and creati\'e ~ 
to the problems raised, the typographer wil l next advise th e 
on production methods in n ::lation to such factors as cost ing 
ing, quality cont rol, and allocati ng priorities. The typograr 
titus the student of' typography, has to be informed orc,·ery 
of' the printing and allied industries- methods oft ypesett in! 
and bind ing, materials, processes, trade scn·ices, a nd so fori 
typographer wi ll lw acting as plan ner and co-ordinator of a 
city or processes and the link between them and his client. !­
therefore be com-rrsant with the theory and practice of'thet 

Summing up, the practice of typography is not o nl y am< 
intuition or Aair, bu t essentia lly a discipline a nd a com b ina 
skills and functions capable of analysis. On this basis typogt 
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be taught in a way tha t can be professionally and ed ucat ionally 
valuab le, while at the same t ime demonstrat ing the pri nciples of 
design practice as a whole. 

4 Related Discipline,\ 
\Nc do not pro pose a rigid st ruc ture of st udi es relating to graphic 
design, b ut it is very clear that many new d isciplines need to be 
introduced, and that they would open up the possibility or worth­
while ach-anced work in a \'arie ty or!iclds. The desi rability or 
in troducing new cl .isciplincs natural ly has some !>raring on the plan~ 
to incorporate many gra phic design courses into tl1c educational 
work o r poly tecltn ic inst itutions. We hclinT tha t the lollow i ng sub­
jrcts arc amongst those which ha,·c a direct rcl('\'ance to the educa­
tion oft ypogra phers a ncl graphic clesignr1·s, and i nd('cd most ot h('r 
designers: English, mathematics, ma nagcmcnr stud ies, psychology, 
lingu istics, cybemct ics, techn ica l studies, history or design. 

4.1 Eugtish . Any designer needs to be capable or writi ng and S(Jl'aking 
clearly and ol~jecti,·dy on ,·arious aspects or design. The preparation 
ol\·isuals, storyboa rds, process artwork, and \\'orking lavouts has 10 

be augmen ted by conc ise, hut com prehensi,·e, writt en and ora l data. 
A designer who is responsible for C1Ctlinding itt relation to a 1m~jcn 
m ust be able to present his findi ngs in a !orm in wh ich t hey can iJl' 
used by others. F urthermore, the typographer is closely im·oh·nl with 
editorial decisions and m ust hm·e a clear understanding or the mean­
ing of his copy bdort' ht' can begi n to order it. For these reasons we 
recommend that al l courses in typography inc lude prO\·ision [(Jr 
stud('nts to develop Oucncy a nd clarity of expression in written and 
spoken E nglish and that, where possible, this shou ld b(·linkcd with 
practical work in design. 

4.2 Alathemntics. Ca lcu lat ions and measurements an· normal rout it n·s 
of typography an d dem and a competence in simple mathematics. 
The preparation of' specifications is a n im portan t aspect ol'cksign, and 
stud{'nts o f typography must IJ(' lilmiliar wi th methods of'cakulati n~ 
costs and quan tit ies and ways in which these can IJc l"Xpeditrd hy the 
use of' formulae and slide-rules. TIH' typographer is also concl'l'ltl'cl 
with communicating statistical data, and this means that he must be 
able to understand the genera l principles of' statistics and statistical 
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graphs. Descr ipti\·cgcom etry, augm ented by practice in tech n ica l 
d rawing, is clearly of,·aluc to graphic designers who frequently wor k 
in th ree d imensions. Particu lar a reas of mathematics, such as mathe­
matical logic, a na logue geometry and binary notat ion, ar(" li nked 
with cybcnH.:tic~ . \ \"e believe tha t mathematics is as central to typo­
graphy as it is to many other a reas of" des ign :\lld technology. 

