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1 Introduction

Wewant to start our replies by thanking all the authorswho took the time to read our
paper1 and write very insightful commentaries. We also thank the editorial team of
Linguistic Typology who suggested turning our contribution into a target paper,
which made this inspiring discussion possible in the first place.

Although we do not agree with every point made in the commentaries, we are
glad to see that there is a consensus that replication, robustness, openness and
transparency should be a fundamental part of the field and that there are many
aspects related to these issues that still deserve a closer look. The main objective of
our paper was to draw attention to the need for more replication, robustness tests
and transparency in quantitative typology, and given the general reactions, it
seems to us that we all agree on that. We also realize that the methodological
robustness issues discussed in our paper connect with many more, perhaps more
important questions regarding replication not only in quantitative typology but
typology and linguistics more broadly.2 For reasons of space and our areas of
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expertise, we could not address many of these related aspects in our study. We are
happy to see that the commentaries drew these connections and offered diverse
perspectives and approaches to replication, reproducibility and transparency in
typology. We found a number of recurring themes throughout the commentaries,
which we address together in Section 2. We then reply to the individual com-
mentaries in Section 3.

2 Recurring themes in the commentaries

2.1 Methodological pluralism

It is worth reiterating that it is not the aim of our study to claim our methods are
better than the rest. We do think that for certain types of question and data, some
methods may be more suitable than others, but at this point, methods have not been
compared sufficiently in (quantitative) typology to have a good answer inmost cases.
This was one of the reason for our study, i.e. to examine how different methods and
their results compare, and to work towards more insights on methodological
robustness in quantitative typology. We are happy to see many different techniques
used in typology; naturally, we would not advance as a research field if all studies
were to use the same method. We do believe, however, that if two techniques yield
diverging results, we should think about why this happens, as it can teach us about
the certainty we have in the results but also about the methods that we use. It is
possible that the differences reflect a more fundamental problem with one or both
methods, or they could result from conceptual issues in the study design (as pointed
out by Tallman and Mauri & Sansò).

One point of criticism raised by Di Garbo is that we suggest in our paper that
statistical techniques, like the ones we use, have a higher degree of reliability than
traditional sampling approaches. We fundamentally agree that “not all typological
investigations can, or should, be designed around statistical bias control.”We do not
claim that other, e.g. qualitative, approaches to typological research are inferior, or
that our methods are the only correct ones. Moreover, we agree that the linguistic
classification and annotation steps should take precedence over the type of analysis
in quantitative studies. It is more important to get the linguistic facts right (as best as
we can) than to use sophisticated statistical techniques.

Rautionaho 2025; Schweinberger andHaugh 2025a,b), phonetics (e.g. Coretta et al. 2023; Roettger 2019;
Roettger et al. 2019) and linguistics more generally (e.g. Berez-Kroeker et al. 2018b; Grieve 2021;
Sönning and Werner 2021; Vasishth and Gelman 2021).
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Another point that relates to methodological pluralism is brought up by Tall-
man. He notes in footnote 2 that itmay not be very surprising thatwe obtain partially
different results in our robustness analysis of Shcherbakova et al. (2023), because
phylogenetic relatedness is modeled differently in the two approaches. We agree
that, of course, differences in the results could be due to the different types of models
employed. But without concrete empirical testing, we simply do not know a priori to
what extent the results necessarily differ or not. One of our goals was to contribute to
a better understanding of how these two approaches compare in practice. To the best
of our knowledge, this has not yet been tested in quantitative typology.

2.2 Transparency in typology

Several commentaries (Gawne et al., Haspelmath, Mauri & Sansò, Miestamo &
Sinnemäki and Hammarström) addressed the issue of transparency in the
(quantitative) typological workflow. We take this as a sign for transparency at all
steps of qualitative and quantitative typological work to be one of themost important
aspects of replication and reproducibility, and that we can still do better in typology
to achieve that. We are glad to see many different suggestions in the commentaries
(which we will react to in our replies below); it is clear that we need this kind of
discussion and a collaborative effort for better transparency standards in typology.
Based on their previous work and expertise as co-chairs of the Linguistics Data
Interest Group (LDIG), Gawne et al. highlight the importance of clear standards for
data sharing and data citation for transparency but also reproducibility. We more
than welcome the integration of the Austin Principles of Data Citation (Berez-
Kroeker et al. 2018a) and the Tromsø Recommendations for Citation of Research Data
in Linguistics (Andreassen et al. 2019) in typology. We also want to mention that
Linguistic Typology has recently updated their data sharing policies, which, we hope,
will contribute to an increase in transparency in typological work.3

Furthermore, we are glad to see that many authors of the commentaries agree
with our suggestions for “Guidelines for better replicability in typology”, and we
more than welcome Mauri & Sansò’s recommendations for additions (cf. Section
3.2). We considered our guidelines to be a first proposal for transparency in typology,
which obviously needs to be refined and complemented in a collaborative way.
Hopefully this discussion can serve as a starting point for such an endeavor.

