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Background: Using vocabulary to date proto-languages

• Since the emergence of glottochronology (Swadesh 1952), researchers
have tried to use the vocabulary of modern languages to make
inferences about the age of proto-languages

• Basic idea: The more vocabulary a group of related languages have in
common, the shorter the time since they split up

• Recent approaches tend to use extremely complicated methods of
inference
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Different inferences

• Different methods have tended to give different results

• Recent examples for Indo-European:
• Bouckaert et al. (2012, amended in Bouckaert et al. 2013) support

“Anatolian hypothesis” with age larger than 8000 BP
• Chang et al. (2015) support “Steppe hypothesis” with age around 6000

BP
• Heggarty et al. (2023) infer yet another scenario, with age around 8000

BP
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How to evaluate inferences – inspection of model?

• Complicated inference methods make a lot of assumptions

• The effect of those is very hard to gauge by inspection only
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Testing on known historic data?

• We can evaluate methods by testing whether they correctly infer
known historic cases (for instance, age of Latin etc)

• However, amount of historic data that can be used for testing is very
limited

• Furthermore, methods usually use most historic data already for
choosing the model parameters
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Way forward: Realistic simulated data

6 / 37



Way forward: Realistic simulated data

6 / 37



Way forward: Realistic simulated data

7 / 37



Way forward: Realistic simulated data

8 / 37



Way forward: Realistic simulated data

9 / 37



Way forward: Realistic simulated data

10 / 37



Principle: Uncertainty requires robustness

• We do not know the exact mechanisms by which Indo-European
vocabulary evolved

• That means: If we are to trust an inference method, it has to work on
all data that could have evolved in a similar way as the Indo-European
data evolved
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Our simulation model

Ingredients:

• Fixed Indo-European tree that is reasonable (compatible with
established research)

• A sensible model of cognate evolution (“Multistate”) with change
rates estimated from historic data

• Complemented by loan word events, with frequency of loan events
estimated from World Loanword Database (Haspelmath and Tadmor,
2009)

We are using our simulation model to evaluate the methods of Chang
et al. (2015) and Bouckaert et al. (2012) (not Heggarty et al. 2023 yet
since it is too recent)
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Tree construction – method

• Tree topology follows Olander (2018), in turn based on Ringe et al.
(2002)

• Node dates follow “linguistic consensus” of specialists (usually a
compromise!)

• Can be based on, e.g., contact event, linguistic palaeontology,
“linguist’s intuition”, historical events (termini post/ante quem)

• Each node given as extensive justification in literature as possible
• We have not found dates for a small amount of nodes, then:

• Check the data and make independent estimation
• In difficult cases, apply arbitrary estimate

• NB these nodes do not invalidate analysis — a good model should be
able to cope with any linguistic history!

13 / 37



Tree construction – method

• Tree topology follows Olander (2018), in turn based on Ringe et al.
(2002)

• Node dates follow “linguistic consensus” of specialists (usually a
compromise!)

• Can be based on, e.g., contact event, linguistic palaeontology,
“linguist’s intuition”, historical events (termini post/ante quem)

• Each node given as extensive justification in literature as possible
• We have not found dates for a small amount of nodes, then:

• Check the data and make independent estimation
• In difficult cases, apply arbitrary estimate

• NB these nodes do not invalidate analysis — a good model should be
able to cope with any linguistic history!

13 / 37



Tree construction – method

• Tree topology follows Olander (2018), in turn based on Ringe et al.
(2002)

• Node dates follow “linguistic consensus” of specialists (usually a
compromise!)

• Can be based on, e.g., contact event, linguistic palaeontology,
“linguist’s intuition”, historical events (termini post/ante quem)

• Each node given as extensive justification in literature as possible
• We have not found dates for a small amount of nodes, then:

• Check the data and make independent estimation
• In difficult cases, apply arbitrary estimate

• NB these nodes do not invalidate analysis — a good model should be
able to cope with any linguistic history!

13 / 37



Tree construction – method

• Tree topology follows Olander (2018), in turn based on Ringe et al.
(2002)

• Node dates follow “linguistic consensus” of specialists (usually a
compromise!)

• Can be based on, e.g., contact event, linguistic palaeontology,
“linguist’s intuition”, historical events (termini post/ante quem)

• Each node given as extensive justification in literature as possible
• We have not found dates for a small amount of nodes, then:

• Check the data and make independent estimation
• In difficult cases, apply arbitrary estimate

• NB these nodes do not invalidate analysis — a good model should be
able to cope with any linguistic history!

13 / 37



Tree construction – example

Example: “P-Tocharian” (ancestor of Tocharian A and B)

• Toch. A and B dated 1350 BP as per Chang.

• Toch. A and B “wholly separate” by first cents. CE (Pinault, 2002,
245).

• “unlikely that two languages as different as Tocharian A and B were
separated by a couple of hundred years only” (Carling, 2005, 66).

• Tocharian divergence between 500–1000y (Lane, 1966, 232).