4.3 Alanagemeut .rtudies. Ddini tions or managcm <.: nt arc often synony­
mous wi t h definitions of design . The ru nctions of" ma nage ment ha ve 
been cldined as plan ning, organ izing, di rec t ing, co-or<ii11at ing, and 
contro iJ ing . Tiles<.: are also importa n t fu nc tions of" the d<.: s ig~tcr , and 
it is cummonplace for designers to fulfil executive roles in organiza­
tions. Traini ng i 11 the principles and tech niq ucs oCeflC..·ctiv<.: managc­
mcn t, ad ministration, and pl an ning is ,·;tl uabk to the you ng d<.:sig ncr 
because such principles arc analogous to those o f" good practice in 
d<.:sign. l n a n um bcr of colleges st udents of g raphic design arc a lread y 
bei ng taught the principles of particular manag<.:m<"nt tec hniques of 
analysis and p lanning . T h rough such stud ies stude nts can be helped 
to develop their own design p h ilosophies; they can learn someth ing 
about or~anizational structure, acquire insight into the roles a nd 
act ivi t ies of managers, a nd Jearn to a ppreciate that implemen tation 
of a project is equal in importance to, a nd more complex tha n, its 
visualization. ).Ianagcment studies, including mat ters orfinancc, law, 
anclmod<.:rn tech niques or planning should be i ntegrated with t he 
s111dy of profi:ssional practice in typograp hy and g raphi c design 
co urs<.:s . 

4.4 P.~ydwlogy. We believe that t he st ud y of the processes of co nceptual 
thoug ht, lea rning, perception, memory, cogni tion, a nd othe r aspects 
of" human behavior arc of g reat importance to the typographer a nd 
graphic designer and should))(" included in his education. In par ticu­
lar, all stud en ts should haYe som e u nderstanding or perception in 
relation to readi ng and shou ld be familiar ized with work that has 
been done in the fiel d oflegibi li ty and alli<"d problems. 

4.5 Linguistic.r. The typographer is p r imarily concerned with ordcring 
verba l information and ideas. Un til recen tly t he trad itiona l ways of 
o rdering such mater ial had changed ,·ery little, but t he d evelopment 
of algorithmic methods ro r the p resen tation of in formation d uring th e 
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last decade has opened up entirely new approaches wh ich sl10uld be 
very much the concern ofthe typogra p her. Similarly, the typographer 
has m uc h to lea rn (i·om the new discipline ofl inguistics, which is con­
cerned wi t h the study of the fun ction and s tructure orlanguage in 
g<.:neral. Typography can kgitimately be seen as "visual li ng-ui~tics'· 
a nd should be studied in relation to t he wider use ol"language. 

4.6 Cybemelics. T he int er related fields ofcybcrm:tics, computi ng, and 
automatic data processi ng are the leading edge ofcontcmporary 
tech no logy a nd arc c<.:n t ra l to a large and im portant sector of typo­
graph ic engi neer ing. Unless stucl<.:nts of typography a re introduced 
to the princip.lcs of<.:ybernetics, they r un t h<" risk of becom ing rcclun­
clant within a few years ofleaving college. Access to a comptlier is 
dtsira iJie b ut no t essent ial in order to t rain stud en ts in the principles 
of computing a nd programmi ng. Such si mpk apparat us as a type­
writer and s tenc il-du plicator can be used f(>r a communication system 
w hic h can p rovide a basis for int rod u<.:tory cxprricncc in tht· disci ­
pl ines of .systems ana lys is and systems programming. 

4.7 Tedmical studies. For many reasons th is is perhaps the most 
difficult kin d of s tudy to implemen t in f"ull -tintl" education. \\"e are 
conscious that some teachers attach I itt!<.: o r no im portance to techni­
cal studies, and we know that many teachers are largtly ignorant of 
technical mat ters and arc not in touch with lT<.:cnt d<"vclopments. 
\Ve bel i<"ve that tech nical st udies in typograph y shou ld not ht· limited 
to t he operations of pr in ting but should cxte11d into o ther areas o l"t ht· 
cummu n i<.:at ions indust ry. It seems to u.s absu rd 1ha t design s tudents 
in a ny field sho uld be uninfo rmed of" relevant equipme nt , matni:ds, 
proccss<.:s, standards, conventions, and term inology. 