3 Cf. https://www.degruyterbrill.com/publication/journal_key/LITY/downloadAsset/LITY_Information_
for_Authors.pdf and https://degruyter-live-craftcms-assets.s3.amazonaws.com/Policy-2_20240625.pdf.
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2.3 Incentives in science

The commentaries by Haspelmath and Gawne et al. raise the issue of incentives in
science in relation to openness, reproducibility, and replication. Haspelmath in
particular notes that there are not many incentives for researchers to pursue
replication and robustness research, and that it is more attractive to present new
findings than to revisit old ones.4

Some incentives are institutional, and it is difficult for individual linguists to change
them. The bias of most external funding towards projects that promise innovative
research (at the level of the research questions as well as themethodology) can only be
addressed if there is a change in the selection criteria of the funding organizations.

Other incentives, however, can be improved by linguists more directly. One of the
major disincentives for replication and validation work is that such work is less likely
to be published in the form of journal articles, which probably counts as the most
important type of output in linguistics. Not all journals consider replication studies for
publication, and most of the time, they are also expected to provide some innovative
theoretical contribution (in addition to their methodological contribution). Linguists
who are involved in the editorial work of journals can help to improve this situation by
explicitly welcoming replication and validation studies, and/or by offering specific
formats to include this type of work. Linguistic Typology has obviously done so in the
case of our study, and by organizing this discussion, the editors have shown that
replication, validation, robustness checks and transparency in typology are important
questions that should be discussed in the community. Linguistic Typology at the
Crossroads also accepted our proposal for a special issue on Replication and data
transparency in typology, but not all journals share this openness. We could imagine
that a special section or submission format for replication studies in addition to the
standard formats such as research articles, reviews, etc., could help remedy this sit-
uation. Flexible formats such as “reports” and “methodological contributions”, which
many journals already offer (including Linguistic Typology) could explicitly list
replication studies or robustness analyses as possible types of studies for this format.
Another important incentive that we can influence is how these types of studies are
viewed on our CVs by the linguistic community. Hiring committees might not rank
replication studies as equally important or prestigious as theoretically innovative
studies. Agreeing with Dryer’s commentary, we believe that carefully checking and
evaluating previous findings and contributing to better methodology in our research
field should be viewed as equally important as new findings.

4 Cf. also Roettger (2021: 1231–1236) for a discussion of incentivizing confirmation over exploration in
experimental linguistics.
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2.4 Statistical training and competence in the field

One point raised in the commentaries by Di Garbo, Haspelmath and Miestamo &
Sinnemäki is that not all typologists can (or should be required to) use the tech-
niques employed in our study and other similar quantitative statistical methods. It
was not our intention with this paper to raise the issue of statistical training and
knowledge in linguistics, and we may not be able to give an objective and qualified
answer to this question, but we have some thoughts on the matter.

Miestamo & Sinnemäki comment that while our model appears promising, it
has a steep learning curve. The authors also suggest that it may “raise issues related
to career development and the division of laborwithin typology.”Weare not entirely
sure what exactly they mean with their last statement concerning the division of
labor, so wemay either agree or slightly disagree with the authors. We ourselves are
linguists by training (and not computational linguists or data scientists), and as far as
we can tell, there is no fundamental barrier for PhD students in linguistics or ty-
pology to learn quantitative, statistical methods.While some degree of specialization
and division of labor is an integral part of scientific work, in an ideal world, typol-
ogists working on quantitative projects should themselves have some understanding
of the computational techniques. Otherwise, inconsistencies between the theoretical
assumptions and the models used for analysis can easily arise, which is problematic,
as Tallman and Coupé pointed out in their commentaries.

We agree with Miestamo & Sinnemäki in that quantitative methods for ty-
pology can have a steep learning curve, and we agree with Di Garbo in that quali-
tative approaches are equally important and valid and should by no means be
viewed as inferior to quantitative approaches to typology. Of course, typologists who
primarily carry out qualitative work do not necessarily need a strong statistical
background. Thus, while not all of typology can and should be quantitative or
computational, we do believe that typologists whose main focus is on quantitative
approaches should strive to develop and improve their methods. The same way we
expect (new) linguists in language documentation to be familiar with modern lan-
guage documentation and fieldwork techniques, we do not see a good reason why
(new) quantitative typologists should not be acquainted with modern quantitative
techniques.

