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CHAPTER TWO

ON THE ECONOMY OF WORDS

As we turn now for the remainder @ur study to a demonstration of the Principle of
Least Bbrt, we shoud keep in mind certain generabnsideratiors that will be helpful in
guiding our steps. For example wshould remember that if Least Effort imdeed
fundamental in all humaiction, we may expect to find it inperation in any human action
we might choose to study. In short, any humaction willbe a manifestatiorof the Principle
of Least Effort in operation, this Principle is true; theffere all human action ipotentially
grist for our mill.

In the interest of economy we shalkelect for our own demonstratiorfirst those
particular kinds ofhuman actim which will most readily admibf the disclosure of the
underlying Principle That is, we shall strive cstantly to approach and study our
hypothetical Principle from what seents us to be its most accessible side. Faceentific
demonstraton can belikened to mountairclimbinga task in vinich the mountaineer may
either select a path of easiest ascent if he is gagereach the top, or where hmay choose
a path of pronounced obstacléfshe desires primarily to ipress others with his dkiln this
study we shall select what ems to be the path of easiest ascent.

Our path is the one that begins withstudy of human speech as a s#ttools. More
specifically, it begins with study of a vocabulary of words as a set of toblBhe reason for
selecting this as a beginning, ias weshall see, that the study of words offerskay to an
understanding of theentire speech process, while the study of teetire speech process
offers akey to an understanding of the personalignd d the entire field of bigocial
dynamics. Hence the contents of tipeesent chapter will be of caial importance for our
entire study because this chapter we shall untia knot that we shall find duplicated aga
and again in other biosocighenomena.The care and completeness with whige untie
this firstknot will render all future knat so much the easier to untie.

l. IN MEDIAS RES: VOCABULARY USAGE, AND THE FORCES OF
UNIFICATION AND DIVERSIFICATION

Man talks in order to get something. ke mars speech may be likendd a set of
tools that are engaged in achieg objectives. True, we do nget know that whenever man
talks, his speech is invariably directed to the

*For the sake of simplification we shall use the tdaast effortin the present chapter to apply not
only to situations of least probable work, but also to situations in which the argument is restricted to
immediate behavior, which is technically one of least work.
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ON THE ECONOMY OF WORDS

attainment of objectives. Nevertheless it isuth directed sufficiently oftento justify our
viewing speech as a likelyample of a set of tools, whiae shall assume to be the case.

Human speech is traditionally viewedasuccession of words to whitimeanings" (or
"usages") are attached. Wiave no quarel with this traditional view which, in fact, we here
adopt. Nevertheless in adopting thigew of "words with meanings" we miglgrofitably
combine it with ourprevious view of speech as a set of tools, and statads are tools that
are used to conveyeanings in order to achieve objectives.

Yet once we say that words are toolge broach thereby the questioaf the possible
economies of speech; and agom as we inquire into the psgble economies of speech we
remember that thesheer ability to speak aall represents an enormous convenienie
presentday human social &wity, whereas the inability to speak issggnal handicap. Since
both the conveniences of being able to speak, @ahd handicap of being unable o so,
refer admittedly to the saving of efft, we may say that there is potential general
economy in the sheer existence of speétlhe sense thasome human objectives are more
easily olained with speech than without. The case is similar to that of a sdtcarpenter's
tools whose sheer exishce may be said to have a potential gesd economy for the
carpenter.

But beyond this potential general ecomy of speech there are furthgrossibilities for
economy in the mannein which speech is used. Forsppeech consists of words that are
tools whid convey meanings, there is tip@ssibility both of a more economical wagnd of
a less economical wayg use wordtools for the purpose of conveying meanings. Heirce
addition to the general economy of speecthere exists also the possibility of an internal
economy of speech.

Now if we concentrate our attentionpon the possible internal ecamies of speech,
we may hope to catch a glimpse of their inheremtture. Since it is usually felt that words
are "combinedwith meanings" we maguspect that there is latent in speech bothreore
and a less economical way "combining words with meaningsibth from the viewpoint of
the speaker and from that of thauditor.*

From the viewpoint of the speakethge speaker's emomy) who has thejob of
selecting not only the meanings twe conveyed but also the wordbat will convey them,
there would doubtlessxist an important latent ecaymy in a vocabulary that consisted
exclusiely of one single woreh singleword that wodd mean whatever the sker wanted
it to mean. Thus ithere werem different meanings to be verbalized, this word would have
m different meanings. For by having a singlerd vocabulanthe speakemwould be spared
the effort that is necessaryo acquire and maintain a largevocabulary and to select
particular words wih particular meanings from thissocabulary. The singword vocabulary,
which reflects thespeaker's economymay be likened to an imaginary carpentry kit that
consists of a single

*Later we shall define meaningof a word as &ind of responsthat is invoked by the word:.

20



ON THE ECONOMY OF WORDS

tool of such art that it can be used exclusivéty all the m different tasksof sawing,
hammering, drilling, and the k& thereby saving the laboof otherwise devising,
maintaining, and sing a more elaborate toolage.

But from the viewpoint of the auditortlje auditor's econonjy, a singlevord
vocabulary would represent the acn& verbal labor, since he woulde faced by the
impossible task of dermining the particular meaning tahich the single word in a given
situation might refer. Indeedrom the viewpoint of the auditor, who has the job of
deciphering the speaker's memgs, the important internal economy of spch would be
found rather in avocabulary of such size that it possessed #rdidy different word for each
different meaning to be verbalized. Thifishere werem different mearngs, there would be
m different words,with one meaning per word. Th@ne-to-one correspondence between
different words and different meaningsyhich represents thauditor's economywouldsave
effort for the auditorin his attempt to determine th particular meaning to which a given
spoken word referred.

