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THE EVOLUTION OF NUMBER

of primit

8

ve Lribes have not yet

(’)
N

Anthropological studie

disclosed & socieby whers men lack an understanding of aumber.

Indeed, studles by naturalists have indicated that many birds and
POSSCS%
insects pessss what has been referred to as & "number sense." \J/
AN

"If ... a bird's nest contains four eggs, one may be safely taken;
but if two are remeved, the bird becomes aware of the fact and
generally desertsﬁ'@/similarly, studies of pollinatlng insects \¥/
indicate that they are able to recognize number in the patbterns of
petals on flowers. These insecls have been shown ablé to discern

whether a flower has 1, 2,3, 4, 5, 6, 8, 10 or 12 petals. This

was proven by removing rays from Mexican marigolds "... so that

Ul

the number Ef rayg was reduced from 10 to 5, from 5 t42, and so

on. Marked bees either avoided the mubtlla

-

ted head
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or were con-

fused and vislited both normal and abnormal flowers."\$/These ih-
e sy o = e s - s : i T e . . ) ~ . 11 vt

stances, and many othners, indicate thie exlstence of a "sense’ be-

lated to number or symmetry in many for of lifes It .seenmns al-
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me stage in his development man must have

been restricted to a simple number sense 1la his coumprehension of

guantlitye. A
Man's need for a better understanding of the mumerical

Y ]

properties of objects probably arose out of his daily occupations.
The hunter who met a friend and was unable to boast of the number

e had killled was 1in a sorry predicament, Judged Dby

(4]

of animals I
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s

modern standards. The first means of representing numbers that men

CA

w

discovered was use of the lingers. The matching principle involved



in indicating a finger for esach object 1is-called one-to-bne cor-

respondence. The importance of man's ten Tingers in numeration is

indicated by the fact that "... those savages who have not kk=

reached the stage of finger counting are almost completely deprived
1

e

bt e i

of all perception of number.”\@VThe cardinal concept implie

1

matching was the basis of the firstz attempts to keep a record of
number. Pebbles or sticks were cast into a plle, notehies cut 1n wood
or knots maede in cord. The early origim of writtem number records

is shown by pleces of carved bone which were used by cave men to re-
cord thie number of animels killed. A notch was made on the bone that

had the head of the particular animsl carved on it. Y/ The etymologles

of scme of the words we use Lo describe mathematlcal processes in-
dicate how recently our ancestors mede use of these simple umethods of

recording numbere. Tally comes from the French tailler, to cubt, which
was derived from the Latin talea, a stick or cutting. g/Similarly,
calculate and calculus are both derived from the Latin word for peb-
ble - calculus. /

Representation of guantity by the principle of one-to-one
correspondénce was undoubtedly accompanied, and perhaps preceded, by
the creation of number wordse. Number words can be divided into two

.

maln categorles:  those that arose before the concept of number unre-

after 1t. An extrenme
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instance of the developument of number words before the abstract.con-

cept of number is that of the Tsimshian language of a tribe in

w

ritish Columbla. This language has seven Zkxx distinct elasses of
number words: for flat objects and animals, round objects and time,
ol B a2 /% e - < Py e e e s s P | -~ e PRSP &
long objects and trees, men, canoes, measurements and, as a recent

development , for counting when no definlite object 1s reférred



to.\g/ In a like manner, the English language has many words for

types of collections (set, flock, nerd, lot,

bunch, etec.) but the

more general collectlon and aggregate are of forelgn origin ¥87/

Another peculiarity of English, the many words for two things,
led
fexd Bertrand Russell to comment, "It must have reguired many ages

to discover that a prace of pheasants-and a couple of days were
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both instances of the number qu.'\%}/

developed as an abstraction of
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The number word that 1
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which is Gto Dbe expressed.\€;/én indicatlon of this 1s the fact.