• Tocharian divergence ca. 1000y (Ringe, 1995, 439).

• Mid/late 2nd mil. BCE (ca. 2000y of divergence), assuming later
dialectal convergence (Adams, 2006, 388-389).

• P-Toch. beginning of 1st mil. BCE, Iranian contact evidence adduced
(Peyrot, 2022, 87).

• Chosen date: 2750 BP (1400y of divergence)
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Our base tree – uppermost branches
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Multistate model of cognate evolution

• Model suggested by Warnow et al. (2004)

• A language is modelled to have one primary word per meaning, with a
certain probability (different for different meanings), this word is
replaced over time

• Whenever a replacement occurs, this results in the creation of a new
cognate classes

• Multiple replacements along the same lineage are possible

• The change rates per meanings are estimated from historic data
provided by Lees (1953) and Swadesh (1955)
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Multistate model
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Multistate model - example
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Including loan word process
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Evaluating Chang et al.

• We created 50 data sets with our simulation model and run Chang
et al.’s main analysis on the data sets

• We just replace the data in the XML-files used by Chang et al. and
run them with the Beast-software (Drummond et al. 2012)
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Main results for Chang et al.

Inferences of the age of Indo-European (HPD-intervalls and means) from
Chang et al.’s main analysis A1 on 50 data sets simulated on our tree
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Additional study: Old tree

• To be able to more directly see whether Chang et al. (2015)’s
methods correctly arbitrates between different hypotheses we also
created 50 data sets on an older tree

• Created by combining upper branchings of Bouckaert et al. (2012)’s
MCC tree with the lower branchings of our tree

• Split-up of PIE is set to 7850 years

• Not as reasonable as our main tree, but still useful as a test
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Results for Chang et al. on old tree

Inferences of the age of Indo-European (HPD-intervalls and means) from
Chang et al.’s main analysis A1 on 50 data sets simulated on the older tree
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Bayes factor test

• Using the methodology of Chang et al., we carry out a Bayes factor
test for each of the simulated data sets produced on the older tree

• This is a measure for how much Chang et al.’s methodologies would
choose the Steppe hypothesis over the Anatolian hypothesis

• Since the root age of the old tree (7850 years) is closer to the
Anatolian hypothesis, we would want Chang et al. to give negative
Bayes factors, that is to not prefer the Steppe hypothesis
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Bayes factor test – results

Method very strong strong substantial weak negative

A1 39 5 3 2 1
A2 34 5 6 2 3
A3 42 1 6 0 1

Table: Support that the Bayes factor indicates for the Steppe over the Anatolian
hypothesis

For most data sets, Chang et al. (2015)’s methods strongly favour the
Steppe hypothesis, but there is some fluctuation
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Evaluating Bouckaert et al.

• To evaluate Bouckaert et al. (2012), we create 50 more data sets on
our main tree

• We slightly extended our simulation model to allow for some
languages to have missing data and for some loan-words to be
removed from the data

• We run Bouckaert et al. (2012)’s method on the data sets
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Results Bouckaert et al.

Inferences of the age of Indo-European (HPD-intervalls and means) from
Bouckaert et al.’s main analysis on 50 data sets simulated on our main tree
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Evaluating Chang et al. and Bouckaert et al. – Summary

• Both Chang et al. and Bouckaert et al. tend to underestimate the
true tree age by a large margin

• There is considerable fluctuation of the inference depending on the
data set (depending on the “randomness” in the data)

• If our simulation model was the “true model”, Chang et al.’s method
would not be able to correctly distinguish between the Steppe and the
Anatolian hypothesis
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Our interpretation of results

One should be sceptical of the inferences of Chang et al. (2015) and
Bouckaert et al. (2012) until that at least

1. The realisticness of our simulation model has been disproven

2. It has been shown that that the methods give correct inferences on
data sets produced by a variety of different realistic simulation models
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Interpretation of underestimation

• Both Chang et al.’s and Bouckaert et al.’s underestimate the true tree
age

• However, we believe this particular finding should not be
overinterpreted – it does not imply that the true historic age of
Indo-European must be high

• Using other realistic simulated data, maybe the methods would
overestimate the tree age
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Ideas for future work

• Try to isolate which parts of the methods are responsible for the
wrong inferences

• We suspect that Covarion/CTMC models are generally unsuitable for
age inferences on Multistate-generated data

• Investigate under which circumstances Chang et al.’s and Bouckaert
et al.’s methods overestimate the true tree age

• Build more refined realistic simulation models, including, for instance,
semantic shifts and dialect continua

• Try to evaluate more studies, such as Heggarty et al. (2023)
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• Investigate under which circumstances Chang et al.’s and Bouckaert
et al.’s methods overestimate the true tree age

• Build more refined realistic simulation models, including, for instance,
semantic shifts and dialect continua

• Try to evaluate more studies, such as Heggarty et al. (2023)
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The end

Thank you for listening!
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