As far as the problem of words and nméiags is cooerned, we note thegresence of
two farreaching contradictory economies that relateeach cas¢o the number of different
meanings thata word may have. Thus if theme anm number of different distinctive
meanings to be verbalized, thewll be (1) aspeaker's economiy pos®ssing a vocabulary
of one wordwhich will refer to all them distinctive meanings; and there will also &) an
opposing auditor's economyin possessig a vocabulary ofn different words with one
distinctive meaning for eactvord. Obviously the two oppasg ecanomies are in extreme
conflict.

We may even visualize a given streamspéech as being subject two "opposing
forces." The one "force" the speaker's economywill tend to reduce the size of the
vocabulary to a singlword by unifying all meaningsehind a single word; for that reason
we mayappropriately call it thd=orce of UnificationOpposed to this Force of Umifition is a
second "force"the auditor's economythat will tend to incrase the size of a vocabulaxya
point where there will be a distinctly fierent word for each differenmeaning. Since this
second "force" will tendo increase the diversity of wocabulary, we shall henceforth call it
the Force of Diversificationin the language of these two tens we may say that the
vocabulary of a giverstream of speech is constantly subject to tbpposing Forces of
Unificationand Diversificationwhich will determine bth the n number of actual wordsn
the vocabulary, and ab the meanings of those words.

In adopting the term force to describe the two opposite economies that

*Nor does the word need to be spoken; it may also be written. The situation of the weieler is
analogous to that of the speakauditor in respect of internal econonmseof usage of words, even though a
reader is not so immediately present to a writer asaaritor is to a speakesnd even though the word usage
of written speech may differ somewhat from that of spoken speech for reasons that we shall scout in a later
chapter. If we continue for the time being to discuss words without dichotomizing between written and spoken
verbalizations, we do so in the interest of a legitimate simplification which seems to be justified at the
beginning of our analysis of words and thesage, as we think the reader will agree upon reflection.
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are hypothetically latent in speech, we musmember that the term referso what people
will in fact do and not to whiathey are at liberty to do ithey wish. For we are arguing that
people doin fact always act with a marum economy of effort, and that therefe in the
process of speakinlistening they will automatically minimizee expenditure of effort. Our
Forces of Unification and Diversification merely diémecrtwo oppositecourses of ation
which from one pointof view or the other are alikeconomical and permissible and which
therefore from the combined viewpoints will alike be adopted in compromiseaohm this it
follows that wherever a person uses words to convey measihg will atomatically try to
get his ideas across most efficiently by sagka balance between the ecomy of a small
wieldy vocabulary of mer general reference on the orfeand, and the economy of a larger
one ofmore precise reference on thather, with the resul that the vocabulary oh different
words in his resuibg flow of speech will represent wocabulary balancéetween our
theoretical Forces of Ufication and Diversificatiof.

lI. THE QUESTION OF VOCABULARY BALANCE

We obviously do not yet know thahere is in fact such a thing ascabulary balance
between our hypotheital Forces of Unification aridiversification, since we do not yet know
that man invariably economizesith the expenditure of his effort; for that, &dr all, is what
we are tryingto prove. Neverthelesand we shall enumete for the sake of clarityf (1) we
assume explicitly that man does invdafa economize with his efforand if (2) the logic of
our preceding analys of a vocabulary balance twaen the two Forces is sound, thé€B) we
can test the validity of ouexplicit assumption of an economy of effdry appealing directly
to the objective facts of some samples of actual speech that have sesagsfatorily in
communication. Insofar as (4)awmay find therein evidence af vocabulary balance of some
sort in respectof our two Forces, then (5) wshall findipso factoa confirmation of ou
assumption of (1) an economgf effort. Therefore much depends upon oubility to
disclose some dematrable cases of vocabulary balanin someactual samples of speech
that have served gasfactorily in communication.

Fortunately, if a condition of vocabulaflyalance does exist in a givesample of
speech, weshall have little difficlty in detecting it because dhe very nature andlirection
of the two Foces involved. On the one harthie Force of Unification will act in the dogon
of decreasinghe numberof different words to 1 while increasingthe frequency of that 1
word to 100%. Conversely, the Force of Diversificatiolh act in the opposite dirgen of
increasinghe numberof different words, whiledecreasingheir

*We shall consistently capitalize the terms, Force of Unification and Force of Diversification, in order to

remind ourselves that these Foiselo not represent forces as physicists traditionally understand the term, but
only the natural consequences of our assumed underlying economy of effort. Moreover oubtdamcewill
include what are technically known ateady statesnd theequilibriaof the physicist and of the economist.
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averagefrequencyof occurrence towardd. Thereforenumberand frequencywill be the
parameters of vocabulary balance.

Since the number of different words in sample of speech together wittheir
respectivefrequencies of occurrencesn be determined empiricallyt, is clear that our next
step is to seek relvant empiric information abouhe number and frequency of occurrences
of words in some actual samplegspeech.