) 1 e = L] 1. - 1 e = SRR . -
that the number word ®five™ had the original meaning hand in many
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languages ¢ pantcha was five in S

the outstretetl hand.w%;/ However, many societies found it 4if-
icult. to develop number words besided "one", "two", and "many".\l4

starting point is illusiratsd by the

et

< Ay S o =~
dual mednings o
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three times or many. The process may be carried back by noting
the common root of the Latin tres. (three) and trans (beyond). \E;/’

The ides of number ag Qppo
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set. of things was. not coupletely comprehended in early socleties
even when there was but a single word to express &
quantity. The collectlon word for five brought,azm image of a hand

~

(6r another group of five objects). This lmage was compared with

the set of things whose number was o be determined.‘%?/ The gif=-



ficulty ®f in grasping the idea 6f the abstract nature of number

may 11 ¢ than numerical, concept
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Bome sxperiments with chlildren performed by Jean Plaget seem to
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indicate thise. When a child ics lay out a number of blue

chlps equal to the nuwber of red chips that are In a row spaced at

chips very close Lo sach other) indicating that he belileves that

- Y v T o ~ - N -~ —— o~ £ . -~ S -~ - - -~
tiie numbser of chips 1s the same 1T the lengths of thie rows are

concept of number."” Qgp/

Numeratlon would be & cumbersome prbeess 1f men found 1t

and specilal words for every
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necessary to form mods
numbers Fortunately, men discovered the principle of Torming
large numbers by combination of smaller numbers. The numbsr which

- Yo =+ MIITTI S o~ Y- - 1 =~ - - 2 s = e =
1s the last simple number 1s known 238 thie base or radix of 1liés

number system. QOur system is o decimal one because all numbsers
after ten are compoundsd of the first ten numerals (eleven and
are

twelve are compound numbers whose formsis unrecognlzable because
N



thiey ®Xare Anglo-5axon in ori:in\&§/). Among the basss used Dy

man are two, three, four, five, six, eight, ten, twelve, twenty,
and sixty. Xk Of these thie most common are five, ten and twenty.
The mechanism involved in a declmal base is 1ndicated by the 1lit

meanling of eleven in a primitive language: a man and one on the k
hand of another mane. £ the non-decimal number systems, a typlcal
blnary system 1s that of a wxEEXx tribe of the Torres: Straits:

(1) urapun (3) okosa=urapun (5) okosa-okosa-urapun

(Q) okosa (%) okosa-okosa (6) 6kosa-okosa=okosa V%Q/
EXX A typical gquinary system 1s that of the Apl language of the
New Hebrides:

(1) tai (6) o tal (other one)

(2) lua (7) o lua (other two)

(3) tolu (8) o tolu (other three)

(4) wvari (9) o vari other four

{two hands)

num bev— s‘ysfevns

Aﬂrovc from fin*er count-

(5) (hand) (1C) luna- luna

Quinary, decimal and vigesima

ing; the "whole man" 'being regarded, respectively, as Ahand, both

. o
hands,Aaaé the hands and feet. Bilnary systems are probably based
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ry, was adopted initially



f the world. The need for a system using 2 higher base arlsesg
from the difficulty of expressing large numbers in the blnary
system. The decimal and quimary systems
previously used simpler systems of
numeratlion. The existence of remnants of other X number bases 1in

naving sixty minutes 1n an
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number of numeral words to be memorized to & reasonable amounte.

Wi $3

The next guallity is how factorable the base should be. Malhematiclans
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by making quotients "come out even" more freguently and
facilitate mental calculations: 1f a number ends in O In

-

1e deelmal system we know 1t i1s divisible by 2-and 53 if

o
poet
2

l_h

1t ends- in f’O in the duodeclual system we know that 1t is
dlvisible by 2, 3, 4, and 6. AL any rate, ten would not

be used a8 the mathematlcally chosen radix slnce 1t 1is

w

nelther prime nor highly lactorable.
The universal need for describing guantity led

to representation by one-to-one correspondence, development

of ‘numbey words, and a method for limiting the amount of

number words needed Lo express large figures. An lumportant

(=]

contribution to numeratlon wes the development of a group
of writiten symbols- for numbers:

Written numeration 1s probably as old as
private property. There is little doubt.
that 1t origlanated in wen's desire Lo keep
a record of his flocks and other goods.

+ .. Archeological researches trace such re-
cords to times lmmemorial, and they are
found in the cawes of prehistoric man in
Burope, Africa, and Asla. Numeratlon ls
at least as old as wkitten language, and
there is evidence that 1t yreoeaeq it
Perhaps, even, the recordlng of numbers
su sted the recording of soundss

[}

vritten numbers that were not tally marks alone

1

The first

probably occurred in Zgypt about 3,400 B. C.

Egyptian numerals employed Ghe tally primeciple, as

3 2

did most early systems, and were mainly straisght lines.

