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What Is the Proper Characterization of the Alphabet ? 
I. Desiderata 

W. C. Watt 

To a point, an alphabet can be viewed as a " language" and described by a 
"grammar"; however, since for any such language many diffe rent grammars arc 
possible, to take the "linguistic" analogy seriously is to want to find criteria for 
judging which "correct" grammar is "best." If we gra nt that the alphabet's users 
have some systematic mental representation of the a lphabet, then the basis for 
this judgment is clear: that grammar is best which best approximates to the 
system that people ha ve in their heads. T o show how psychological evidence 
bears on this question , two sophisticated " linguistic" analyses of the alphabet a re 
examined; the conclusion is drawn that the evidence poin ts toward another 
analysis. 

I haur teamed that a good question is greater than the most brilliant answer. Louis I. Kahn 

I . Introduction 1 

1.1. T he proper characterization of the a lpha bet is the one that 
tells us what we want to know. What is that? Put simply, we want 
to know why it contains the symbols it does instead of some other 
sy mbols. U nless, of course , it is merely a co ngeries of arbitrary a nd 
unrelated characters. But if it were , a ny new arbitrary and un-
related character would be as suita ble a n addition to the alphabet 

1. Part II of this se ri es of papers will present a new charac terization of the 
a lphabet in terms of an iconic grammar employing distinctive-fea ture matrices 
and generative rules. The distinctive features- unl ike G ibson et a l. 's-are not 
chosen for their putat ive individual psychological reality; rather they arc chosen 
to operate within an over-all system (or "grammar" ) whose generated fJToducls 
arc designed to accommodate, and explain, a diversity of psychological findings. 
The products of this system are, more than letters, letters-cum-analyses: tha t is, 
enti ties structured a t a varie ty of interconnected levels. Among those levels a re 
distinctive ones having correla tion with such fam iliar terms as " discrimination,'' 
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as a ny o ther; and th is is patentl y fa lse. The sy mbol" .d " is much 
less accepta b le an addi tion than , say," A ",as the Emperor 
Claudius d iscovered. 2 The alphabet ca nnot be a m ere congeries 
beca use we, i ts users, clearl y have a n idea of"relative suitability," 
or " relat ive wcllformedness," or in other words a n idea of to wha t 
degree a proposed new letter has in common with the old ones the 
a ttribu tes th ey ha\'e in common with each oth er. So the a lp habet 
m ust be a set of characters wi th rather marked homogeneities, 
irrespccti\·c of how conscious o f those homogeneities we might be. 
Identifying these homogeneities is obviously a first step towards 
determining why the presen t lette rs, and apparently any new 
letters, must have those features. G ive n a correct statement of the 
common fea tures and a correct sta tement of how fa r their d iffer-
ences ma y range. obviously we would be in a position to derive the 
full set of well for med letters from th e und erlying " rules" wh ich 
de termi ne their eligi bil ity as members of that set. In short, in the 
fa miliar se nse we would be in a positi on to prese nt a "generative 
g ramm a r" for the full set or well formed le tters, where "generative 
g ramma r" is used in the sense laid down by N. Chomsky ( 1957, 
1962). Since 1966 the discipline which ai ms at construc ting gram-
ma rs for pic tori a l " la ng uages" has had a name, " iconics"; what 
we arc proposing, then , is a n iconi c study of the a lphabet. (On the 
risks of the ling u istic analogy sec rH ymes 1964J, [j akobson 1967J, 
and [Minsky 1968]. ) 

" [motor) p roduct io n.'' and so on . T o an ticipa te, these distinc ti ,·c features arc no t 
strokcs. but a bstrac t properties of,·cctors. 

Pan I I I will present a number of rema in ing issues and w ill tic o n· some loose 
cnds. In pa rti cula r . Pa rt I l l will take up the q uestion of whether or not it is after 
al l lcgitimate to post ulate a single system underl ying the SC\'Cral aspects of human 
performance ( ra nging from cogniti ve a pprehension throug h sli ps of the pen) of 
the p resen t-day W es tern a lphabets. At thi s point evidence from iconics will be 
d rawn upon to inlo rm a discussion of the genera l issue of "competence" a nd 
"performance.'' A broader discussion of iconics wi ll conclude. 
2. Tha t is, C la udius' ''digamma in versum" is less accep table, fo r fvf or a ny 
other sound. th an · ' V inversum' ' would have been. Cf. Diringer ( 1968, Vol. I , 
p . +21 ) and j ensen ( 1969, p. 524) . Even tua lly, of cou rse, "V" spawned two other 
letters. "U" and " \•\' .'' to " mean '' di st incti ve sounds formerl y or variously meant 
h y "\'.'·Cu riously, "V'' itselfis in turn a degenerate form of p rimiti ve " F," the 
d igamma whose invers um fai led so sig na lly (Jeffrey 1961, p. 35). 
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So far, in the interests of simpl icity, we ha,·e used th e phrase 
" the a lphabet" as if there were only one, a nd to a lesser degree the 
phrase "the grammar" in the sa me way. But there a re man y dif-
ferent a lphabe ts, of course, j ust as there are many languages , and 
the re is no more a prior i reason to ex pec t one grammar to spccif)· 
two a lphabets than th ere is to expect one gram mar to specify two 
languages like, say, French and Spanish or French a nd Vulgar 
Latin. In appearan ce, the minuscule Ro ma n a lphabe t is as d if:. 
ferent fi·om the majuscu le Roman as the Greek or Cyri lli c 
m ajuscules are ; what the grammatica l relationship amongst these 
a lphabe ts might be remains to be determin ed . 

More seriously, though , we have not ye t constrained our 
requirements on the grammar of " the alphabe t" to the point 
where, for a given a lphabet, just one gra mmar would be possib le : 
or just one gramma r picked as best. Accommodating noted homo-
geneities is an insufficient constraint beca use the rules of stat ing 
them could take innumerably differen t forms : as see the competing 
solutions examined below. How to choose amo ng th em? T he 
answer ca n be inferred from the preced ing paragrap hs, a nd is in 
its broadest statement a lmost self-evident: if we are trying to 
describe a lphabets in terms of homogeneities tacit ly " kn own" to 
the a lphabet 's users, clearly the " best" representa tion of those 
homogeneities is the one that most closely corresponds to the 
representation that those users in some sense have in th eir head s. 
So, what the preceding two paragraphs add up to is this : there is 
no correct or adequate treatment of the a lphabet that is typo-
g rap hic or epigraphic or paleographi c or whatever unless that 
treatmen t takes into accoun t what contribution our mind 's ap-
prehensio n of the a lphabet makes to the a lpha bet 's form ; or what 
in some sense we " know" abou t the a lphabet's charac teristics. 
Knowing what conditioned ancien t Greek a lphabetic cha nges is 
obviously part and parcel of knowing wha t occasions our or the 
Greeks' acceptance of additions to the alphabet a nd what co ndi-
tions va riations in the form s ofle tters. This means that iconics is, 
a mong other things , a psychological study. Iconics must lead 
towards, and at some level confront, the cogniti ve a nd visua l 
orga niza tion imposed on the alphabet by those who learn , know, 
a nd use it.:1 (This point will perhaps be obvious to psyc ho logists or 
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I (Brown 1964), (Romney a nd D 'Andrad e 1964) , (Colby 1975 )) 
anthro pologists; less so, until recentl y, perhaps, to stud en ts of 
graphics. ) 

Now, the no tio n tha t iconics is in pan a cogni ti ve study cannot 
ha,·e the same impli cation it wou ld have had fi ve years ago. Then, 
in lingu istics and in the studies (like iconics) histori call y d e rived 
from linguisti cs, the basic implication was take n to be that a 
discip li ne could lay claim to pursuing "cognitive" resea rches if it 
a chie,·cd a hig h level of correspondence to fac t while adh ering to 
certain princi ples of economy which bore some indi rect cognitive 
fre ight. The "facts" to be accounted for wen t well .beyond the 
essentia lly adventi tious d a ta attested by usage, so that the lan-
g uages that linguistics hoped to explain were infinite sets of 
sente nces; and th e sentences in turn were ta ken to be associa ted 
pairings of syn tactic deriva ti ons a nd semantic readings. The prin-
cip les of econo my boiled down to a specific version of the scientific 
noti on of pa rsimony : in the specific version, two grammars of 
equal power to accoun t fo r a given language were to be graded by 
how man y sym bo ls each had (on a component-by-component 

3. Although psychologica ll v-orientcd d isciplines other than psychology itsel f tend 
to usc " cognitive" to cover " psychological," this usage is permissible onl y be-
ca use "cogniti ve anth ropology'' and lat terl y "cognitive linguistics" deal a lmost 
entirely with phenomena tha t psychologists themselves would largely term. as 
disti nguished fi·om " percepwal," " cognitive." I havt> proba bly 0\·er-used the 
term ' 'cognitive' ' in the pages which follow; but I trust no hat·m has been done 
since when what is undn discussion is clearly perceptual (in our case, "visua l" ), 
I believe the appropria te reminders arc registered. Lest there be one or two cases 
of residual ambiguit y, though, let me phrase informal defini tions of "visua l" vs. 
" cognitive" in terms of how one might " know" or " menta lly a pprehend " the 
le tte r •· B": wha t one does is "visua l" insofar as a pprehension is atomic (''stra ight 
line"; ·'curved line"; " closed cusp"; perha ps "symmetrical" ) and /or traceable 
ul tima tely to cell-specifi c functions of the son discussed by Hubel and Wiesel 
( 1965) ; what one docs is " cogni live" insofa r as apprehension is structura l or 
em ploys ru les (e.g ., "a ' B' has a sta A' Hying two closed cusps, a nd is one of a class 
of simila r let ters ... "). The purely visual associa tion between " B'' and " b" is 
about the same as that between " B" and " p"; that " B" is paired with ' ' b" a nd 
no t ·'p" is therefore, in a weak sense, "cognitive." The distinguishing fac tor is not 
whether or no t there is a visua l signa l (certa inly " p" is visually d ifferent from 
" b"), but whether or no t the event in question ( the pairing " B"/"b") is predictable 
from j ust that visual signal (predictable by, say, the proverbial Martian). As is 
plain, the "visual "f"cognitive"f"motor" d istinctions being used here a rc rather 
informal1crms ; though they will be toughened up somewhat in Part Ill. 
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basis) , with the sparer the winner. Na turall y no one thought that 
pursu ing a cognitive a ccount, in the sense just ske tched , meant 
that such an a ccount wou ld be necessarily achieved ; but the con -
sensus appea rs to have been that th e product of such a pursuit 
would not be very wide o f the mark , needing perhaps o nly last-
minute tinkering to bring it into accord with refrac tory psycho-
logical findings. More recently, however, beginning a bout 1970, 
this view has fallen under, a cloud. It has begun to a ppear tha t 
linguistics, hence iconics, m ight be well-ad vised to consider psy-
chologica l evidence throughout its investigations a nd at every 
stage in the construction of its scientific accou nts. Brie fl y, it seems 
that, as judged by the " number-of-symbols-per-grammar cri-
te rion," people do not always construct so "economical" a cogn i-
tive account of what they learn as would be possible in some 
idealized case (Watt 1974). (More correctly, their constructed 
account is partly "economical" by a criterion other than the one 
that minimizes the size of the grammar a t the expense of increasing 
the complexity of the se ntential deriva tions that constitute the 
la nguage. ) In sum, then, our earlie r rema rk tha t iconics must 
clearly be a cognitive study has a rather more direct and more 
solid implication than i t would have had a short time ago : that is, 
that we must take psychological data into account if we are to 
hope to achieve an adequate characterization of the alphabet. 
The " marked homogeneities" we took notice of earlier, the attri-
butes that de termine re lative suita bility for inclusion in our present 
alphabet- these, then, should be stud ied with respect to what 
psychologica l evidence we can gather, from whatever quarter. 

Those q uarters are three : 
( I) Experimental evidence, much of it gathered by perceptu al 

or motor psychologists having no direct interest in iconi cs ; 
(2) On togcnetic evidence (evidence from studies of how children 

maste r alphabets a nd other iconic systems) ; 
(3) Historical evidence (the records of past a nd present 

evolutiona ry changes and " mistakes" ). 
Rather th a n conduct the discussion in genera lities, let us 

examine specific instances of th e sort of evidence that iconics must 
confront. Under ( I), then, there is experimenta l evidence that 
subjects trying to identify letters flashed a t them more easily con-
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fu se " M " with " N " th a n " K " with " Y" (G ibson et a l. , 1963), 
a nd so clearly a n iconic accoun t attem pting to j ibe with this 
evidence must a t so me lC\·el describe the le tters in question so tha t 
th e fi rst pa ir of letters shares proportionately more attributes than 
the second pair. Again under ( I ), there is evidence Oonides and 
Glci tma n 1972 ) that subjects ca n more easily pi ck a given letter 
from a mong num erals than from among other lette rs, a nd so an 
adeq ua te accou n t must tell us, p resu ma bly, why other le tters form 
a less d istinctive background for a particular letter than numerals 
do . Sti ll again under ( 1), there is evidence (Hutten locher 1967; 
Z usne 1970) that subjects (children) have greater di fficulty in 
d istinguish ing left-right mirror reversals of letters than in dis-
ti nguishing top-bottom mirror reversa ls, as long as presentation is 
ho rizon tal as in a li ne of p rint ; this finding must also be 
accommodated . 

U nder (2), there is developmenta l evidence (Watt and J acobs 
1975) that children typically master " ," the pair " S" and " Z," 
and "J " last, of the maj uscules; a nd any adeq uate iconic account 
of the alphabe t must explain this, clea rly. Again under (2) it seems 
tha t ma ny children get " S" backwards but "Z" correct or " Z " 
backwards but " S" correc t, and this must be accommod a ted. Still 
again u nder (2), it seems that children after having mas tered the 
majuscules have the m a ll correct, but then afte r mastering the 
minuscules and fo r the cursives start ma ki ng "N" backwards on 
occasion, a habit tha t q ui te a few carry in to ad ul thood ; and this 
must be explained (and the explanation is no t quite so simple as it 
migh t seem ). 

Passing to (3) , there is historical evidence that "r " evolved 
into "C" (Watt 1973 , based on j effery 196 1), a n evolution which 
must be accounted for by a correct notion of iconic evolu tion. 
Again under (3), history shows us that the lower-case or minuscule 
letters developed fairly simply from the upper-case or majuscule 
letters (Ma llon 1952 ), in la rge part due to the in terposition of 
" mo tor" (ha nd-move ment) factors ; a nd any account of the 
a lphabet tha t could not square with this evolutio n should 
o bviously, o ther things being equal, be disfavored . And lastly 
under (3), in boustrophedon Greek letters like " B", bu t not " S", 
o nce va ried with whether the lines they occurred in were written 
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(and read ) from left to right or fro m right to left ; a nd this " right-
tending/ left-tending" bia s must obviously be accounted for. 

It may still seem a little inconcinnous tha t evidence of the sort 
cited should be clai med to bear on the " simple" problem of 
characterizing the a lphabets; but in each case a lit tle refl ec tion 
will show, I think, that the claim is, rather tha n far-fe tched, if 
anything too modest. To nudge these reflections in the desired 
direction, perhaps I might remind the reader that, insofar as he 
concedes that the only characterization of the a lphabets that holds 
genuine interest is the one that somehow matches the one we have 
in our heads, and insofar as he concedes inapplicability of any a 
priori criterion for selecting that characterization, to tha t exten t 
he ought to welcome an y evidence of th e impress left on alphabets 
by the minds (and eyes a nd contrastively hands) of its users. On 
this reasoning chi ldren 's reversing"] " and the Greeks' fai lure to 
reverse " S" and child ren 's confusing "S" and "Z" a nd the effect 
(as in boustrophedon ) on letter-orientation of line-orienta tion-
surely a ll these sorts of evidence must seem, no t only less a rcane, 
bu t positively germane. I will not belabor the point here, where in 
any case citation of these kinds of evidence largely serves a nega-
tive purpose; but we will resume the d iscussion in Part III of 
this series. 

T a king a somewha t different tack, we might info rma ll y judge a 
given grammar in terms of bread th (how much it accounts for ) 
and depth (how deep it goes) . The two a re related , since if only a 
narrow scope of the language is taken into view the treatment, 
blind to the requirement that a ll possible items of the la nguage be 
a ccounted for , will necessarily be relatively shallow. (We have to 
qualify this statement by noting that a gramm a r of na rrow scope 
[say, the 26 letters of the present-day alphabet instead of the 
extended set of the wellformed possible letters] might nevertheless 
be judged less shallow if it were partly responsive to psychological 
criteria of the sort m entioned above. We will return to this point 
when d iscussing Gibson et al. ) 

Continuing this line of attack one more step, Chomsky once 
u pon a time ( 1965 ) defined three levels of adequacy rela tive to 
which the achievement of a grammar for a la nguage cou ld be 
judged; these levels, deliberately intermixing "breadth" a nd 
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"depth" of a na lysis, serve as pa rt of the background of modern 
(generative) lingu is tics, and I wou ld a rgue shou ld serve the same 
fun ction for iconics. The three levels of adequacy are ( I) observa-
tional , (2) descriptive, and (3) explanatory. The lowest level, the 
obsen·a tional , is both na rrowest a nd ( therefore) shallowest: it is 
ac hieved by an a na lys t who merely accounts for the data attested 
by some corp us or set of corpora , a compact represen tat ion of the 
data bei ng the least ad equate account. (For a fin ite list like the 
a lphabetic let ters, a mere list would therefore be the minimum 
adequate accou n t. ) A somewhat more revealing observa tional 
a na lysis might break down the elemen ts of its corpus into " d istinc-
ti\'C fea tu res," as see n below ; a t a deeper level, those fea tures or 
the analysis in general might have some psychological warra nt. 
The next level of' ad equacy d efined by Chomsky, the descriptive, is 
a ttained by an account which cha racterizes the entire se t of well-
formed d ements of the language in question, thus defining the 
not ion , "well formed element of la nguage L. " An analysis a t this 
·'broader" level could be " d eepened" by squaring it with psy-
chological evidence, thus becoming "cogni tively-dcscrip tive" 
(Watt 1974). (Perhaps the parallel term "perceptually-d escriptive" 
might also prove usefu l, as see the discussions of Gibson e t al. 's 
\\·ork below. ) The highest level of adequacy, the "explanatory," 
is a tta ined by a grammar constructed within a theory which 
selects tha t grammar over all others of descrip tive adeq uacy by 
a ppeal to higher principles (e.g. , of economy) which, in turn, 
might guarantee a priori psychologica l accuracy. This highes t 
level , given the low probabi lity of attai ning it in the foreseeab le 
fu ture, corresponds in linguistics to the Grail. 

Finally, we ca n rela te these sta ndards of adequ acy to a hother 
set of' d istinctions, one split basically a long the lines of " d iscrimi-
nation" vs. " production" (or " recognition" vs. "composition"). 
Clearl y, to reprise, an analysis which a ims only at discriminati ng 
among (say ) the 26 letters of the majuscule alphabet, a nd so which 
will be " na rrow" almost by d efinition, will be a ble to achieve no 
more tha n obsnvational a deq uacy; how " deep" such a n analysis 
wi ll be wi ll depend on considera tions like those cited just a bove. 
The critical factor is th e nature of the discrimina tion task as 
ord ina ri ly conceived : that task is taken as being met if each ele-
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ment whose recognition is desired is so described that it is dis-
tinguished from all other such elements ( to continue our example, 
if each majuscule is distinguishable fro m the other 25). There is no 
need to distinguish, though, each element from anything outside the 
set of elements whose recognition is sought (no need to distinguish 
"A" from "4" or from a map of downtown Pittsburgh, for ex-
ample). The possibility of maintaining so narrow a compass is lost, 
of course, when we pass from discrimination to composition, since 
to compose (produce) an "A" one must know, not only how it 
differs from "B" and the rest , but also how it differs from every-
thing else. Thus passage to a composition task automatically raises 
one's sights: to greater "breadth"; to "descriptive" adequacy; and 
possibly to greater "depth." As we will see below, it is an interest-
ing question whether or not an analysis built as a discriminational 
account can be extended to (properly included in) a compositional 
account. 

These three interdependent standards of measurement-
" breadth" vs. "depth," Chomsky's three levels of adequacy, and 
"discrimination" vs. "composition"- will now be brought to earth 
in the context of a discussion, taken to some detail, of two existent 
iconic analyses of alphabetic characters ; this discussion will occupy 
most of the remainder of the paper. Both analyses date from the 
1960's; neither was undertaken with a view toward satisfying the 
three sets of criteria just proposed (though one aimed at some 
"depth"), and were it not for the fact that we will be using them 
purely as illustrations of expository points it would be a little un-
fair to charge them with the shortcomings to be cited shortly. Both 
are discriminational analyses. Sometimes we will be singling out 
their shortcomings relative to their own goal of accounting for (or 
enabling) discrimination; but at other times, and more to our 
basic point, we will be remarking where these analyses , even if 
accepted as discriminationally satisfactory, fail to account for com-
positional facts and/or fail to permit extensibility to a full er charac-
terization that would account for such facts.~ The discussion will 

4. We presuppose that extensibility is desirable, even though an inextensible 
recognition routine might be more economical than an extensible one. But after 
all , we ate using Eden-Halle and Gibson et a!. to illustrate expository po ints, not 
to charge them with dereliction of duty. 
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also throw into a lurid light the much-vexed question oCwhether 
o r not what description oCvisual " languages" needs is " more 
rigor" : unless Curthcr defined, this statement will be seen to be 
meaningless, since a successCul discriminational analysis is ob-
viously as " rigorous" as could be desired ; yet Cram such an analysis 
mu ch is lacking. 