A. Empiric Evidence of Vocabulary Bate

James Joyce's novellysses with its 260430 running words, representa sizable
sample of running speech that mafirly be said to have serveduccessfully in the
communication of idas. An index to the number dlfferent words therein, togethemwith
the actual frequencies of their mpective occurrences, has already been made with
exemplary methods bypr. Miles L. Hanley and associates who hquiée properly argued
that allwords are different which differ in anyay "phonetically” in the fullynflected form
in which they occur (thus the fms, give, gives, gave, given, giving, giver, gépresent
seven different wrds and not one word in seven different forms)

To the above publisiteindex hadeen added an appendix from theareful handsof
Dr. M. Joos, in which is sé&rth all the quantitative iformation that is necessary for our
presentpurposes. For Dr. Joos not omdlls us that there are 29,899 different wasdn the
260,430 running wordde also ranks those words in the decre@sorder of their frequency
of occurrence and tells us the actual frequsnf, with which the differentranks,r, occur. By
consulting this appendiwe find, for example, that thaOth most frequent word (= 10)
occurs 2653 times {= 2,653); or thathe 100th word ¢ = 100)occurs 265 timesf & 265). In
fact, the appendixells us the actual frequency of occurrenéeof any ranky, fromr =1 to
r = 29,899, which is the terminal rank of thst| since théJlysse<ontainsonly that number
of different words.

It is evident that the relationship betweethe various ranksy, of thesewords and
their respective frequencied, is potentially quite instructiveabout the entire matter of
vocabulary balare, not only because it involvabke frequenges with which the different
words occur but also bease theterminal rank of the list tells us theumber of different
words in the sampleAnd we remember that both thérequencies of occurrenand the
number of different wordsvill be important factosin the counterbalancing of thEorces of
Unification and Diversificatiomn the hypothetical vocabulary balance of any sample of
speech.

Turning to the quantitative data ohe Hanleyindexwe can see from the arbitrarily
selected ranks and frequeres n the adjoining Table-2 that the relationshp betweenr
andf in Joye'sUlyssess by no means hdyazard. For if we multiply each rarkjn Column |
of Table 21 by itscorresponding frequencyf, in Column llwe obtain a product,C in
Coblmn IlI, which is approximately the same size &k the different ranksand which, as we
see in Column 1V, represents approximatelyO of the
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260,430 running words which constitute the total length of James Joytgssesindeed, as
far as Table 4 is cmcerned, we have found a clearccorrelation between tle number of
different words in theUlyssesand the frequency of their usage, in the sense that they
approximate the simplequation of an equilateral hypbola:

rxf=C

in whichr refers to the word's rank in th&llyssesandf to its frequency obccurrence (as we
ignore for the present the size @ .

TABLE 2-1

Arbitrary Ranks with Frequencies
in James Joyce’s Ulysses
(Hanley Index)

. - 111 v
Rank F Product of Theoretical
E“; “‘%“f““f Iand II Length of Ulysses
r ) rxf=C) (C X 10)
10 2,653 26,530 265,500
20 1,311 26,220 262,200
30 926 27,780 277,800
40 717 28,680 286,800
50 556 27,800 278,800
100 265 26,500 265,000
200 133 26,600 266,000
300 84 25,200 252 000
400 62 24,800 248,000
500 50 25,000 250,000
1,000 26 26,000 260,000
2,000 12 24,000 240,000
3,000 8 24,000 240,000
4,000 6 24,000 240,000
5,000 5 25,000 250,000
10,000 2 20,000 200,000
20,000 1 20,000 200,000
29,899 1 29,899 298,990

The data of this table give clear evidendelwe existence of a vocabulary balanvée
must not forget that Table-2 containsonly a few seleted itemsout of a possible 29,899;
hence the questionsi legitimate as to the possiblank-frequency relationship between the
restof the 29,899 different words.

Although we cannot easily present in tabufarm the rankfrequency reléionships of
all these different words, we nevertheless can present them qoaeveniently on a graph,
because we know that the equationx f = C will appear on doubly logarithmic chart paper
as a succession of pointescending in a straight line fromfed G2 NAIKG |
And if weplot the ranks and frequencies of the 29,899 different words on doubly
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logarithmic chart paper, and if the points fall on a straight line descenfdarg left to right

Fa y Fy3aftS 2F npc ¢ Sreqiehoy distribn@dnz8f thé kntiré § K S
vocabulary of theUlyssedollows the equationy x f = C and suggests the presence of a
vocabulary balance throughotit.

As to the details of the graphical plotg of this particular equatiorfwhich will be
repeated again and agairthroughout our study) we shalblot successive ranks frorh
through 29899 horizontally on the¢axis,or abscissa. Then, in measuring frequency on the
Y-axis, or ordinate, we

10000 ————— ~——

FREQUENCY

| IE} 1CO \Otl)O 10000
RANK
Fig. 21. The rankirequency distribution of words. (A) The dses Joyce data;
(B) the Eldridge data; (C) ideal curve with slope of negative unity.

shall give for each rank a dot which corresponds to the actual frequernmycafrence of the
word of that rank. After we have completed our graphibigthe actual frequenies of our
29,899 ranked words, we shall connect ttets with a continuous line in order to note
whether the line is straight, and whether it descends from left to rigihthe expected angle
of 45

In Fig. 21 we present in CurvA the data of the entie Ulysseghus plotted, and the
reader can assess for himself the closeness with whiclctinge descends from left to right
Ay I A4GNF AIKG A yoser to Bugdest thdt §iedllySses2isFnotrumicuebin L v
respect of ahyperbolic rankrequercy word distributionwe include gratuitously in Cung
of Fig. 21 the rankfrequency distribution of the 6,002 different wordsfully inflected form
as they appear in a total of 43,989 running words of
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combined samples from American newspapessaaalyzed by R. C. Eldridg€urveCis an
ARSIt OdzNBBS 2F npc af 2 Lidedskeyeli KIFa 0SSy | RRSR

Clearly the curves of Fig-12conformwith considerable closeness t straight line
with the expected slope ofpic = SEOSLII T 2 NJ'stépk"Sof fBogrEshidig y OS 2
increasing size abe line approaches the bottomAlthough we shall shortly see that these
"steps"” result from integral frguencies and are governed by the eqioat r x f =C we may
now onlysay hat the data confirm our equation emely down to where the "stepsiegin.
However, we note that an extensiorf the straight line through thésteps” would in most
cases cut them fairly squarely throughet middle (for reasons to be explained later), and
that therefore the "steps" are bgo means capricious in occurrence batvie an orderliness
of their ownthat is clearly not unrelated to the orderliness of the straight line above.

