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by 

Sbel4on Klein 

Carnegie Inatitute ot 'recbnoloo 
an4 

Spta Deftl.oplent Cor,oration 

A ay1tem de11gned.. to aerve •• a fthlcle tor ••tine 
bypotheaea about language change tbrougb t1lle 1• be1DC 
progrU11ed in JOVIAL. A bu1c requireaent of tbe 
ayatem 11 that ll>dela 1111t be tonlll.ated Vitld.n tbe 
framework ot Sapir'• concept ot dritt and Blocanel4'• 
det1n1 tion ot a epeecb "<W!lmi ty. 011ta14e tb11 reetrio• 
tion, an exp,rimenter'• •election ot byp)tbe••• 1• 
unrestricted. 

It is anticipated that the 11• 11 ation ayatell ¥ill pro­
vide a tonal mecbaniaa tor cbeoktn1 tbe adequacy and 
internal conaiatency ot variOlla expluatlou about tbe 
causes ot language cbange. 
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Dynamic Simulation of Historical C":~ange in Language Using 

1 ~nte Carlo Techniques 

by 

Sheldon Klein 

1.0 Introduction 
2.0 '!he basic design ot the simulation system 
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2.2 Units of interaction 
2.3 Structure of the program 

3.0 'lbe modeling process 
4.o Simulation experiments 

4.1 Prediction of hiBtorical events 
4.2 Analytic simulations 

5. 0 Discussion 

1.0 Introduction 

SP-19o8 

Computer simulation of real-world events for the purpose Qt prediction 

or of testing the validity of models has numerous precedents in the behavioral 

sciences.2 '!be first step in such a simul.Jtion is the tormlation ot a Mdel 

in terms that can be implemented in a computer program. A 1treng check on the 

1 'Ibis research is supported in part by Grant )11-07722, Rational. Inatttutea 
of Health, United States Public Health Services (to the Carnegi,e Institute 
of Techn:>logy) • 

'7or example: B. Orcutt, M. Green 'll'ger, J. Korbel, and A. ftivl.tn, Nlcro­
anal!sis of socioeconomic sntems: "simulation atudJ (Rev York: Harper, 
1§61; R. Bush and r. l,k;,te er Stochastic models o learniy (Bev York: 
Wiley, 1955), H. Ouetzkov, (Ed. ~, Simu.lation -In aoclai science: Readinp 
(Englewood Cliffs., N.J.: Prontice-Lii., 1§62); l. c. Hogpt and f. · I. 
Balderston (Eds.), SEeaium on aillulation models: Metboclo3i! and 
;!licationa in the ~viorai science• (clnclnnatl, Oh1o: ~tiiw•tern 
-11ahing co., 1963); I. X. fetgenbaua and J. Peldan, (Ida.), .. nter• 

and thought (Nev York: McGraw Hill, 1963); Dell Ryaea, (14.), Un• 
computers in anthropology ('lbe Hague, Ret.herlands: M:>uton and &~, ~in pre••h 
w. N. ~ee, Formal theories of ma~• cOIIIII.Ulication (lev York: '1he ·rree Pre11 
of Glencoe, 1963). 

I I 
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validity of the assumptions in the nx:>del is successful prediction of pertinent 

events. For some types of sim l ation, such as the behavior of laboratory ani~als 

in a hypothetical experiment, a model can be considered adequate if the simulated 

behavior falls only within the range of behavior of real animals in a live 

experiment. In general~ a model can be considered valid even if its predictions 

are only statistically significant approximations of real-world behavior. 

Simulation experiments ~•Y model the behavior of a single entity or that 

of ct large population. '!he number of entities used in a simulation may be 

equal to a total population, or may be viewed as representing a small sample 

of a very large population. 

'!he term 'Monte Carlo', adopted because of its gambling connotations, 

refers to the use of random numbers as determiners of events in a simulation. 

'!he events that take place may be random only within the constraints of posited 

stochastic relationships that govern probabilities of transition from one state 

of events to another. 'lb.e transition probabilities may either be constant or 

altered during the course of a simulation. Assume, for example, that under 

certain conditions a given event has a .2 chance of occurring. Further assume 

that the pertinent conditions exist. The siDD.1lation system would refer to a 

source of random or pseudorandom numbers for a fraction in the range Oto 1, 

implementing the event only if that number were in the range Oto .2. 

