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4.1 Introduction

Long before there was written language, there were pictures, Maps,
whether drawn in sand or on paper, whether inscribed in stone or
carved from wood, appeared in ancient cultures all over the world.
Anciént cave paintings and petroglyphs depicted animals and ancient
pottery tokens and notches in bones represented accounts. These sur-
viving pictorial relics are probably but a small fraction of the wide
uge depictions must have had. Although petroglyphs and stelae and
cave paintings and pottery shards survive, no interpreters of their
inscriptions do, 80 we can only speculate about their meanings. The
remarkable compendium of Colonel Garrick Mallery, Picture Writing
of the American Indians (1893/1972) {1], gives us a contemporane-
ous glimpse into the many functions of pictorial language. In 1876,
while stationed in the upper Midwest in the military, a pictographic
calendar of the Dakota nation came into his possession. He pub-
lished it with interpretation, attracting the interest of the Secretary
of the Interior, who requested Mallery’s services. The Secretary of
War obliged by ordering Mallery to continue his field work in ethnol-
ogy. Mallery went on to gather a valuable collection of hundreds of
examples of picture writing, including calendars, histories, legends,
sayings, stories, and letters. He was able to verify the interpretations

- of many of them by consulting the people creating and using the

picture writing just as this form of expressing thought was being
replaced. Two examples appear in Figure 4.1. The first is a birch
bark notice informing people that the writer had gone across the
lake to hunt deer. The second is also on birch bark, and depicts a

'"Department of Paychology, Bldg. 420, Stanford University, Stanford, CA
94305-2130.
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32 4. Cognitive Origins of Graphic Productions

ond assertion is related. There seems to be a bias to interpret iconic
depictions as things, outcomes, or states, rather than as ongoing ac-
tivities, changes, or processes. A depiction of a plow is more likely to
be taken to represent the object plough than the act of plowing, and
a depiction of a leg is more likely to be taken as the object leg than
the act of walking, though in early Sumerian, as can be seen from
Figure 4.2, a plow-like logograph stood for “to plow” and a leg-like
logograph stood for “to go” [5].

4.1.2 How DEPICTIONS ARE USED TO CONVEY MEANING

There seem to be two basic ways that depictions convey meaning.
The first is through pictographs or symbols, that is, drawn entities
that are meant to stand for concepts directly or for elements of lan-
guage that refer to concepts. The other way that depictions carry
meaning is by the spatial arrangement of the pictographs or sym-
bols. For the most part, pictographs or symbols have been used to
represent elements, and pictorial space to convey relations between
elements, but there are notable exceptions, including the arithmetic
operations to be discussed shortly.

Now a word about terminology. Instead of the rather cumbersome
term “graphic invention,” I will often use the term “representation.”
Here, “representation” will refer to something drawn on paper or
displayed on a computer screen, or inscribed in clay, something out
there that everyone can see, rather than the typical sense of repre-
sentation in cognitive psychology as a private mental structure that
is presumed to intervene between knowledge out there and mental
processing.

4.2 Pictographs and Symbols

4.2.1 GENERAL PRINCIPLES
4.2.1.1 Icons and “Figures of Depiction”

To represent elemental concepts, people have long used icons. This
is straightforward when the icon is a depiction of the thing to be
represented, such as a fish or a bird or a horse. Often a depiction of
the entire object is used to represent the object, but in other cases,
perhaps for simplicity, a part of the object, usually a significant part,
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FIGURE 4.2. Pictoral signs in the Sumerian, Egyptian, Hittite, and Chinese
writings { Ref. 6 ,p. 88). Reprinted with um:inm.ﬂo:.
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4.2.2.1 Spatial Arrangement

For one thing, the overall organization of children’s early writing was
linear, as is true of all writing systems in the world. Some writing sys-
tems have a columnar organization, some have a row organization,
and some, like Japanese, have both, but all systems have a linear
organization, perhaps reflecting linearity of speech. In these exper-
iments, sentences were short and simple, and separate words were
enunciated as such. Children tended to produce one mark, some-
times a complex mark, for each word. That is, they discerned words
as units and used empty space to separate them. Although we take
the concept of a word for granted, that concept seems to have ar-
rived together with the advent of written language (small, personal
communication). And although we assume that written languages
separate words spatially, that hasn't always been the case. Classical
Greek was written continuously, with no breaks for words, sentences
or paragraphs..