Related to statistical training, Haspelmath suggests that given the small size of
the field, having training sessions for typologists is difficult to implement. Citing
McElreath (2020), Haspelmath also writes that “it is not immediately clear what
aspects of statistics one needs most urgently”. We understand both concerns. We do
not have a solution for how to train future typologists best, but in our experience,
having statistical coursework is more and more common (though not necessarily

Commentary 5



sufficient) in linguistics programs at both undergraduate and graduate levels, andwe
also see an increasing number of workshops at conferences or summer schools on
statistics and programming skills for linguistics including typology. So at the very
least, we do not think that statistical training in a small field like typology is generally
impossible. In addition, by now there is a large number of introductions to statistical
methods in linguistics and beyond that are useful for typologists at any career stage
to learn about more fundamental as well as more advanced statistical methods (e.g.
Bolstad and Curran 2017; Desagulier 2017; Gelman et al. 2013; Gries 2009, 2013; Lev-
shina 2015; McElreath 2020; Winter 2020).

2.5 Terminology around replication, reproduction and
robustness

Several authors, Gawne et al., Miestamo & Sinnemäki, Tallman, Shcherbakova
et al. and Hammarström, have commented on our terminological choices. As was
noted by Tallman and Shcherbakova et al., there are different ways to define
replication, and wewould argue that there is no consistent standard for terminology
around this topic in linguistics or typology. After discussing among ourselves and
with other typologists, we opted for “replication” because it seemed the most com-
mon and easily accessible label that many typologists would immediately recognize
and understand without additional explanation. In doing so, we followed Hartmann
(2022), who also uses the term “replication” throughout his study that applies new
methods to old data. In addition, we chose to include “methodological robustness” in
our title to signal that our study tested for the robustness of results across different
statistical methods. Being aware of potential issues with our terminological choices,
we tried to be as explicit as possible and therefore defined our use of the notions of
robustness, replication and replicability in Section 2.1 of our study.

However, we do not have strong opinions regarding our terminological choices
and are happy to go along with what the linguistic and typological community
prefers. Several of the commentariesmake concrete suggestions as towhat our study
does instead of replication:
– Tallman: tests of robustness
– Hammarström: test the robustness
– Shcherbakova et al.: robustness analysis
– Gawne et al.: reproduction

“Robustness tests” or “robustness analysis” seem tobepreferred labels, whichwe have
adopted in our response here. On amore general note, we find it interesting that there
is no clear agreement between all authors about what the optimal terminological
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choice is. This shows that it is not always trivial to transfer the use of concepts such as
replication, reproduction, or robustness tests from other (linguistic) disciplines to
typology without a discussion in the community like the present one.

2.6 Modeling spatial relations between languages

Another main theme in the commentaries is that of howwemodel space and contact
between languages. For instance, Dryer comments on the fact that distance is
relative, and that geographic features can have an impact on contact, and Shcher-
bakova et al. and Hammarström note that our distance metric is only an
approximation. Miestamo & Sinnemäki mention more complex contact scenarios,
where two languages can, in fact, diverge from each other due to contact. Coupé
discusses that even within Gaussian processes, there are several options for a
covariance kernel, which could produce different results with identical distance
matrices.We agree; modeling spatial relations between languages is difficult, andwe
arewell aware of numerous shortcomings of ourmethod. At the same time,we donot
think that we should simply ignore spatial relations between languages in statistical
modeling of typological questions, andwe are trying toworkwith techniques that are
appropriate modeling choices to the best of our knowledge at this moment in time. It
is not our intention to argue that our specific take on spatial modeling is a final or
optimal solution, or that Gaussian processes can capture all complexities found in
language contact. There are many things we do not capture, some of which are
brought up in the commentaries, some of which are not.

A first general point we want to make is that we deliberately chose to work with
the brms package in R to make our methods more accessible to the wider typological
audience. Writing ourmodels in Stan would have allowed for more flexibility. While
we are proficient in Stan and have proposed more precise techniques in the past
(GuzmánNaranjo et al. 2025; GuzmánNaranjo andMertner 2023; Urban andGuzmán
Naranjo 2025), we think that the methods used in our study represent a reasonable
compromise between modeling complexity, model adequacy and accessibility. Of
course, others may argue that the optimal trade-off is more on the side of modeling
complexity and model adequacy.