In evaluating the predictions of a system incorporating such decision­

making devices, it is essential to determine the effecto of different choices 

of random numbers. '!his is normally accomplished by repetition of the same 

siDD.llation vi th different random numbers. '!he pertinent data may the1.1 appear 

in the form of a statistical analysis of the behavior in the repeated trials. 

-------~-------------------------nllllll~"ffl':1'!!'"""'''1!' 1" """"'lfl~N ' 
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A simulation may yield several kinds of information of interest to a 

researcher. For example, it might be of interest to know that a 111:>del predicted 

a state C from a state A, and also to know that 1n the course ot prediction it 

simulated an intermediate state B. 

'lb~ program described in this paper is a vehicle for the the testing ot 

diverse models ot languqe change. While the author, 1n the cour•• ot h11 vor;k, 

may teat the implication• ot eome i,articular IIOdel1, the proar• it1elt v:111 

serve, hO},~tully, •• e general tool tor conducting a variety ot fl1mal•t1on 

studies. 

2. O '!'he b111i~ de11gn ot the 11.mulation ayata 

'lbe program, vhich is being written in JOVIAL, an ALOOL ~Ollpilei• languaae, 

is designed to simulate the interaction ot members ot a speech ec an1ty among 

themselves and with memb~rs of other cOJIIIIWlities. It ie flexible enough to 
iii~ 

model special relations among particular members, e.g., family group• and social 

classes; to simulate the tranu..i.ssion o.f language tram one generation to the 

next; and to handle the phenomena ot multi:anguage acquisition. 

While the experimenter has a large range ot choice 1n deaign1ng models tor 

simulation, certain basic assumptions about group language pben•ena are inherent 

in the design of the program, and more or lees unalterable. Sllcb U8U11Ption1 are 

analogous to detinitions and metatheorems in a ayatea ot toJ'llal lope. -l'xcept 

for the concept ot •generation gr-r• none ot tbeae prild.tive ••~iona 11 

alien to readers or Sapir and BlOOlllt1eld. 'lbe a18Ulll)tion• are conaiatent ¥1th 

Sapir's concept ot 'dritt•. 3 

3i. 

'Language exists only in so tar u it 1• a~tuall7 use4~••poken and 
heard, written and read. lllat ~ipiticant cbanpa t_. place 1n it 
1111st exist1 to begin vith, a1 individual \'Viat1on1. til 1a 

Sapir, Language (Nev rork.: Harcourt, Brace, 1921), pp. 165-166. 

I 

JI 
.. 
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perfectly true, and yet 1 t by no me~s follows that the general 
cL·ift of language can be understood :from an exhaustive descrip­
tive study of these variations alone • 'Ibey themael ves are random 
phenomf'.na,9 like the waves of the sea, moving backward and forward 
in purpcaeless flux. 1he linguiatic drift baa direction. In 
other wo1·d1, only those individual variations embody it or carry 
it which move in a certain direction, just as only certain wave 
movements in the bay outline the tide. '!be drift of a language 
is constituted by the unconscious selection on the part of its 
speakers of those individual variations that are cwm1lative in 
some special direction. '!his direction •Y be inferred, in the 
-in, trom the past histery of tb.e language. In the long run 
any new feature of the drift becomes part and parcel of the common, 
accepted speech, but tor a long time it may exist as a mere tendency 
in the spee:ch ot a tev, perhaps ot a despised few. As we look about 
us and observe current usage, it is not likely to occur to us that 
our language baa a "slope," that the changes of the next tev 
centu.~iea are in a sense ~figured 1n certain obscure tendencies 
ot the present 1111d that these changes, when consummated, will be 
seen to be but continuations ot changes that have already been 
ettected. 

8 
Or rather apprehended, for we do not, in sober fact, entirely 

understand it as yet. 

9Not ult:b1&tely random, of course, only relatively so.' 

'lbe basic assumptions of the simulation system are also consistent w1 th 

Bloomfield's thoughts about the nature and formal represe·ntation of the concept 

4 ot 'speech-community' • 

4 

''lbe most important differences of speech within a community are 
due to ditterences in density ot c-omaa1nication. ibe infant learns 
to speak like the people round him, but we must not picture this 
learning aa coming to any particular. end: there is no hour or day 
when we can say that person has finished learning to speak, but, 
rather, to the end of his lite, the speak.er keeps on doing the 
very things which make up infantile language-learning ••• Every 
speaker's language, except tor personal factors which we must here 
ignore, is a composite result ot what he bas heard other people 
say. 