4.8 l list01:V of dw:!!," and ledwologv. We believe 1 hat stud ents of d esign 
a rc mostlikrly to be interested in an h istorica l stu<i y arising fi·om 
their practical work. The typog rap her and g1·a phic cksigner should 
study some aspects of the history of graphic com m unication, des ign, 
and technology in relation to social, economic, politica l, and intd­
lect ual develo pmen ts. A study ofthr h istory orlet terli>rms could 
increase a studrnt's sensi tivity to typefitn·s in usc at the present time 
and help h im to come to terms with future developments. \\'e do no t 
accept that a nalysis of history is irrcle,·ant to thr t•cl ura tion of"dc-
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signers and IJelicYt' that such a study can play a val uable part in 
opening up fields outside a student's immediate experience. It is a lso 
a means of making st udents aware of the elementa ry tools of sc hola r­
sh ip and of encouraging critical j udgment. 

5 fmplicationsfor 1 l ighn J~'ducation 

.\s mentioned a bon·, this document is nut concerned with making 
specific propos<tls relat ing to the implem~.:n tation of courses, but more 
wi th general conclusions that haYe emergrd from our discussions. 

5.1 linll)' requirements. \•Ve do not wish to state categor ical ly whic h 
subjects shou ld be requi red of studen ts who enter design courses, o r 
what level of'achicn:men t should be exJKCtcd, but we do bd ievc that 
some requirements will h a,·e to br made . \ Vc make t hree general 
o bsctYations. 

First, there is a t present a tendency for good applicants with 
scientific inten :sLs not to look in the direction of' des ign. W ays must 
be found to c hange this situation if stud ents wi th such potenti a l arc 
w come forwa rd. 

S~.:condly, tilt: new approaches to teach ing scie nce and mathem a­
tics in primary and secon dary education arc part icularly rdcvant to 
the thought proccssrs which will be required of' designers, especially 
in relation to t he inter-disciplinary character of design operations 
dt:mandcd by new tcch nologica l dC\Tlopments and managerial 
tt:cltniq ues. \\\:arc certain that unless students ha,·e a foundation in 
these disciplines at school, higher design education cannot proper ly 
fu lfi l its role. 

Thirdl y, design ed ucation must prov ide opportu ni ties lor mature 
stud en ts who need to change dirt:c tion . Wt· l>cli cvc that pro,·ision for 
such stud en ts must become a katun: ofdrsign cou rses, and tltatltigh 
ln-el s tudies wi ll lll·ndi t from an infusion of maturity (as was shown 
during the immediate post-war ptTiocl in man y a reas ol'furtltcr t:du­
cation ). Clearl y, entry requirements demanded of this ty pe of' person 
would not be solely dq Jl'ndcnt on ft )r rnal aeaclt:mic q ualifications. 

5.2 Equijmzent. J\ genero us Sll p ply or elaborate and expensive cqui p­
nwnt is no substi t ute whatsoever for a sou nd, imaginat ive approach 
to teachi ng typography and grap hic d ~.:sign. !\ I any of our mem bers 
have been dist urbed by the undue emphasis placed on p restigr 
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equipment in some schoob and han: li.ntnd rhar this can so casi l ~· 

obscure some of the more essen tial though t processes or d esign educa­
tion. i\1ach incry a nd ot her major items of eq uipm ent can, ;~nd 
ideally should, play an important p<t rl in the education ofstucknts ur 
typography and g raphic design, hu t the fi rst pr iority should be to 
discover what t hey arc needed for. Only t hen wi ll it he seen what kind 
of equipment can be most satisfactorily used to setYc the t·duc<ttional 
purposes in 111ind. 