The two analyses to be considered a re both well-known; and 
compa ring them is made easier by their havingjakobso n and 
Halle ( 1956) as a com mon ancestor, Crom which they diverge in 
complementary ways . They are the Eden-Halle analysis or cur-
sives (Eden 196 1, Eden and Halle 1961 ) and the Gibson et a l. 
analysis or printed majuscules (Gibson et a l. 1963, Gibson 1965, 
Gibson 1969) . 

Figure I (from Eden 1961 ). (a ) A graphic portrayal of the four " distinctive 
features" of Eden a nd Halle. 

"bar" "hook" "arch" "loop" 

(b) The 18 of Eden a nd H a lle's " phonemes" that they retain to form let ters 
(" morphemes"). 

I II' ~ ' i-' II {~ If 
I II ~ ~ I' ~ I'" IJ II I ~ I" II "' I' 
II ~ f"\ I' ~ I"' IJ II 

I 
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1.2. Eden-Halle. 
The a na lysis of E ngl ish c ursive let ters by Eden a nd Hal le was 
designed to produce a system capable in princip le of reading hand-
writing, and it falls within a la rge class of " pa ttern-recognition" 
studies, among which Eden-Halle still stands as a n earl y land-
mark. (A usefu l introduction to the so-called "l inguistic" approach 
to pattern-recognition, exemplified by Eden-Ha llc, is Kirsch 
[ 1964] ; surveys are Mill er and Shaw f l 968] , Kana! and Chandra-
scka ran [ 1972), and R osenfeld [ 1973]; a more recent full-length 
study, com prehensive if oddly un criti cal, is Fu [ 1974]. For a 
b roader view of pattern-recognition in relation to psychological 
fi ndings as of the mid-1960's, see Neisser [ 1967], a nd cf. Shill man 
ct a!. [ 1974]. ) Eden a nd Halle characterize the modern English 
cursive le tters in terms u ltimatel y of four " line-segments" which 
they ex plicitly (p. 295, n. ) identify as a nalogous to the " distinctive 
features" of a generative linguistic gram ma r (e.g., Chomsky and 
Hall e 1968). T hese four line-segments (" bar," " hook," " arch ," 
and " loop" - v. Figure 1, a) are th en al tered by rotation (their 
" refl ection" ) on either horizontal or vertical axes to yield eleven 
visually different line-segments, of which only nine a re reta ined at 
the next level. (The issue of visual a mbiguity [cf. Baird a nd Kell y 
(1974)] is thus neatly a nd quite properly sidestepped ). T hose nine 
a re at tha t level positioned in one of three partially-overlapping 
" fi elds" to constitute, finall y, the "strokes" from which letters are 
to be form ed. Eden identifies these "strokes" as ana logous to 
"phonemes" ( 1961 , p. 84, n. 6). (To minimize confusion, below I 
will spell the distinctive features as " Bar," " H ook," a nd so on , a nd 
the " phonemic" strokes containing or incorporating those features 
- along with others- as " bar," " hook," and so on .) Some of the 
"strokes" are also disca rded before advancing to the nex t level ; 
the eighteen that are re tained are given in Figure I , b. At the next 
a nd (more-or-less) las t level these strokes are combined sequen-
tially into proto-letters (e.g. , those of Figure 2, a. ), Eden's 
" morphemes" (ibid.). Then by a subseq uent "colla tion rule" 
(something like a "morpheme structure rule" ) the strokes of these 
proto-letters are adjusted in to the recognizable letters of Figure 
2, b; and by another "collation rule" (a little like a "sandhi rule" ) 
these letters, when placed into sequences to form words, suffer a 
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final readju stment. An outcome of this process is shown in 
Figure 2, c. 

Though designed to be used as a recognition or discrimination 
device, Eden-H a lle is nevertheless a limited generative device, and 
it can be used to compose rough-and-ready approximations to 
handwriting, as demonstrated. Since it is compositional capacity 
that is of greater interest, we will take that aspect ofEden-Halle as 
our primary focus in considering its shortcomings. (I stress once 
more that these a rc for the most part shortcomings which in the 
" pre-cogn itive" days of the early 1960's were quite invisible. ) 

The first shortco ming we might note is the most gla ri ng-
words composed in terms of the analysis and by use of its cursive 
le tters a nd " collation rules" arc often virtually ill egible. Silent 
confirma tion of this suspicion is provided by Figu re 2, c: the 
" globe" there presented is so imperspicuous tha t in (Eden a nd 
Halle 196 1) it emerged into print, presumably after several pub-
lisher's scrutinies, upside-down. But a more serious point engages 
still more directl y the " observa tional" vs. "expla natory" issues 
raised just above: the letters formed by the Eden-Halle system do 
not, by a nd large, seem to be compatible with a ny of the three 
sorts of psychological evidence (experimental, ontogenetic, 
historica l) cited above. 

Histori cal evidence is slighted because the origins of the cursive 
letters a re in some cases absolutely occl uded by their Eden-Halle 
derivations; for exa mple their minuscule cursive "s" (Figure 2, d) 
is composed of a " hook" plus a "cup," with the "s"-curvature of 
the letter, re fl ecting its deriva tion from printed "s," vanishing 
irrecoverably. '' Such histori cal evidence is of more than p~dantic 

interest, since passing to contempora ry observation it is certainly 
possible that modern users, including child ren, a re aware of the 
connection between printed a nd cursive "s," and that this tacit 
knowledge affects their performances. or is this merely a criticism 
of a particular solution within a n Eden-Halle analysis of more 
general capabi lity; obviously their analysis of " s" could not easily 

5. This is the place to retract a statement I ha\'c made elsewhere (Watt 1973), 
hascd on a too-hasty reading of some old notes, to the eflcc t that the " hook" or 
the Eden-Ha lle "s" is the first stroke rather tha n its second . 

304 J.'i.l'ibll' Language : IX 4 Autumn 1.975 



• 
iflflt lflfltl I Hlfi4111HW 

f igu re 2 (rrom Eden 1961 ). (a ) Abo\-c: Edc n-H aii C' proto-k t tcrs ( ·' morphemes" ). 
(b ) Belo w : the '·collated ' " le tte rs corresponding. 

X 

(c ) The wo rd · 'g lobe' · as generated hy Edcn-Ha lk . first as a seq uence or 
pro to- lett ers a nd then as a twice-collated ' ·wo rd .' " 

~ ,,~ 

~ "' I I I " ' ~II II \, 1.-' 
I ' lJ I '· I \, ll II ' 1.1 I ' ~ ~J 

lj ~ ~ 

-~ ,.,. ~ ""~ ~ ' ~.~~ ''"J-j rill ~ ""~ II"' 1.-' 

I•~ 

(d ) T he m inusc uk letter ··s' · in terms of' its '·d isti ncti\c fea tu res .' ' 
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be rectified in the direction indicated (a new "Serpen t" feature 
might do the trick), just as their system could not easily dot its 
" i's" or cross its " t's. " (Eden [196 1, p. 84, n. 5] observes that 
" t's" cross and " i's" dot are redundant: a remark a pplicable to 
discrimination, but scarcely to composition. ) On the issue of 
whether or not the Eden-Hallc analysis is compatible with experi-
mental or ontogenetic evidence, we ask whether or not their 
distinct ive features have, or bid fair to have, the psychological 
implications tha t such features have been taken to have elsewhere. 
To begin to answer th is qu estion, however, it wi ll be useful first to 
recast th e Eden-Halle analysis into a more accessible form . They 
say that their solution is in terms of "distinctive features"; but as 
the reader must have observed himself, this notion fits into Eden-
H alle in a way unfamiliar to those used to the linguistic systems 
from wh ich it was borrowed. Their distinctive features " Bar," 
" H ook," " Arch ," a nd " Loop," do eventua ll y occur in the com-
plexes, or bundles, which define the "strokes" (" phonemes" ) from 
which the letters will be formed. But these bundles of " distinctivc 
features" are unusual in that th ey include elements other than 
d istinctive featu res: since the features themselves, before they 
emerge into bundles, have been radically altered by rotation and 
placement "operations" (not given a li nguistic correlate). Since it 
is not clear why a given stroke is more distinctive for being " Hook" 
than for having been rotated 180° or for having been visibly 
lowered , Eden and Halle's segregating their " distinctive features" 
from their "operations" does not seem motivated. Thus, since in 
any case we wil l want a way of accounting f"or expected responses 
to rotation as a minimum discriminator between strokes or letters 
- hence as a potential "distinctive feature" in the accepted sense-
we will adapt Eden-Halle accordingly, introducing fou r new dis-
tinctive features : " Raised, " " Lowered ," " Rotated ," and 
"Mirrored," as shown in Figure 3. 

'vVe turn now to consid er how " deep" Eden-Hallc strikes as a 
disrriminational anaLysis. The sorts of" psychological evidence we 
might expect fo r a mentally internalized " distin ctiYe feature" 
system like tha t of Figure 3 ha ve often been discussed (v. Gibson 
1969). Two are: ( I) if strokes a re mentall y distinguished from each 
other by these distinc tive features (and by nothing elcse), it should 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

J 
('"\ f 1 u (\ r 

v I ('"\ I 1 r lr ' 'V ' ' 
I J I I II n u 

BAR 

HOOK 

ARCH 

LOOP 

ROTAT ED 

MIRROR-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + + 

+ + 

+ + + + 

+ + 

+ + + + + 

ED + + 

RAISED + + + + + + + 

LOWERED + + 

fig urc 3. C ha rt o f' clis tin c ti \'C f'caturcs for "St rokes .. i'or m iug ieliCI'S o r the 
a lphabet (adaptation of' Eclc u- H a ll c) . 

fo llow tha t und er difficult view ing conditions th ei r confusa bilitv 
shou ld in crease as the proportion of shared fea tures increases (for 
phonologica l fea tures, see Brown and Hi ldum 11956 1) . A nd (2) , if 
chi ldren arc indeed internaliz ing a Fig ure 3 ma trix, they shou ld 
first discr im ina te between strokes having th e g rea test number of 
distin ctive-lea t ure diAc renccs (fo r phonological f'ca tures, see 
Sc,·achkill , as cited in Tikofsky a nd Mclnish 196H, Gibson 1969) . 
But when we ask if the Eden-Halle solution suggests confirma bility 
in terms of such psychologica l attributes, the answer is no. For 
exam ple, re!Crring to the chart of Fig ure 3, the 2 nd a nd 3rd 
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strokes a rc disti ngu ished by d isagree me nt on two features, Bar a nd 
Arch ; but the 2 nd a nd 4th strokes are also disting uished on two 
fea tu res , Ba r a nd H ook; ye t o bviously the 2 nd stroke (" bar" ) is 
much closer to, hence ex pectab ly m ore easily confused wi th , th e 
4- th stroke (" hook" ) than the 3rd ("a rch" ) . Yet again , no tice that 
the 13 th a nd 14-th, strok es also di ffer by two fea tures (Loop and 
H ook) ; ye t surely the 13th a nd 14th strokes arc much more easily 
con fused . So fa r we have d ealt o n ly wi th Eden and H a lle 's origina l 
four features, w hic h have the curio us cha rac te ristic tha t no two 
strokes ca n difl'e r on just one fea ture (e .g. , the " hook" a nd "arch" 
m ust diA'er on fea tures " H ook" and " Arch " both ) ; bu t ou r failure 
to find ex pectable psychological concomitants extends a lso into the 
eigh t-feature system, for notice that th e 1st a nd 16th strokes diAe r 
by one featu re ( Lowered ) and the 1st a nd 3rd do a lso (R o tated ) ; 
ye t surel y the confusab ility of these two pa irs should not be identi-
cal. Turning now to th e opposite e A'ect- maximum diA'e rence cum 

earli es t d isc rimi na tion- we find the sa m e lack of correlation . To 
take just o ne example, the I I th and 7th strokes di fl'c r by four 
k a tures (H ook, Loop, M irro red , and Raised ) , wh ile the 2nd and 
l .">th diH'cr b y o nl y three (Ba r , Arch , a nd Lowered ) ; ye t presum-
ably it is the la tter pair tha t a rc m ore easily disting uished , certa inly 
b y children ; the literature on childre n 's reversa ls of letters is too 
uni,·ocal for us to think other wise (v. ·watt and J acobs 1975) .6 

G. Of course " Mirrored ' ' and " Ro tated ' ' could be struck from the list of dis-
ti nc tin: feat ures, which would aid things ; bu t it is not a t all clear wha t role these 
two attributes p la y in Eden-Ha lle unless they arf distinctive featu res. 

\\'c might a lso note again, that Eden-Ha lle was a pioneering study a nd that 
doubtless its authors would change much in it if they redid it. In particular, one 
might specula te that thcv might cha nge their origina l four disti nctive fea tures 
" Bar," " Hook," "Arch," and "Loop" so as to permit a more economica l defini-
tion of thei r st rokes. For instance. their " Hook" is ohviously resoh·able into a 
"Bar" plus a " Rota ted Arch." and if the "Arch" could be appropria tl'ly r!"duced , 
the " Loop" could t>e simila rl v consti tuted. Then " Hook" and " Loop'' would be 
eliminated cn tirrly from the list of distincti\·e 1<-a tures. h l'ing replaced in l'a ch 
case by a sl'q ul'nce of two d istinctive-l(·aturT romplexl's " Bar' ' plus "Arch ' ' o r 
" Bar' ' plus " Reduced Arch,'' with or without ro tations and/or mi rrorings. O ther 
im prov<·ml'nts in Edrn- Hall<· could also be cnvisagrd ; but pa.r.lons. 
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or course, it may no t be correct to suppose tha t "confusions'' 
should uniforml y correlate with " distinctive features" of the sort in 
question- see below for some problems with any such suppositi on 

but on the other hand , the failure of Eden-H a lle to correlate is 
so thoroughgoing as to d iscourage further attempts , at least from 
this angle, to invest it with psychological significance. More 
genera ll y, it can be said that the failure of Eden- Halle to r ise above 
observa tional adequ acy was, rather than an accident, a direct 
product of thei r aim of constructing an analytir device for recog-
nizing handwrit ten cha racters (even though the device ta kes th e 
form of a generative d evice). Such an a im is, if rea lized , destined 
to produce a paradigm case of Chomsky's "observational 
adeq uacy." Eden and H alle emphasize this aspect of their work in 
a number of passages : fo r instance, in one they straightforwa rd ly 
ad mit th at le tters (li ke "z") that have distinctive variants("~" 

and"~") are sim ply entered in their lexicon as two separa te and 
unconnected forms (Ed en a nd H a lle 196 1, p . 290). Such decisions 
a rc no hindrance to the a chievement of a purel y analytic device : 
but that letter variants arc not related to each other is fatal fo r a ny 
th eory aspiring to a higher level of adequacy, since at those higher 
levels contac t is made with interconnections : with wha t the use rs 
of the a lphabet tacitly " know" about it , insofa r as that knowledge 
de termines the alphabet's forms. Equally telling, on the same 
score, is the fac t that in Edcn-Halle there is no systematic connec-
tion between maj uscule and minuscule co unterpart. 

As a general conclusion, we might say agai n that present-day 
analysts of visible languages, or of pictorial systems, do no t in 
de ma nding " more rigor" of their analyses demand nearl y enough. 
Edcn-H a lle is " r igorous" enough to pass into a computer recogni-
tion program ; but by a ny sort of explanatory or cogniti \·c c riterion 
it must be judged a fascinating failure. 

1.3. Gibson e/ a/. 
Often cited , the work of E. J. G ibson and her collabora tors 
(G ibson e t a l. 1963, Gibson 1965, G ibson 1969 ) was a imed directly 
a t the achievement or " psyc hological adequacy" in the cha rac te r-
iza tion of an alphabet, in this case the simple Roma n majuscules. 
Their distinctive features are a ttributes, not of strokes as with 
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Eden-H alle , but of the letters themselves (so that Eden-Halle's 
·'morphemes" are Gibson et a l. 's "phon emes" ) . In intent, their 
fcatu res were not chosen by whether they can be used to dis tinguish 
letters, but by whether they are; thus Gibson e ta!. , though they 
were not aiming at an account of compositional power, were 
a iming at a discriminational account having merit as a " percep-
tually-adequate" account. T heir sys tems of hypothesized distinctive 
features were tested with subj ects to try to asce rtain whether or not 
informants seem actually to use those distinctive fea tures in their 
visua l le t ter-discriminations. The actual "confusion" test of the 
hypothesis was, like man y another, rath er simple, since what it set 
out to show was only that as letters are more similar when judged 
by d egree of shared h ypothesized distinctive fea tures, they are 
concomita ntl y more often confused (mistaken for each other) by 
four-year-olds.i However, the dis tinctive features them selves were 
not chosen blindly, or to provide the right test correla tions: rather 
eac h was mean t to have the warrant of independent psychological 
(neurophysiol ogical) evidence . 

Le t's have a look at this evidence. One distinc tion between 
kinds of lines is that between straight and curved ; Gibson e ta!. 
accept this as a basic distinc tion on evid ence from neurophysio-
logica l research with frogs ( Maturana, Lettvin , M cCulloch , and 
Pitts 1960). Another set of basic differences, among straight line-
segments, distinguishes verti cals, horizontals, and various diag-
onals; these th ey accep t on evid ence from work with cats (Hubcl 
and Wi esel 1962 ). [To interrupt, we see that Gibson et al. ' s reason-
ing ran somewhat as follows: " If animals can be shown to make 
elementary distinc ti ons between 'X' and 'not-X,' then 'X, ' with 
values plus or minus, is a good candidate for inclusion in our se t of 
distinctive features, ifit can be used to discriminate letters." In 
the cases at hand , one asks of a given letter: " Does it have a 
straight line?" (i.e. , " Is it plus or minus 'Straight-line'?" ), and so 
on , accumulating a description of letters in terms of the distinctive 

7. En·n if the correspondence between " number of shared featu res (duly 
weighted )'' a nd " degree of confusion" had been very close , such a series of ex-
periments could at most have proven that the hypothesized set of features was 
WllljJatib ll' with the evidence. 
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features hypothesized.8 NB that with Gibson et a l. the " distinctive 
features" of letters arc characteristics which typicall y apply only 
lO part of th e letters; thus, " B" is assigned the feature " PLUS 
Straight-line" because it contains a straight line. We return to this 
point below.] Reference may be made to Figure 4 from this point 

8. Granting the valid ity of the ind ividual features, one might suppose that thei r 
eAccts as discri minators, hence their appearance in discrimina tion matrices, were 
free from a ny further uncertainty; but not so. Batchelder and a rens have 
recen tly poin ted ou t ( 1975) tha t performing quite straightforward Boolean tra ns-
formations on a fea ture matrix-constructing a new matrix whose features con-
sist of pairs of the old matrix's features joined by logical connectives- can pro-
duce a radica lly different characterization of the items being disc riminated ; th ey 
a lso point ou t that the result of such a transformation, however bizarre, is not 
automaticall y discountable on objective grounds of " unna tura lness" or whatever. 
An example will illustrate. Let us for convenience take a small three-feature 
matrix in which five letters are distinguished- (i), below- and transform it into a 
new (ii ) in which each possible pairing of (i)'s old features appears, connected by 
the Sheffer stroke (' J ' ) , in a new feature, so that for two old fea tures' a. ' and 
'~ ', new fea tu re ' a I~' is to be assigned its plus and minus values in (ii ) in this 
way : " MINUS in (ii ) if fea tures •·a ' and ' p' are both P LUS in (i), under the same 
le tter ; o therwise PLus"; as follows : 

(i) (ii) 

F EAT URES c H R A p FEATURES c H R A p 

Curved + + + Curv Sym + + + + 
Symmetric + + + Sym Diag + t + + 
Diagonal + + Diag Curv + + + + 

As we see, the (ii ) fea ture "Curved j Symmetric" is assigned MI NUS (blank space) 
under the letter "C", beca use in (i) both " Curved" and " Symmetric" were PLUS 

under " C"; whereas the same ( ii) fea ture is assigned PLUS under " H " because in 
(i), under " H," '' Curved" and " Symmetric" were not both PLUS. 

T he transform ation (i) into (ii ) radically changes the relations among the 
letters of the matrix, as predicted : for instance, in (i) " R " is more similar to " A" 
tha n to " H," whereas in (ii) this relation is exactly reversed. And notice that , 
since we did not gua rd against it, (ii ) has lost informat ion, since in (ii) " H" and 
" P" can no longer be discriminated at all. (And note that (i) is not recoverable 
from (ii ).) 