42.2.2 Symbols

Children produced marks for objects (nouns) earlier than they pro-
duced marks for activities (verbs). Since many of the marks children
produced for words were not iconic, this suggests that the priority of
signs for objects over actions is more than just the greater accessibil-
ity of icons for objects than for activities. Let's look more closely at
the characteristics of the marks children produced for objects. Many
of them resembled the objects in one way or another. For example,
if given a choice of colored markers, children often chose a marker of
the same color as the object, say, red for apple and tomato. Often,
children’s marks matched the objects in shape, say, round for ball
and long for rope. Color and shape are strong influences on young
children’s categorization (cf. [16]), and shape is a strong influence
on young children’s use and generalization of their early words [17].
Size of the object, too, was reflected in children's marks for words;
elephant got a larger mark than ant. Yet, although many of the chil-
dren’s marks resembled the objects in physical characteristics, others
reflected properties of the sounds of names of the objects. For ex-
ample, objects with longer names got longer marks, and repeated
sounds got the same symbols.



‘sroquInu SuUIpI00a1 0} 0L "[R]] SOYSNE WO $SWIOD UOISSTIISIP [€D
-L103s1g 8y} ‘potou arsym qdeoxd -Auadoldyd ssqenyidesar Luajojuo
y2Y) BOpI 21} jO Jr0ddns Ul SAIMIND IOYIO ULl SUEMSAS JsquIny Us)
-jLm Jo L1081y 343 03 PoIedUIOD UBY} dIaM SUGHUSAUL S, UBIPIIYD A ],

swesdg Fununo) 1LY

DILAWHILIYY 40 SHTdWVXH TVOIHMOLSIH ¥#2°%

*9)daotiod J9BIYSqR 3551} JO SUOIR)
-uasaidal A1030e]s1es J0U 3lam suoijordap oy} ‘S[oym 1) U() "SMOIIR
posh USIpYD 1)) ‘Aeme Suly[esm sROLIG MOls 0} 183} Io ‘Supoeniqns
i0 SuIppe Jo UOI}9R 31} MOUS 0] SPURI MIIP UIP[IYD 31[] JO AWOF
sufs snunu pue snpd pIepusys sy pasn ‘WOOISFRP
]} ul A[rep SIPWI}LIe Pasn OYM ISOI] U248 J0U ‘USIP{IYD 3Y3 Jo
SUO)N "POPPE 9q 0} S{OLI] JO $188 Om] ) JO SI8qUINU Y} 10 ‘SNOLI]
JO Iequinur {810} oY) popicoal A(duns Auepy -usippiyo ey paduings
suoigsenb ose1y], (g, "d) . AvMB Y0Lig BUO OO | J8BY] MOYS NOL UBD),
‘payjse pue ‘aid € WOl YBLIq sUC paacwial Aa1) ‘Yse] Iayjoue Uy (g,
"d)  Jelow om} pappe USl) PUR $YOLIG OM) DPRY 18I 9M JBY} MOYS
nok uey), ‘peyse pum ‘aI0UI O] PSPPE USY) PUs ‘8jqe) o) ue Sl
omy nd Asayy ‘yse) 6UO UJ "UOIJIBIIGNS PUR UCIHPPR JO suol)BIUasaldal
10RI1Xd 0] USIPIYD UI01) suoijejuasardal IoquIny pajorIjxs 18I} 9SOY3
0 Iefuls sanbruioa) pesn [RT] seuop loyeioge(joo siy pue sayINEy

uoyjorNqug pus UoWIPPY Sunusserdey  £ETY

‘JUSLIBDIZE O[}}l] PUB UOISNJU0D S]qRISPISUOD SBM 9191]) ‘0I9Z MOUY J0U
PIp Oy UaIp[IyD JsBuourg ‘}I04s U] "SUI] B MOID SLIOS PUR ‘JUB[q B }Jo]
swog "ind 03 9BYM MOUY j0U PIP PUE ‘PISTJUOD USYJO BIIM ‘TSABMOY
‘sfoquIAs OLIGWINU 3t} MOUY J0u PIP Oym USIPIYD “ANNOYP o[
Ui o1az umop Ind sjoquids ouemInu oYy Suisn a1em Oys ULIP[IYD
ayJ, "(g9 'd) ,o1qe3 2} U0 $YOIIQ OU BIB 2IAY3 By} MOYS, O} Py
a3} }s® 0} pue 'SY0HQ S} apise ysniq o sem dajs jxau soySny

ota7 Sunjueseidsy Z'CTH

*asuodsal jurUILIOp 9Y3 $BM 31 ‘opBIS pay) Aq jey) os ‘IoyyeeIst)
A[1peays posearoul nq ‘sisjooyossid uj quenbaljur sem esuodsal Jo
ad 4y SH], "S[RISWINU [UOIIUSAU0D 3y} pasn sesuodsal ayoquifis ‘Afreu
-14 'spesd pxy3 ui peddosp pue ‘speid pucoss 0y 351y 0} [oorposaid

uroxj £>usnbely ur pasearout asuodsal Jo sd4y siyy, ‘a[qe) oy3 u6 BG”