5.3 L inks with iut!ust~i' . \ , . e are \Try much in !il\·or of forging strung 
lin ks between educational establishments a nd the prin ting and allied 
industr ies. S uch co-operation would go somr way to soh- ing till· 
problem ortam ili a ri zi ng students with modern industrial processes 
wi t hout the need f(Jr schools and colleges to incu r enormous and till­
necessary capital rusts. [ t would also hdp students to understand 
some of the social a nd organ izational p roblems ol' industry. Studems 
sltould spend some part or their n tcations working in a ,·arirty or 
branches orthe printing a nd allied indust ries, and ways mu·t br fo und 
fo r stude nts to spe nd prriods working- under supervision in ind11stry 
as part of' t he ir courses. 

5.4 Stajjing. The re-training or existing sta H' and the appoi n tment or 
suitable new stall' (including some with industrial experience) an· 
c learly major issu<.:s arising from thcsr proposals. \\'care only too 
aware from our own discussions over the last two years of the inac!t--
q uacies of our own education a nd traini ng which, in t Itt• majori t ~· ur 
cases, has been ,·iSllally oriented. The con t ribution rn;tde by prn­
lcssional designers fi ·om i ndus try to \Vorki 11g Party meetings has IHTtt 
part icu larl y ,·aluable, and we arc su re tha t industry itst'lfm ust ht· 
prepared to en COli rage tilt' in \'OkcmCn t or i lS personnel iII t ill' 0\'lT­

aiJ pattern orck signeducation . T hen· is, howe\'er , no su hst itlltl' lor 
full-tim e teachers, and the prokssion mustlw prepa red to conn· to 

te rms wi t h many ne,v discipli nes whidt m a y perhaps be foreign to its 
na tu rc and past ex 1w rin1ce. 

6 l11}.!,em)' 

\Ve wclcorn t: the current re-appraisa l of' design education allCI can nut 
O\Trstress the urgency of' dea ling with thesr problems. 
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Postscript: i nternational Dialogue 
This report is adapted from the first Interim R eport of the Working 
Party, published at its thi rd study conference a t StaOord in November 
1968; carl icr conferences were held in 196 7 and 1968 in London a nd 
\ I anchesttr. The Working Party's stteri ng comrn it tee is prepa1·i ng 
pictorial documentation of approaches to typographic teach ing lor 
publication in a subsequent issue of the ]oumal, and the Working 
Party is interested in exchanging ,·iews w ith educators in other 
countrit·s. Correspondence should be add resstdto the secret<1 ry : 
.\liss Gillian Riley, ~IA, 9 South Villas, Camden Square, London 
.'\1\V I, England. The Interim Report is availaiJk in booklct1orm 
isingk copies :i-i2 .00, bulk o rders above :->0 copies ~ 1. 00, prepaid) li·om 
the secretary. 

USA: Typography in Journalism School Curricu la 

William R. Lindlev 

T ypography has a minor and Elr fro m consistcm p lace in the curri­
cula of major i\mcricm schools ofjou rnalis111. That may bt· g-a thnl·d 
li·01n a SU IYCY of schools ;•ccJ·ecl itcd by tht r\nwrican Counci l on 
l ~cl ucation lor.Journalism. There a rc 55 accredited schools, incl uding 
most ol'tiH.' la rger ones; 50 repl ied to t he survey, comp!ctccl in 1968 . 

Tht>rc a rc scn'ral rcasons why journalism schools ofkr ins truct ion 
.in typograph y, and oddly d iverse reasons they ;1re. 

Some st udents in news-editori a l sequt'IICl'S are l'l'CJ llirl'cl to work 
with typc so they rnay lx bctlcr editors. O ther sci tools l'\·idcn tly 
think l'uturc ed itors don't rH"ecl to know, Ji·om laiJOratory experience, 
how to handle t ypc. Thesc schools g ive some at tention to t hl> mattn 
in lectures, or or~anizc rielcl trips to prin ting plan ts. 

O t her schools think it is thf'ir acl,·ertising students who need 
laborato ry experience wi th type, but make sucl1 eomses o ptional f(H· 

thosc in the ncws-editorial sequence. Of course there arc st ill other 
schools \•Vhich think students in both subjects net>cl the experience. 
And then, incredible as it may be, one school req uires tlw course or 
public relatio11s students only. 