The point just made would be less serious did not the " features" d erived from 
rummaging through such sources as Hubel and Wiesel (1965) often appear to be 
neurophysiologically joined by logical connectives, in that for example a ' ·hyper-
complex cell " able to distinguish one " fea ture" does so onl y while a lso dis-
tinguishing a nother. 
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on (wi th qualifications to be noted ). As to curved lines, Gibson et 
al. identify as disti nctive fea tures "Open" (like " C" ) vs. "Closed" 
(like " B" ), basing this decision on da ta from research on the earl y 
deve lopment of form discr imina tion (Gibson et al. 1963) . They 
include a fea ture of" I ntersection" on simila r grounds, citing 
Pi aget. Two additional features of " redundancy"- " Cyclic 
cha nge" and " Symmetry"- are added to th e list ; th e second of 
these is present in le tters which are symmetrical on the horizontal 
axis (" B" ), the verti cal axis (" A"), or both (" X " ) ; while the first, 
a somewhat more arcane at tribute, is said to be present in letters 
showing para llelism, though it seems to be found in "E" and " H " 
but not in " Z." I n any case, " Cyclic change" is cla imed to be 
based on some stabilized retina l image research in which pa rallels 
a ct as units in appearing a nd disappearing (Pritcha rd, H eron , and 
H ebb 1960). Lastly, " Vertica l terminates" (as in " H " bu t not 
" £ " ) an d " Horizon tal term inates (as in " F" but not " H " ) arc 
added as features, on th e ground that termination (" discontinuity" 
in their ter minology ) has been shown to fire ce rtain cortical cells 
(H ubd and Wiesel 1965) . . ote tha t a ll of th ese features- hence 
presumabl y a ny system based on them- are "visual" rather tha n 
"cognitive. " 

We must note in passing tha t th e system j us t described (a nd 
presen ted in Figure 4) is no t precisely Gibson et al. 's system. They 
do not enter "Straight " or "Curved " as d istinctive features in their 
list, perhaps because they arc redundant given the fa ct that in th ei r 
a ccount all " Straight" letters, and on ly these, are " Horizon ta l," 
"Vertical," or " Diagonal. " Again, Gibson et a l. en tcr two distinc-
tive features to cove r the "Open" value of th e " Open/Closed " 
discrimination for "Curved" letters; one of these features is used 
just to distinguish "U" from " C," a nd since identifying the 
presence in " U" of"Straigh t" lin es will do this just as well, I haYe 
j e ttisoned this part of their analysis. Lastly, the lettcrs·in Figure 4 
are not in any case exactly as Gibson presents them ( 1969 , p. 88), 
even where the distin ctive fea tures a re the same, for that presenta -
tion appears to conta in a number of typographical errors, which I 
have silen tly corrected (while doubtless adding some new ones).<J 

9 . Perhaps I should also mention that I have re tained a couple of feature-
attribu tions because, while they mig h t not seem to fit the le tter concerned as a 
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~ 
C) 
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"" ...., 
I:> 
::::. 
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"' 
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;::,-
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<::::-
~ 

A E F H I L T K M N v w X y z B c D G J 0 p R Q s u 

CURVED + + + + + + + + + + + 

STRAIGHT + + + + + + + + + + + + + + + + + + + + + + 

HORIZONTAL + + + + + + + + 

VERTICAL + + + + + + + + + + + + + + + + 

NE 
DIAGONAL + + + + + + + + 

SE 
DIAGONAL + + + + + + + + + + 

CLOSED/OPEN + + + + + + 

INTER-
SECTION + + + + + + + + + + + 

CYCLIC + + + + + 

SYMMETRY + + + + + + + + + + + + + + + + 

VERT. 
TERMINATES + + + + + + + + + + + + + + + + + 

HORIZ. 
TERMINATES + + + + + + I + + 

: ' 
Figure 4. Chart of distinctive features for lcucrs o r the alphabet (aftn Gib>ull 19G9) . 

The set of features is a lit tle altered from Gibson's, though not much (st>e discussion in Section 1.3, abO\·e) . I ha,·e hasicalh· used 
Gibson's characterization of the letters C\"Cn where I round it dubious. I ha \"(" added " Horizontal Termina tes'" for "'C:,"' "G,"" 
and "S"; and as mentioned above, I have redo ne " U" altogether : v. 11. 8. The description ignores se rif.>. 



A v F ::J H rh T l±1 K IX D CD lXJ ~ 
CURVED + + + + 

STRAIGHT + + + + + + + + + + + + + + 

HORIZONTAL + + + + + + + + 

VERTICAL + + + + + + + + + + + + 

NE DIAG. + + + + 

SE DIAG. + + + + 

CLOSED/OPEN + + + + 

INTER-
SECTION + + + + + + + + + + 

CYCLIC 

SYMMETRY + + + + + + + + + + + + 

VERT. TERM. + + + + + + + + + + 

HORIZ. TERr~. + + + + 

Figure 5. Letters a nd anti-letters characteri zed after Gibson. 

Mos t or the anti-le t ters- each indistinguishable by the Gibsonian characteriza-
tion from the next true lette r to its left- would occur to anyone looking criti cally 
at G ibson et a l. The first did occur to Restle [ 1975, p. 196], with severa l others 

whose claimed indis ti nguishability, however, is false. E.g. , Rest}e's ""f , claimed 

to be Gibson-equivalen t to F, is symmetrical where F is no t ; Restle's lf1 , 
cla imed to be Gi bson-equiva lent to H , is not symmetrica l (by the Gibsonian 

criter ion) where H is ; Rcstle's * , also cla imed (p. 197) to be Gibson-equivalent 
to H , conta ins a diagonal where H docs not; a nd so on. 

I should note that perha ps some o r my anti-letters- with thei r genuine counter-
parts- should be + Cycl ic. The last 5 figu res are all of them Gibson-eq uiva lent. 
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I n any event, the in tended predictive t hrust of Figu re 4's chart 
of distinctive fea tures is o bvious enoug h : namely, that for a ny two 
letters the higher the percen tage of their features they ha \"C in 
common (hence p u ta tively the more sim ila r th ey a rc ), the more 
likely those let ters a rc to be co nfused . 111 T o test th is, G ibson ct a l. 
ran a "confusion ex peri m ent" and derived co rrelations between 
the resu lting confusio n matrix and their d is tinc tive-feature matrix. 
(I t bears mention that they were therefore testing " perceptual" 
fea tures by an exp eriment in which "cognitive" j udgments might 
skew the results; but we must defer furt her discussion or this point 
un til Part III , where th e requisi te range of phenomena and 
hypotheses can be brough t to p lay. Sec, in the mean ti me, R cs tlc 's 
discussion ( 1975, pp. 197-200) of "cognitive" p rocessors li ke 
" E PA M " a nd " Pa ndemoniu m," which can overlie perceptua l 
fea tures in such a way as to make feature/confusion-matrix p redic-
tio n a less simple ma tte r. ) S ince the features chosen and their 
le tter-descri ptions do have a mea su re of intui ti\·e appeal, it is no 
surprise that these correlations proved promising ; at least the con-

general ru le, they do fit the fo rm of the letter used by Gibson ct al. For instance. 
their " K " is correctly asc ribed the ·' Intersection'' feat ure because the fo rm the,· 
used in their experiments was: K (Gibson et al. 1963). For another instance. 
their use of their "Vertical T erm ina tes'' and ' ' Horizonta l T ermina tes" ft' atures 
docs not apply to sta ndard fon ts because of the presence in the la tter of serif.~. 
which generally ( though not always fH ochuli 1973 J) replace a "Vert ical 
T erminates" wi th a " Horizontal T erminates'' and virc versa. 

Howeve r, in other cases I have correc ted what I took to he simple errors. !\ s 
one example , surely if both "F" and ·'T'' arc assigned the feat ure " Verti cal 
T erminates" then " L" ought to be assigned tha t feature too ·' Ye t in Gihson 
( 1965) it is not (a mista ke lovingly prese rved in Gibson [ 1969 ]). Severa l o ther 
dubious entries a lso concern " Vertical Termina tes" and/or " Horizontal Ter-
mi na tes"- fo r instance, wh y should "A" be assigned "Vertical T erminates" 
when " X " is not ?- bu t there are erro rs clsrwhere as wel l. besides decisional 
d ispa rities which it is hard to account fo r. For instance, how ca n " A'' be 
assigned " V ert ical T ermina tes" in the first p lace, whe n it has not been assigned 
" Vertical" ? 

. . in tersect ion . 
I 0. It must, of course, be percentage of shared fea tures ( union ) that IS 

decisive, ra ther than number of shared features; for if the latter measure were 
used , then complex letters sha ring a few features could he j udged as simila r to 
each other as simple let ters sharing almost a ll of their rea tures. (T he reader is not 
invited to test how well this state ment holds up in the G ibson et al. matrix of 
Figure 4, however ; the statemen t applies o nl y to the ideal case. ) 
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fusion matrix corre la ted better with the fea tu re ma trix tha n 
cha nce, and be tter tha n the results of a Ra mo-Wooldridge let ter-
overla p techniq ue. H owever, th ere were still ma ny cases where 
somethi ng was o bvio usly amiss, as Gibson et al. concede; a nd 
clearly their line of attack wou ld have to undergo rather extensive 
improvements to justify thinking tha t its constituen t distinc tive 
features have genuine warra nt of psychological reality. We now 
ta ke up th ese a nd o th er shortcomings a nd limita tions. 

One limita tion of the Gibson et a l. a pproach is sim ply a limi ta-
tion of a ny or thodox discrimina tiona l a nalysis (however "deep," 
and wheth er "visual" or "cogni tive"). It can be enca psulated as 
follows : the Gibsonian dis ti ncti ve features that describe P a nd 
L are the same on es that describe C1 a nd J . The reader can 

easily a scerta in that this is so fro m a glance at Figure 5, where 
several letters a nd non-le tters have been assigned their obvious 
Gi bsonian a na lyses . For Gibson et a l. the addition of features to 
distinguish Cf from P would have been superfluous and un-
allowable, sin ce CJ is not a letter a nd so need not be discriminated. 
(A sim ila r poin t is made by R estle rl975, pp. 175f.] .) This means 
tha t when the reader discrimina tes between P and q , as may 
one presume he j ust did , he is performing a feat beyond the abili ty 
of the Gibsonia n description to describe. Since this discrimination 
must be made by chi ld ren learning the a lphabe t (a t firs t ma ny 
children a re indi fferent to whether " P" faces right or left) , the 
issue is a pposite; a nd it is certainl y critical with regard to the facts 
of romposition. Of course the new feature " Right-Facing" could be 
added to th e comp lement of features (with " M INUS Right-
Facing" meaning " left-facing"), a nd indeed such a n additi on 
might begin to rem ove some of the a nomalies which, in the Gibson 
ct a l. confusio n ma trix, follow in the tra il of "J ," the majuscule 
alphabet's o ne left-fa cing le tter. H owever, this addi tion cures but 
one problem (" r " would still be indisting uisha ble from " L," for 
example) : the indica ted panacea lies elsewhere, as we wi ll see 
shortly. 11 

II. T hese limitations a pply whether ''distinctive features" a re ex tracted as in 
Gibson et al. , or whether, as in Rumclha rt a nd Siple (unpublished) the 
·'Features" a rc line-segments used essentiall y in tem pla te-matching. Incidentally, 
the success or the la tte r analysis in explaining away the Reicher-W heeler Paradox, 
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is, if generalizable to reading discrimination at la rge, puzzling. since any tem-
plate-matching a nal ysis will be hard pu t to account fo r the apparent fac t that on 
fi rst exposure people instructed to " read backwa rds'· can more easil y read (a ) 
than (b) : 

(a) e >I A 0 o H 
(b) S K AD 0 N 

3TAH 
ETAH 

2>1AG02 
S KAOOS 

Line (a ) is printed and read retrograde and each leucr is printed a nd read retro-
grade ; line (b) is printed and read retrograde but each leucr is printed a nd read 
oriented norma ll y. Thus, line (a ) is ·' Mirrored" in Kolers' terminology (Kolers 
1968, 1969; Kolers and Perkins 1969, 19 75). while counter-scan line (b) is 
" reversed Mirrored. " 

I introduce this terminology for a purpose, since in the work of Kolcrs and his 
collaborators it docs not seem that " M " li nes art' more easily read tha n " rM " 
lines, by the naive (unprac ticed) "person : though after about three to five hours' 
practi ce in reading these and other distortions those same people apparently do 
find " M " lines easier (Kolers 1968). (In a subsequent experiment of admirable 
ingenuity Koh.:rs and Perkins [1975] found that training subjects in one sort of 
distortion diffe ren tiall y a tree ted their performances in reading others; roughl y, 
training them in a distortion in which [as in " M " J letters sha re the orientation 
of their lines [facing r ight wards if th<> line scans rightwa rdsJ or in which I again 
as ii1 " M "] letters are ret rograde [backwards], makes reading " M " easier than 
reading " rM" unleJJ the training distortion can be read " nor·mally" by.menta ll y 
sta nding it [or oneself[ upside-down, o r unless it trains one in readi ng text in 
which the letters are oriented " counter-scan" and /or in read ing text in wh ich its 
backwards letters are also upside-down a nd so r proba bly J fail to ease the reading 
of the backwards letters of" M." [Thus, in K olers' terminology, " rN" a nd " I" 
raise " M " over " rM" - as of course does " M " itself- while " R," " rR," a nd 
" rl ," with " rM" itself, raise or leave "rM " over " M " ].) 

The criti ca l factor· tha t prevents Kolers et al.'s researches from impinging 
directl y on the" ' M ' easier than 'rM'" claim made above is this : those re-
sea rches deal with lower-case letters, while our cla im applies to upper-case le tters 
only, as only the latter bea r on Rumclhart's results. T he difference is not trivia l, 
since the upper-case le tters have as a set the property tha t no one of them is 
distinguished from a nother only by a d ifl"e rence in o rienta tion (one facing left-
wards, the other right wards), whereas of course a mongst the lower-case leucrs "p" 
a nd " q" d iffer only in orienta tion ("Mind your p's and q's" ), as do "b" and " d. " 
This means that with upper-case letters, but not wi th lower-case, orienta tion-
inva riant properties can be relied on for identification ; which in turn means that 
consistency of letter-orientation a nd line-scan, as in norma l text and in " M " 
texts, can be more important than whether or not the individual letters, as in 
" M ," are backwards. 

Harc um and Filion ( 1963) did usc majuscules. but it is very hard to interprC't 
their results. Briefly , they report two experiments in which subjects were required 
to re produce, from tach istoscopica lly-presented displays of eight-letter words o r 
" nonsense words," which le tters they had seen a nd in which orientat ion (normal 
or retrograde) ; in the first experiment it seems tha t "'M " sequences a re less error-
provoking in the right half of these eight-letter seq uences than are the " rM" 
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Other lim itat ions a rc more th e product ofGibson et a l. 's par-
ticular a nal ysis ; a nd th ese militate against the a na lysis on pure(y 
discriminationaL grounds. For insta nce, a glance a t Figure 4 will show 
tha t "C," " 0 ," and " S" have th ree fea tures each, a nd " G ," four ; 
and that "C" shares with "G" two of the fi ve fea tures they have 
jointly; with " 0 ," two of the four they have jointly; and with "S," 
again two of four. Since the basis for com parison is percentage of 
shared fea tures, cl early th e pred iction is tha t "C" should be con-
fused with " 0 " and " S" more often tha n with " G. " But this is 
cou nter-intuitive (as Gibson et a l. 's own confusion matrix II bears 
out: " C" was confused with " G" as often as " M " was with "N"; 
while "C" was [implausibly J no more confused with " 0 " or " S" 
than it was with " H ") . H ow can this particular prediction have 
gone so fa r awry? The answer is that in terms of Gibsonian features 
"C" must be described as "Symmetric," which " G" of course is 
not, and " G" must consume two ad dit ional features, " Hori-
zontal" and " Stra ight," just to describe " G 's" little tail. Wha t is 
wan ted , obviously, is a descript ion of " G" thai wiLL include thai rif 
"C." But this brings us hard up against a ca rd inal facet of the 
Gibson et a l. ana lysis : description of pa rts of le tters is impossible. 
This sta tement sta nds d espite an extremely cu rious circumsta nce 

seq uences (Harcum a nd Filion's " ORW" and "SR W " respectively), but more so 
in the left half, where the " fixation point" was in the middle. H owever a closely 
simi la r second experiment seems to unseat this result ; and, since m isrcproducing 
either a lett er or its orientation was counted as an "error" it would be hard to 
inte rpret these results in a ny case. 

That " M " is easier than "rM " is an informal finding based on asking some 
forty people of every desc ription wh ich they thought was easier to read , and 
ge tting a unanimous response; the experiments necessary to test this conjecture 
are shortly to be ru n at the Unive rsity of' Cal ifo rnia, Irvine. Mea nw hile perha ps 
Kolers' resu lts might actually be taken to be corroboratory, in the followi ng 
sense : if' after about three hours' practice wi th reversed letters subjects f·ind " M" 
easier than " rM ," " M " must be in tr insically easier than ·'rM' ' after all , except 
for the un familiarity of the retrograde minuscules. Wha t did Kolers' subjects 
learn ? I f they j ust learned 26 new re trograde let ter-templates o r just lea rned how 
to reverse thei r original 26 templates, his resu lt is something of' an anoma ly, since 
i!' template-matching were literally all that was im·oh-ed thr original (normal) 26 
letter-templates should se rve just as well , a lways, backwards and fo rwards. Thus, 
one is a pparen tly constra ined, at the very least , to adopt the ,·icw tha t '' tem-
plates" arc easier to match if their letters match the direction of' scan. But what sort 
ol'templa tcs a rc those? 

3 18 Visible Language IX 4 Autumn 1975 



of their descri ption , remarked above: namely, that their distincti ve 
features seldom apply to all of the letter they are ascribed to , 
app lying rather to some fragment. Th us, for instance, " B" is 
assigned the feature "Straigh t" and the feature "Cu rved," but of 
co urse "B" is not as a whole simulta neously stra ight and curved, 
nor is a ny segment of " B." This circu mstance is in fact a serious 
shortcoming, rather than an avenue along which the troubles with 
"C" and " G " could be resolved , because though the Gibsonian 
features mainly appl y only to parts of letters, Gibson ct a l. provide, 
and are able to provide, no way of specifying where are low ted th e 
parts tha t givC' the letters these distinctive features. Which (again) 
is why "r " and " L" would have to be give n identical d escriptions 
in the Gibson analysis. 

W hat this means is tha t Gibson et a l. 's expressed hope of im-
proving their system by weighti ng some featu res (Gibson 1969, 
p. 90 ) will be unavailing, since in this instance what needs fixing 
is not the features' weigh ts but their domains. Thus, suppose in 
order to bring " C" and "G" closer together we assigned a lower 
weight to the "Symmetric" feature, fo und in " C. " This wou ld be 
d isastrous elsewhere. For instance, "F" and " T " disagree only on 
this one feature " Symmetric," otherwise sharing six of their seven 
fea tu res; while co mparative ly "F" and "E" are a lready too far 
apart, sharing but five of eight. Reducing the weight of "Sym-
me tric" would only draw " F" and "T" still closer together, so 
that th e problem with "C" and "G" wou ld simply have been 
sloughed o A' on to two other letters. Of course the system could 
acknowledge the diminutiveness of"G's" tail by adding a 
" H alved " feature to " G 's" description,12 which new feature could 
have the attri bute of halving the val ues of all features ascribed 
to any segment to whi ch " H a lved " were assigned, thus reducing 
" G 's" distance from " C" from the other d·irection- except that, 
again , the Gibson et al. analysis cannot recognize con ta ined segments 
in order to attribute features to them. No ha lf-way measure will 
su ffice (for a still more modest measure sec Geyer and DeWald 

12. Such a " H alved " feature wo uld have the sort of psychological warrant sought 
by Gibson et al. , as see H ubel a nd vVicscl ( 1962). 
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STAFF 

[ I 973] and , from a slightly diAc rent perspective, Figure 6, below) ; 
th e kind of rectification suggested by Gibson is foredoomed. 

Nor is this a ll. So far we h ave been examining shortcomings 
discerniblej ust in compari ng the Gibson fea ture matrix with their 
ow n confusio n matrix or with useful addenda like tha t suggested 
by the reader's being able to distinguish 9 from P . Tha t is, to 
this point we have stuck to the discriminationa l evidence. When 
we turn to the com positional (a nd more "cognitive" ) evid ence, the 
points made above become even stronger. Some of this evid ence 
has bee n cited above (a nd see Watt 1975, Watt and j acobs 1975) 
and so I will o nl y summarize it here. Brie fl y, then, the Gibson 
featu re-ma trix seems unable to account for the clear fa ct that 
ch ildren lea rning to print th e a lpha bet often pair " S" a nd " Z ," 
making o ne backwards so as to be closer to the other (the Gibson 
c t a l. confusion matrix does no t pred ict this fac t ei ther) ; or for the 

Figu re 6. Chan or d istineti\"C fea tures fo r SC\"C ral letters or the alphabet (com-
bining the least d csirab!C' aspects or Edcn-H a lle and Gibson c t a l. ) . 

I nstcad of merel y recording P L US a nd MI NUS ,·a lues. numerical , ·a lues have been 
regis tered , indicating the number of strokes or segments which the fea ture, in 
question describes . For the R o ma n majuscules, the ra nge of such numbers is 
li·om I to 4 . 

