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• Propose that the frequency with which 
specific words are used in everyday 
language exerts a general and law-like 
influence on their rates of evolution 

• Frequently used words evolve at slower 
rates and
infrequently used words evolve more 
rapidly. 



Eg-

Meaning - Tail
• English – tail
• Greek – ovpά
• French – queue
• Germans – schwanz

Meaning – Two (2)
• English – two
• Greek – συο(dewo)
• French – deux (du)
• Germans – zwei (zwo) 
• Spanish – dos
• Russian – dva



Method

• 87 Indo-European languages
• Used four large and divergent language corpora 

– English, 
– Spanish, 
– Russian 
– Greek

– (20~100 million words each)

• A comparative database of 200 fundamental 
vocabulary meanings (Supplementary table S2)



Global distribution of Indo-European Languages

Countries with a majority of speakers of IE languages 

Countries with an IE minority language with official status 



W.T.Fitch 2007



• Analyzed  200 Meanings by grouping in to 
cognate sets (1~46 -> for a total 4049) and 
categorizing in to types

• Examined the relationship between the rates at 
which Indo- European language speakers adopt 
new words for a given meaning and the 
frequency with which those meanings are used 
in everyday language 



Results



• Words such as ‘two’, ‘who’ ‘tongue’, 
‘night’, ‘one’ and ‘to die’ predict zero to one 
cognate replacements per 10,000 years 
(slow rate of evolution)

• words such as ‘dirty’, ‘to turn’, ‘to stab’
and ‘guts’, predict up to nine cognate 
replacements in the same time period 



Replacement  times vary from 750 years for the fastest evolving words to over
10,000 years for the slowest



• Distribution of word-use frequencies in each 
language is highly skewed, 
such that most words are used relatively 
infrequently (fewer than 100 times per
million words), 
with a small number of frequently used words 
(as often as 35,000 times per million words) 
accounting for most speech.



Fig 2. Distribution of frequency of meaning-use for 200 meanings in four Indo European 
languages. 
Word-use frequencies are highly correlated among the four languages (0.78<r<0.89, 
mean r = 0.84)
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Fig S2
Pair wise correlation 
between log frequency of 
words

Words used at high
frequency at a one language 
tend to be used at a high 
frequency in other languages



categorized meanings as 
– nouns, 
– adjectives, 
– verbs, 
– pronouns, 
– numbers, 
– conjunctions, 
– prepositions
– special adverbs



Fig 3. Frequency of meaning-use plotted against estimated rate of lexical evolution for 200 
basic meanings in four Indo-European languages.
Conjunctions (grey) evolve fastest, followed by prepositions (turquoise), adjectives (red), 
verbs (blue), nouns (green), special adverbs (yellow), pronouns (orange) and numbers 
(purple).



Rate of evolution

• For a given frequency of meaning-use,
– Prepositions 
– Conjunctions 
– Adjectives
– Verbs
– Nouns
– Special adverbs
– Pronouns
– Numbers



Rate of evolution High
exact forms may often be less
important to conveying meaning                       

• Numbers 
• Pronouns
• Special adverbs

Rate of evolution Low
These parts of speech seem important to the 
meaning of spoken communication, 
So subject to stronger selection.

• Nouns
• Verbs

• Adjectives
• Conjunctions 
• Prepositions 



Conclusions



• Frequencies of meaning-use have been remarkably 
stable throughout the Indo-European history

• The more a meaning is used today, the slower its rate 
of evolution has been throughout the history of Indo-
European. 

• The frequency with which different meanings are 
used in everyday language directly affect the rate at 
which new words arise and become adopted in 
populations of speakers 

• Some form of the speech is frequency dependant, 
Purifying selection is responsible for the  slow rate of 
evolution of highly expressed words



• When more than one word is used to express 
the same meaning, the relative frequencies of 
use of the rare words is lower than expected

• Rare complex words are not favored in speech 
as there’s a high chance of misinterpreted

• Owing to the ways that humans use language, 
some words will evolve slowly and others 
rapidly across all languages. 

• Hmans are capable of producing a culturally 
transmitted replicator that (perhaps because of 
the purifying force of spoken word frequency) 
can have  replication accuracy as high as that 
of some gene 



• Parallels between biological and linguistic evolution

Supplementary Table S2



Thank You







• Social and demographic factors proposed to affect rates 
of language change within populations of speakers 
include 
– social status,
– the strength of social ties
– the size of the population13 and 
– levels of outside contact. 

These forces may influence rates of evolution on a local 
and temporally specific scale, but they do not make 
general predictions across language families about 
differences in the rate of lexical replacement among 
meanings.



Cognates

• Cognates are words of similar meaning with 
systematic sound correspondences indicating they are 
related by common ancestry. 
For example, cognates meaning ‘water’ exist in
– English (water)
– German (wasser)
– Swedish (vatten) and 
– Gothic (wato)
reflecting descent from proto-Germanic (*water).



• Markov Chain Monte Carlo (MCMC) methods 
(which include random walk Monte Carlo methods), are a class of 
algorithms for sampling from probability distributions based on 
constructing a Markov chain that has the desired distribution as its 
equilibrium distribution. 
The state of the chain after a large number of steps is then used as a sample 
from the desired distribution. The quality of the sample improves as a 
function of the number of steps. 

• A Markov chain 
is a sequence of random property X1, X2, X3, ... with the Markov property, 
namely that, given the present state, the future and past states are 
independent. 

• Markov property 
Having the Markov property means the next state solely depends on the 
present state, but not on the previous states. 


	Mark Pargel1,2, Quentin D. Atkinson1 & Andrew Meade1�
	Eg-
	Method
	Global distribution of Indo-European Languages
	Results
	Replacement  times vary from 750 years for the fastest evolving words to over　10,000 years for the slowest
	Rate of evolution                                  �
	Rate of evolution High �exact forms may often be less�important to conveying meaning                                 �
	Conclusions
	Thank You
	Cognates


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