B. The Significance ofxf=C

Before discussing the reasons for the engence of the "steps” in Fig-2, let us dwell
briefly upon the significancef the curves themselves whiatearly show that the selection
and usageof words is a matter of fundaental regularity of some sort of an underlying
governing principle that isot inconsistent with our theoretical expectations of a vocabulary
balance as a result of the Forces of Unification and Diversification.

Perhaps the easiest way to appreciate the fundamemnégjularity exhilted by our
curves is to ignore for the momeitow they do appearand to inquire instead how they
might appearif no underlying governing principle were involved. In short, let us inquiee int
the various ways that a rarfkequency distribution both could, and clolinot, appear from
the partiaular manrer in which we are plotting the data so that we may see how remote the
probabilities are of their conformg to the rectilinear distribution we have observed.

In the first place, since we are rankitige words from left to right irthe decreasing
order frequency, it is evidenthat the line that connects thesuccession of dots can at no
point bend upwards, since an upward bend at any point would indicate an incorrect ranking
of the data according tdecreasingrequencies. On the other hand, the line cardam fact,
will proceed horizontally whenever adjacent ranks have precisely the same frequencies (as
happens to be the case with the horizontal lines of the "steps" at the bottom of the curves of
Fig. 2-1, as we shall presently seeljlence we may predidh advance that any rank
frequency distribution may never slope upward from left to right although it may be
horizontal. But that is not all. We may also predict that a raekuency curve will never
bend downwards in a true vertical, since the line mpass from left to right in order to
connect the dots of adjacent ranks. The apparently vertical lines of the "steps" ot Fagye2
not truly vertical, since they do in fact connect adjacent dots. On the other hand, as long as
the line never becomes a tewertical, it can bend downwards with any slope at any point.

As far as our method of plotting our data is concerned, we may say in
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advance that the line proceeding from left to right in a rdréquency distributiormay twist

and turn at any point on the graph paper as long asiterbends upwards andeverbends
downwards in a true verticaln this connection the reader might take a pencil and paper
and draw lines of various configurations and contortions that conhtiee upper lefthand
corner with the lower righthand cornetlines that avoid upward bends and true verticals

order to assure himself of the vast number of possibilities that lie within the restrictions of
our method of plotting. After completing hisadndom lines" the reader will appreciate the
orderliness of the lines of Fig-12 and he will see how this orderliness points to the
existence of a fundamental governing principle that determines the number and frequency
of usage of the words in the streaof speech, regardless of whether or not the speakers
and auditors are aware of the existence of the principle, and regardless of whether or not
our Forces of Unification and Diversification in vocabulary balance provide a necessary
explanation of it. Sice all the words of Fig-2 had "meanings" in their respective samples,
the reader may infer from the orderliness of the distribution of words that there may well be

a corresponding orderliness in the distribution of meanings because, in general, speakers
utter words in order to convey meanings.

lll. THE ORDERLY DISTRIBUTION OF MEANINGS

Taking a temporary leave of the diswifion of words in Fig.-2, letus now turn our
attention to the question bthe distribution of themeaningsof words. We have m@viously
argued that under the conflicting Forces of Unification and Diversificatiomtimeimber of
different meanings to be verbalized will be distributed intsacway that on the one hand no
single word will have ath different meanings and that on ¢ghother hand there will be fewer
than m different words. As a consequence, we may expect that at least some words must
have multiple meanings. Theremains then the problem of determining, firsghich words
will have multiplemeanings and, second, how ma different meanings these words of
multiple meaning will have. In the solution of this ptem, the Forces of Unificatioand
Diversificatbn will stand us in good stead.

Let us begin by turning our attention to the most frequently used word in the sirea
of speech, with special reference to the actual samples of Fig. \®e shall arbitrarily
designate the frequency of this most frequent word with the lettEy, The qiestion now
remains as to them; number of different meanings which are representedByAnd here
we may sayhat, regardless of the size ofi;, if we multiplym; by f;, which representshe
average frequency of occurrenoéthe m; meanings, we shall obtaif, sinceF,; is made up
of the total frequencies of its different meaningcherefore we may write:

m]_Xf]_:F]_

With this simple equation in mind, let ugcall our previously discussdebrces of
Unification and Diversification and inquire into their respective
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influences upon the sizes of; andf;. Obviously, the Forcef Unificationwhich theoretically
acts in the direction of putting all different meaningghind a single word willend to
increase the size af; at the expense othe size off;. On the other hand, the Force of
Diversification which theoretically acts the direction of reducing the number of different
meaningsper word will tend to increasé; at the expense ofn;. Therdore the respective
sizes ofm; and f; of our previous equation will again represent the action of the opposing
Forces of Unificatioand Diversification.

Of course, we do not know prioriwhat the comparative strength dhese two Forces
may be. Yet we have observed from the data of Fid. that there is a hyperbolic
relationship between then number of different words in the samples and their respective
frequencies of occurrence. Théoee we may suspect that our two Forces of Unification and
Diversification stand, in general, in a hyperbolic relationship to one another, withethdt
that m; andf; will also stand in a hyperbolic relationship with one anotiveith the further
result thatm; will tend to equalf;.

However ifm; equalsf; and sincem; x f; = F, then clearlym; will equal the square
root of F, or /F;.