Te



symbols o signify

C

is made Dbecause the Hgyptlans used speclal s

large quantities. The Egyptians had basic sywmbols for one, ten,

one hundred, and outler powers of Ltemne The value of & nuumbsr weas

H

the sum of the values of the symbols comprising 1t, the valus o

& symbol belag repeated the number of tlmes that the symbol was

iépeated. Another system of numeration was the cunelform systeum

developsed 1n Mesopobamia about 3,000 Bs Ga Qaz/ The system used
. _

by the Babylonlians was bothe sexagesimel and decimal. Ordlnary

£

somputation was carried on in the declmal system and astronomical
work la the sexagesimal. The Babylonians used the wedge-llke
lmprint that the stylus made 1ln the c¢lay as one, sixty, three
hundred sixty, and, ldgeneral, sixty ralised
meaning of the symbol being derived from the context. Similarly,

e A SR NT e O R P N R SR Y ey
the symbol for ten served as ten tlmes sixty raised

As a later development, the Babylonlans attempted to ellminate
the indefinite representation that thelr systsm produced.
"In lists where we make the entry '0', as an alternative to
leaving blank, the Babylonians in some cases make use of Lhe

2 s = { PFEap T | | e P 11! A~ =T I S ¢ IO
sign ul, meanling "not’, "nothinge. \%§/ The Babylonian " zero

L "

ark like our dash. About 4CC B. C. the

B

was & punctuation

(2

Babylonian mathemsticiéan Naburianu reallzed the slignlificance
of ul and used it as we use our zero. This develop

~ ~ ~ T A 1o 2. 2an LT o o 2 v e
lost e ths world becausse 1t wa.s in the sexagesimal



system which was incomprehensible Lo the neighboring peoples whe
used decimal systemss \29

Fundamentally different fpom the cardinal numeration we

uaVc considered, were the systems of the Greeks and Hebrews. Bpth
systems were dérived from the Phoeniclan and followed an ordinal
scheme of written numbers. Bach of these civilizatlons used
their alphavet to represent numbers. The Greeks originally

e

represented numerals by the initial letter of the number word, but
adopted the Phoeniclan convention of using the létters of the =
1wbet 1n fhelr natural successilon to represent numbers. The
first nine letters of the Greek alphabet were, successively, sym-
bols for one throuch nine, ® the next nine represented ten and its
multiples e last nine, one hundred and its
multiples Ghrough nine hundred (the Greeks added three letters to

their alphabet in order to have twenty-seven symbols).

1

)

he Roman numeral system was a return to the cardinal

principal, and was xExy similar to the Hgyptian. Two lnteresting
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theories have been propossed to expl
Roman symbols for five and ten. The first considers the symbol

for Tive as basic and regards the symbol for ten as two fives.

side the thumb. The second theory ls based on the mrixi tallying

|—JQ

2 3 = 5 ! & ~ S s <
origin of cardinal systems of numeratlon: "Y" is considered an



10.

While these number systsms were developed in ths
014 World, the Mayan Indians of the Yucatan peninsula developed a
vigesimal system which employed place notatlon. The Mayans wrote
numbers in verkical columns, using only three symbols: « (one),
__(five) and @ (zero). Symbols on the lowesllewel were units,
higher level, multiples of twenty, and successively,

f 360 and T,2C0. As examples:
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= (i) ! | 'Qiy‘ (co)

“ e e ® 3
wu 47 T©  (123) N3
e » & -
It 1s interestling Lo note the pebble and stick form that the Mayan

number symbols take. The use of & "stick’ or straight line numerals

was extepemely common. The Hgyptian and Roman symbols werse vertleal

~s -1

lines but horizontal forms were used in the Far East. Our "2" and
the cursive forms of the corresponding
are derived fpom, IEEXARFXWEEE horlizontal line symbols,"z " and

Bach of the systems of written numbers that we have dls-
cussed differ from our number sysiem in one major respsect: they

directly 1n
ures but were not used  Xmx calculatlionsgs.