A B c E K L N u X z Q p 

3 1 4 3 2 3 2 2 3 1 

R 

1 

APERTURE 1 

TAIL 1 1 

BREAST 2 1 1 1 1 

HALVED 1 2 3 2 1 3 2 1 1 

ROTATED 45° 1 1 1 1 

ROTATED goo 3 1 1 2 

ROTATED 135° 1 1 1 1 

ROTATED 180° 1 
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fact that many children contin ue to reYerse "] "after they have 
ceased to reverse a ll th e other letters; or for the fact tha t when 
writing the a lphabet ch ildren often m ake " S" fifty per ce nt ta ller 
tha n a ll the letters preceding. H istori cally, the G ibson a na lysis ca n 
a ccou nt for very littl e of the abunda nt epigraph ic a nd paleo-
graphic evidence or the evolution of the maj usc ules : fo r instance, 
it seems to have no way at a ll of predicting or e\-cn accommodati ng 
the composi tion-derived facts that" I " evolved into " Z ," or 
tha t " r "C\·olved into " < ," or that" ( "evolved into 
" S," or that in boustrophedon (in wh ich odd-numbered lines were 
written fro m right to le ft ) al l righ t-lcft asy mme tric let ters were 
a lways reversed excep t that " S" was often exe mpted a nd " N" 
was often gotte n backwa rds (W att 1975) . A nd as to casual em-
pirica l (contempora ry historical ) knowledge , the G ibson analysis 
has no wa y of predic ting or a ccom moda ting the pla in fa c t tha t 
many. ad ul ts, in prin ting thei r m aj uscu les in " O P E:\" sig ns for 
gas-s tations and the like, reverse " N. " (T hat they commonly 
reverse only "N" is not predictable from the p r in ted maj uscules 
a lone [Wat t 1975J. ) 

The Gibson et a l. analysis, based o n "visual " (m ostly percep-
tua l) featu res a nd a iming at a n account of " visual" discrimina-
tions, ca nno t hand le the dem ands we have o u tl ined ; those 
demands, however , add to "visual" fa ctors "cogni tiYe" a nd even 
" motor" facto rs. T a ken thus, our criticism though perhaps 
elucida tive- is in a way unfai r. I t is fa irer , th ough, ifwe ra ise o ur 
sig hts a li tt ie and ask if, whatever its fa u lts as it stands, th e Gib-
so ni a n a na lysis ca n be incorporated (properl y incl uded ) within a 
broader and deeper account which , conta in ing cognitive expla na -
tions a nd the necessary references to " motor" aspects, will make 
up the deficiencies noted. I f so, then G ibson et a l. 's analysis, a fter 
some tinkering, wou ld suffice; if not, not. A las, the answer appears 
to be in the nega ti ve. T he ina bili ty to attribu te "visual" features 
correc tl y to interna l le tter-components becomes a t any cognitive 
level a n inabil ity to a ttribute "cognit ive" features correctl y to 
internal letter-components; it must to a st ri ct Gibson ian ana lys is 
rema in fo rC\·er a m ys te ry why children typi cal ly get " . ''s" back-
wards well after they ha \·e gotten " E 's" made correctl y: fo r 
noth ing in a "fea tu re " anaylsis of whole le tters eYen hin tS at Such 
even ts. In fi ne, no stric t G ibsonia n analysis- even under the 
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Geyer-DeWald recension ( 1973 )- is properly-includible in a cor-
rect broader account ; the most permanent accomplishment of the 
work of Gibson eta!. is likely to be its enduring status as the 
pioneering study in i ts field. 

But it is not our purpose to arraign Gibson et al. They chose a 
limited goal, that of representing the minimal discriminations 
necessary for four- year-olds to distinguish the existe nt majuscules. 
Theirs was therefore a goal within " observational" adequacy, 
despite their reliance on psychological warrant in choosing their 
distinctive features , and certainly that level of adequacy was 
achieved . Owing to the psychological warrant of their fea turcs, 
they moved a step toward s descriptive adequacy, even towards 
"perceptuall)l-descrip tive" adequacy; but as we have seen in their 
inability to distinguish 9 from P , full descriptive adequacy 
was assuredly not achieved. 

1.4. Compmison oJEden-Halle and Gibson el a/.; Summa1y. 
Eden and H alle used distinctive fea tures to describe strokes ( their 
"phonemes" ) which were in turn com bined into letters (th eir 
"morphemes" ). Gibson et a!. used distinctive feat ures to describe 
letters directly. As we have seen, Gibson et al.'s decision to ignore 
the in tern a! segment- or stroke-constituency of letters seems to 
have carried with it a heavy penalty; th ey should not have 
ascribed their distinctive fea tures to such high -level un its. In shor t, 
they mistook "morphemes" for "phonemes." 

On the other hand, Eden and Halle's own distinctive features 
(aside from the fo ur we added ) "Arch," " Loop," " Hook," and 
" Bar" - a re effectively strokes themselves; they cannot be com-
bined , and so the small set of strokes each defines - internally 
differentia ted by " R aised," " Mirrored ," etc.- is with respect to 
these original four fea tures, atomistic. We suggested that " Hook" 
and " Loop" did not strike us as atomistic primitives; but more 
generally " Arch'' a nd " Ba r" a re surely not primi tives either, since 
both can easily be broken clown in term s of Gibsonian distinctive 
features like "Vertical, " "Curved," and so on. Since we have 
a lready suggested that Gibsonian features may be valid , it seems 
that Eden-Halle have made a mistake a t a lower kvel comparable 
to Gibson ct al. 's at the higher: that is, the y mistook ·' phonemes" 
for ''distinctive features .' ' 
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As we see, then , the two illustrati,·e ana lyses we ha,·e bee n 
examining have simi la r bu t a lmost comple me ntary shortcomings. 
a nd a first step towards improving both a na lyses migh t be im-
por ting in to each the bes t attribu tes or the other. R ough ly, Eden-
H all e a ttacked the r ig h t doma in ( their phoneme-analogs were 
st ro kes, no t letters), whi le Gibson eta!. came closer to employing 
the rig ht kind or d istinCli,·e fCa tures ( theirs were much more freely 
com bi na ble, and had som e psychologica l wa rrant) . Th us the 
obvious next move should run something like this : the prin ted 
majuscules shou ld be dissected in to their p roper strokes as Ede n 
a nd Halle d id for the cursives and those strokes should then he 
a na lyzed in terms of Gibson-l ike d istinc tive features (" V ertica l," 
" Cu rved," a nd so on) .1:1 And in fact th is is a necessa ry, th oug h 
scarcely su ffi cient, step. 

T he a lert read er will have seen that a ny such step , however, can 
a lso be viewed as carrying a penal ty, fo r if letters are to be broken 
down into their strokes before being characterized (stroke by 
stroke) in terms or distinctive fea tures, then they can no longer be 
cha racterized by " Symmetric," a featu re which necessa r ily ap pl ied 
to the letter as a whole . We m igh t call "Sym metric" a "global" 
d isti nctive feature, one which in our proposed reana lysis would 
have to apply over mo re tha n one segme nt rather like a n Harrisian 
phonemic long componen t (H arris 1951 ) ; oth er "global" features 
in this sense would be " C yclic," " In tersection" (which or course 
must d eal with two line-segme nts) , a nd perha ps " Vertica l (and 
H orizontal) T erminates" (which deal with the absence or tWO line-
segm ents where two cou ld have been present) . H owever. th e loss 
of these "global" features is only temporary, since they arc a ll 
features that can be calcul ated , or derived , from sequences or 
li ne-segments expressed without them. (A system can recogn ize 
" Symmetry" by inspec ting underl ying a bstract representations, 
j ust as we can ; several examples o f such calculations will be 
exhibited in Part I I. ) 

I 3. Lest anyone th ink tha t, on the contrary. the proper next step should be to 

combine Eden-Hallc-likc features with the Gihson eta!. choice of letter as 
"phoneme," I have constructed the cha rt of Figure 6 as a counterargument. As 
is p la in from Figure 6, where several imagi native p loys ha,·e been put to usc, the 
case is a dead-end , because withou t being a ble to pinpoint " ·here in the letter the 
distinctive fea tures fa ll , the descri ption is ha mHrung. 
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2. Conrlusion. 
\1\fe now return to our sta rting point: the d esiderata that we should 
ask a serious charac teriza tion of " the a lphabet" to realize. O ur 
point of d eparture was th e observation that iconic analyses in 
search of something more than " more rigor" must be judged by 
c riteria of adequacy ; this led us to consider what sorts of psy-
cho logical evidence migh t be brought to bear on the achievement 
of "cognitivcly d escriptive" or even "expla na tory" adequacy . We 
used two a ccomplished and well- known iconic analyses, having 
a common a ncestor, as illustrations. The first, Ede!l a nd H alle, was 
apparent ly designed with no psychologica l relevance in mind a t 
a ll ; and, not surprising ly, it fa ils to have mu ch. The second, 
Gibson et al. , was erected on the basis of several direct psy-
chological im portations; but even so it fa iled to ach ieve much more 
tha n the sort of " observational" ad equacy that Eden a nd H alle 
achieved , beca use if the psychological evidence is all draw n from 
discrim ination studies, and if' the analysis itself is aimed only at 
explaining discrimi nation (among attestable members o f the object 
set), then d iscrimination- or, in other words, huma n pa ttern-
recognition- is a ll that can be achieved, howbeit via fea tures 
having some psychological warrant or other. We found fault with 
Gibson et a l. regarding their system's discriminations; but we 
fou nd graver faul t with their system 's apparent inexlensibility to 
accommodate additional (and fairl y obvious) psychological 
informatio n. 

Bui lding gra mmars without success criteria is, to paraphrase the 
national bard , like playing tennis without a n et. I t is too easy to 
propose a new characteriza tion of the a lp ha bet, generally of an 
a lphabet in some new and untoward font, in terms of which some 
theory or other ca n be upheld. These exercises a re in most cases 
in teresting ma inly for whatever immediate utili ty they may have 
(as, in a computer system). We will return to this topic in Part III 
of this series of papers, " Further Complexi tics" (tha t is, " Further 
Perplexities" ) . 

But this brings us to a convenient brea king-point. 
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I shou ld li ke to acknowledge the counsel of D. Jacobs; J. I. Yell ot t. .Jr. ; W. H. 
Batchelder; A. K. Romney; L. '\Jarens; S. Haviland ; M. Braunstein; and George 
K apla n. All faults are theirs. 
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The R esearch Connection 

I 'isible Language is broaden ing its ro le as a dissemina tor of often 
inaccessible information. It is becomi ng a \·ehicle for the exchange 
of inform a tio n on research a nd ex perimen t in d esig n schools. 
\:Vhere are visible language innovations, insigh ts, technological 
d evelopments, teaching experimen tation , and perceptual exp lora-
tions ta king p lace? \Ve in tend (wi th you r co-operation) to find 
ou t. W e are beginning a census of d esign schools and design 
depa rt ments with reference to their p rograms for research a nd 
experimen t in visible la ng uage. It is ou r pla n to collect information 
and de\"Ciop a taxonomy which will relate sim ila r and comple-
mentary desig n research. VisibLe Language will report on work 
recen tly clone or in progress as well as selected research mono-
graphs fun ctioning as a clearinghouse for designers invoh-ccl in 
si mil ar research projects. 

T he va lue of such an undertaking beca me clear last summer as 
I participated in the Edugrap hic conference sponsored by 
ICOGRADA a t the University of Alberta in Canada. r was specifi -
cally in volved in the workshops on research a nd experi men t in 
visual d esign. M a ny of the workshop participants desired better 
access to research a nd impro\·ecl co ntact possibil i ties with those 
interested in similar a reas of research . 

T he Visible Language census is designed to fill this void . D uring 
the coming months, you will receive a census form soli citing 
inform atio n. I t is your collective pa rt icipa tion that will m a ke this 
census a signi fica nt resource. Any inq uiry regard ing this projec t 
can he direc ted to: Visible La ng uage, Prof. Sharon H . Poggenpohl , 
The Inst itute of Design, 3360 South State S treet, C hicago, 
Ill inois 60626 USA. 
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The Quipu as a Visible Language 

Marcia Ascher a nd R obert Ascher 

The Inca arc often cited as a civilization " without writi ng ." But writing is more 
than a reco rd of language sou nds p laced upon fam il iar materials. The media of 
the Inca we re deYices made of co tton cords that are ca lled quipus. This introduc-
ti on to the quipu is based upon a recent stud y of most of the world 's known 
quipus now sp read thro ug ho ut t hree continents a nd concentrates on what we 
infer to be the way the physical elemen ts of qu i pus a re combined to create a 
symbolic structure; i.e. , the represen tation of numbers, the expression of 
:\"-dimensional arrays, and hiera •·chica l con figu ratio ns. A discussion of the con-
nections between the quipu and civil izatio n includes: ( 1) cotton as a material 
which carried its own message for the Inca ; (2) reflec tions of the qui pu in no n-
m ed ia domains of Inca civi liza tion; a nd (3 ) the purpose of wri ting in early 
civilization. 

Around fi ve thousand years ago a major change in human histo ry 
was well underway. Compared to the preceding several million 
years, a new kind or human organization had emerged more or less 
simultaneously at several places on earth. T he term civil ization is 
app lied to the pheno mena, a nd it is used with reference to its local 
m anifestations: we speak, for example, or C hinese civil iza tio n or 
of Egyptian civilization. 

I t is o ne thing to discuss civiliza tio n in sweeping terms and quite 
a different matter to describe exactly what it is. One approach is 
to co mpose a lis t or th ings that characterize early civili zations, 
such as strong centralized a uthority, massive building programs, 
a nd occupa tio na l specia liza ti ons. Almost a ll lists show " wri ti ng" 
in a position very close to th e top. 

The problem is tha t some human orga nizations that appeared to 
be very mu ch like civilizations in a ll other respects did no t " have 
wri ting." What a re we to ma ke of a people who bui lt a road 
system tha t ran thousands or miles linking cities and villages, 
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mai n ta ined store houses, irrigation canals, and mines. and indeed 
kep t records, all without \\'Tit ing? T he I nca , who arc a t issue here, 
continue to be one of th e fe\.v· cases tha t do not fit the list makers' 
d efinition. 

In the past the solu tions to the problem of a civi lization 
"without writing' ' have been to neatly ski rt th e issue, or to deny 
the civi li zation . Ski rt ing a round it, for example, is don e by Rowe 
( 1946) : " The fac t is that th e Andea n peoples possessed substi tu tes 
for writing whic h were so sa tisfactory that they probably never felt 
the need for anything more ela borate." The streng th of feeli ng of 
those who hold the a lterna te opinion is evid ent in the foll owing 
response to the a bove: " Such a conclusion [tha t p roposed by 
Rowe J is in p ra ise of intellectual castration; it bel ies the who le of 
cu lture history. For of all discoveries and inventions, writing gave 
us th e continuity of that we arc pleased to call civilization ... " 
(Von Hagen , 196 1 ) . T he main " substitute" for writing tha t Rowe 
refers to is a device ca ll ed a qu ipu. This, for the momen t, can be 
desc ribed as a device made out or cotton cords. 

M ost opinion favors the fi rst solution illustra ted by the citation 
from Rowe : that is, (a ) writing is implici tly re ta ined as a mark of 
civilization ; (b ) the Inca were a civilization C\'en if they did not 
" have writing" beca use (c) they had someth ing else, nam ely 
quipus. It is interesti ng that th is solution is reached from \·cry 
difrerent starting positions. In the context of orthodox Marx ist 
anal ysis, for example, Valca re l ( 1965) asks why it is tha t the I nca 
d id not w rit e when Marxist-Leni nism has demonstrated that a ll 
civil izations fo llow the sam e road. His answer is tha t the Incas had , 
in particular, q uipus, a nd that these devices when fully 
deciphered will resoln the issue. 

It seems th a t th e favored solu tion results in a paradox. Our 
approach began with the suspicion~a suspicion that qui ckly grew 
into a working hy potheses that the ordinary conception or 
writi ng is too restric tive. If the Inca "substitute" is a vis ible 
la nguage, the paradox vanishes. At the least, quipus (a nd other 
simila r devices) should force us to reconsider what is mean t by 
writing. 

Some authors~most recently Pirsig ( 1975)~go so far as to 
claim that the sacredness a ttached to the spoken and written word 
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is culture-bound to western civilization. In our view. writing is 
clea rly not a record of speech only. A glance at a musical score, 
a chemical journal, or a mathematics text, is sufficient to demon-
stra te the point. Quipus were seen by westerners in the sixteen th 
cen tury. These people wrote chronicles , but they did not und ers tand 
what they beheld. They thought that quipus were writing- that is, 
written speech. When it was finall y determin ed that quipus did 
not record the sounds of language (Locke, 1932), any va lue 
attached to them disappeared. It is as if language written down , 
say in alphabetic letters, is so closely associated with writing that 
other forms of visible language do not count: this is the western 
bias that turns everything else into a "su bsti tute. " 

What follows is a discussion of the q uipu organized around two 
issues. In the first, focus is on selected aspects of th e way physical 
elements are combined to create a symbolic structu re . This is 
followed by a discussion of the connections between the gu ipu and 
civilization. Many issues of a more than elementa ry nature are left 
out; further, the issues that are discussed a re not trea ted exhaus-
tively. In the end, the reader should be in a better position to 
appreciate the quipu as a visual language medium. 

Preliminaries 
Basic quijJu description. A guipu has a main cord from which knotted 
cords are suspended. When laid flat on a table, wi th the main cord 
placed horizontally, the majority of suspended cords fall one way 
(downward ) but sometimes a fe w are directed upward . C loser 
examination shows that not all cords are attached to th e main 
cord; some are attached to these attachm ents. The attachment is 
tight so that a ll cords have a fix ed position on whatever cord th ey 
are hung. The cords are made of colored co tton. Some rare 
exceptions are made of colored wool. The knots on each cord are 
formed into clusters; that is, a few knots, then a d istant space with 
no knots, then a few more knots, etc. The knots are of three 
different types. 

Figure I is a schematic of a minimal quipu . ( 1) T he main cord 
has a color, say brown (B). T he ends of this cord are free and can 
be distinguished from each other by the manner in whi ch they are 
finished. Hence, uniformly, di rectionality can be att ributed to the 
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ma in cord. (2) Pendant cords a re suspend ed from the mai n cord. 
They have a d istinct position on the main cord . 1 o tice that a 
larger space sepa ra tes the second a nd third than separates the first 
a nd second . (3) A color is associated with each pendan t cord, say 
brown (B), red (R ), white (W ). (4) Knot clusters appear on the 
pendant cords. H ere x, • , o deno te the three di fferent knot types. 
The clusters arc defined by the spaces between them as well as the 
knots in them. Some pendants have no knots. 

In Figure 2 additional cords have been included . (All , of coursc, 
have colors a nd most have knots as described above. ) (5) Subsidimy 
cords are a ttached to the p endant cords. A pendant cord ca n have 
more tha n one subsidiary as on the second cord; or, as on the th ird 
cord (6), subsidimy cords are attached to o ther subsidia ries. (7) T op 
cords are directed upwa rd (as compared to pend ants which are 
considered downward ). T op cords too ca n have subsidiaries. 

Quipus vary considerably in size a nd elabora tion. T he quipu in 
Figure I is minima l in tha t it contains the most basic elemen ts a nd 
few cords. Small quipus have a bout 8 or 10 pendants, most have 
between 40 and !50 penda nts, a nd large ones can contain over 
l ,000 pendants. T he cords vary in length from about 15 em. to 
75 em. , but on a ny individual quipu most of the pendants are 
a bout the same length. Many quipus, but not all, have sub-
sid ia ries. An individual quipu can have as few as I subsidiary or, 
as in Figure 2, more subsidiaries than penda nt cords. Some quipus 
have a few top cords on them. These are the most common 
elements; other elements appear on individ ual quipus, or on a few 
q uipus. Figure 3 is a photog ra ph of a quipu showing cords and 
knots. 

Recent Histo1y. l n the belief tha t quipus were ungodly, the western 
conquerors of the Incas undertook to d estroy quipus by burning. 
From the point of view of the I ncas, it was god ly to bury with the 
d ead the tra ppings they used in life. Hund reds of years after the 
Inca state had passed, westerners started to dig up the graves. This 
time the quipus were g iven, sold , or otherwise fo und their way ro 
private collections or to major museums in orth Am erica, South 
America, a nd Europe. In every case, qui pus that arc known to us 
come from graves. 
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Cotton qui pus survived in graves where conditions of preserva-
tion were favo rable; that is, in the desert area between the Andes 
to the west and the Pacific to the cast. The specimens vary widely 
in condi tion: some l~tll apart upon touch; others arc as fresh as 
yesterday's purchase of cord. With some exceptions. qui pus were 
deliberately separated from other items in the graves ; when the 
grave site is given, it is usually iden tif-ied in vague terms suc h as by 
the name of a nearby c ity. 

P rior to starting our research, about 60 quipus had been pub-
lished in 14 separate articles and monographs (Ascher and Ascher, 
1969). In 1972 we add ed nine descriptions ofquipus to the lite ra-
ture (J\scher and Ascher, 1972). Then in 1974 we began to search 
for al l the remaining quipus in the world. So far , we have located 
about 475 speci mens that are in 30 different places spread across 
three contincnts.2 As of now, we have studied400 speci mens and 
about hal f of these arc individually recorded in sche ma tics, 
drawings, photographs, tables, and words (Ascher and Ascher, 
1975) .:1 Any interested person, we believe, will be able to use our 
primary descrip tions to test independently or formulate his own 
notions. 

Included in the new data a rc the largest specimens in the world. 
For example, the specimen shown in Figure 4 con ta ins 1800 
pendant cords. Also in this group are quipus th a t arc hung from 
can·ed wood frames (Figs. 5 and 6). Our research turned up 
several instances where the context of the quipu recovery can be 
reconstructed. Instead of the generality that qui pus are found in 
graves, we now have re traced the association of" some particu lar 
q uipus with !'ragmen ts or pottery ' pieces of cloth , baskets. decor-
ated bags, a nd other objects. Perhaps of greater imparl a nce. we 
know of cases where a group of q uipu can be assigned to a specific 
quipu maker. The generaliza tions that follow a rc based upon a ll o f" 
this work. 

The Ā~l'll1bolir Strurture 
In th e preliminaries, a quipu \>\"aS described as consisting or cords 
that have knots, colo rs, and particula r positions in a spat ia l co n-
figuration. On mos t of the quipus th e knot dusters f(>rm a symbolic 
reprcseu ta ti on of numbers. Once each cord is read as a number, a 
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fig u re 5. An unusua l qu ipu (AS136) in that it is suspended from a carved wood 
bar. The lower part of the penda nt cords a re not shown in the photograph . 
Collection of Museum fi.ir Vol kerkunde, Ber lin, Staatl iche Museen Preussischer 
Kulturbesitz, Dept. Arnerikanische Arehaologie. Photo by the Museum at the 
request of the au thors. 

figure 6. A close-up of one of the three carved figures on quipu AS 136. 



quipu can be viewed as a spatia l array of differently colored 
numbers. Since it is a carefully constructed a rra y, the configuration 
which is d efin ed by the color and placement of the cords a lso 
constitutes pa rt of the overall symbolic system of the qui pus. Two 
types of configurations are included here for close scrutin y. T hey 
have been selected because of their frequ ent a ppearance a nd 
because their logical underpinning cannot be ignored when such 
specimens a rc studied furth er. Both are amena ble to being ex-
pressed in familia r terms keeping in mind that i t is only th e logic 
th at is analogous. I n both cases we focus first, through example, on 
the logic with which we are concerned and then on the expression 
of this logic using the quipu elements that have been introduced. 
The discussion of two such d ifferen t configurations, a nd the fac t 
tha t these can be combined to form one more complex configura -
tion , should convey that the quipu is not a single-purpose device. 

