
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 . 
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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.-' 
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(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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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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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. ) 

315 Watt : Characteri;::ation of the Alphabrl 



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? 
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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). 

3 19 Wall : Characterization of the A ljJ!zabet 



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 

320 Visible Language I X 4 Autumn 19 7 5 



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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