All told, 35 ol'the schools replying ofl"erccl courscs in typography, 
while 15 did not. 

H ere a rc the survey questions and a nswers, togc thl'l' w ith some 
marginal comments !Jy prokssors (whose replies wen· to covcr typo­
gra ph y as taught to joumalism m;0ors only). 

I. Does. J•vur joumalismmajor curriwlumlist fll!l ' courses in {J1JV_!!,I"IIjJI! l' ") Yl',, 
~).'i; 110, 15. 

2. lfso, how 11W1!1' hours total in mtalog? (Please JjJecij)' quarter or .11'1/ie.ller 

hours .)* Two semester hours, I 0 rcplies; th rcc semcstcr hours, 6; 

"' Thn·<· .wne>ler hours normally means a dass lhatlll<'<'ls li.u· lhrn· hout-s a W<·ck 
during a Sl"lllt:Sl<'l' school lerlll (one-half of a school year); lh rcc quar/a hours norm­
ally lllcans a class that llleels for lhree hours a Wt't'k during a quar1cr schoolt('rm 
(one-th ird of a school year). Laboratory pl'l'iods normally nt<'<'t f<w two hours a 
week lor each hour crcdil. 
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three qu<.~rter hou rs, S. These were the only choices m arked by more 
than one school. T otal hours for individual schools ranged to I 0 and 
I I quarte r hours and, in one case, to 24· semester hours. Comments: 

·· w e teach quite a bit of typography in our copy-editing class and a lso in 
:\civenising Copy and Layout." 

··We lis t one course specifically, but we teach prod uction a nd typography 
lor all students as part oft·diting." 

' )Jo cou rses in ca talog. ) "'J ncluded in two editing courses. '' 

.. \Ve requin· a course offucd in the I nclust•·ial Arts Dcparl n>cnt. " 

I :\o cour,cs in ca talog.) · ' \Vc have fully competent facul ty (including 
Jim ncr lTC member) a nd include dclllcn t~ of typography in copy editing 
and advcni ~ing layout. Students sec hot typ<· in own p la nt where /Jaifv is 
produced , coldtypt· on field t rips." 

··Only OJW con1·sc in the school is called typography: a two-senwste•·-hours 
laboratory course, required of advertising majors, hand-set foundry type 
mo~tly, emphasis on design. But typography plays a large part in five orhc1· 
cou•·scs : Advcn ising Layout and Copy, th•·cc semester hours; lnvspapn 
Production , two hours; Hi ~ to•·y of Books a nd Printing, two hours; Book 
Design and Product ion. two hours, and !VIagazine Produc tion, two hours. 
:\nvspapcr Production is also a laboratory course. Students make up pages 
of cold type as wdl as of hot. This cour~e is required of news-ed itorial 
majors. Advertising layout is requi red ofadvnti~ing majors a nd magazine 
produt:tion of magazi nc majors. The other two cour~cs arc mere I y elec tive. 

•· ] teach lour of these courses, and try to cover photo and computer 
coul position; but we don ' t have the requisite machines to give st uden ts 
direc t laboratory cxptTicnn·, and 1'm not surl· we desire to acq uire the >ll . 
The hopd'ul developmen t ofcdtteational policy hnt• is away fi·om trade­
school approaehl·'·" 

.. Only as part of editing. 1\o type lab." 

.. \\'e have a course iu our catalog which is entitled T ypography a nd 
l'•·inting. Probably Typography and Layout or D esign would be better 
becau'e that is whne the main emphasis lies." 

.. \Ve believe ou1· st udents should know how to usc type as a design tool, 
b ut not a~ a printer. ThcrdtHT, we do no t include any typesc tling in this 
course. The laboratory work is keyed to the design and layout emphasis." 