Since the configurations to be discussed both depend on cords 
being read as numbers, we first look at the way numbers are 
represented symbolica lly and some ideas involved in such a 
representa tion. 

A positional number system. If, in answer to the questio n " H ow 
ma ny?", 5 fingers a re held up, or 5 pebbles a rc amassed , o r 5 
scra tch ma rks a re mad e, the respondent is merely carrying out a 
m a tching process by p lacing 2 sets of objects in 1-1 correspondence. 
More a bstraction is shown by developing a name or symbol to 
represe nt th e qua ntity 5. Also, the use of a specia l na me or symbol 
for each quantity ind ica tes that the concep t of order among quan-
tities exists. Because they a re on strings, the number representation 
on quipus have freq uently been erroneously cl assed with the less 
sophisticated one-to-one string records. The knots used on the 
quipu a re, instead , a symbolic representa tion. The representa tion 
they use is, in fact, basically the same as ours : it is a base 10 
positional system. 

A base X posit io nal system means that the value of each 
position is d ependent on a d ifferent power of the base X. In our 
number system, each consecutive position, moving toward the left , 
is one higher power of ten. For example : 

9432 =(9 X 1000)+(4 X 100) + (3 X 10)+(2 X l ) 
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In our syste m, only 10 differen t sym bols (0, I , 2, .. . , 9) are 
need ed. The place men t of' the symbols a nd the knowledge that the 
base is I 0 is al l tha t is needed f'or th e representation of' any valu e. 
To usc, f'or exa mple, a base 6 positional system, 6 d ifferent symbols 
a rc need ed and each consecu tive position is a higher power of' 6. 
Using th e sy mbols (0, I , 2, ... , 5) , the base six numbers 23 1, 154, 
a nd II correspo nd to what in base I 0 are sy mbolized as 91 , 70, 
a nd 7. 

2 X 36 + 3 X 6 + 1 X I = 9 X I 0 + I X I 
lx6 2 + 5x 6+ 4x 1= 7x IO + Ox 1 

I X 6 + I X I = 7 X I 
In the history of' number represe nta tion , non-positional sys tems 

and positional systems with other bases have bee n used . European 
adoption of the Hindu-Ara bic base I 0 posi tiona l system hap pened 
sometime in the fourteenth century. Prior to that, the non-
positional Roman numbers were in use. 

In order to ap precia te the significance of the invention of' a 
positiona l system, briefly consider the non-positional Roman 
system. There a re distinc t sym bois f'or I, 5, I 0, 50, I 00, 500, 1000 
( I , V , X , L, C, D , M ) ; these a re added or subtracted to arrive at 
o ther values. \Vhen the symbols a re p laced in descending value 
moving LOwa rd the right, they are additive (V II = 5 + I + 1). 
When a smaller va lued symbol precedes a larger one, it is subtrac-
tive ( IX = 10 - 1). The subtractive property is usually only used 
wi th single symbols (i. e. , 90 = XC while 80 = LXXX ra ther than 
XX C) tha t a re close valued (i. e. , 95 = XCV rather than VC) but 
not necessa rily (i. e., 1900 = MCM rather than MDMCD ). I t can 
be o bserved that the ord er of magnitude of numbers is not rela ted 
to the size of their representation. For exa mple, M is grea ter in 
val ue tha n XXXVIII . In the positiona l sys tem , the size and value 
a re rela ted : 3724 is greater than 899. Ano ther important contrast 
is that in the positional system, no new symbols need be introduced 
as the ord er of m agnitude g rows. For example, try to write the 
equivalent of 4,200,000,000 in R o ma n n umbers. Apparently, 
a lthough we rarely see them now, horizontal strokes above a 
number were used to indica te thousand-fold a nd vertical strokes 
o n th e sides to ind ica te hundred thousands. 
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CDXX = 420 
XLII = 42000 

I XLI I 1=42000000 
I MMMMCC 1= 4200000000 

M ost importantl y, the use of the posi tiona l representation 
simplifies arithmetic as th e symbols are ma nipu lated in a formal 
repeti tive way to arrive a t resul ts. In a positional system, in order 
to add 2 values, the r ightmost positions are lined up, and sta rting 
a t the righ t, add ition is done posi tion by position. If th e sum of 
the 2 digits in a position is less than 10 (or whatever base is used ), 
the val ue is record ed and one moves on to the next posi tion. If the 
sum is greater tha n 10, the excess above 10 is record ed , and a I is 
added in to the nex t position. Thus, to add any 2 , ·alu es, the on ly 
know led ge needed is th e su m of any 2 digits. T his is clearly not 
the case with a non-positional system where th e relative va lues of 
the sym bols a nd their specific placement m ust be considered : 

CCXLVII DCCXXVII 
+ CCCXII + DXLV I 

DLIX MCCCLXXIII 
AI though the grea ter Aexibili ty and simplici ty of a posi tiona! 

system ma kes it preferable, the choice of base is completely a r bi-
tra ry. For exa mple, most modern computers work in a base 2 
(binary) system because of the ease of electronic represe ntation 
and manipulation when only 2 different symbol s a re invoked. 
Many people work ing directly with computers become adept a t 
the use of a base 8 (octal) system not only because of its ease of 
conversion to base 2 but a lso because of its more concise represen-
tation of values [Ex. II 00 I I (base 2) = 63 (base 8) = 5 1 (base I 0) l 

The quipu maker used a base 10 positional sys tem. From th e 
above d iscussion , it should be clear that although this is most 
fami liar to us, the Inca use of this representa tion was neither neces-
sa ry or to have been expected . On each string there are clus te rs of 
knots. Each cluster contains I to 9 individual knots. Each con-
secutive cluster position, moving from the free end of a cord to 
where it is a ttached to another cord, is one higher power of 10. 

A crucia l concep t in the d evelopment of a positiona l system is 
the concept of "zero. " The concept of zero is a big idea in ma th e-
ma tics and still causes p roblems for schoolchildren. The number 
407 is quite different in value from the number 47: a sym bol for 
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"none" or "nothing" is placed in the second position in order to 
have the 4 fall in the third position. The concept of zero can be 
divided into two parts: first-the understanding that positions 
containing nothing contribute to the value of a number; second-
that a special symbol is necessary for the representation of 
" nothing." In the absence of a special symbol, there must be 
means of distinguishing positions; nevertheless some ambiguity 
can remam. 

The quipu uses the idea of zero with no special symbol for zero. 
Instead , two tactics are used to make the representation clear. One 
is the type of knots used in the units cluster differs from the type 
of knot used in th e rest of the clusters. The knot type is standard-
ardized: long knots and figure eight knots for units, single knots 
for the others. Secondly, the cluster positions are aligned from 
string to string, and so a space left on one string becomes apparent 
when related to the others. No problem is found when reading the 
following set of numbers (transcribed with our symbols for 1-9; 
circled for units; no zero symbol; and increasing powers of 10 from 
bottom to top) : 

While for the most part the lack of a symbol for zero causes little 
ambiguity in the reading of quip us, two types of problems do arise. 
One is inherent in the symbolic representation, and the other is 
due to the fact that, as with a ny handwritten document, we are 
dependent on the " penmanship" of the quipu maker. The first 
problem is this: if all the numbers on a quipu lack knot clusters 
in the same position, there is no way of knowing that the position 
exists. For example, if an entire quipu consisted of cords carrying 
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430 a nd 620, it would look like Fig ure 7A. This is indistingu ishabl e 
from 4300 a nd 6200. The missed position could also be between 
cl usters. For example, F igu re 7B could represen t 43 and 62 or 403 
a nd 602 if these were the only va lues present. T he second problem 
is tha t a mbigui ty a rises when knot clusters have not bee n carefully 
a ligned. For exam ple, the numbers in Figure 7C might be 43, 62 , 
51; or 403, 62 , 50 1; or even 43, 62 , 50 1. 

I f there were no means of corroborating this num erical inter-
pretation , it would rem ain only a hypothesis. T he evidence that 
convinces us comes from the juxta position of the strings. When we 
read each cord as a base 10 number a nd fur ther examine the 
colored spa tial array of these n umbers, we fi nd some numerica l 
relationships tha t cannot be due lo cha nce. The simplest of these is 
that on severa l q uip us, a single cord dangles from the end of the 
ma in cord and when all th e pendants a re in terpreted as base I 0 
numbers, a nd the single end cord is similarly interpreted , it is 
found tha t the end cord nu mber is the sum of a ll the other 
numbers. 

N-dimensionaL amrys. F rom the color a nd spatial an.:ange men ts of 
the cords, logical relationships between numbers ca n be inferred. 
Befo re dea ling with q uip us, let us focus on the id eas of ma trices, 
subscrip ts, a nd d imensiona lity. Suppose we have our sta ndard 
media, namely pencil a nd paper , a nd a re given the following 
informa tion : the costs of 4 different a utomobi les sold in Detroit in 

Fig ure 7. Q ui pus w ith a mbig uous num bers. (Dig its represent kno ts in a cl uster, 
c ircle indicates u nits position) . 

A B c 
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car I 

car 2 

ca r 3 

ca r 4 

ca r I 

car 2 

car 3 

car 4 

1973 1974 1975 

284 1 2963 2900 Figure 8. A two-dimensional array. 

3442 4·0 13 4207 

3380 3365 3162 

2964 3268 3574 

Figure 9. A three-dime nsional array. 

D ETRO I T NEW YORK LOS ANGELES 

1973 19 74 1975 1973 1974 1975 1973 1974 
284 1 2963 2900 2763 3605 3120 2941 2990 
3442 4013 4207 3084 3712 4113 3540 4089 
3380 3365 3162 2961 3364 3248 3470 3378 
2964 3268 3574 2964 3486 3447 3012 3300 

1975 are 2900, 4207, 3162, and 35 74 dollars. These costs can be 
recorded as a one dimensional array : (ca r I , car 2, car 3, ca r 4) = 
(2900, 4207,3162, 3574). lf we were given the cost of each of the 
cars for several years, a two dimensional array (Fig. 8) could be 
used to reco rd them and retain both the disti nction as to the car 
a nd the yea r. This two dimensional array can be described as a 
matrix con ta ining cle ments a .. where i = I , 2, 3, 4 a nd corresponds 

lJ 
to rows (cars) anclj = I , 2, 3 and corresponds to columns (yea rs). 
H ence, a

1
:1- 2900; a 12 = 3268; etc. 

Let us add another descriptor: suppose we arc given th e cost or 
each or the 4 cars, for each or the 3 years, for each or 3 citi es. T o 
record the costs and retain the 3 distinctions, another spatial 
dimension , in addi tion to rows and columns, is needed. Instead , to 
remain on this 2D page, it might be more readable to resort to 3 
tables side by sid e (Fig. 9). 

The elements in our 3D array ca n be described as a .. k 
IJ 

i = I , 2, 3, 4 corresponds to row (car) 
j = I , 2, 3 corresponds to column (year) 
k= 1, 2, 3 corresponds to table (city) 
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3002 

4300 

325 1 

3600 



Whether actual spatia l dimensions are associated with each 
descriptor (as in the ID and 2D examples), or whether arbitrary 
and ingeniously arranged tables are used when more descriptors 
are involved , the format of the array is intended to convey the 
relationship between the values. The subscript notation conveys 
only the structure and not the values themselves. The 3D example 
conveys that there are 3 descriptors 1:hence 3 subscripts i, j , k) , 2 of 
them with 3 states each (hencej can equa l I, 2, or 3; k can equal 
I, 2, or 3) and the other with 4 states (hen ce i= I , 2, 3, 4). The 
correspondence ofsubscript i to row,j to column, and k to table, 
gives each value in the original array an identity in terms of the 
different states of the descriptors (ex . 4207 = a

2
:
11

) . It is important 
to understand that the subscrip t notation describes the dassijicalol)' 
relationship of the values to each other rather than any algebraic or 
numerical relationship. 

When we find that this subscript notation provides a convenient 
form of description for a quipu , we infer that we are dealing with 
a collection of numbers similar to the above- that is, values 
recorded in several dimensions. Since the quipu consists of a 
horizontal main cord where each pendant along the cord repre-
sents a number, it is basically one dimensional. However, through 
the use of color and spacing, 2, 3, and 4 dimensional arrays in fact 
occur on actual quipus. 

Consider the following a rrangements (where R denotes R ed , B 
denotes Blue, \11/ denotes White, G denotes Green) ; all are two 
dimensional arrays of the kind commonly found on qui pus. 

( I) II 

I I I I I I I I I I 

a .. i= I , 2, 3, 4 (corresponds to 
lj groups set ofr 

by spacing) 
.i = l , 2, 3 (corresponds 

to position 
R R R R R R R R R R R R in group) 

(2) I 

I I I 

I I a .. i= I , 2, 3, 4 (corresponds to 
lj position in grou p) 

j = I , 2, 3 (corresponds to 
g roup, group set 
off by repeti tion 

R R R R B B B B W W W W of color) 



(3) a .. 
lj 

I, 2, 3, 4 (corresponds to 
color) 

1 1 11 11 111 1 11 

j = I, 2, 3 (corresponds to 
group, group set 
ofr by repetition 

R B G W R B G W R B G W of color) 

Similarly, three dimensional a rrays arc Conned such as: 

111 1 11 111 111 1 1 1 1 1 1 
R R R B B B R R R B B B R R R B B B 

i = I , 2, 3 (posi tion 
in subgroup) 

j = I, 2 (subgroup, 
sc.t off by 
color) 

k = I , 2, 3 (group, set 
off by spacing) 

In order to have a great varie ty of colors avai la ble, the quipu 
ma ker c rea ted new colors by combinatio ns of his basic colors. 
Usi ng 3 sta ndard weaving techniques to combine colors, 2 basic 
colors cou ld be used to designate 6 different states a nd wi th 3 
colors as many as 23 different states could be designated. Another 
sepa ration technique, in addition to colo r a nd spacing, is the use of 
special markers. T he markers ca n be pendant strings with no 
numbers on them that stand out because th ey are much longer, 
much shorter , or differently colored. Alternately, som e conspicuous 
fl ag is found: for example, several short s trings a re wrapped 
aro und the main co rd and tied toge ther so tha t they fo rm a co tton 
bump. 

On ac tua l quipus, separation a nd iden tifica tion techniqu es arc 
combined to yield ma ny different a rrays. Some a rrays a re: 

AS99 a .. i = l , 2, . .. ) 16 ASI I4 a ij k i = l , ... , 16 
lj 

j = I , 2, 3 j = I , ... ' 10 

AS 115 a .. i = I, ... , 7 k= I , 2 
l.J j = I, ... , 8 AS I2 1 a ij km i = l , ... ) 10 

j - 1, ... ) 7 
k= I , 2, 3 

m = l , 2 
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The no ta ti on pe rmits a co mpan statcmcn l. But in the b revit y. one 
sho uld not lose the sense o r complexity, for to do so would be to 
m iss the power of the quipu as a n cxprcssi\'c sym boli c dc,·icc . 
C onsid er , for ex a 111 pic, AS I 14 a bo,·e . This is a th rcc-di mc nsiona I 
a rray conta ining 320 p enda nts; 160 of the penda nts a rc fo rm ed 
in to 16 gro ups of 10 penda nts each. All th e pendan ts in a g roup 
a rc un ited by sharing the same color ; a nd each g rou p is d is ti n-
g uished from the o ne next to it by being a d ifl'e rent color . Then . 
separa ted by a la rge space on the main cord , th ere a re anothe r 160 
pendants. These a lso arc fo rmed into 16 g roups o f 10 pendan ts 
each by colo r. T he colo r pa ttern on the second part of the qu ipu 
is th e same as on the first pa r t. Hence, k = I, 2 corresponds to part 
set oft~ by spa ce and repeti tion of color pa tt ern ; i I , .. . , 16 
cor respond s to gro u p se t o f!' b y color; and j = I, ... , I 0 cor-
responds to positio n in gro up. 

After it has bee n obsen ·cd that a gi\'cn q uip u is a n :'>~-dimen-
sional a rray, n umerica l or a lgebraic relationships between ,-alucs 
ca n be sough t. W h en relationshi ps ex ist be tween th e valu es a nd 
arc consis tent for so me entire ca tegory, we feel con fid e n t that it is 
mo re tha n a spurious o bsen·a ti on because it d epe nd s on bot h the 
form and th e cont ent of the a rray. Look once more at th e 10 
exam p le ( Fig . 8 ) . An examination of the n d ues shows tha t: 

a1 :1 > a :11 > a1 :1 

Si nce th is has no consistency according to ca tegory, it is , ·alid b ut 
no t of any partic ula r interest. H o\\·c,·er, th e statement tha t 

a., . >a .. for a ll i .-L2, a ll j 
-] lj . 

says tha t each year car '2 cos t more tha n each of th e ot her cars. 
Looking next at our 3 D exa mple ( Fig . 9) , we sec that, in fact, 

a 2 .k > a . . k for a ll i ~,all j , a ll k 
tha t is! each1~'ear in each city car 2 cost more tha n each of' the 
other ca rs. Th is must b e consid ered more th a n chance. 

fig u re I 0 is the sa me 20 exa mple but it has bee n aug mented by 
( I ) a n add itiona l bottom row, and (2) an extra ,-a lue placed at the 
lower right. Before j u m ping to the conclu. ion that the n u m her or 
sta tes of a descr iptor has been increased , look a t the \'a lu es that 
were appe nd ed. The elemen ts in th e new row (row 5) consist of' 
th e sums of th eir respecti ve colu m ns. The extra va lue is the gran d 
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1973 1.9 7-1 1.975 Figu 1T 10. T he t\\·o-dimensio nal 

I :ZlH I 2963 2900 
arra~ sh m,·n in f ig ure 8 

ca r a ug nw nted b~Ā an additiona l 

ca r 2 3-H2 -1-013 -1-20 7 row and an extra n tluc. 

car 3 :r)80 :-1:>65 3 162 

car + 296+ :~:268 357+ 
-1-00 79 

1:2627 13609 13843 

tota l. S im ila r ly, a no ther col u mn \You ld have been added if row 
sub tota ls \HTC to be inc lud ed . Valu es whi ch arc the sum of o ther 
Y<tlucs a rc novv incl uded , bu t the arrc~r has in 110 way fumed into a 
ra/mlating rlr1•ia and there i.1 no U:~l' o_/knowing hm£' or where the calcula-
tion took plare. I t cannot e\Tn be sta ted with certa inty wheth er 
summ ing of th e 4 va lues in a colu mn led to th e 5 th value , or 
" ·hc tlw r the 5th , ·a lu c was su bdi,·id cd in to the 4 values a bove it. 
~n-crthclcss. \IT ca n conclude that the concept of addition is 
in ,·oh-ed. Also, the grand to ta l cou ld be viewed as the sum of all 
12 n tl ucs in th e o rig ina l 20 array o r as the sum of th e 5th row in 
the augm ented a r ray. I n either case , th e subtotals a rc not simply 
a step on the way to the g rand total sin ce they haYc been re ta ined 
as i nclepc ndcn t pieces of in forma tion . 

.Just as in ou r pa per a nd pencil example, one se t of sub tota ls 
could ha\T been associa ted \\'i th rows and a not her set wit h 
columns, so the d ill'crent sub total s on :\-dimensional q ui pu a r rays 
adh ere to th eir d imensiona l indica tors. Thus we lind that on a 

q uipu such as arrangem en t ( I ) a bo \"C. the su btotal of eac h of the 
-1- g roups is a ssocia ted \\·it h the g roup by the in clusion of a n add i-
tional penda nt in each group. Wh en a su m cord is included with a 
g roup. it is spat ia ll y disti nguished by being tied to the m a in cord 
so tha t it l~tlls up,,·ard rather than d own ward! O n a quipu suc h 
as (3) , if' the subto ta ls associa ted \\'ith each of th e co lors we re 
included, th ey wou ld consti tu te an add iti ona l group con tain ing 
each of' those co lo rs. Fi nally. a grand total w hen presen t is 
a nom alous. as it was in ou r pa p er a nd pencil exam ple, and would 
usua ll y be spatia ll y dist ing uished by simp ly d ang ling from the end 
o r the m a in cord. 

T o concl ude ou r discussion of the N-d imensiona l a rrays, we note 
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Figure II . A tree diagram with two le\·cls . 

ma ny one dimensional arrays have grand to ta ls, severa l two 
d imensional arrays con tain upward di rected subtotals or an end 
g roup of subtotals, and some three dimensiona l arrays contain 
both grou ps tha t arc subtotals of other grou ps as well as an end 
grou p of subtotals that include them . R egu larit ies consisten t 
th roughout categories ,·ary in type wi th one of the most unusua l 
being a fixed proportionality. 

Trers and hinanlzies. We turn now to a di scussion of a second , com-
ple tely diflc rcnt type of array. Before looking a t their ex pression as 
a quipu con fi g uration, a ttenti on is gi,-cn to the ideas of tree 
diagrams a nd hierarchies. 