'Imegiue a huge chart vi th a dot tor every speaket· · in the rammmi ty, 
and 1Ngine that every time any speaker uttered a ae11tence, an arrCN 

L. Bloam:tield, IAanguye (Bev York: Holt, Rinehart, 1933), pp. 46-47. 

., 
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were drawn into the chart pointing trom his dot to the dot '°epre1ent­
ing each one of his hearers. At the end ot a given period ot time, 
say seventy years, this chert would show us the density ot ,..onnnn1• 
cation Vi.thin the canmunit:,. Some speakers would turn out to haft 
been in close comnunication: there would be m.."ly arrova trom one -1-0 
the other, and there would be many aeries ot arrows connecting th• 
by way ot one, two, or th"•ee intermediate 1peaker1. At the other 
ex.;reme there would be widely separated speakers vho had never heard 
each other speak and were connected only by long chains ot arron 
through many 1ut9rmediate syeakera. It ve wanted to explain the 
likeneaa and unlikeness 'between various apeakera in the c011P11n1.ty1 
or, what comes to the same thing, to predict tbe desr~ 'lt l1kene11 
tor any two g1 ven 1peaker1, our tirat 1tep would be t :.) •~t and. 
evaluate the arrows and aeries ot arrova connecting their dote. Ve 
shall see in a moment that thia wuld be only the t1r1t ~t.»J tbe , 
reader ot this book, tor instance, 11 more likely t.-o rei,eat a 
apeech-torm which be baa heard, .ay, t.rOll a lecturer ot sr-t tue, 
than one which he baa heard trcm a 1treet-1VNJM1r. 

''lhe chart we have SN~K 11 u:;,oa11ble ot con1tru.ction. An 
insurmountable ditticulty, and the moat illp)rtant one, ""'114 be the 
tactor ot time: 1tartinc with peraon1 nov ali:ve, 'ft aboul.4 ·oe 
compelled to put in a dot tor every apeuer vhoH voice ba4 nv 
reached anyone nov living, and then a dot tor evc7 apNker vbal 
the1e speaker• had ever heard, and 10 on, back l ieyond tbe daJ9 ot 
King Altred the Great, and be·_-ond earliest biatoey, back 1n4et1Dltel.7 
into the primeval dawn ot Nnkind: our apeech 4epm4a entirely 
upon the speech or the paet. 

'Since ve cannot construct our chart, we depend 1nate11d up,n tbe 
study of indirect results and are torced to reaort to h1J,otheHa. 
We believe that the ditterencea in denai tJ ot c~ 11\lcation vi tb1Q 
a speech-c-omnuni ty are not only personal and 1n41v14u&l, but that 
the commun1 ty 11 divided into variou11 ayatau ot eub-grouJ)a auch 
that the persona v1'ttJln a sub-group speak mch more to ~•ell otber 
than to persons outside their sub-p-oup. V1ev1q tbe ayata of 
arrova as a network, ve may say that these aub•polqNI are 
separated by lines ot veaknesa in thia net of oral oc an1cat1on. 
'l'be lin911 ot vealmeea and, accordingly, the d1tterence1 of apNch 
w1 thin a speech c011111.Ul1 ty are local--clue to •re pograpaic 
separation--and non-local, or as we uaually sq, social.• 

'' ii 

Simulation ot dritt tbrougb a dynaic illplaentation ot M.oatl•UJ•• 

concept ot speech oonw,ni ty, 1n vhich the density ot CiJ ant cation 11 

determined by probability values rather than 1tatioal l y •pped by linee ot 
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interaction, is a goal implicit in the design of the simulation system. Any 

:programming of models or testing of hypotheses with this program must take 

:place within this basic framework. 

2.1 Population 

Each member of a speech community is represented in the program by a 

generation gramnar and a recognition grammar. Indivi2.uals with command of 

more than one language may be associated w1 th additional grammars. A grammar 

consists of a set of rules for either parsing or generating forms in a 

particular language. 

The grammars of individuals are r .-,t necessarily identical. DJ.ring the 

course of a simulation, various individuals will die, and new ones will be 

born. A death requires the deletion of the grammars associated with the 

deceased; a birth, the addition of new graJml'l8rs. 'lhe grammars representing 

newborn children are empty. An adult just entering an alien speech comnn.1nity 

may acquire empty recognition and generation grammars in addition to the 

nonempty ones he may possess as a member of another speech community. 