.. \\'c handle typography as part ufour cou1·se in editing a nd course in 
advenisi ng communication." 
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3 . .rl re rourses required? Yes, at lrast in one seq ttf'nce, 15; no, I 0 . .\ la ny 

a nswers conditional. Comments: 

·'Required lor advertising majors .· · 

.. Optional lor rad io-TV and adver tising."' 

.. Rntuin·d for advc•·tising sequence ; opt ional for n •maincJ,•,·.'' 

.. Rcq uin ·cl o nly for public relations majors; up tionallo•· a llot hns." 

·· Requ i n·d fo r advert ising a nd news; opt ion a! for broadcast. " 

.. Required for ad vert ising majors; optional l(>r ncws-nlitorial." 

·'Requ ired f(>r ad majm s; opt ion a I f<->r other students." 

.. Required of ad majors only." 

-/. In ~J1)(JgrajJhical instruclion,.rour studi'JIIs /eam to annpo.>e work in:.\. 
Handset lead type, 28. B. H andset type and slugs of' cast ty pt>, 16. 
C. Cold type, 21 (Specifying in qxtctscL typc, II; speci 1~1 ing pho toscL 

type, 12) . D. Course req u ires no lab,+. Comment s: 

.. \\'c teach no , kills. Conlin<:" the course to a knowledge of procedures and 
where thL·sc procedures fi r into other courses. Vl/c do most of our lab work 
o n paper in creat ing ideas. layout, etc. A knowle-dge of' processes is given 
wi th clllphasis on thei1· part in total journalism progralll." ' 

.. The proccsst·s are explained but the st udcnts d o not ptTfon n the opna­

lions. '' 

.. Do not do a ny actual colllposition." ' 

"i\f'll'r th is setncsleJ· students w ill receive instrunion in ollset." 

.. Cold type in nearby oflse1 plants. Hop<' to haVL' basic cq nipn1ctll in our 
0 \\'ll Jab SOOll. " 

.. C s,· hand-se t kad type less and less.'' 

5. It 'ould_J•ma srhoul be inleresltd in sending afaml{)• membt'l to a.Jive-dt! l' 
.·lmeriran Newspaper Publishers .rlssn. f Research Institute seminar whne he 
wuld bl' updall'd 011 all the jnwluction breakthrough.> f!/tht' paslfl'w_rmr.>-' 
I The writer had suggested this to ANPAfR L and had recei\Td 
expressions of' interest. The idea is st ill in t he tal king stage.J Yes, -~ I : 

no, 7. Some responses conditional. Comments: 
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'· Wc'tl b e very much interested in partic ipat ing w ith 1\:--J PA ; one of t he 

1-cal drawbacks o f jou m alism eJuca tio n is that we have n ot proj ected a 

ckar vision of w hat the newspaper (or any other medium) is l ikely to b e 

like, 'ay, 20 years from now. Our accred itatio n team cri ticized o ur typo­
graphy class and we've g iven saious consideration to abandoning i t. .\'Iosr 
likcly we'll incorporate i t w ith ed iti ng."' 

'"L',did to ,choob in ran ge, w here access fo r sluden/J wo ul d be practi cable. " 

.. Yes, if sonH'Clnphasis could be p ut on j itlllrP breakth rough,.'' 

.. ' l 'ypog raphic inst rtlc tion today s hould in c luck a lithe proc~.:sscs now in 

usc fur co t•vntillg the written m spoken word to th t: p r inted page in 

a t trac t ivc , legi hie-, n ·adal>le fo rm. Because o f' t he many com pi ica tcd 
prnce,scs in use today, ~wcond guesses on typogra p h ica l a rra ngement, ev,·n 

ifpossil>k- at all, arc much m ore costly a nd timt:-consu lni ng. VVe can no 

lo nger insen a lea d o r t \\'0 b e twcc;n Linot y pe slugs to i1nprove leg ibili ty 
a nd fill avail a ble sp ace. 

.. T here arc sti ll m a n y fund amentals: T y pefaces, siz,·s, classi fi cat ions; 

t ypelace select ion, 1 ypographieal a rrangcmenrs, space limitations, ctc., 
that can be taug h t in yesterday's typ e lab ; a hand-se t type la b b y itse lf 
isn't ~uflicient. .. 