But now let us note tht the above argumnt will applymutatis mutandisto the m,
number of different meaning of the word whose comparativfeequency of occurrence &,
with the result that the following simplequation may be expected:

m, =./E.

This simple equation is afterest, forit means that if (1) we make @nk-frequency
distribution of the words of a sample of speech, as wase for theUlyssesand Eldridge
data of Fig. 2, and if (2) we find thathis distribution yields the straight line of an
equilateral hyerbola as foundn Fig. 21, then (3) we may conclude from the nature of the
above argument and equation that a rafilequency distribution of the different meanings
of those words on doubly logarithmic paper wouyl@ld a straight line descending fronftle
to right to the point X = n, yet intercepting onlyoyas much on the -#xis as on the -4xis
(that is, it will have what is technically called a negative slop®;@ir of .5). The reason for
this is that them, number of different meanings foeach ofthe r-ranked words willbe
represented on doubly logarithmic papby a point that is in each casgof the F of the
respective ranked words. We shall call this the theoreteatof-meaning distribution

To determine empirically whether thiheoretical lawof-meaning digribution exists,
we could take the data of Fig-2and, after consulting auitable dctionary, we could graph
the m, number of different meaningdor eachr different word, and note the resulting
meaningfrequency distribuibn. The resulting meaniAigequeng distribution would refer
only to the particular Ulyssesand Eldridge wordrequency distributions, andherefore
would lack a more general applicability.

It would be of more general applicability and equally valid dor purposes if we
selected the more comprehensive weficequency distribution of

28



ON THE ECONOMY OF WORDS

English as made and published by E. L. Thorndike on the basis of aotdlttmillion
running words® Although Dr. Thorndike has published otiig 20,000 most frequerwords

of his count, nevertheless these 20,000 wordl#l represent the average frequencies of
standard English better than thgarticularized vocabularies of the data of Figl.at is true
that Dr. Thorndike has for the most part ignored the inflecibendings of words; instead
he has subsumed the frequencies of occurrence of practically all differeattional forms

of a given word under the dictionary form of that wo(de., he used what is technically
known as dexical uniy ; however we haveo reason to suppose that any "law of meanings"
would be seriously distorted if we concentrated our attention ugerical unitsand simply
ignored variations in number, case, or tense. Nor need we be disturbelebfact that Dr.
Thorndike did not listhe actual frequencies of the different words but merely noted the 1st
thousand most frequent, the 2ntthousand most frequent, and so on down through the 20th
thousand mostfrequent, with a further notation of whether a given word of the first 5000
words wa among the first or second 500 words of its respective thous&hds lack of a
precise numerical notatiorfar from invalidating his countffers a genuinehallenge to our
thesis. For (Lif we are correct in generalizing upon the data of Fig.I® ¢ating that the
distributions are representative of English, and (2) if our theoretidaiv-of-meaning
distributionbe correct, then we may suspect, both (3) that Thorndike's 20y0&@s would
follow a hyperbolic rarfrequency distribution of words an@4) that the distribution of
meanings of the 20,000 words when plotted daubly logarithmic graph papewill yield a
negative slope of5. as previously explained. Therefore may test our theoretical lavof-
meaningdistribution by turning directly to amanalysis of the averaga number ofdifferent
meanings per word in each of the 20 successive sets of one thousand words.

Fortunately for the analysis of the meags of the 20,000 words, we haavailable
the ThorndikeCentury Dictionaryhich selectd the m different meanings to be presented
for each word éxcept for the 500 most frequénin the objective basis of Dr. Irving bets
The English Semantic CouhHence them number of actually used d#fent meanings for
each word irthe dictionary has beg determined empiically, with the result that irmaking
our meaningfrequency analysis weeed not fear including archaar obsolescent meanings
which might well distort our distribution.

Thanks to the help of some of my studentgho undertook the taslof noting the
number of different meaning in Thorndike's dictionary faach of the 20,000 words of the
list, we present in Fig. 2 the averagenumber of meanings per word (on the ordie) for
each successive set 8000 words on the abscissa. Since #verage number of meanings
per wordin each thousand refers in fact to the 500thord (or classmiddle) of each
thousand, the points on the abscissa repeat these clasmiddles in alcases; that is, they
represent the values of the 500th, 1500th, 2800. . . 19,500th words respectively.

A glance at the data of Fig-2suffices to show that the points descend
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in a strikingly straight line which is not far off from our theoreticakpected negative slope
of .5 (i.e.,- .5). If we calculate bleast squares the slope of the best straight line through the
points, we arrive at the value® n ¢ n.p083) with theY-intercept at 18.05 (antilog). This
calculatedvalue is not far off from our expected.5 slope?

The approximation may be everlose than that if we remember thaiThe English
Semantic Counvas not usedfor the 500 most frequent word¢whose differentiation of
meanings is truly difficult for reasons that Wile apparent in our following chapter).
Because of this consideration &first point at the left of our chart is suspedf.we ignore it
and recalculateahe slope for the remaining 19 pointse have a slope of®ncpc 65 ®nnt
which is slightlynearer to the expected.5 slope.
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Fig. 22. The meaningrequency distributon of words.