The program is flexible with respect to the kinds of recognition and 

generation grammar rules it may use. 'Ihese rules may be limited just to 

syntax; just to phonology; to syntax and semantics; or they may pertain to 

any range of linguistic phenomena that some theory might designate as signifi­

cant. Accor dingly, the program ci:tn use ~ither stratificational or trans­

formational gramrn6r models, and :night manipulate rules pertaining to phonemes 

or distinctive features, semolexemic rules or transformations. 

·1 

• 

I 

I 
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'Ibis flexibility is possible because the program is designed to treat 

grarmnar rules as data in tables. While program modifications might be neceaaary 

for certain types of rule systems, these changes would be required only 1n the 

generation-parsing component of the system. '!be tJyetem's buic structure would 

remain constant. 

'lhe first testing of the simulation program will use, as a •tter ot 

convenience, an approximation to a stratificational model that contains 

dependency and phrase-structure rules and manipulates dependency networks and 

rules of ~ooccurrence to approximate relations between semem:1.c and lexemic 

entities. 'lhe particular model has been described by the author5 and 11 

convenient because it is associated. ·,..ri th an operational geaerat1on-,-r1ing 

system that is ready to serve as a basic ccmponent in the ,11 w1J ation ,,.tem. 
2.2 Units of interaction 

'!he basic uni ts of interaction are speech forms produced 1n reapanae to 

other speech forms. A good portion of the siJallation will conaiat ot _, l 

conversations among members of' the population. A monitoring ayataa ocmtrols 

the choice of interacting members. 

A fundamental assumption of the simlation is that a JIIIJor cauae of change 

is the differences in tbe grammars of various member• of a conw1nit7. 'nleae 

differences are manifested 1n the varying speech foru produced 4ur1nc inter­

actions. ~sume that 1nd1 vidual A baa directed an utterance to 1n41n.4ual B. 

B will attempt to parse the utterance with the rules available 1D b.1• own 

5s. ne1n, Automatic parapbra• ing 1n •••1 tonut, Necl>Mt P.al :;D;:~• 1n 
press; s. Klein, Control ot style with a generative gr~, L . · . , Ii, pre••• 
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recognition grammar. Each time B applies a particular rule in recognition, 

there might be an increase in a p~rameter value controlling the frequen~y of 

its usage in his generation grammar. If B's rules are not adequate for any 

step of the parsing, he may temporarily modify some of his own rules, or 

temporarily borrow a rule from A in order to complete the parsing. Whether or 

not the temporary changes or borrowings are made permanent would be governed 

by other probability parameters. Changes might first be limited to the 

recognition grammar, and permitted to enter the generation grammar only when 

the v~lue of parameters sensitive to usage-frequency passed a threshold. (Rules 

about vocabulary as well as the phonemic interpretation of phones are treated 

as part of the recognition and generation grammar systems.) 

If rules pertaining to meaning are included, the conversations may be 

required to be coherent and to adh<re to particular content areas. 

2.3 Structure of the program 

'!he components in the system are data tables and dynamic programs. One 

of the major data tables contains the sets of recognition and generation 

grammars representing the members of spee~h conmrunit~es. Associated with each 

set of grammars are parameter values pertinent to the contents of the other 

major data table, a list of stochastic relationships applicable to a simulation. 

'!he major dynamic components are a program for parsing and generating 

speech forms, and a mnitoring system that controls the flow of the sirulation. 

The recognition-generation component also has the task of modifying the 

grammars of individutLls in the system. '.lhe desisn of this component may 

require alteration for simulations incorporating different theories of grammar, 

.. 

• 

. -·------------ - -----------•---- -•1•1•111••···•1••·••1 
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or different notation for grammar rules belonging to the same conceptual genre. 

'!he tasks of the monitoring system include determining the passage of time and 

takings. periodic census to inform the experimenter of the changea that have 

taken place at various Jtages of the simulation. 

3.0 'Ihe modeling process 

Section 2 provided a description of the basic model. 'lhe term 'baaic' is 

used because the description refers to the program implementation of unalterable, 

primitive assumptions about the representati~n of members of a apeech CCJIIII.Ulity 

and their mode of interaction. As indicated above, these uaun;,t1ana are 

roughly ana.logous to definitions in an axiomatic ayatem. 