I t docs appear as a result of t h e s urvey that schools ol'joumal i~m 
recognize the importance ol'typ ography to par ts o f their cur ricula. 

1-l o\\'C\'Cr, they arc f;u l'rom agreem ent on t he w h o, what, w hen, 

1\'ltt:r<:, w lt y and !tow oftypograpltical in s truc t ion . 

\\'ill iam R. l.ind lt·y is chairman ol'thc Depar tment oiJournalism at Idaho Stat,· 
Uniw rsi1y ( l'oca td lo, Idaho H3201 ) . He st udied printing in a ll·chnical secondary 
>chool, then took Uadwlor's and \1aster's clq~rn·s injournalisn t frotn the 
University ofOrce;on . He was on the editoria l staf[~ of several west<·rn newspapers 
bc·lorc turning to teaching some ten years ago. A bri<'i'cr repor t on his survey 
appeared in Journalism (J.ua rlerly. Spring. 1968. 
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R esume des Articles 
Traduction : Fc rnand Baud in 

l .cs pr.-mi•·•-s livre;-s d'alphabets de Ia Renaissanco:: par .\Iiiiard .\hi» 

Lcs trail<~s sur Jc dessin d e l 'a lphabct sont tnll· innovat ion des dt'huts dt· la 
Rt:na i:ssaucc. Lis rl'flt'·tcnl un univers rt·gi par dt:s p roportio11s l lliiii~Tiqul's t 'l dt· 
l(mne g~omt'triqut: sd on k s cotu.:o:ptions du temps. Lcs rela tions n'cipmqucs lks 
IIOIInllt'S et de leurs theories sont e tudices Ct illustrc.'es. Ccn~s. !'dice J:'c:liciano rut 
Pi nitiatt·ur de ccs LraitCs ; u1ais i l appa rait q u'.\ udrca fvtant(.·gna joua Ull nile 
import an t sinon k rOle principal clans Ja n;staurat iou d,· Ia capital<- romainl' . 

La ll'l:turc (·kctroniq u .. des tc<tes im pri•n,··s ;\ la maiu 
flllr ]ofm f-1. tllumun 

C:ct art id t• dc<.:rities Ctapes elks n'sultalS d ' ullt' t'l iiCk Slll' l:t fl'l'llll'e t-lt'l'li'Ollique 
de textt·s i1npri n1i·s assez nl·gligernrnenL ~\ Ia tnain. Les op~·rations du balayage 
sO::qw·ntit·l, d,· l' idcntillcat ion et de Ia classi lication <ks caract i-res sont decrits . 
Pan ni k s nouvdks techniques cxperim<'11ltTs: un d isposit if d .. pr(·-idnttilicat ion 
cotllposc exclusi,·emcn t de dctcc tcurs (·talonnl-s; d es indicatt·urs d" to iO:-rann· 
poly' alc:nts tau t avan t qu'aprCs Ia classilication ; en vut· d\11u.: plus gran<..lt: lidl·l itl: 
da ns l'icknt ilica tion, on a m is <'11 pa rall(·k cks systi·nws cit- prl--dassilic::uion qui sont 
normaktnent indcpcnclants; k contexlt· a (·I~ pn'·alabil'nll'nl analyse <' II ,·ue cl'utle 
lllt'illt·un· 1<-cture e l .. c troniquc. L 'huck donne e~aknwnt Lnw bibliograph ie 
(· t.:ndu•· cOtH'crnamla lecture f lcctroniquc des itnprinH's itla 111ain. 