6¢ suoranpol mydeiny jo sulduQ saryiudon g

-lunu ay3 04 papuodsailos s1mjoid OY3 Ul IBGUINU 21} 318YM ‘SHOLI] JO
sa1njoid a1om sesuodsal owydoubogol y speid 4814 314} UI 5[aAd] mO[ £I1aA
03 paddoip nq ‘sreaf [ooyosaid 9y up JuweHLOp a19m sasu0dsal jO
8311050980 0m} 98B T, "SSNOY BYI] ‘$398[(0 potE[eIUN dlom ABI]) SO
-OWIOs INq ‘sarje) HIf ‘seul] atem sesuodsal o1od[ BY) UL "SYOLIQ
Jo Jaquinu syj 03 papuodsaliod sFulyy jo Jaquunu ay) sloym ‘SolIq
uey} 19y 30 s3uly) Jo senjord atam sesuodssl oiuosy “syoLIq 3O Jaquuinu
o1y oy diysuoryejal ou Surreaq ‘saj98mbs atam sasuodsaz ounsoufisoy
-pI 'sesuodses jo sad£} moj azem a1ay, ‘(¢¢ 'd) ;o[qe) o4} uO oIe
s9o11q Aueta moy morjs 04 Taded uo Supyrewos nd nodk urn),, ‘pryp
oYy Supyse ‘1aded jo soatd ® plIyo @ oawd pue ‘o[qe) ® U0 SHOLIQ XIS 09
suo nd sy ‘ysey auo uf “seded uo sydesuod orewyye SNOIBA JUas
-axdar 0y ua1p[yo pade-fooyds 118 pue jooyosaid peyse [81]) seydny

stequiny Bunyuessxdey ['¢'7'F

PIPH
Jo syoadse awros ‘A[[eoriogsry ‘Surlm oyl ‘ySnoyy “1ayje sourreedds
10831 0U $30p FUIILLM [RIEUISYFRUI JUSLIND ‘PUNOE J0[RI JOU SI0P
Suniam [eoryewLYIEW Y3NOYI|Y ‘7 pur ‘g ‘e, ‘spreoghay uo papuajoul
aq o0} ySuous juepiodun suBs urejisd pue ‘slersumnu ‘uorenjound
‘splom usamjaq Suroeds apnpout Suriim Jo syuswale [ensia BT, "[[am
88 sjuswepe orpuoyd-uou ‘[ensia aavy swoejsds Suririm Lep ulspom
Awewr ‘yinig uj ‘wagsks opeuoyd v jou ‘wsjeds [ensla & 81 Furjrim
[ednjemRY Ry ‘sI03eIado IO S[RIGIUNU 8Y) JO SSUIBU B3} JO SPUNOS
94 Joapal jou op sjoquuds orjeuryjire ‘Suryiim padofasep A[ng exiu

OILAWHLINY ATYVH SNIUATIHD £°7°F

-adenJuel Jo waysAs punos
a3 Burjussardar 4q Suuwewr Suiguessadar ‘81 38} ‘suSis uag3LIM B[y
pue £309(qo 81} JO SBUIBU B} JO SPUNOS 9Y3 JO SIOUIPUOASEIIOD pu=
‘A1yoemp Suruesw Jurjuesedal ‘st yeys ‘suSis usyjrLm aiy) pue g109lqo
3y} jo seduervadde Jo savuspuodsalriod ‘pasn aaey seSenJuel ueyyam
e} S20UapUOdsaIIod JUIES 31y PaSn ULIP[IYD ‘SpIom 10 syrewr Sur
-onpoxd uf ‘serjiA[joR 10} syIew o 1o1xd §309{q0 83810U0D Io] syreur
2onpoid £sy) pue ‘sprom ayeredas a1 ‘uorjeziuedio resuy] v Keydsp
Aoy, "plIom a3 Ioa0 e padojarap swajsds Funa jo SJ[)S1I930RIBYD
Y} Jo AURUI [e9ADI 9)lIm 0] UAIp[YD sjemyneid jo sydwrejye ay T,