If we turn our attention now to the 10 successive sets of 500 wevbih constitute the
5000 most frequent words in the list, and if we agajnore the suspected first 500 words
for reasons already presented, we haaeslope of- dn y d.@0309, gvith which we may
scarcely quarrel as approximation of a .5 slope*

It is of course regrettable that additionakts of data on this importarpoint are not
available. Nevertheless the results of even this one staiyso striking that pendinghe
future findingsof empiric analysis we are naash in concluding that gaw-of-meaning
distribution exists according tavhich the m average number of meanys per word of a
thousand wordgwhen ranked in the order of decreasing frequency) will eqoeldquare

*This slope is probably the most reliable, since it refers to the most frequent 10,000 words that are
likely to be found in amptimum sampleof 100,000 running words. For a discussion obptimum samplesee
below.
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root of the average frequency of the words' occurrence (or will decreassordingto the
square root of the rank)

Although latere shall again return to # entire question of the "meangs of words"
with the problem of deihing the termmeaning ° we mayeven now feel that our theoretical
Forces ofUnification and Diversificatiohave led us to the empiric disclosure notlpmf a
simple equation for thelistribution of words (in the formy x f = C with r an integer) but
alsoof a simple equation for thdistribution of the meanings of those wordshich may be

put downin the form of the equationm, =./F,, in whichF, =G.

Incidentally, the fact that we have no actual rainkquency distributiorfor the 20,000
words of Dr. Thorndike's fopiency list des not invalidateour above conclusion; on the
contrary, we ball present so many worthnk-frequency distributions in our following pag
that the reader will be morethan ready to believe that, if we had a fafrequency
distribution of the20,000 mostfrequent words of the Thornile analysis, it would probably
be rectilinear like those of Fig-2 at leastfor the first 10 or 12 thousand most frequent
words.

With the assurance of theww-of-meaningdistribution of Fig. 2, letus return now to
a studyof the significance of the rectilinear distributions Big. 21, which descend with a
negative slope ol except for the "stepsof increasing magnitude at the bottom, and which
indicate the existencef avocabulary balance

V. THE INTEGRALITY OFRRRCIES

Some pages back we implied that theteps" at the bottom of the two curves of Fig. 2
1 emerge as a natural ceaquence of the fact that wordsannot ocar with fractional
frequencies.Sirce "steps" of this sort will béound in the graphs of fadwing chapters, we
may profitably digress at thigoint to show the more precise relationship meten the sizes
of these "steps'and the equationr x f=C

As far as the "steps" themselves are concerned, the upright lines (or "risers") are of no
signficance, since they merely connect the last dothe horizontal line above with the first
dot of the horizontal line belowand have been added to aid the reader's eye. On the other
hand, the horizontal lines (or "treads") of the "steps" are quite sigaift, since they
represent the number of different words, or ranks, that occur with the sémeguency. Thus
the horizontal line of Curve A that hugs the abscissa represents the 16,432 different words
that occur one time in thaJlyssesthe horizontal lie of the next "step" above represents
the 4,776 words that occuwice; the third horizontal represents the 2,194 words that occur
three times,and so on up until the horizontal lines become so short that they no longer
appear.

The reason for these horintal lines becomes obvious if we remembtrat the
frequency with which a word @trs can only be integral (orveéhole number) in any actual
sample of speech. Thus, in any actual sample
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of speech, a word can occuy 4, 3 or some other whole number tfnesbut not 1%, 2§, 3%

or any other fractional number of times. Yet singer equation,r x f = C as stated, will
theoretically recessitate the fractional occurrences of words which are impossible in
practice, it is quite evident that therevill be no actual ranlrequency dots on those
portions of the descending diagonal line which lie between integral frequencies (e.g.,
between 2 and 3). Instead it is quite conceivable that those frequervdnesh theoretically
should occurwith fractional frequencieswill actually occurwith the nearest integral

frequency. That is, for example, those worglich theoretically should occur from%Zo 3%

times, according to thequationr x f = C win actually occur 3 times, since 3 is the nearest
integral frequency. And that would also mean that the straight diagonal line abtve,
extended to the bottom, would cut approximately through the centeths horizontal lines

of these steps, as an inspection of Figl 3hows is moreor less the case. Hencéd
emergence of these "steps" is merely a natuwahsequence of the equian, r x f = C in
terms of integral frequencies.

Indeed the equationr Xf = C which s responsible for the emergence the "steps,”
will also determine both theositions and tle sizes of thevarious "stejg," as we shall now
illustrate.

For it can be shown (and has been shown elsewh@rat the N numberof different
words of the samé-integral frequency of occurrence (under tkenditions of the equation,
r xf =0 will beinversely proportionate tahe square of their frequency (approximatebgy,
stated somewhat more precisely in equation form, that:

N(r2-3)=C

However instead of interrupting our einonstration in order to derivethis new
equation mathematicallyrbm the hyperbolic equatiory, x f = C let us simply argue that if
this new equation is true, we may expect todin Joyce'dJlysseshat when we multiplythe
N number of actual words dfke f frequency of occurrence by the sare of that frequency

minus the constanti [that is, when we multiplyN by (f? -i)], the resulting prodcts will

approximate the constantC And sice the necessary data for thimultiplication are
available et us proceed to it forthwith.

In Table 2 we present the actugbroducts of our multiplication ofthe above factors
for 15 arbitrarily selected frequency classes in lgssegColumn Il); and also gratuitously
for four Latin plays by Plautus (Column IlI), which we add for good measure to suggest that
this numberfrequency relationship is not uniquely characteristic of English.