'!be analogue of axiOIDI conaiata of posited etocbaet1c relation1h1pe 

pertinent to the interactions among members of a comnmity. 'Die choice of 

such relationships is at the option of the researcher, and he •Y select 

them to represent a particular theory about the nature of language change and 

also to represent particular facts or hypotheses about historical events and 

social relations pertinent to a given sinlllation. Some typical aasumptiona 

likely to be camm:>n to many models might include: 

1. A parent is more likely to speak to his child than to a melllber ot 

the community selected at random. 

2. A child is more likely to speak to his parent than to a --1:>er ot 

the cOIDDllnity selected at random. 

3. A husband is more likely to speak to hie wife than to a .-ber of the 

comm.mity selected at random. 

4. A vite is more likely to speak to her husband 

comaa.mity selecte1 at random. 
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5. Each time an individual interacts with a particular member of the 

conmrunity the probability of future interactions with that member increases . 

6. A child is more likely to adopt a grammar rule from a parent than 

from another member of the comm.mi ty selected at random. 

7. An adult is less likely to adopt a grammar rule from a child than 

from another adult. 

To incorporate the preceding assumptions in the progra~, the phrases 

'more likely' and 'less likely' are redefined in terms of specific probability 

values, and a statement such as 'the probability ••• increases' is redefined 

in terms of a mathematical function. Probability values are placed in the 

parameter lists associated w1 th each grammar system in the community; 

mathematical functions that refer to the parameters are placed in the table 

of stochastic relationships. 'Ihe number and kind of assumptions that can be 

incorporated in a sinrulation are limited only by the amount of available 

computer storage space, and indirectly by the availability of sufficient 

computer time to meet the requirements of increasingly complex sinrulationf, . 

For example, it is possible to model the ~ffects of the existence of a 

prestige group within a community by tne addition of such rules as: 

8. A member of the prestige group is more likely to adopt a grammar rule 

from another member than h-om a nonmember. 

9. A nonmember of the prestige group is mre likely to adopt a grammar 

rule from a member than from a nonmember. 

10. Members of the same groups (prestige an1 nonprestige) are more likely 

to speak to each other than to members of other groups. 

• 

• 

• J..d Iii MIIIOlltMfUMIM'l'l••1ttt-•------•------------- --- "-·--- --- , ____ lllilOlilnlliililllll 1 I II l p,-r,~ 
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'.lbe experimen~er may defi ne a community subgroup by presetting pertinent 

parameters of the subgroup members to the same values. The treat.•nt of 

multi lingual contact is merely an extension of the same devices. A 11111 tilingual 

speaker is associated with gramnars for each of his languages, and each gr-ammar 

system may be associated with different parameter values. Also, special 

stochastic relationships may be posited for ru,le borrowing between individuals 

spea~ing different languages, or even for the transfer of rules between 

different grammar systems associated with a single individual. In general, 

the selection of proper parcmeter values and stochastic relationships •bould 

permit an experiment to model a variety of social conditions pertinent to 

speech interaction; marriage between speak.era of ditterent lanauage1, aporadic 

interaction between me~bers of different speech COIIIIII.Ulitiea--even the appearance 

of foreign peddlers selling popular trade goods. (In this last exllJIIPl.e, the 

popularity of trade goods might be represented by associating a high probability 

of being borrowed with the names of the tradP. items listed in the vocabulary 

portion of a peddler's grammar.) 

It is even possible to model the interaction of several speech c,...,nities 

in a particular geographical relationship. For example, consider a situation 

in which four speech coomamities, A, B, c, and D, are located 10 •• to tona 
,.,. 

the corners of a square surrounding a central colllllWlity, ~. 'lb11 geograpucal 

distribution could be modeled by rules stating Ulat interaetiona be•en 

members of com111.mi ties A and C or B and D are le•• likely to occur the betveen 

members ot other groups. '!he eftecta ot phyaical barriers to cae,1nicat1on, 

such as intervening rivers or mountain•, could be aild.larly •:ppro:riM'tat. 

•w• I 

' 
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The sudden splitting of a single speech comrrn.lnity int o two groups can be 

modeled by assigning zero probabilities of interaction to members of diverging 

groups at a specified point in time. A gradual split t akin~ place over a 

lengthy period of time can be modeled by a stochastic relationship that 

decreases the probability of inter~ction as a function of elapsed time. The 

complementary situation in which one speech community gradually migrates into 

the territ~ry of another can be modeled by the use of a function that increases 

the probability of interaction as a function of elapsed time. 