L'ick nt illc.:a1 ion des signcs sur pap in par R . . I f. J{. C:ru.,/ry 

On sait rdativen11·n t pl:u de choscs sur 1a mani('n; dont Lil t ,·nfant apprend a lire' 
,·'est-it-dire, sur cc qui St' passe dans SOil esprit. ToUll'll ctudi ant de quclle ra~·on 
l'apprent i kctC'llr appn:nd a dist inguer II'S el i llcn·nts syn tbok s graphiques. CCI 

ar ticle cx~uninc plusiers problt:n1cs con1u..·xes: ('II q uoi Ia pl· riud t' prL- ~scolairc 

l'('t ardl'-1 -cllt- l'cnf"ant d a us ses pn :n litTS t'fl (>rts de discri rninat ion ent n.~ lcs sig nt.:.s 
:tlpha u<·t iq ucs ':' Con ll llentl'enfant appn·nd-il it ks dis! ingun :' .\ distingucr ks 
11 10ts !' Q ucllt' correla t ion y a-l~il ("ll lre {·criturc· c:llc:ctu rc: .' Plusil·urs progran1111es 
de n ·chen.:lll:s en ce .sens sont e~"antines. 

Lisi hilitt' rdativc en T <'l•'vision dt·s cantCitT<'S .\I I TR E, d .. 1.<-roy el l .incoln 
f/(/r Ouuald Slwrllt:/1 

La lisihilitt· des symhok s alphanum<'riquc·s J .t·roy a ttl- t'Olll jlart·l· "'''"'edit- J'un 
110\IVl'l assortinlt'l11, le Lincoln/ M 1 T R F., sur un Ccran dt: tt· ll!.\'ision aVl'l' dl's trantl'S 

ck 8, HI. 12 c t I ·~ I ignes de hautt·ur pa r sign<'. Lc nouvel assor t intcnl n'ctait pas plus 
lisible dans aucuuc de <.:cs tramcs. Si lcs r.'suhat s II <' sont pas l'l\'Or::tbks. 1\·xpcricnct· 
n 'cn a pas moins fourni des donnees utiles en vue d 'am{·liortT ia lisibili t,< d,·s 
caracti'rcs d estines aux tit rages a Ia TV. II snai 1 souhaitablc q u,· n·s nou\'l'lks 
techniques soicnt mises a prolit. 
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Kurzfassung der Bei tr~1ge 
Cbmet:.uug: Dirk !Vendi 

Oic <:rsten .\bhandlungnt itlx:r das Alphabe t in dn R enaissance von .~fi/Lard !I lei>> 

:\bhandlungt·n i.iber die Gcstaltung des Alphabets waren cine Ntucrscheinuug dn 
l"rcilten Renaissance unci gclJc:n die Aullassungjcncr Zeit wicdc:r, cia!} die \ \ 'c:lt 
<.lurch /.ahkn\'l:rhaltniss<: und gcomctrisdw Fon ncn gcordn<:t St'i. Die Bcziehungcn 
zwischt·n den \'t-rschinkncn. liinnern unci ihrcn T heor icn wcrdcn diskutiert und 
illustrint. Zwar hat Ft·lict· Feliciano mit di<·st·n Abhandlungt·n [ibn das 1\lphabt:t 
angdall .~(·u, abcr es zcigt sich, daB Andrea l\lantcgna cine Lwdcutcnde Rolk 
(wcnn nicht dit: Scldlissdposit io11 ) hei d!'r Wit:dcrcntdeckung dt·s latcinischcn 
Buchstabt·ns iruH:gt'habt hat. 

Das Erkcnnt'n handg('schril'IJt'll!TDruckschril"t mithillc , ·on Computcrn von ]olm/1 . 
. \lumon 

Dies('r .\ufsatz beschrf'iht die .\!l cthodcn unci E rgebn isse cines Projektes, welches 
das Erkt·nnt·n von rclativ tn ll·q.:kmen tiatcr handgcschril'bcn<:r Oruckschrif'L zum 
Zic.:l halt(·. Tt·c-hnikt·n des ,\IJtastcns, dcr Ext raktion ,·on C:hraraktf'ri~tikcn unci ckr 
Klassifizicrung von Schrif'tzeichcn wcrden bcsc:h ricbcn. lJnt<'l' dl'n tll'ucn \ 'erlahrcn, 
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