umguj ¢7gy

suolyonpolg snyders jo swduQ aalulon p 96



40 4. Cognitive Origins of Graphic Productions

whether by writing or notching, it is likely that people used parts
of their bodies, especially fingers, to count and to represent sums.
Systems for keeping track of quantities using fingers and other body
parts appear in many cultures. Words for numbers are often refated
to words for fingers, take our own “digit,” for example.

4.2.4.2 Representing Numbers: Pictographs

The first known system for representing numbers was (by Hughes’
definition) pictographic {9]. In ancient Sumeria, a single ovoid (jar-
like) token stood for a single jar of oil and five ovoid tokens stood
for five jars of oil. Other items were counted by tokens with other
shapes. Later, the tokens were replaced by incisions in clay, but the
principle of counting different types of things with different types
of symbols remained. Schmandt-Besserat [9] argued that this way
of keeping records of property and property transactions drove the
development of written language.

The principle of counting different kinds of things with different
kinds of symbols is reflected in language in classifiers. Although clas-
sifiers are not common in English, there are some common examples.
We don’t request “five papers” (unless we mean scholarly papers or
newspapers); instead, we request “five sheets of paper.” Similarly, we
refer to “six slices of bread” and “three sticks of gum.” Classifiers are
mandatory in many languages, where use of specific classifiers typ-
ically depends on object shape, much like “sheet,” “slice,” “stick,”
and “roll” in English. Modern-day analogs of Sumerian pictographic
counting are to be found in Isotypes, a system for pictorial graphing
invented by Otto Neurath [19], in which bar graphs are constructed
from icons representing the quantified elements, such as using sheaves
of wheat, barrels of apples, and pairs of shoes to indicate yearly out-
put for different countries (note that sheaves, barrels, and pairs serve
as classifiers in the previous sentence).

4.2.4.3 Representing Numbers: Tallies and Symbols

After pictographs came tallies, which appeared with great frequency
in ancient systems. In Sumeria and probably elsewhere, tallies pre-
ceded written language. Like pictographs, tallies preserve a one-to-
one correspondence between the number of objects and the number
of written marks. Tallies are more abstract than pictographs because
they do not reflect the kind of thing being counted. Since what is
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important for counting is the number and not the object, a neu-
tral mark that is easy to make suffices, exactly what was produced
spontaneously by many cultures and by preschool children. Tallies,
however, become cumbersome for large numbers, and are difficult to
use in operations on numbers. This creates pressure to develop sym-
bols for the numbers. Number symbols evolved in ancient Egyptian.
The Semitic languages used letters to represent numbers, a system
horrowed by the Greeks. This system was compact compared to tal-
ties, but did not have a place holder, so that the relations between
multiples of ten were obscured. .

Readers may notice that in Hughes’ young subjects, tallies were re-
placed by pictographs, whereas in Sumerian history, tallies replaced
pictographs. As was noted, tallies are more abstract than pictographs
as they can be used for counting anything, whereas pictographs can
be used for counting only one kind of thing. Hughes’ situation did not
encourage the development of abstraction as he only had the children
representing numbers of bricks. If he had requested that the children
represent the quantity of a number of different kinds of things, tallies
might have replaced pictographs, as they did historically.

4.2.4.4 Representing Zero

Symbols for zero evolved far after symbols for numerals, and many
widely used systems did not have a zero. Some ancient number sys-
tems, such as the Babylonian and the Maya, did develop ways to
denote zero, both as the empty set and as a place holder. The Baby-
lonian system did not survive in western mathematics. The present
day zero (like the present day number symbols) arrived to the west
from India via Arab mathematicians. It was adopted to represent
the empty set in the seventh century, and as a place holder about
two hundred years later.

4.2.4.5 Representing Addition and Subtraction

Historicaily, special symbols for arithmetic operations were 2 late
development. The Egyptians used pairs of walking legs, from left
to right to signify addition, and from right to left to signify sub-
traction. An Alexandrian mathematician used an upward pointing
arrow to denote subtraction. Both these symbols imply motion, and
both were used by children in Hughes' studies for similar purposes.
None of these symbols was widely used, and none survived. The plus
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