2.6.1 Modeling particular contact scenarios

From the qualitative literature, we know that many types of contact effects are not
uniform across the world, and some can be relevant for particular regions only or
even affect single pairs of languages. Related to this, Miestamo & Sinnemäki
highlight the empirical observation that, depending on language ideologies, contact
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can also lead to linguistic differentiation instead of convergence. Another example is
mentioned byDryer, who notes that marriage patterns in Papua NewGuinea lead to
women “marry[ing] into villages where the language is more than ten languages
away from their native languages”. In such a setting, contact between two languages
thus leapfrogs several languages. As far as we can gauge, particular and potentially
idiosyncratic effects of language contact like these ones are the hardest contact-
induced effects to model computationally. Building a general model structure that
can take into account language ideologies is extremely difficult and moreover re-
quires very detailed socio-linguistic data.5 We can say for certain that Gaussian
processes are likely the wrong tool for this type of linguistic situation, but we do not
know what would be an appropriate tool. We remain excited about new de-
velopments in this area.

2.6.2 Euclidean versus other types of distances

In their commentary, Shcherbakova et al. criticize our approach for using
Euclidean distances. They argue that Euclidean distances are only (poor) approxi-
mations of the real separation between communities because they assume a flat and
deformed earth. Regarding Euclidean distances versus other types of distances,
Guzmán Naranjo and Jäger (2023) introduce and compare topographic and walking
distances and show that, very often (although not always), topographic and walking
distances do indeed perform better than Euclidean and Geodesic distances. These
types of distance metrics can be used in Gaussian process models, but they require
the model to be written in Stan. As was highlighted by Miestamo & Sinnemäki,
Haspelmath and Di Garbo, the modeling choices presented here may already
present a steep learning curve. We agree with that, and we wanted to encourage
others to use ourmodels and therefore avoidedwriting in Stan directly, as it requires
familiarity with another programming language in addition to R.

Furthermore, there are some additional, but minor complications when using
more realistic distance measures. Topographic and walking distances require some
additional work to get them into shape to be included in a Gaussian process.
Computationally these distances are also much more costly to compute, and thus,
they will necessarily represent an additional layer of complexity for researchers.

5 Socio-linguistic data seem to be difficult to gather cross-linguistically. Mauri & Sansò mention
another group of socio-linguistic variables pertaining to literacy, and suggest crowd-sourcing and
community-based data collection as a possible way to improve our current situation. We fully agree;
having more fine-grained, cross-linguistic data about socio-linguistic variables is a necessary step
towards including these properties in statistical models.
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Another relevant point that we do not discuss explicitly in the paper is that exact
Gaussian processes are computationally very costly. This means that they scale
poorly with the number of languages in the sample. While fitting a Gaussian process
with 100 observations is very fast, it becomes slower once a sample has more than
500, and anything above 1,000 observations will be very slow. A practical solution is
the use of approximate Gaussian processes (Riutort-Mayol et al. 2023), but these are
only availablewith Euclidean distances. The consequence is that if onewants towork
with very large datasets like Grambank, exact Gaussian processes with more com-
plex distance metrics become impractical to work with.

2.6.3 Macro-areal effects versus local contact effects

Both Dryer and Seržant note the apparent contradiction between the assumptions
of a Gaussian process that contact quickly decays to 0 after a fewhundred kilometers,
and the potential existence of largemacro-areal effects in the typological distribution
of linguistic features. We agree with Dryer’s interpretation of the situation, namely
that large contact areas emerge as the result of serial, (relatively) short-distance
contact events.What he calls snowball effects, GuzmánNaranjo et al. (2024) have also
referred to as water bucket effects.6 The point is that a series of local contact events
can produce very large linguistic areas. This situation does not represent an issue for
Gaussian processes, and water bucket effects can be captured without problem:
Gaussian processes can build large contact zones from local contact situations.

2.6.4 Modeling spatial relations versus real contact relations

Both Hammarström and Seržant make an important conceptual distinction be-
tween the spatial effects that we model and the (many different types of) contact
situations that have occurred and occur in the real world. This leads to the important
overall question which subsumes most other comments discussed in this section,
namely how the spatial relations that we model actually relate to real contact phe-
nomena between languages.7 In short, we do notmodel language contact directly, but
use spatial relations between languages as a proxy. It is extremely difficult, if not
impossible at this point, to build a statistical model that captures (direct) language
contact on a global scale in an adequate way. We have pointed out some of these
complexities in our replies above, but we feel that this fact is still under-appreciated