Inspecting in turn each of the two columns, Il and Ill, of Take ®e find that the
calculated values of each column are approximatelyséme for the entire column, with the
exception of the lowest two frequencies of tliyssesThis means that both thelyssesand
the four plays oPlautus have approximately the number of different words of like frequency
for the selected frequencglasses that we should expect theoreticathy the basis of our
equation. And that means in turn, more specifically for thlgssesthat the horizontal lines
of the "steps"” of Fig.-2 are approximately
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of the right length to satisfy the equatiom x f = Cin the sense that thewords which
theoretically would have a fractional frequency do in fact havee nearest integral
frequency*

Since a more complete presentation thie above relationship is petble on a graph,
we present in Fig. -3 the data for the frequencglassesfrom 1 through 50 for(A) the
Ulysses with each circle indicating theN number of different words (measured
logarithmically on the abscissa) of

TABLE 2-3

Calculated valucs of ncgative slopes, crrors, and Y-intercepts of the num-
ber, N, of interval-sizes, [ » between the repetition of words in 14 frequency-
classes, f, as fitted to the equation aX + ¥ = C where X =log N and ¥
= log I,, and where I, has integral values from 1 through 21 inclusive.

nm v
I I No. of Slope of v Vi
No. of Frequency ..o ° Best Line Error F-intercept
Analysis  of Occur. ?Jﬁcl;ﬂ:; of ¥'s (root-mean- (antilog
(f) ll:.'; 5 (negative) square) thereof)
ke f (¥ = log It)
1 5 206 1.21 151 716
2 6 637 1.20 169 666
3 10 222 1.27 106 677
4 12 155 1.24 111 491
5 15 96 1.15 096 328
] 16 86 96 124 153
7 17 79 122 174 422
8 18 62 1.20 120 264
9 19 63 1.21 148 350
10 20 69 1.29 124 044
11 21 52 1.05 138 212
12 22 50 1.10 117 2064
13 23 44 1.24 113 352
14F 24 34 1.01 158 136

157 24 34 1.05 147 153

like frequency,f (measured logarithmically on the ordinate). For foleasure, we add
gratuitously a set of dataBj for the samdrequencyclasses for a nei&nglish languagehis
time for the Homeric Greek othe lliad (plotted in black dots) as determined from
Prendergast'sConcordance®? thereto by the patient and careful hands of my former
student,

*The size ofZ of Column Il of Table-2 should be the same as the size®@in Table 21 which was
about 26,000. The slight difference between the two is ascribable to the fact that there is a very slight bend at
the top and bottom of thellyssegurve.
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Dr. Harold D. 8se. (The Plaiune material has already been publishediti elsewhere.)

Inspecting the two curves of Fig:32 we note that in eah case theydescend from
left to right, on the whole, in &ch a fashion that thexintercept is twice that of the Y
intercept, as is tdbe expected from the exponen®, in N (f2 -i) = C* Dr. Joos infaned me
privately (September 161937) that the calculated exponent of thelysses data falls

between 1.99 and 2.01! According to his calculation (Larage XII [1936] 19%he least
square exponent for the Plautus data of Tabi2 81.98 These are remark

50 ™ ol o
' e’ oo Q%;th 00 A(ILIAD) et
. 8 q0 B (ULYSSES) ccoOO

FREQUENCY
S

| 1 1 1
1 10 100 1000 10000
NUMBER

Fig. 23. The numbeifrequency relationship of words. (A) HomerlBad; (B)
James JoyceWlysses

ably close approximations to our theoretically expected 2. My legstarecalculation of the
lliad dataof Fig. 23 is 2.15+ 501 **

In view of the orderly nature of thé'steps” that emerge in a rarkequency
distribution of words, we may say that the two curves,and B, of Fig. 21 closely
approximate the equation ofin equilateral hyperbolaMoreover, the gratuitously added
information about the numbernN, of words of like frequency in the lower frequentgnge of
other languages suffices to assure us that "vocabulary balance,” in the sense of a general
orderliness ofwvord distributions, is not peculiar to English. In our followahgpter we shall
present further rankfrequency distributions from samplesf many other languages, as we
return again and again to a consideratiohthe Forces of Unification arfdiversification. For
the time being, however, we shall study the special case of English, which will also tell us
muchabout the nature olvocabulary balancen general.

*We remember that the difference betwedh and f* ¢ % is important onlyfor very small values df
Thus wherf is even as large & the difference betweeri® and f° ¢ i.is only a difference between 16 and %.5
With f= 10, the difference is between 100 and%aQ

** Since Prendergast does not give the frequencies of thetrfrequent words in thdliad we cannot
plot its rankfrequency distribution.
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V. THE INTEGRALITY OF RANK

The rank that a word has must also be an integral number. Thus thayebe a &t,
2nd, or 3rd rank, but not one that ﬂ% 2;, ?%or any othernon-whole number. This fact

leads us to a very curious consideration, sinae equation,r xf =C makes no provision for
the integrality ofr. Indeed, as far as this equation is concerned, baihdf may take on all
valuesfrom positiveto negative infinity which, in terms of speech, would be unthinkable.
Hence the equation of the equilateral hyperbola is inadequege final description of what
we have found. Let us now find a more adequate equation.

A. The Equation of the Harmonic Ses

If we turn back to Table-2 and inspet the items of Column IV undéne heading of
"The Theoretical Length of the Ulysse® note that thevarious items in this column
approximate 260,430, which is the total number of running words in the novat.i$hwhen
we multiply by 10 theconstant, C(of r xf =C), we arrive at the approximate total number of
running words. That fact leads us now & obvious and instructive ceiteration about
ranksandfrequenciesvhich we have hitherto ignored.

In rarking the words of Joyceldlyssesn the decreasing order of thefrequencies,
we have ranked them according to the simple integral serdes?, 3, . . .n, in whichn
represents the terminal rank of the 29,899th alagdt different word in the Ulyssesample.

In observing that the product of a word's ramkwhen multiplied by its frequency,
is a constantC (according to the equation x f = C), we may conclude at once that the
different frequenciesf, of these rankedvords will decrease in therder of the proportions
of the following simpléharmonic series:

1,

)y

N |-
w |

n
since every frequency, when multiplied by its rank, will yield a constant.