Suppose we start o nce agai n with our sta ndard m edia of pencil 
a nd pa per a nd are given the fo ll owing information: 8 people 
(Mr. A a nd his son ; Mr . B ; Mr. C a nd his son a nd daughter, a nd 
Mr. 0 and his daugh ter) went fishing on one boat a nd ca ught 29 , 
21, 39, 28 , 16, 41 , 13, and 39 fish respectively. We wan t to record 
the num ber of fi sh ca ught b y each family on the boa t but re tain 
the identi fi ca tio n by generation and sex. Using the na tural hier-· 
a rchy of generation , we record the catch of each fath er and below 
that (connected by a straig h t line for a son a nd a wiggly line for a 
daughte r) the ca tch of his child ren (Fig. I I ) . 
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Figure 12 . .'\ tree diagra m wi th three le1•cls. 

This diagram has 2 levels; the first corresponds to the fathers 
a nd the second to the child ren. As one moves from each value in 
the first level to th e second level , it is possible to bra nch into 2 
val ues . Although Mr. B is a lone so his family is only represented by 
I level a nd Messrs. A a nd 0 each have only I child with them, 
th e d iagram as a whole has 2 levels and 2 possible branches to the 
second level. 

Let us increase the number of people that were on the boa t: 
Mr. A's son brought his son and daughter, Mr. B brought his 
son 's son and daughter, Mr. C 's son brought his son a nd da ughter, 
and Mr. C 's d a ughter brought her son, who caugh t 10, 12, 14, 11 , 
8, 7, 8 fish respectively. To include this information, another level 
is added to the d iagram. All the informa tion has been recorded on 
a tree diagram (Fig. 12). 

This diagram has 3 levels with 2 possible branches from each 
value Otl the first level to the second level and 2 possible bran ches 
from each value on the second level -to the 3rd level. (Notice that 
al though Mr. B's son was not present, he has been included with a 
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catch of 0 in order to place his children in the appropriate 
generation. ) 

With a tree di agra m, it is easier to look for regularities consistent 
a cross levels or consistent with respect to branches. One can 
observe, for example, that each of the values on level I is greater 
than the sum of its connected valu es on level 3; namely, each 
father caught more fish than all his g ra ndchildren combined. 

This problem , as it is stated, can easil y be extended to have 
more fathers on the boa t (more starting points), or additional 
generations (more levels). If it is ex tend ed by including more than 
I son and daughter per person, there would be more branches per 
level , but we would have to decide whether to use the same style 
connector for each son (or daughter) or to use different sty le con-
nectors depending on some other characteristic (say, age). Also, 
the problem has the same transitions from each level to the next, 
which can easily be modified by, for example, letting the children 
but not the adults bring friend s. 

The important feature of any tree diagram is that each item a t 
the bottom can be traced upward in one and only one way passing 
through each level exac tl y once as you proceed upwa rd. In draw-
ing a tree d iagram, it is crucial tha t the possible ways to proceed 
from one level dow n to the next lower level are clearl y d efined. 
H ence, they are most adaptable to describing hierarchical organi-
zational structures whose organ izing principle is who reports to 
whom, or for d escribing processes with d istinct stages which are 
structured in tim e. 

Wha t we call tree diagrams seem to find a d irect expression in 
the format of qui pus; it is as if both contemporary western symbol-
ing a nd Inca symboling approach each other at this point. On 
many pendant cords there a re suspended I or more other cords 
from wh ich there are suspended yet other cords, a nd so on . With 
paper and pencil , different symbols to distinguish the branches a re 
needed . In the fish problem, only 2 connec tors were used ; one 
represented by a straight line and the other by a wiggly line. T he 
quipu is much less res tric tive as different colors are used to 
distinguish branches. By viewing this a rray as a tree diagram, we 
emphasize tha t cords must be considered as part of a hi era rchy 
where each pendant or subsidiary carries on identification by its 

~ . Ā~. 
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level a nd branch within tha t hierarc hy. For example, a quipu 
similar to the 2 level tree d iagram (Fig. I I) could look like: 

W R w W B R W B 

a nd one compara ble to the 3 level tree d iagram (Fig. 12) : 

W R B R W R B R W B R R B R W B 

If, in our example, there were a second boat with 4 fa milies, this 
hypothetical qu ipu representation migh t have adjoined to the first 
group of pendants another group of 4 pendan t cords with sim ilarly 
R ed and Bl ue colo red subsid iaries attached to the pendants a nd to 
each other. It could then be described as a two dimensional array 

a .. i= I , 2 (group) 
IJ j = I , 2, 3, 4 (position in group) 

where each pe ndant is a sta rting point in a 3 level hiera rchy with 
2 branches possible from each val ue from level to level. 

An upward d irected cord associa ted with each group could 
ca rry the group subtotal. I n our exam ple, such a total could be for 
the entire boat and cou ld be on one pendant alone. Alternatively, 
the to tal could be on a pendan t with 2 levels of subsidiaries, thus 
expressing the boa t to tal but keep ing the genera tiona l d istinction ; 
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or, it could be on a pendant with 2 levels o f subsidi a ries with 2 
branches on each, thus keeping bo th the generational and sex 
distinctions. On actual quipu there arc some group subtota l cords 
that retain th e branches or levels, some that lump th em, and some 
that sum only the pendants and ignore the subsidiaries. 

T o conclude our discussion of hiera rchical a rrays, we cite a 
specific quipu example. The example is chosen to impress the 
reader with the logical com plexity that can be expressed on a 
quipu- for o bvious reasons it cannot be transcribed here. On one 
quipu the penda nts carry up to 5 levels of subsidia ries with as 
many as I 0 branches from each value on some levels. 

Media and Civilization 
In Tristes Tropiques, Levi-Strauss ( 1955) te lls what happe ned when 
the lead er of a Brazil ian tribal people learned about writing. H e 
takes the story as a point of departure for a d iscussion of writing 
in early civiliza tio n. The discussion begins, as expected , with the 
repe ti tion of the self-comforting thought tha t writ ing is the most 
important criterion for civilization, the one that is most worth 
retaining on the lists of wha t cha racterizes civilization. Suddenly, 
all of the pleasant connotations associated with this thought a rc 
thrown into doubt ; the author recalls that no sooner did the tribal 
leader find o ut a bout writing then he seized upon i t as a means to 
enhance his prestige and authority. Levi-Strauss thereupon draws 
the following inference: "the use of writing for disinterested ends, 
and with a view to satisfaction of the mind in the field s of the 
sciences or the arts is a secondary res ult of its inven tio n- a nd may 
even be no more tha n a way of reinforcing, justifying, or dis-
simulating its primary function. " And what is the p rimary func tion? 
According to Levi-Strauss, " the primary fun c tio n of writing as a 
means of communication , is to facilita te the enslavement of huma n 
beings." H e points out tha t writing ma kes its appeara nce a long 
wi th oppressive political systems. And that is why, says Levi-
Stra uss, writing goes together, for example, with massive a rch i-
tectu re: to accomplish the architectural feats of th<> anci<>nt world , 
thousands of people had to be assem bled and they were taxed to 
the limits of their strength . Incidentally, Levi-Strauss insists that 
the case of the Inca confirm his hypotheses: they were unstable, 
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they " decomposed " q uickly; however politically oppressive the 
Inca were, the a bsence of wri ting supposed ly prohibi ted them from 
ma intaining th eir position of power. 

T he last comment can be dismissed as an unsuccessful attempt 
by yet a nother au thor to deal with the " but they have no wri ting" 
problem. As for the rest, the evidence can be interpreted as lea ning 
toward support for the notion advanced by Levi-Stra uss. The 
content of the bulk of ea rly media is statistical and economic; 
presumably, those in authority need ed these data to exercise 
control. W ha t was wanted was a d evice to keep track of essential 
information. In the Andes, Baudin (196 1) contends, " The statisti-
cal reports of pre-Columbian Peru enabled the Inca and the higher 
offi cials to know wha t the economic condition of the empire was 
and to a ct accordingly." The d evice they used was the quipu ; 
e lsewhere other d evices were used. 

T heoretical support for the Levi-Strauss opinion comes fro m 
what Max Weber ( 1952), discussing bureaucracies in general, calls 
the concept of " official secrets." " Bureaucra tic ad mini stra tion," 
says vVeber, " means fu ndamental ly the exercise of control on the 
basis of knowledge." Those in au thority, again citing Weber, 
" acquire through the conduct of office a special knowledge of facts 
a nd have available a store of documentary material pecu liar to 
themselves."; all of this " is a product of the striving for power." 
Now in early civilizations, including the Inca , everything surmis-
able about scribes and quipu -makers, and everything that is known 
about the information they recorded, suggests that a privileged 
a ppendage of the eli te were recording "official secrets" peculiar to 
themselves a nd to those whom they served. W riting for what 
Levi-Strauss calls " disinterested ends" was indeed thousa nds of 
years in the future; in tha t future, something more tha n qui p us 
might be required. 

A way to cha racterize a civi liza tion , other than holding up a 
checklist, is to define its particular style. T he search for the style of 
a civiliza tion requires the iden tifica tion of basic symbols. The 
seeker, we think, is left with a sense of having missed the point that 
comes in the wake of a part by pa rt analytic approach. Bu t the 
Gestal t, the unity, the underlying principle, is often elusive. We are 
indebted to A. L. Kroeber ( 1963) for reminding us of the origins 
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of the word style: " The etymology is from st_)'lus, th e pointed rod 
used for writi ng on wax by Greeks and R o ma ns. The sense here is 
metaphorical, as we speak of an inspir ing or poisoned pen, of a 
fluent or a bold hand. A man 's style origi na ll y was his characteris-
tic, idiosyncratic manner of writing: possibly at first with emphasis 
on the shapes of his let ters, his handwriting, certai nly later with 
reference rather to his choice a nd combina tion of words.,. The icon 
of Inca Civilization is the quipu; we return here to th e original 
associat ion of the word style with media. 

As al ready stated, q uipus are made ou t of cot ton shaped in to 
cords. Cotton cords a re ligh t and not especiall y du rab le; in this 
rega rd , they arc more like the papyrus of Egypt than, say, the 
cla y of Babylonia. One theory has it th at heavy dura ble media go 
with early empires that stress time, and lighter, less permanent 
materials go with em pires that stress space (I nnes, 1950). How-
ever, this may be, the view from inside Inca Civi lization (as con-
trasted with the "outsid e" comparative view) points to couon as 
the obvious materia l. 

Cotton ha d been brought under cu ltivation for the fi rst time in 
human history along the Pacific coast within sig ht of the Andes 
thousands of years prior to the a ppearance of the Inca. The long 
period of cotton cultiva tion and use had importan t conseq uences 
that a rc direct ly relevant to the presen t stud y. Gayton (1961 ) puts 
i t succinctly: "The head start, so to say, which textiles had in 
ceramics, metal , and mural decoration may have estab lished a 
lasting p riori ty for the textile art as the primary means of visua l 
communica tio n." But there is even more to it than that: over the 
millenia, a nd before th e emergence of the Inca, cloth took on a 
pecu liar significance for Andean peoples. Commenting on this, 
Murra ( 1962) writes: " There is nothing strange in the poli tica l 
use of prestige objects; th e novel ty consists in the d iscovery tha t, in 
the Andean area, the artifact of greatest prestige a nd thus the 
most useful in power relations was cloth." Thus, in the cotton 
qu ipu, the Inca had a material that carried its own extraordinary 
message . 

In every culture, there are special objects that stre tch to regions 
fa r beyond the particular purpose for which they were intended. 
These objects sum up a reas of meaning for which there may be no 
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Figure 13. This quipu (AS33 ) is in the coll ection of' the Peabody Museum of' 
Archaeology a nd Ethnology, H arvard University. Pho to by the authors. 

verbal counterparts. They usually are common and replaceable, 
but they are not always inexpensive, as witness the American 
automobile. Sometimes they are keys to the culture for the ou t-
sider; for the insider, in particular children in the process of learn-
ing, they are indispensable cues. They may be fi xed and rather 
permanent as the Medieval cathedral, or they can be imper-
manent and leave no trace, like an igloo. 

We think that the quipu is such a special object. There is no way 
to p rove this; but we can give a few examples that form part of 
the basis for our intuition, and thus conclude our essay. vVhen the 
main cord of a q uipu is freely held , one sees a smooth parabola 
bounding the tops of a series of vertical lines (Fig. 13). This shape 
is repeated in the hanging bridges of the Andes (Fig. 14). 
Suspended from the sides of rivers like giant quipus, these bridges 
were made, like quipus, from plant material and they are similar to 
quipus in construction. If the quipu as a special object is like a them e 
i t should be repeated visuall y and thus un'derscored : the bridge is 
one of several instances that meets this requirement. Anoth er 
requirement for being a special object is the ability of the object to 
express fundamenta l cultural notions. This is easy to show in th e 
case of the quipu and the ceque system. The eeq ue system was the 
all important social organizational basis fo r the Inca state; it 
guided marriage, work, myth and ceremony, and so on (Zuidema, 
1964 ). I ts complexity is too great to detail here; however, it can be 
formally described a s a division of the whole into 4 quarters, a nd 
within the quarters , a further division into 3 se ts of 3. Using 
standard elemen ts, a q uipu expressing th e formal structure of the 
ceque system can be constructed as follows : 

\\\ Ill Ill 
A'liC ABC ASC. 

II I I I I I II 
ABC ABC ABC 

11111111 1 
ABC ABC ABC 

Ill \IIIII 
A BC A llC ABC 

Figure 14. Until recently, this bridge hu ng over the Apurirm\c Rivn in Peru. I t 
1vas replaced by a metal bridge in 1968 (Gade, 1972 ). The pho tograph is here 
throug h the courtesy of' Professor Daniel W. Gadc and by pnmissio n !rom the 
Annals of' the Association of' American Geographen, 62. 1972. 



I. R eferences to a c tual q uipus arc followed by a letter and number designation . 
\\'c idrnti fy a ll publi sh ed quipus by this sytem: th e le tte rs refe r to the author; th e 
num ber to each quipu in ch rono logica l order of publication b y author. For 
example, AS 100 refers to the one hund red th quipu publish ed by the authors of 
this anicle. For m ore details, sec Ascher and Ascher, 1972. 
2. Very man y people in severa l countries coop erated with our efforts to locate 
and stud,· quipus. Instead of th ank ing only a few people here, we will , instead , 
inc lude eve ryon e in a fo rthcoming fina l publication. 
3. The Wcnner-Grc n Foundatio n fo r An throp ological Research provid ed panial 
financia l suppon for ou r work. 
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An Orthographic Way ofWriting English Prosody 

Ernest M. R obson 

An a lphabe ti c process for cueing readers to speak the three dimensions of sound 
in speech has been construc ted: fundam enta l frequency, dura tion, a nd intensi ty. 
A scanning model based on d ifferences in the a ppa rent levels of the th ree 
d imensions is presented . Considerations of the info rmation in a n a lphabetic 
a pproach arc discussed. 

The two obj ectives of this paper a re : to write prosodic levels with 
graphic sym bols applicable to many spoken languages, and to 
formula te conversions of prosodic in to stress levels. Discussions of 
the terms "acoustic level," "stress level," and " prosodic level" a re 
reg uired for clarification. 

Prosody is a vague term. It is associa ted with systems of versifi-
cation that may d epend on " length" or duration of syll ables 
(Greek ), 1 or ord erings of weak and strong stressed syllables 
(English); on rhyme and quasi-rhyme schemes; on stanza arrange-
ments; on relations of syllables to musical notation, etc. All 
prosodic systems possess two characteristics : they are written 
rhythms of speech and their patterns are systematic instructions by 
writers to readers to speak in specified ways. It is essen tial to rea lize 
that " prosodic levels" must be written. Although every person 
does hear different levels of loudness or pitch in face-to-face con-
versation, a continuous symbol system of live speech cannot be 
fixed or analyzed in detai l, or stru ctured or programmed withou t 
memory storage of written or other recordings of language. Con-
sequently, prosod ic systems connect written and spoken language 
by graph ic cues that identify and program selected units of speech 
r hythm. We will operate with graphic cues by modifying letters o.f 
the alphabet (Fig. l A) . 

A written prosodic level is a graphic symbol tha t identifies a 
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perceptible acoustic level and instructs the read er to spea k that 
level. H ere, th e grap hic symbols a re elevation, darkness, and 
length of letter. Since these gra phic dimensions are bu il t into the 
struc ture of letters, they p rod uce orthog raph ic sym bols (Figs. 
1.-\ , IB). 

A le\·el is ambiguous without a reference standard . T he con-
stant reference for perceiving varia tions of written prosodic leve ls 
is, simply, the norma l ap peara nce of letters. I t is from this norm 
that readers j ud ge whether vowels are elevated or lowered; 
" ·hct her all le tte rs are squeezed o r stretched out; or noticeabl y 
dark or fain t. '' i\ormal" appeara nce is the uniformity of letters 
consistent wi th a single s tyle of typography or chirograph y. 

"Acoustic levels" of speech a re standa rd calibrated a nd instru-
mentally measured correla tes ofspeech: fu ndamen tal frequency in 
Hz, so und pressure level in d ynes , time duration and silences in 
cen tiseconds. These e nergy platea us and time d imensions con-
sti tute th e most uni versal physical features a nd coordinates of stress 
and prosodic levels. The prosodic correla tes to acoustic levels are: 
perceived pitch fo r fundamenta l freq uency, duration for ti me, 
pe rcciH d effort a nd force of speech for a mplitude level a nd pauses 
lo r silences. " Speech power" may be used for convenience, in its 
loose sense as a perceptual te rm for "effo r t and force"; this only 
for the purpose of instructi on to subjects . 

.-\ spoken p rosodic level is voca liza tion of a perceiveq acoustic 
le\·cl in obed ience to written ins tructions. The form of the instruc-
tio ll ma y be the v/ markings of the English department 's " feet" 
which are sim p ly stressed versus unstressed sylla bles. Other instruc-
tio ns may be d iacritical markings such as Trager and Smith's l , 2, 
3, 4 markings fo r " pitch" levels, and I , 1\, \ , v for four levels of 
stress.1 During th e eightee nth and nine teen th centuries prosodic 
instructions to speak " loud ness" levels, p itch levels, time, and 
pause durations we re written with musical no tations as in the 
systems of J oshua Steele and Dr. Benjamin Rush.:1 Even though 
prosodic levels a re " naturall y" present in face-to-face speech, the 
\·oca l performance of prosodic sys tems as in singing or playing a 
m usica l instrument requires tra ining, prac tice, and no a udio-vocal 
d isa bili ties. 

S tress levels a re impressions of loudness rela ti ve to the average 
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Reduced Vowels 

Short 

Normal 

DURATION 

A E I c u THE ci 
AEIOUWY 
AEIOUWY 

Prolonged c:""> ... ~ =:r=. [~-----) "-' __ ..) 

SPEECH POWER LEVEL 
Quiet unaccented speech 

(first amplitude level) 

Normal conversolional level 
(second amplitude Ievell 

Maximum force and effort 
(third amp I itu de lave I) 

AE IOUWY 

AEIOUWY 

AEIOU WY 

FUNDAMENTAL PITCH 

Lowest pitch-indicated by 
depressing the vowels 

Middle P.itch-indicoted by 
normal position on line 

Highest pitch-indicated by 
elevating the vowels 

M 1M MoM MAWM MEEM 

MIM MOM MAWM MEEM 

M 1M M 0 M MAWM MEEM 

CUES FOR VOWEL PITCH MODULATION 
Some VOVIel sooken with rising or fall ing pitch in periods 

controllable by speaker 

NORMAL SPEED SLOW SPEED 

RISE FALL RISE FALL 

lk ~ ~ -~ 

Ef: EE 
11 rJ II 
@ '0 c C > ) 

l}J 4!: I L I J I I 

Fig ure I A. 

........ 

) ") 

I J 

Prosodynic code for writi ng the English alphabet with struct ured let ters that cur 
th e reader to sp eak the acousii c le\'cls of pro;ody. 

359 Robson : vVriting English Prosody 



ENGLISH SPELLING 

DO NOT ASK WHAT YOUR COUNTRY CAN 

DO FOR YOU, ASK WHAT YOU CAN DO 

FOR YOUR COUNTRY. 

AMPLITUDE 

DO NOT ASK 

DO F OR You 

WHAT YOUR COUNTRY CAN 

ASK WYAT YOU CAN DO 

FOR YOUR COUNTRY. 

TIME 

OONOT- ............ ,SK WHAT '«lUR COUNTRY CAN DO FOR YOU 

,. .............. SK 

COUNTRY. 

WHAT Y'"C=::::::J>l.__~ 

PITCH 

CAN DO FOR YOUR 

Do NOT ~SK WHAT YOUR cOUNTRY 

CAN DO FOR y<§>I.UI ASK WHAT y~t.YJ CAN 

DO FOR YOUR cOUNTRY. 