'Ib.e experimenter is also free to implement various models of individual 

grammar change, e.g., special hypotheses about language acquisition by 

children, the effects of functior1al load or symmetry on individual grammar 

modification, etc. 

4.o Sinrulation experiments 

One of the major goals of this research is to perform simulations that 

will model language changes corresponding to events in the real worid, i. e ., 

to predict a later stage of a language from a description of an earlier stage. 

But ther1~ are less ambitious experiments, which must be performed first, that 

may be of interest in themselves. For exRllll,le, one must determine if the 

general design of the simulation system is capable of maintaining reasonable 

properties of language through time, both on an individuaJ and group basis. 

Conceivably, logical inconsistencies in a theoretical model, in the choice of 

stochastic rules, or in parameter values might cause the grammars representing 

the population to lose most of their rules after a few generations of 

interaction; or perhaps all members of the population might quickly acquire 

• 

• 

, 

,, 
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exactly the same gramr. ars; or worse, grammars might di verge to such an extent 

that within a generation or two each member of the poJ)Ulation would speak a 

different language. 

It is also essential to determine if the simulation model can actually 

reflect language changes in the range of observed phenomena. For example, 

independent of prediction, one must determine if a model has the capability 

of simulating a sound shift--any sound shift, real or hypothetical. 

While, for a given model, there may exist combinations of parameters and 

rules capable of simulating ac'!eptable real-world language change, they may 

be rare enough to hinder experimentation. Hope.f.'ul.ly, this pessimistic result 

will not occur. 'llle author expects that preliminary experimentation with a 

model will yield insights about combinations of parameter valuea that should 

be avoided, and about combinations that are likely to yield system behavior 

conforming to real-world language phenomena. 

'lhis kine. of testing is much like tuning an automobile engine. '!he system 

may be extremely sensitive to particular combinations of parameter values, e.g., 

a .5 probability of a parent interacting with his child, in combination with 

a • 3 value of interacting w1 th a stranger, might produce unacceptable system 

behavior, while any choice greater than .6 for the former and less than .2 for 

the latter might yield satisfactory results. In such an instance the 

mathematical functions pertinent to this area of interaction should be ones 

that do not permit the parameters to attain values outside those limits. It 

is likely that such a tuning will be necessary for eve·,.y nev mode11ng experiment 

6 involving different languages and/or different stochastic relationships. 

6 As part of the methodology ot 'tuning' , one should fir1t teat the ettects 
of only a part of the assump ·ione of a model, gradually adding the r-e1n4er 
as the more simple models are made to function satisfactorily. 

"'--"'"'-------------••111•1sr••-•n••-11--11;;•-------------------------••t 
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Also, as indicated in section 1, it is essential to determine the effects 

on a simulation of different choices of random numbers. If a model is 

inadequate, runs djffering only in the selection of random numbers may yield 

widely divergent behavior. '!he anticipated results vi th an adequate model 

vould be divergent behavior--but with the divergence falling within a range 

too small to invalidate the ioodel. For example, a model might be considered 

adequate if it predicted only hypothetical dialect variants of an attested 

stage of a language. 

4.1 Prediction of historical. events 

One might attempt to use the simulation system to predict the future of 

a contemporary linguistic eituation. 'Dle accuracy of ~he predictions would, 

of course, not be verifiable in the experimentert; lifetime. :t-k>1·e fruitful 

experiments might involve predicting successive stages in me development of 

a language or language family in cases where the results could be checked 

against written records. Such records must be adequate for the construction 

of recognition and generation grammars. One would also wish to incorporate 

information pertaining to social structure, material culture, geography, and 

if possible, detailed information about trade routes, migrationc , and dated 

changes in social structure. If, for exampl~, records indicate that barriers 

between certain social classes disappear~d after a certain date, one might 

arrange for the program to alter the pertinent interaction parameters at the 

appropriate time during the course of the simulation. 

In the absence of exact historical detail, one may run a sinallation that 

posits the missing information and perhaps tests for its adequacy 111 accounting 

1il!J,i,1, , ..iiW:w11 ;: :li!d; : :t;:i·, ::h' ::1:1:ltlt! ttM:i't:;11:ttlrwe:;,:tt fl':tt1&1:111mdw l't!w't!'11i11Hi::I! :\WW: ::Wt t ::w&i: u, 'ti t'it:"bH: ;;w,!illwWtt:rl' t' j'" iw: tl!i't'W':to/t i'IM' t: \h"r: dii\l: b:i:Pi m t': I: IHI 

• 

• 

• 

• 



I 

11 

I 
1, 

I 

December 30, 1964 17 SP-1908 

for future changes in a language. E.g., can the simulation predict adequately 

if it assumes the unattested existence of trade contacts between tvo videly 

separated communities; or the unattested introduction at a particular time ot 

foreign terms tor popular 1 tems ot material culture; or the unatte1ted 

existence of an indigenous community speaking an alien language having 1pecitic, 

hYJ>Othetical, but unattested grammatical features. 