-

were used to record fig
A primitive calculating instrument, the abacus\ég/ﬁ was used, in
one form or ancother, in almost every civilization. The abacus
was a method of represeanting numbers in a positional notatlion.
Reduced to 1ts baslc elements, the abacus consisted of a set of

parallel columns which successlvely represented units, tens, hun-

)
Q

dreds, etc. Counters were placed on the columns (or marks made on
columns in the dust) to iadicate how many units, tems or huméreds

there were in & number. The number 13,204 would be represented, by an abacus,



in this manner: 4— JE J:

The abacus was used in calculations by adding flgures to thelr

appropriate column and transferring when the marks in a column

exceeded nine. Addition and subtractlon as performed on the abacus

tan be easlly visuallzed, but the processes of multiplicatlion and

>§:>

division are too ianvolved to be dilscussed here. -basic method

" - at an early perlod
for multiplication, "duplation” , was used 1in EgyptA( 3,4C0C Bs C
and wes extremely important in Europe, surviving until the

Renaissance period. Using our notatlon, multiplication of 32 Dby

=3 "

17 using duplation was accomplished in thls mammer:

1 x 327 = 32
2 x 32 = 064
4 x 327 - 128 (4 x 32°- 2 x 64)
8 x 32 =256 (8 x 32 - 2 x 128)
2 x 32 = 54
177 x 32 = 544

Division was accomplished by the analagous "mediation".: These
processes were taught in universities, one lnstitution excelllng
in their course in mediation, another in duplation. The product

of thousands of years of civillzation was an inflexible number

system "So crude as to make progress well-nigh lmpodsible" 'and "a

calculating device so limited in scope that even elementary cal-
culations called for the services of an eXpert."xz}/

ordinal system of numbers made
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the abacus a fumdamsental toole. It was, however, difficmlt to re-

L
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cord counting-board opsrations: the flgure= = could represent
32, 302, 32C, and so on. In order to make an unambiguous: re-
cord of a series of calculations it became customary to placs
s merk called sunya (meaning empty of blank but having no
comotations of void or rothingness) to indicate an empty

- place on the abacus. The symbol used was O, 0, Oor . and was

=

eventually accepted as a number itself. It was placsd at the

)

1, 25 3 .. and was adopted by

68

bottom of the ordinal serie

the Arabs along with the rest of the Indian numerals. The

@

Arabs, of course, introduced "Arabic" numerals to Europe.

fied all calculations

PR

thelr effectiveness 1s 1llustrated by the process of multipli-
— eation. The example that reguired the services of an expert
in duplation is within the capabllity of most cnildren because

of the new numerals. The method used 1n multiplicatlon lnvolves

The French mathematician Laplace commented on the Hindu-Arabic
numerals by saylng:
ave us the ingenlous

1 numbers by means of
1 receiving a value of




-

found and important idea which appears so simple

to us now that we ignobe its Lrue merit. But

1ts very simplicltiy, the great ease whnich it

has lent to all computations, puts our arith-

metic in the first rank of useful inventions. §2$/
The elements of the unambiguous place notatlion that we use %
today were developed by k® the ilnhablitants of Mesopotamia,
India, and the Yucatan peninsula. The last sitep, recognition
of zero as a number by the public, took place only 1in Indla.

We have seen the development of cardinal and ordinal
number concepts, the creation of the number word, the grouping
of numbers by using a nuwmber base, the use of simple number

symbols, the discovery of the prilanciple of place notahion,
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vabol for the absence of a dlgit, andy the
recognition of zero as a number with which computations may be
im

made. Hach of thes portant in producing our
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arithmetic, the tool of the housewlife as well as the sclentis

15
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Glossary
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ordinal NUMDEI'S sscecseccse

one-to-one Correspondence: .

Erime"......Q...‘..‘....‘.

guaternary

@ e 00 08200 a0 s0e 000 a

g simple calculating instrument.
last simple (uncompounded) numbers
paslc numbers.

a numper

numerals that

imply no countinge
pertalning ©o a number system Lha

ten basic numobers; a means of
representing fractlions without using

denomlnators - €. g., decimal fractions.

ant

pertaining to a numpbsr system that

-

2

uses twelve baslc numbers.
multiplication performed by suc-
cessive doubling and additidn of x

the produchtSe

-

division performed by repeated halvinge
a set of numbers that are related

only by their place in a sequence;
imply counting.

indicating number by matching.

e number that i#& evenly divisible

only by itself and one (7, 13, 23).
pertaining to a number system that

uges: four basic numbers.



QUINGYY esseccoscesscsssssssss pertaining to a number system that
uses- five basic numberss

SeXagZeSimal cecececcsscscssses pertaining to a nuuwber system that

uses- sixty simple numbers (no pure

sexagesimal systeuw has been used).
GerbLiary e-secececceccsssccsesss. pertaining to a number system that

uses three baslc numberse.
Vigesimgl eceeccscessssccsse.s pertaining to a number system that

uses twenty lndependent number words.
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