AMPLITUDE +TIME +PITCH +PAUSES 

o
0

NOT ~SK WHAT YOUR cOUNTRY rAN DO FOR y@~ 
·· ~l ;;;;;;;;;;;;;JJ J WHATVC L§j>.. -

l'i g u rc I B. 
l'rosorh-ni r curs writ ten separa tely and combined. 
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STANDARD PHONETIC PORTRAYAL 

Men ~~ Sl\ nlait st raLks rendraps 

PHONETIC PORTRAYAL EMPLOYING PROSOOYNES 

AMPLITUDE 

Mc:n 6~ si\nlaLt stre1i.ks rendraps 
T IME 

ME.n ~'J s1~nlaLt stralks r c=:;n draps 
PITCH 

M En '68 s6n10.Lt st1aLks rendr0 ps 

PITCH, AMPLITUDE, TIME ALL CUES PRESENT 

Figure I C. 
Prosodynic writing or phonet ic English. :\oticc adjustabilit y or the independent 
di mensions in the prosodynic code. 

loudn ess of an ind ividua l ta lker . They a re aud itory perceptions of 
undifferentia ted vocal energy. I t is assum ed that native speakers of 
Eng lish who listen , repeatedly, to a single English sentence can 
identi fy a nd specify with markings, three to four levels of stress. 
T he acoustic correlates of stress or loudness include all the acoustic 
correlates (fundamental frequency, a mplitude, a nd time) of pro-
sodic levels. I t is not surprising that listeners will judge the rela tive 
loudness of synthesized speech according to the magnitude of the 
energy levels independent of which acoustic correlate was ·'traded " 
or substituted . I n correspondence Pierre Delattre has stated, " I t is 
true that amplitude a nd duration ca n affect our perception of 
intona tion. (With speech sy nthesizers I can produce the impression 
of rises in pitch by over-emphasizing the d uration as long as the 
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a mplitude is not below norma l)." It is the limited info rm a tio n 
poten ti a l of three to four stress levels per syll a bl e in con trast to 
nine p rosodic levels per sy ll a ble tha t indicates th e richer speech 
pattern potentia l inherent in a prosodynic cue system. This in-
crease of speech information crea tes problems in volved w ith the 
cap a bilities of speakers, the pecu li a rities of English, the tra ining of 
speakers, a nd o ther questions beyond the scope of this paper. 

Perception of acoustic levels will increase both wi th redunda ncy 
a nd with reduced or context free language.~ Context free English 
occurs in specia lized languages of poetry, advertising, song lyrics, 
nonsense sy ll a bles, sho rt phrases in speech research, short sequen-
ces in foreign la nguage teaching, speech therapy, d eaf ped agogy, 
and any isolated short sequence of la nguage of four to five syl-
lables. O ver the last for ty years instrumental measuremen ts of con-
text reduced la ng uage show that listeners can recognize at least 
three levels o f fundame ntal freq uency, three levels or ampli tude, 
a nd three periods of duration.5 

The perceived acoustic dimensions and levels of prosod y must 
be recorded in a readable form to be available for use and under-
standing by speech a nd language specia lists in many areas. If they 
are presented solel y by spectrog ra phic or other instrumental dis-
plays, both cost a nd convenience impose severe limitations. The 
kind of nota tion becomes im porta nt fo r teaching and crea tive uses. 
Diacritical notations-even when restric ted to a few su praseg-
mentals such as junc ture, intonation, a nd stress-have shown 
serious deficiencies. 6 

Integrating Prosodic Levels with the English Alphabet 
Alphabetic cues which instruct readers to speak prosodic levels 
specified by the length, height, and darkness of letters seem to make 
severa l constribu tions. First, they graphically deno te with the same 
symbol system (le tters) a ll the acoustic d imensions of prosody car-
ried by phonemes, syllables, words, phrases, contours, and sentence 
envelopes. Secondly, the graphi c aspects of the script ena ble 
readers to scan stress patterns a nd visualize a coustic levels. This 
kind of writing is, literally, a disp lay of transitions from pe rceived 
acoustic to stress levels; a nd the converse. H eights and slopes of 
levels are essential components of these displays as in spectrographs 
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of fu ndamen tal pi tch or intonation. 7 A third asset of al phabetic 
cues is their capacity to show variations of intensity and duration 
of consonants, va riations that modify stress.8 Fourthly, the change 
in fundamental freq uency of a vowel synchronized with intensi ty 
and duration vari a tions can be written as " pitch modula tion" cues 
(Fig. !B). Fifth , a prosodic expression of the semantic in tent of the 
writer can be wri tten. Alphabetic cues whi ch instruct readers to 
speak prosodic levels specified by the length , heigh t, a nd darkness 
of le tters arc cal led " prosod ynes" (Fig. l C) Y 

In linguistics the "schwa" is now termed a reduced vowel. When 
we scan spectrographs, visually, a reduced phoneme appears as a 
trace . We shall use " reduced" and " trace" interchangeably. T he 
trace warrants special considera tion. There is a physical reaso n for 
attaching a value of l to the reduced vowel or syllable. The 
reduced vowel is essen tial in prosody because it operates as a cue 
for conti nui ty or discon tinuity of speech. Its faint and ra pid g lotta l 
ru mble pu ts sharp dips into the a coustic rh ythm of English. 
Red uction obliterates disti nctive features and min imizes the 
quality in levels of pitch and loudness close to the thresholds of 
perception (i.e., to no quality) . Therefore the trace is a llocated no 
perceived pitch or a m plitude values. Yet a reduced vowel exists. 
It consu mes noticea ble time. Conseq uently, the reduced vowel or 
syllable has been designed to be singular (Figure 2). It is labeled 
" I" among the numbers given to prosodic levels. This cue is writ-
ten A~ o T 1 P ---0> o to show pitch and amplitude approach ing 0 
in perceptive value. The information of the trace plus pi tch mod u-
lation cues considerably increases the potential of prosodynic prin t. 

Scanning with Prosodynic Levels 
A prosodic number is the sum of numbers assigned to each per-
ceived acoustic level of pitch , force , and duration. The la rgest 
prosodic num ber for a vowel eq uals the sum of the three numbers 
denoting the highest level of perceived pi tch 3, the most powerful 
a mplitude level 3, a nd the longest time extension 3. T he sum is 9. 
This wi ll be the most stressed vowel or syl lable. The sma llest sum 
of level num bers in a vowel will be I for the singu la r trace sy llable 
or vowel. This is the least stressed syllable. T he larger the prosodic 
number, the greater the amount of acoustic energy and stress 
value (Fig. 3). 
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All T foster rote of speech 3rd Amp. 2nd Amp. lst Amp . Reduced 

• 

CAN 

TEST 

sE 

DANCE 

CON 
0 NE 
w 

MOM MOM MOM 

I H S ToRy 

i 

ME 

Figure 2. 
The g ra phic cue for red uced \'Owcls or syllab les. Althoug h this "schwa., cue is 
needed . arithme ticall y, to specify fo ur stress lc\·e ls a nd is a reada ble cue , speakers 
st>ldo m a rti culate a reduced A- o, T , P- o \'Owe! clille ren tl y from a n A 1 T 1 P1• 

Sec note under Fig ure 5 fo r arit hmetica l operations tha t support a \·a lue of I for 
reel ucccl \'Owels. 

Figure 3. 
Qual ita ti\·e associa tions between numbers of stress levels and numbers of prosod ic 
levels. 

Stress Stress Prosodic Prosodic 
Level Quol~y Amp. T p Number Quality 

Minimum 
I Delectabilit y 0 +I +O = I Reduced 

I Inconspicuous I +I+ I"' 3 Weak 

2 Inconspicuous I +2+ 1=4 Weak 

Be~ween incan Between Weak SPICUOUSness 
and Rich 

2 and prominenc I -t I + 3 = 5 

;3 Prominent 2 t I -+ 3 = 6 Rich 

3 Prominent 2 .... 2-t3=7 Rich 

Most 
Powerful 

4 Conspicuous 3 + 2+3=8 

LO Most 
Powerful 4 ConJoicuous 3+-3+3=9 ... ~ ~x;;=:=>- -....L L Most Rich and 

4 Conspicuous 3 + 3 + 3+: g+ Powerful 

MoM 
t 



Stress levels here are synonomous with " loudness" levels. These 
levels are functions of obj ec tive and subjective components. The 
objective para meters are th ree measurable "acoustic levels"; the 
subjective fac tors a re three prosodic levels each "a perceived 
acoustic level." Prosodynic levels are both written and spoken. 
They can be assessed as contributors to "stress" or loudness . I t is 
und erstood that listeners may concentra te on stress at one time , 
and on the prosodic levels that produce stress or loudness at 
a nother. Targets of attention are involved with training. Although 
"stress" or " loudness" are produced by ma ny non-acoustic in-
fluences, here, on a phonological basis stress is the impression of 
gross undifferentiated loudness carried by the longitudinal waves 
of sound. Figure 4 sh ows how many distributions of prosodic levels 
may produce the same stress level and why " trading" in prosodic 
levels occurs. HI Writers ofprosodynic print continuously operate 
with this kind of trading. 

When we scan the speech rhythms of English with these 
numerical measures, we gain insight by understanding the prob-
lems of a writer intent on writing phrases and sentences with 
prosodynic script. Here is where judgments enter. The maximum 
number of gross stress levels amounts to 4. I t is easier to first select 
a stress pattern of 4 levels than to first think of 46 prosodic levels. 
Once the stress pattern is structured , then prosodic levels fall into 
shape. 

A simple arithmetic can convert prosodic into stress levels. We 
have represented the perceived pitch , amplitude, and time levels 
by the numbers I, 2, 3, ranging from small to la rge. Then , to deter-
mine the stress level of any particular vowel or syllable with respect to its .. 
neighbor take the difference between the sums of the numbers assigned for 
pitch, perceived amplitude, or time and divide by two. Thus a d ifferen ce 
of two prosodic numbers on two syllables will give one stress level 
difference, etc. Since the sm allest prosodic number is I for the 
trace and the largest is 9 , the highest stress level is 

9
-l or 4. In 
2 

English, 4 has been accepted as a maximum stress level by many 
workers. 11 Divisions by two are supported by experimen ts. These 
show that whenever two prosodic levels of two neighboring syl-
lables- s.uch as pitch and duration, or pitch and perceived am pli-
tude, or perceived amplitude and d uration- increases in the same 
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PRO SOD I C FR EEDOM OF T HE WRITER 

n = the sum of numbers assigned to levels of perceived pitch, amplitude and 
duration. These are prosodic numbers specified for a specific vowel or syllable by 
the writer. 
Column totals = summations of number of ways of writing a prosodic number. Each 
of these permutations may be considered a " prosodic state." 

(n = 9) ~n=8) (n = 7) (n = 6) (n = 5) (n = 4 ) (n = 3) 
A + P + T A+ P t- T A + P + T A + P + T A + P + T A + P + T A + P + T 

3 + 3 + 3 2 + 3 + 3 I !- 3 t- 3 2 + 2+ 2 1+ 3+ I 2 + I + I I + I+ l 
I 3 + 2 + 3 3+ I + 3 3+ 2 t- 1 3 + I + I 1+ 1+ 2 3 

3 i- 3 -r 2 3+ 3+ 1 2+ 3+ 1 1 t- I + 3 1+ 2+ 1 
3 3+ 2+ 2 3+ 1+ 2 2+ 2 + 1 3 

2 + 3+ 2 1+ 3 + 2 2+1 + 2 
2 + 2+ 3 1+ 2 + 3 1+ 2 + 2 

6 2 + 1+ 3 6 
7 

I + 3 + 6 t- 7 + 6+ 3+ I = 27 = number of choices for the writer of non-modulated syllables 

(n = 9) (n = 8) (n = 7) (n = 6) (n = 5) (n = 4) (n = 3) 
A + PP + T A+ PP + T A + PP + T A + PP + T A + PP + T A + PP+ T A + PP + T 

3+ 3 + 3 3+3 + 2 3+ 2 + 2 3 + 1 + 2 2 t- I + 2 1+ 1 + 2 Nothing 
I 3 + 2 + 3 2+ 3 + 2 2+ 2 + 2 1+ 2 + 2 I because 

2 t- 3 +~) 2 + 2 t- 3 1+ 3 + 2 1+ 1 + 3 fast 
3 1+ 3 + 3 2+ 1 + 3 3 dura tion is 

3 + 1 + 3 1+ 2 + 3 impossible 
5 5 for pitch 

modula tion 

1 + 3 + 5 + 5 + 3 + I - 18 = number of choices for the writer of modulated syllables 

l\on-modulated states =27 
Modulated states = 18 
Trace syllable = I 

46=Total Prosodynic States (choices) per syllable 

Figure 4. 
" Prosodic freedom" of the writer or the number of choices for writ ing syllables 
with different prosodic numbers. The shape of this matrix is somewhat similar to 
the normal distribution curve. Exercise of this " freedom" is reduced by all the 
cons traints of English except in poetry, language research , and other specia l uses. 
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d irection, then at least one stress level d ifference is observed 90% 
or the time. 12 This stress d ifferen ce between two syllables im plies 
that levels or their third prosodic dim ension remain constan t. A 
gra phi c portrayal or how differences in p rosod ic levels within a 
sentence can genera te 4 stress levels is prese nted in Figu re 5. 

f' ig urc 5. 
Converting prosodic numhers by di nc rence into relati\T stress le, ·cls fo r pairs of 
monosyllabic words in a sentence. Suppose we had no trace ,·alue of I . T he n, we 
could not calculate 4 levels of stress as a maximum d iAcrence between a pair of 

most and least stressed syllables ; i.e. , g _ J = 4. Ye t, we know by experi ment that 
2 

4· levels of stress a rc perce ivable in non-con textua l I:::ngl ish. This is the ratio nale 
for attaching" I" to reduced vowels. It is an arithmeti c device for sa tisfying 
experimental values. 

Acoustic Numbers (6) (I) (9) (4) (6) 

wHAT .BRÅ<>nr~L 

A 6 2 1 = 2 i stress levels stronger WH T (6) _ _,______;;, ______ ( 1 ) • 

6-9 1 

wttAT ~6~);t_2;=~
1

~2~s~tr~e~ss~le~v~e~ls~w~eo=k=e=r =====::::::.. d"""'>n, ......_ ~ ~ 9 = 4 stress levels weaker --::... (9l BR• • ~.,.. L 
(I) 2 

~- 2!. stress levels 

aR·"~L (9) 2 -
2 



\Vhen we deal with prosodi c numbers we consider sums of num-
bers assigned to percei ved levels. Prosodic sta tes opera te with 
permutations of these numbers. A prosodic state is a ny co mbina -
tio n or three levels of perceived pitch, a mplitude, and tim e . Since 
each of these three parameters has three levels, the to tal of their 
pcrmutations = Tl = 27. This applies to all non-mod ulated prosod ic 
states. The num be r of modulated sta tes would equal another 27 
were it not impossible for th e modula ted pitch and force effort 
cues to work in fas t time (Fig. lA ). VVith medium and slow dura -
tio ns there a rc 2 x 3 x 3 = 18 modulated prosodic sta tes (Fig. 4). 
Add to these unity for the singul ar reduced vowel. The fina l sum 
is 27 + 18 + I = 46. Figure 4 a lso ma kes it evident tha t extremely 
high or low stressed vowels d emand the fewest prosodic decisions 
by the wri te r whil e medium stressed vowels maximize the number 
of d ecisions. 

Di.rm.rsion of Information in Graphic Design 
Prosodynic print carries more of English speech into p rint than 
eith er diacritical marks or standa rd English orthogra phy. Its in-
forma tion is prima rily grap hic. One m ight say that prosod ynes are 
less visible speech than the visible intentions of speech ; particu-
larly, the write r's intentions. Because the subjective in ten tions of 
the speaker d etermine emphasis, prominence, and the other in-
fo rmation of prosod y, clarification 0f a writer 's prosodic intention 
ma y re, ·eal substa n tial amounts of information . 

When we look a t written lang uage from a stric tly graphic point 
of view, the cues of p rosodynic print a ppear to exploit th e limi ts of 
d istort ion of a letter without d estroying its recogniza bility. Each 
\·aria tio n or shape of a letter may be counted as a choice in the 
st ructure of th a t le tter. Accordingly, the number of choices within 
th e limits of recognizability is a kind of " graphi c inform ation ." I t 
is this sort of gra phic informa tion which is the visua l essence of 
th ese cues. 

The print is designed to look as it sounds. This is accomplished 
by selec ting ph ys i.cal features tha t occur in both the spoken a nd 
written sym bols of prosod y : up-down ma rkings identify up-down 
pitch ; a mount of blackness rcprese n ts amoun t of voca l fo rce and 
eiTort ; ex tensions of length identi fy ex tensions of time; bl a nk white 
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space stands for silence of pauses. These associations arc structured 
so tha t foreig n read ers may more easily ide ntify the prosody of a 
second la nguage. This isomorphasism can be assessed by com-
parative tests with diacritical sym bols. 

Prosodynic dimensions are spatia ll y independent. The occur-
rence or non-occurrence of one prosod yni c cue in no way a ffects 
the occurrence of any other cue. As a resul t disp lays of a single 
let ter's cues for p itch , apparen t amplitude, and time do not in ter-
fere wi th perceptions of con tours of intonation or loudness. Spa tial 
independence is a n importan t compo nent of g ra phic d esign. I ts 
opposite, conjugality, causes confu sion ; e.g. , when the heigh t 
d imension of size as a cue for loudness cannot be separated from 
the elevation of vowels as a cue for pitch in intonation contours. 

I t is well known that the consonants contribute more than the 
vowels to our recognition of both aural a nd written la ng uage. The 
meaning of th e sentence below can be read more easil y from con-
sona n ts than from vowels : 

*A*E* *I ** ** I*E *I * *A* I** *A* 

j*M*S W *LL DR *V * H*S R *C*NG C*R 

This cue sys tem ma intains consonanta l intellig ibility by kee ping 
consonants on the sa me line. This uniformity fi xes the eye on a 
g ra phic standard of re ference. R eference standards increase the 
information of stimuliY1 It is the vowels that carry most of the 
information in this system . Here, vowels a re the principa l cues for 
pitch because vowel sou nds arc the p rime sou rce of perce ptions of 
frcq uency a nd intona tion in English. 

Prosod ynic print instructs readers to a rt icula te consona n ts with 
diffe rent eAo rts and dura tio ns, a long with vowels a t varying pitch , 
intensity, and durations. These orthographic contrasts enable 
reade rs to visua lize transit io ns from prosod ic levels to stress levels 
a t a g lance. Stress pa tterns arc in the orthography. 

Th is st udy observes a t leas t four criteria for increasing the in-
formation of nota tions, the power or written la nguage symbols 
where " power" mea ns the number of even ts a symbol migh t 
identify : 
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1. The smaller the ling uistic uni ts , the more info rmation they 
carry; i. e., a lp habets g ive more informa tion than sylla baries. 

2. Spatial independence of cues. 
3. Multi-dimensionality in con trast to single dimensional cues. 
4 . A g raphi c reference standard for percep tual judgmen t. 

Finally, it should be noted tha t prosodynic print has been used 
for speech th erapy on tvvo patients 11 and in creative poetry.~.-, A 
bet te r understanding of th e basic processes involved a nd on th eir 
a pplication calls for continued testing ; e.g. , on the model for con-
verting prosodic levels into speech levels. 

Summa?)' 
An orthographic technique for wri ti ng English prosod y has been 
d eveloped by d is tortions of length of letters, diffe rences in clark-
ness, and the elevations of lette rs, and by varying extensions of 
white space between words . The three perceived dimensions of 
prosody (pitch , apparent amp litude, and time) a re numerically 
ma tched by three independent gra phi c d imensions (elevation, cl a rk-
ness, and length ) . The independence of the d iscrete graphic 
sym bols a re at least as indepe nd ent as the sy mbols in the con-
tinuous oral system. 

I. W. \N. Goodwin & C. P. Gulick. Greek Grammar (Waltham, Mass., 1958) , 
p. 26. The G reeks at tached dura tion or length to their vowels as a function of the 
number of consonants that fo llowed the vowel. T his was one factor in scan ning 
Greek poetry. C learl y, numerous scanning systems can be written dependent on 
cue ins truction to emphasize this or tha t cue component of a language. 
2 . G. L. Trager and H. L. Smith. An Outline of English S tructure (VVash ington , 
195 7), p. 49. 
3 . J ohn Wa lker. On Pronunciation of Proper )lames (Phi ladelphia , 1808), p. 306. 

Joshua Steele. Towards Establishing thl' lv/l'iod_v and Ml'asure of Speerh to be 
Expressed and Pnpetuated by Peru liar Symbof.1 (London, I 781 ) , pp. 24, 189-190. 

H. A. G leason. An Introduction to Dl'.>criptivl' Linguistics . rev. ed . (New York , 
196 1) , p. 45. 

Ernest M . Robson . The Orchl'stra of the Language (i'<ew York , 1959) , p . 44. 
4. :\laom Chomsky. Synlartic Structum (The Hague, 1957) , p. 38; note on prosodic 
compensation in read ing "non-gramma ti cal strings." 

Philli p Lieberman. Intonation , Perception and Language (Cambridge, Mass ., 1967), 
p . 166. See a lso reference to " degrees of stress on isola ted words," p. 182. 
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5. At least three levels of perceived pi tch (frequently 4 levels) have been obscn ·ed 
by many linguists and phoneticians (Lieberman, pp. 171-1 95 ). Short du rat ion 
intervals range from 0.04 sec. to 0. 12 sec.; average durations from 0.20 sec. to 
0.28 sec.; long durations from 0.40 sec. to 0.48 sec. ; SD = 0.04 1 sec. For measu re-

. ments of these periods which give a mean ratio 3: I = long dura tion/short dura-
tion, see reports by: 

G. E. Peterson & I. Lehiste. " Duration of Syllable :\uclei in English," }m. Ar. 
Soc. Amer., xxx11, No.6, 1960, p. 702. 

D. B. Fry. " Duration a nd I ntensit y as Physical Correlates of Linguistic Stress, .. 
Jm. Ac. Soc. Amer. , xxv11 , No.4, 1955, p. 768. 

]. . Picke tt & I. Pollack. " ln tell igibil itv of Excerpts from Fluent Speech," 
Lang. and Speech, VI , 1963, July-Sept. , pp. 156- 159. 