Ideally, res~lts of historical simulatior. studies would be adequate 

predictions that used only documented facts. It one is torced to incorporate 

speculations about history, successtul prediction 11 not as illpre•sive. In 

su~h cases there ia justification tor claiming only that the mdel 1• but or-e 

consistent, plausib: 1 theory about the factors pertinent t.o the language 

change. 7 If possible, one should try to predict the aae results vitb various 

combinations of speculations. F,ach model that accurately predicts the amne 

results is (within the limits of the siDl.llation system) a theory about the 

causes of change in the test case. Anal.ysis of runs with different a>dels 

might yield information about hypotheses common to succeaatul •11111lationa, or 

about the mutual incompatability of certain cc:abinationa of bypotbeaea. 

Another use of the program would be to teat the relative validity ot tvo 

hYJ)Otheses about factors of change. At best, one hypotbe•1• voul4 yield a 

valid prediction, the other tail. At worst, both would tail. ll>re frequently, 

neither might yield wholly satiatactory predictions, but one pre41ctidl1 llight 

be a 11 ttle more accurate than the other. Rote that the detend.nation o, 
7It must be con.ceded that, at aome level, a moael alwya contain• unverified 
speculations and that one 1a never Juatitted in mk:\nc a cl•:ta broe4er than 
the preceding. 
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relative accuracy might rest on many factors; for example, the only significant 

difference between t wo models might be that one predicts a verifiably false 

dat ~ for a minor innovation. 

4 .2 Analytic simulations 

Given success in simulating hlstorical events, one might wish to test the 

relative significance of various parameters in the system. Such testing, 

although similar to the 'tuning' described in section 4 is to ~e performed aily 

after a successful predictive simulation. In essence, it wuld determine the 

range of values for a particular parameter within which the results were not 

sigr.lficantly altered, e.g., mean age at death, mean age difference ~e ~een 

marriage partners, etc. 

Another type of simt~lation that must be considered anal ytic is the use of 

grammars of reconstructed languages for predicting ~he languages upon which 

the reconstructions vere based. Certainly the pitfalls of circular r ~asoning 

are present for almost any conclusion to be drawn from a oucces sf ul predi ction . 

On the other hand, it is not clear to the author vhat the significance 0 1' a 

failure would be. Nevertheless, assuming successful predictions have been 

made with real documented data, the temptation to perform such analytic 

experiments might be very great. Perhaps the only significance of such 

testing might be to determine whether the type of model necessary for successful 

simulation with rP.constructed data vere any different from that required for 

simulations based on atteJted grammars. 

5 . 0 Discussion 

This paper describes a system for simulating language change within the 

framework of models selected at the discretion of an experi~enter. Without 

• 

• 
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external verification, the validity of any conclusions drawn from a simulation 

can be no greater than the validity of the individual assumptions incorporated 

in the associated model. While accurate prediction may be a criterion of 

success, it does not guarantee that a roodel accurately represents real-world 

events. 'IbE"re might exist any number of models, some mutually incompatible 

in their assumptions, that could yield equally accurate predictions. 

Failure to predict accurately does not nece6sarily imply that some 

assumptions in a model are invalic. 'lbe model itself' may have been particularly 

sensitive to a parameter that was not sutticiently varied 1n the ainnilationa, 

or perhaps some highly in,probable but significant event occurred in the real 

history of a language, and was not incorporated in the set ot otherwise valid 

assumptions of a particular model. 

'!he ultimate function of simulation is to provide a researcher nth a 

formal mechanism of inquiry in situations where static deductive testing of 

the implications of a model is not feasible because of the complexity ot the 

phenomena involved. Explanations about historical change dependent upon 

unverifiable hypotheses can be tested for adequacy and internal consistency, 

not validity. However, if the predictions of a simulation have been accurate, 

one may presume that the validity of any underlying unverifiable premises is 

at least as great as similar assumptions 1n untested models, toral or other­

wise. 
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