Now this harmonic series is interestingor if we say thaf representsthe actual
frequency of the most frequent word (i.e., the word whose 1) , then it follows thal r will
be the actual frequency of any word ddnk, r. Thus, for example, the 10th most frequent
word (i.e.,r = 10) willhave the frequency/10, and thenth most frequentword (i.e.,r =n)
will have the frequencyk/n.

Indeed, we may view the entirblyssesas consisting of the followingpproximate
sum of then number of different words in terms df andranked in the order of decreasing
frequency:

UlyssesZ+Z+Z+ | £

1 2 3 n
an equation in which the denominators of the above fractions refer toghecessive ranks
of the respective words, and where= 29,899.

But at this point a curious consideration arises. Since we imfay from Table 21
that the totalnumber of running words in Joyce's novel
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is approximately equal to 10 times the frequenEypf the word whoseank is one (i.e., 1K
x 10 = about 260,000), we may say that-i®approximately the length obllyssesindeed
we may even make the followgnapproximate equation about all the words in tbé/sses

10F=E+E4+E4
1 2 3

3 -Ih"l

When we inspect this equation, we noteahin the last analysis we havaerely
multiplied byFthe underlying simple equation:

10 += 4+ 14, +2
2 3 n

and that in turn, means that theonstant 10, of Column IV of Tablel2epresents nothing
more than the sum of th@ harmonically seriated fractions of the righand member of the
above equation.

Now then fractions of a harmonic s&es, when added together, wiield a sum. This
sum of then members of a harmonic series can be represented technicallgriyvhich
means the sum§ of then members of theseries) The size obnwill obviously depend upon
the size ofm (i.e., thenumber of fractions added), with the result that we can calculate the
approximate size of angnif we know the size fon (and vice versa)

But at this point we must be careful. Though the actual valbe= 10, may be
significant for our understanding oblyssesand the same constanis found to be
approximately descriptive of the Eldridghewspaper material of Fig-12nevertheless the
particular value,Sn= 10, is of no vitakignificance for our understanding either of the
harmonic series or of thequation, r x f = G or ultimately of the Forces of Unification and
Diversification or the Principle of Least Effort that assumedly lies behind thieensize oSn
merely tells us the size of(the number of different wordshat are used). Values other than
10 would do equally well. Indeed @hapter Four we shall find that the limited vocabularies
of children have arsnthat is characteristically smaller than 10. Therefore, in order to avoid
relating our Harmonic Equation to any particular valueSof we shdl present it in the
following general form, which will suffice to describe mafiyur future sets of data:

F. Sn:£+f +E +. .. £
1 2 3

n

Graphically, this precedindequation of the Harmonic Seriegill appear as a
succession of dots which,dbnnected by a line as in Figl2will descend from left to right
Fd Fy |y 8dhricallg anegative slogeidf like the curves of Fig-2. The size of Sn
merely helps to locate the poirgn the X-axis which the rectilinear curve will interceghe
larger the sizeof Sn the farther to the right the straight line will be located on the graph.
Moreover, if we postulate that the above Harmonic Equatiorsasurated when the line
intercepts equal distances on thé¢axis and on ther-axis(and thisis important) then we
may say algebraically that the above Harmonic Equation in saturated form refers to a
condition in whichF=n,
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or, if one will, in whicbfi = 1. And that means, in turn, that theh word occurs only a single
time in the sample.

Now this Harmonic Equation in satted form (hereinafter abbrgated to F- Sn

offers a more faithful description of the approximate dathFig. 21 than was the caseiti
the hyperbolic equationr x f = C Forthe Harmonic Equatiorf;- Sn tells us thatr must be

integral; and from itwe can easily anticipate mathematically the "steps" that will emerge
naturally from the fact that frequencies, can only be whole numbers.

And so let us remember that whenever in the future we find a raelguency
distribution which, when plotted as in Fig-12 reveals a slopef - 1 (ie., with theY-intercept
equal to theX-intercept) then we mayinfer that the distribution is that of the saturated
harmonic series witl=n.

B. The Question of Samplézé and the Closure of Speech

Although we have already proceededitg far in our analysis of theumber and
frequencies of occurrences of words, there remains one baiblem to which we shall
now turnthe problem of theoptimumsizeof the sample of geech to be examinethat is,
when the size of the sampis "just right" and not "too long" nor "too short." The nature of
this problem can perhaps be most easily elucidated if we express it in termssiaipde
mechanical tuningork analogy in whichn different tuningforks will represent ourn
different words, and where the frequencie,of the different forks will correspond to the
frequenciesf, of our words.

Let us imagine that we have a long board on which are attaahedimber of
different tuningforks of such ges that during aT interval of time they will all vibrate
respectively according to the saturated harmonic equation, \witn, viz.:

S
1 2 3 n

Thus far the groubehavior of our tiningforks during ar interval willcorrespond to
that of a vocabulary of words in the stream of speech, if iypore momentarily as
unessential the fact that the tuninfprks representa synchronous phenomenon in the sense
that they all vibrate at onceyhereasthe stream of speech is a diachronous phenomenon in
the sense that onlyone word can be uttered at a time. The chief didactic value of this
mechanical analogue will appear when we vibrate the board foiirgerval that is either
shorter thanT or longer thanT.

If we vibrate it for at-interval that is appreciably shorter thah then the resulting
frequencydistribution of the groupvibrations will be faremoved from that of the saturated
harmonic equationf- Sn if only because the forks ddwer frequencies will not have had

time to round out theirallotted few vibrations. Turning to the phenomena of words, we may
remark that the same relationship will obtain also for an excessively shorple of speech
-say 100 wordsin which even somef the most fre
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