George A. Miller. Language and Communication (New York , 1951 ) , p. 74. 
A. H . House. " On Vowel Duration in English ," }m. Ac. Soc. !lmer .. XXX IJJ , 

1961 , o.9,pp. ll 74- 1178. 
Pierre Delattre. "A Comparison of Syllable Length Conditioning Among 

Languages," Sonderdruck aus IRAL, IV , 3/ 1966, pp. 186-196. 
An amplitude difference of9db between two syllables in the same linguistic 

environment eq uals one loudness level in short English. Sec the phon scale of 
loudness level in Harvey F letcher, Speech and Hea ring (Ne1v York , 1958), pp. 
177-1 94 for tona l loudness levels, a nd pp. 76-78 for ranges of speech power over 
60db from very quiet to extremely loud speech. This range is broad enough to 
cover three loudness levels in a continuous Aow of talk that varies between soft 
spoken a nd shouted words. T hese intensity level differences are standard psycho-
acoustic knowledge. That the wide db range of talk docs not frequently occur in 
conversation excludes neither its possible occurrence nor the desirability to be 
able to identify it by nota tion. 
6. Claude Wise. Applied Phonetics (Englewood Cliffs, N. J ., 1951 ), pp. 182, 397. 

Pierre Dela ttre. "Comparing the Prosodic Features of English, G erman, 
Spanish, a nd French," Sonderdruck aus !Rri.L Vol. I , 3/ 1963, p. 194. Delattre has 
shown, convin cingly, the need for graphic representation ofsuprasegmenta l 
information a nd the inadequacy of numerica l identification of levels as voca l 
instructions. An adequate nota tion should reach visua l-minded people. That this 
is not a trivial consideration is substantiated by the role of geometry in the history 
of mathema tics: R aymond L. Wilder. Evolution o.f Jl!lathematical Concepts (New 
York, 1968), pp. 106-109. 

Ralph N . H aber. " H ow we remember vVhat We See," Scirntijic American. 
5/ 1970, pp. 104-112. 
7. l ise Lehiste & Gordo n Peterson, "Some Basic Considerations in the Analysis 
of In tonation," ]rn. Ac. Soc. A mer. , XXXIII , No. 4, 4/ 1961, pp. 420-4-2 1. 

A. E. Rosenberg. " Effec t of Pitch Averaging on the Quality of ~atural 
Vowels," Jm. Ac. Soc. , Amer., xuv, 1 o. 6, 12/1961 , pp. 1593- 1594. 
8. Pierre Dela ttre. "A Comparison of Syllable Length Conditioning Among 
Lang uages," Sonderdruck aus IRAL, tv, 3/1966, pp. 186-196. 

P . Denes. " On Statistics of Spoken English, ]m. Ac. Soc. A mer .. xxxv. i\'o. 
6/ I 963, p. 898. 
9. O riginall y prosodynes were presented to the Phonetics, Linguistic, a nd Voice 
Science Interest Group in New York City at the December 1965 meeting of the 
SAA, under the name of" In tonemes." In 1967 Pierre Delattre wrote a letter 
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suggesting the term " prosodeme." I modified "prosodeme" to " prosodyne" 
because of the association of energy with " dyne" and energy levels of prosody. 
I 0. Phillip Lieberman. " Some Acoustic Correlates of Word Stress in American 
English," Jrn. Ac. Soc. Amer., xxxu, No. 4, 1960, pp. 45 1-454. 

Fry, pp. 765-768. 
11 . G . L. Trager & H. L. Smith. Outline of English Structure (Norman, Oklahoma, 
1951 ). Daniel J ones has specified several stress levels for "sense groups" of short 
English ; only two stress levels for long conversation. Evidently, Phillip Lieberman 
agrees with J ones (Intonation, Perception and Language, p. 182). Further support of 
three to four stress levels in short English comes indirec tly from the need to specify 
six different db levels on the newer sonogra ph displays of speech spectrographs. 
The classic loudness scales (Fletcher, Stevens, Garner) also suggest three to fou r 
levels of " loudness" as range limits. 
12. Lieberman, pp. 453-458 ; Fry, p. 767. 
13. I. Pollack. " Information of Elementary Auditory Displays," ]rn. Ac. Soc. 
Amer., xxv,July 1953, pp. 765-769. 
14. " lntonemic Orthography in Speech Therapy" presented April 1967 to the 
Pennsylvania Speech and Hearing Association conference in Pittsburgh. Therapy 
was conducted by Anne Highland at the Speech and H earing Clinic, University 
of Pennsylvania H ospital, Philadelphia. 
15. Ernest M. R obson. Transwhichics (Chester Springs, Pa., 1970). 
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RTA- T he Transit Network ? 

Dick Feagler 

The Regional Transit Au thority j ust paid a design firm $25,000 for a new 
symbol for itself. H ere it is : 

Now then, if you let your fingers do the walking through th e Y ell ow 
Pages, you will find a symbol for the Radio Corporation of' America. 
H ere it is : 

Some people claim there is a similarity. 
I don' t, you understand .... I want to make it clear tha t I don ' t 

believe for a minute that F. Eugene Smith a nd Assoc ia tes who designed 
the RTA symbol stole it from RCA . 

After a ll , F. Eugene Smith didn ' t draw an ything you can ' t find in a 
can of a lphabet soup. 

3 7 3 Feagler : R T A- The Transit Network? 

l'wb/, l.tmgungr, I X 4 (AulurlW 1975) . pp. 373-374 
© 1975 l 'iublt l.fiiiJ~IIII,J!I. t·/o Ānu~ Clrwl<tnd 1\1usc:um of An. Clc"daud. Ohio l .' SA 4-1 l()(i. 
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This is a dcmocran·. ,-ou know. f . Eugene Smith has as much r ight to 
use the a lphabet as anY kindergarten kid does. And certainly his choice 
of the let ter " R " to stand fo r R egional, the letter " T " to sta nd for 
Transit. a nd fina lly the letter " A" to stand for Authority refl ect a great 
deal or thought on his part. 

He certa inlY has not sacr ificed clarit>' for style. 
A li ttle question does occur to me though. 
\\'hy. when you can·t get a loop bus a t 7 p.m. , when people are com-

p laining abou t s talled CTS R apids, when many county suburbs have no 
bus sen ·icc a t a ll .. . . 

\ \'lw 1\'0ulcl you spend the first chunk of the money the ci tizcns voted 
1ou by pay ing some artiste to draw three let ters' 

:\ncl deciding that the1· should be colored red and orange and figuring 
out ,,·ha t color busses shou ld be pa in ted. 

Ha1-cn ' t they got a nybody 01-c r at RTA who ca n print ? Isn ' t there 
some old gu>· a round wi th a paint bucket who paints the gender on 
bathroom doors who could have taken fi1-c minutes of his time with a 
black crayola and figu red out a way to print the letters: RTA ? 

··\Yc felt there needed to be a new identity." said Ja y L. H a nna 
of RTA. 

I know wha t h e means. 
Just I'Csterday, I was standing a t a bus stop and the guy sta nding next 

to me 11·as twitching a nd s11-cating a nd ob1·iously ,·cry nervous. I asked 
h im 11·ha t was the matter. 

··\\·ha t if the bus comes along and I don't recogni ze it , .. he sa id . 
.. \\-ha t if it stops here a nd I don ' t ge t on it. What if it leaves a nd I 'm still 
standing here because I couldn ' t identify it a s a bus?" 

"Don 't worry abou t it ," I said . " They arc big, boxy th ings, buses are. 
The>' have a lo t of scats and chrome poles in them . You ' ll know one when 
you sec it because a gu y in a blue cap will be driving it. The door will go 
h isssss when it opens.'· 

' ·You're talking about the o ld-fashioned buses," he shr ieked . " I' m 
11·orried about the RTA buses. H ow will I know one of them when I see 
it. Suppose I t ry to boa rd an R CA television repair truck by mista ke' 
\\'hat wi II ha ppcn to m e :'" 

\\'ith this ki nd of fear in the community, I suppose we should be 
than kful t hat the RTA peop le shelled out :[525,000 for a bus monogra m. 

Excerpted "·it h kind permission from The Cleveland Press. Thursday, 
September 2:). 1975. p. 2. 
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Correspondence 
Thf fllilon zNinunr rommmll 011 arlic/e;. 1rrim•;. and lrllfl' !hal hm•r afJflrarfd 
illjiflll llumben. Communiralim11 1hou/d hr addre!J1ed /o lhr t:dilor. 
cjo The C/eu!allr! .\//ileum~~ .'Ill. C/evrland. OH { ·s. l 4-1/0fi. 

To th e Editor : 
H as anybody wondered why half of our roman ca pitals are oriented 
toward the right ? EIC\-cn of them are symmetrical , plus the J, wh ich is 
rea ll y just an I with a ta il. T he Z stops the A ow of the a lphabet by being 
the only one that looks to the left. The other thi r teen look to the rig h t. 
'What I am really asking is : What makes us sec those thi rteen shapes as 
looking the other way? In school we were taugh t the shapes and mean-
ings of these let ters; but nobody told us that B and C and D look to the 
right. Ifit is a tradition, how is it transmit ted? 

You may be quick to suggest tha t we write and read from the left to 
the righ t, and therefore the let ters a re seen to be oriented in the direc tion 
of the movement . But who told us that Z is an exception? And then there 
arc the numerals. T hey, too, are written from the left to the right , but 
six of the ten arc oriented toward the left. I f t he I is wri ttcn 
without a serif, three are symmetrical , and only the 6 looks toward the 
rig h t. l s there something in the natu re of these shapes that determines 
direc tion ? I n letters like B, D , E, L, R the vertical main stem is written 
first, and the rest is secondary matter that hangs out toward the righ t. 
I n 4, 7, 9 the opposite is true , and they do look to the left. Is it a question 
of openness versus closed ness? Letters like E, F, K , P have a solid back 
wall and open out toward the front , as the human body does when 
viewed in profile. But why should S and N be seen as turned toward the 
right, and the Z the other way? 

I n orde r to test some of these hypo th eses one cou ld construc t meaning-
less figures containing one of these features and ask subjects in which 
direction , if any, they seem to be oriented . 

Note here tha t a cha nge of direction transforms the shape. Perceive a 
3 as the bosom y part of a B, and the change from concavity to convexi ty 
creates a totally new figure . See the 6 as an aquiline nose turned west-
ward , and the fa milia r numeral is gone. Note further that the same is 
true for other visual objects. l f you read a brush from the bristles toward 
the wooden back instead of the other way around, you obta in an a lien 

375 



object with flowing ha ir and a Aa t profile. And rarely docs one read a 
bott le from th e neck down as though it were a baseball bat. So we a re 
discovering here a perceptual pro blem of some general relevance con -
cerning the d yna mics of shape. Any reactions? 

Rudol f Arnheim 
University of Michigan, Tappan H all , An n Arbor. 

T o the Edi tor: 
I read Richard L. Ven ezky's "Curious Role o f Letternames in R eading 
I nstruction,"' (1X [Winter 1975J, 7-23) with great interest. 

1 entirely agree wi th Vcncz ky's c rit icism of lettcrnamcs in English, 
and in view of the fact tha t a few languages (e.g., Bulgarian, Esperanto, 
and Turkish) have all their letters named according to initial acrophony, 
why should we not reform our e f, a itch, el, em , en, a h, es-to ah, lc, me, 
nc, ha, and se? Apart fro m the educationa l argument, considerations of 
a\·oid ing some annoying li ttle problems of international m iscomprehen-
sion in dictating names and addresses over the telephone in Europe arise 
due to English R ha\·ing a name homophonous wi th French, German, 
etc ., A. 

Concerni ng historical proposals of refor·mi ng letternames, I would like 
to add another later reference to Vcnezky's citation of Hart . .J. P. Bonet's 
Reduction de las letras,J' arle jJara en.senar a ablar los mudos (M adrid, 1620)-
which appeared translated by H.~- Dixon and pu blished in London in 
1890 as SimjJlijication o/ the Leiters of the A/jJhabet and M ethod qf Teaching 
Dea_r.\Jutes to Speak- has as chapter ten " The reason why child ren a re so 
long in lea rning to read ; and a demonstration that the cause of thei r 
d ifficulty lies in the names given to the lette rs by thei r teachers." Bone t 
a lso had the educationa ll y useful idea tha t lettcrforms are sim ilar to 
lipshapes made when pronoun cing the sound represen ted by the letter. 
This idea, on which I have worked lor some years and for which 1 have 
found fifteen authorities, is the subject of a paper I am preparing . 

I would also li ke to oHcr some furthe r and am usi ng examples of edible 
letters: " \"ow when the time for reading came to him , the cleric went to a 
CCTta in prophet who abode in the land, to ask him when the boy ough t 
to begin. When the prophe t had scan ned the sky, he sa id : ' Wri te an 
alphabet lor him, now. ' T he alphabet was written in a cake. And Colomb 
C ill c consumed th e cake .... Not long thereafter .. . the man of grace 
Colom b Ci lle, chanted the psalm ... and yet he had not read till th en 
augh t save an alphabet. God's name and Colomb Ci lle's were magnified 
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by that miracle. " Whitely Stokes ( ed. ) , Lives of the SaintJ ji-om the Book q/ 
Lismore. Oxford , 1890, pp. I 72 f. On page 303 Stokes gives a reference to 
H enri Ga icloz Les gateaux alphabetique.\ (Pa ris, 1886) and cites H orace. 
Sat. I 25 " ul purr is olim dan/ crustula b!andi f Doc/ores. element a l•elint ul 
discerejJrima. f" Franz DornsciA" in his Da.s Alphabet in .\~)'Jiik und .\lagir 
(Teubner. Berlin. 1925, 2nd. ed. ) gives the same references plus one to 
Erasmus ; to Pa u I Barth Ceschichte der Er<.iehung. 191 I , 236 ; to Ra bcla is; 
to Goldsm ith, Vicar of Wakefield; to Smollctt , Humj;hre)l Clinker; and 
other. 

Peter Mayer 
Visual Communication Lecturer 
Goldsmiths' College, Univers ity of London 

377 



Resume des Articles 
Traduction : Fernand Baud in 

Qudk' sont k s ca racti-ristiques propres de 
l'alphahet 0 I. lJesiderata , par II'. C. Wall 
.Jusqu'it uncertain point. u11 alphabet peut 
.:·tr-c assrmi lc a un langage ayant une gram-
ma irc proprc. T o utefois, r ta rH donne qu\11r 
tel langage est susceptible de rcce,·oir 
plusicurs grammaires dinl·rentes, il s'agit, si 
ron prcnd r analogie ling uistiq ue au sr ricux, 
de trou ,·cr les critcrcs qui pcrme tt ront de 
dccida laquellc de ccs grammaires e~ ! Ia 
meillcure. Si r on nous accorde que lcs 
utilisatcurs d'un alphabet en ont une image 
mcntalc cohcrcntc, lcs choses de,·iennent 
assez si mples: Ia mcillcure grammaire est celle 
q ui sc ra pproche dava ntage de ce que les 
gens onr en tete. L'a rtic lc propose deux 
analyse; ling uis tiques de !'alphabet, tres 
ponss(·cs. tcndant ;'r ill ustrcr lcs aspects 
fJS\ Thnlogiq ucs de Ia question. Conclusion : il 
!;rut pnusser pl us loi n eettc analyse. 

I.e qu ippu. la nguage , -isucl 
Jmr .\larria .-l'rhrr rl Robnl :h chn 
Lcs l ucas sonl SOU\Tnt considi:rCs con1me tllll' 
ci, ·ilisa tion sa ns t·criturc. C'est oublic r que 
rc-critun· est plus qu'un systi·me de sons 
associC:·s ;'r des objets fam ilicrs. Les su pports 
des messages Incas t'· taient compost'·s de 
cordekt tes de eaton appclccs quippus. 
L'anick est fond (· sur un cxamen de Ia 
plupart des q uippus ronscn·cs dans Irs 
musi·cs de trois continents e t tend it cxpliq uer 
com ment lcs cli·ments mate riels des q ui ppus 
ont i· t(· combines en nrc de former des 
st ructu res svm boliques capa bles de rcprcsen-
tcr des nomhrcs, des objets de :"i dimensions, 
les dcgrt'S d\rnc hierarchic. II a borde aussi 
lcs rapports qui poll\·aient exister en t re lc 
q uippu ct Ia ci,·i lisa tio nnotammcn t : ( I) 
quant au sens que pouvait a1·oir lc coto11 en 
lui-m(·mc aux yeux des Incas: (2 ) quam a u 
scns q ue lc CJUippu poU\·ait a\·oir da ns Ia 

civilisa tion Inca en dehors du domainc de Ia 
comm un ica tion proprcrncn t eli te; 13) qnant a 
Ia raison d'ctre de rccriture dans une 
ci,·ilisa tion ancicnnc . 

!.a notation alpha bct ique de Ia prosodic 
anglaise par f.'rntsl .\1. Rob;ol/ 
I I s'agit d'une notation a lphabhiq ue 
susceptible d'a id cr les lcctcurs a cmcttre lcs 
t rois dimensions de Ia parole artic ulce: 
rrcq uence, durcc et volume. Un mod ele de 
lecture est propose incliquant lcs cliflerents 
niveaux dans chacune des trois di mensions. 
L'au tcur exa mine lcs cli,·crs aspects de cc 
t ,·pc de nota tion. 
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Kurzfassung der Beitdige 
Ubersetzung : Di rk W e nd t 

\ \.clcht· Cha raktcrisicurung des Alpha bets ist 
angcmcsscn ? I. Desiderata, t•o!l II". C. Wall 
In gcwisscm Sinnc kann cin Alphabet als 
cine ''Sprachc'' a ngcschcn unci d urch cine 
' ·Grammat ik" bcschricbcn wcrdcn . Da a bcr 
flir j cdc sole he Sp rachc vide vcrschi cd cnc 
Gra mma tikcn moglich sind , muf3 man 
K ritcricn suchcn, nach dcncn man beuncilcn 
kann, wclchc "rich tigc" G rammatik die bcstc 
ist , wcn n man diesc "linguis tischc" Analogic 
ernst nchmcn will. VVcnn wir davon 
ausgchcn , dall die Bcnu tzcr des Alpha bets 
irgendcinc geistigc Reprascn taiion des 
Alphabets bcsitzcn , dann ist die Grund lagc 
dicscr Bcun cilung klar: dicjenigc Grammatik 
is t am bcstcn, die a m bcstc n das System 
annahcrt, das die Lcutc in ihrcn Kopfcn 
ha hcn . Um z u zcigcn, wclchc Rolle 
psychologischc Erkcnnmissc bci d icsc r Fragc 
spiclcn, wcrdcn zwci raffinicn c " lingu istischc" 
Ana lyscn des Alphabets untcrsucht ; die 
Schluf3folgt'nmg ist. dafl noc h ci ne wciterc 
Analyse notwcndig sci . 

Dcr Q nipu a ls sichbarc Sprachc l'OII .\/m·ria 
Asrhrr 11 11d Robert !lsdm · 
Die l nkas wcrdcn oft cine cine Zivilisa tion 
"ohnc Schrift" bczeich nct. Abcr Schr ift ist 
mchr a ls cine Aufzeichn ung dcr Sprachc a ur 
den ,·cnrau tcn Ma tcrialicn . Oas M ed ium 
der I nkas warcn Gcgcnsta ndc a us Baum-
wollschnlircn , die Q ui pus gcna nnt wcrdcn. 
Dicsc Einfiih rung in d en Qu ipu basiert a uf 
cincr ncucrcn U ntcrsuchung dcr in dcr \Vclt 
bekanntcn Quip us, die j ctzt iibcr drci 
Kontincnte , ·crstreut sind , und konzentrien 
sich d arauf. was wir a nnchm en. dafl das 
Svstcm sci , nach clem die ph ysischcn Elc-
mcnt c des Q uipus kombi nicrt wurden, um 
cine syon bolischc S truk tur 7.U bilden, d. h. die 
\Viedcrgabc , ·on Zahlcn, dil' Rcprasen tation 
:\-di mcnsionalcr tvla t rizcn. und hicrarchischc 
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Konfigu ra tioncn. Ei ne Diskussion d cr 
\'crbind ungcn zwischen Quipu und Zi,·il isa-
tion gch t auffolgcndc Punkte cin : ( I ) Baum-
wollc als cin Ma tnial. das rur den I nka cine 
Botschaft c igcncr Art cla rstclltc; (2 ) Ent-
sp rcchungcn des Quipu in Bcrcichcn clcr 
I nka -Zivilisation aulkrhalb dcr M cdicn ; unci 
(3) d cr Zwcck cler Schr ift in friihcn 
Zivilisationcn. 

Einc Orthographic fi.i r cnglischcs Y crsma ll 
(Prosodic) Mil Ernest .\/. Robson 
Es wurcle cin alphabetischcs Vcrla hrcn 
cntwickelt , d as Lesern H inwcisc zum 
Sprechen in den Drciklangdi mensioncn 
Grundfrcqucnz, Dauer und lntcnsitat gibt. 
Es wird cin Abtast-Modell ,·orgcstcll t, clas auf 
den Di flc rcnzcn zwischen den wah rgcnom-
mcncn Nivcaus der drci Dimcnsioncn auf~ 
baut. Betrachtungcn dcr in c incm a lp habeti-
schcn Ansatz cnthaltcnen Infonna tionen 
wcrden bcsprochen. 
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Komai, K en, Len er to the Editor- 188 
Kristeller, Pau l 0 ., :VIethods in Renaissance JV1 anuscripts~263 

M ayer, Peter, Len er to the Editor- 9 1, 186,376 
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Moxley, R oy A. , J r. , Acquisition of Writing Skills 225 
Nesbiu , Alexander, Comment.: The Designer and Language- 87 
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O ' Donnell, Thomas D. , M a urice Roche : Cnine, Carnc- 159 
Peterson, Robert (with Doblin , Agrawal, and Porter), Excerpt : Sim plifying the 
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Porter, Marianna (with Doblin, Agrawal, and Peterson), Excerpt : Simpli fy ing 
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