6 The idea is the image of a human chain transporting water buckets to fight a fire. Each person only
moves the bucket a short distance, but the bucket can travel a long distance.
7 In a way, this question is an example of what Tallman and Coupé argue for, namely careful (or
better) integration of theoretical assumptions in the statistical analysis.
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in the typological community, and that some linguists (not the authors of this dis-
cussion) right out dismiss approaches like ours because certain details about lan-
guage contact are not properly captured. We sympathize with the frustration from
an expert’s perspective on language contact, but we do not think that the conse-
quence should be to stop trying to capture contact in quantitativemodels, even if it is
via spatial relations.What can help to advancemodeling techniques of contact effects
in quantitative typology is to start out with smaller areas and more controllable
(socio-)linguistic realities, where we can try to find modeling solutions that fit the
reality better. This is what we have tried to do, for instance, for asymmetric language
contact and expansion effects for Polynesian languages in Guzmán Naranjo et al.
(2025) and for the Americas in Urban and Guzmán Naranjo (2025).

To sumup, we fully agree that our approach to space in the present paper cannot
capture but a fraction of the complexities of real language contact. At the same time,
we believe that the methods we employ in this paper are a reasonable compromise
for most studies, and that they offer an improvement over other quantitative ap-
proaches that include no spatial component at all. We will continue to work on
developing and testing new techniques that take the complexities of real language
contact situations more seriously, but it remains challenging to adapt and use such
techniques in large-scale typological studies.

3 Responses to the individual commentaries

3.1 Francesca Di Garbo

3.1.1 Methodological pluralism

In her commentary, Di Garbo provides a wider perspective to our study by dis-
tinguishing four types of researcher profiles in typology, from documentary lin-
guists to statisticians. She shows howdifferent researcher profiles and perspectives
lead to different types of typological studies that make up an incremental workflow
from primary data collection to exploratory comparative work to statistical
modeling of distributions in space and time. Di Garbo highlights that each of these
perspectives has and requires different methodologies, and she rightly points out
that “not all typological investigations are amenable to statistical modeling, it is
important to underscore that inferential statistics may not be the only way to
validate research results in our field”. We fully agree with this statement; in our
paper, we focused on quantitative typological studies only, for which we do think
that statistical modeling is relevant and important. For other types of typological
research, especially qualitative and more exploratory work, statistical modeling
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and statistical bias control are irrelevant.Di Garbo’s commentary thus emphasizes
the importance of the plurality of approaches and perspectives in typology and
makes a call for an inclusive view of the field, where none of the approaches
“should be conceived of as scoping above the others.” We completely agree with
this point. In particular, we second the importance of descriptive and qualitative
exploratory linguistic work as particularly relevant. Without a solid understanding
of the linguistic realities, quantitative and statistical approaches cannot contribute
much to a better understanding ofwhy linguistic properties are distributed theway
they are.

3.1.2 Sampling and statistical testing versus statistical bias control

Another critical point raised by Di Garbo is that sampling plus statistical testing is a
useful method tomake hypotheses and discover new potential paths of research. She
writes that “[s]tatistical testing can thus be a validway to (start) investigating small to
moderately large typological datasets.” In principle, we agree with this point in that
we do not want to promotemethodological gatekeeping for sample-based typological
studies and suggest that they should only be carried out and published using
advanced statistical modeling. As mentioned above, we also agree that much of
typological work does not need to be quantitative at all.

What we would argue, though, is that if a primarily qualitative typological study
is supposed to include a first quantitative overview of the cross-linguistic distribu-
tions, showing the raw counts and proportions is more useful than additional sta-
tistical tests. As we mentioned in Section 7.2.2 of our paper, others have shown in
detail why statistical tests such as Chi-Square tests or t-tests are often not very useful.
Their assumptions are not met in most cases, which makes their results irrelevant.
Therefore, in cases of primarily qualitative studies, we see no issues with simply
reporting the raw distributions, which can also serve to formulate hypotheses to be
tested in a further study.

In cases of typological studies with a clear quantitative focus, we are less certain
about how suitable some form of probabilistic sampling with statistical tests may be,
and we think that there is evidence for statistical modeling with statistical bias
control to be advantageous. We base this on several previous studies that have
shown how clear effects found in studies using no or less detailed statistical bias
controls are considerably weakened or disappear once such controls are included
(e.g. Becker et al. 2023; Guzmán Naranjo et al. 2025; Hartmann 2022; Hartmann et al.
2024; Jaeger et al. 2011; Roberts et al. 2015; Van Tuyl and Pereltsvaig 2012). Not all of
these studies were based on probability samples to beginwith, but somewere, which
has two possible consequences. We can either use statistical bias controls to model
the remaining dependencies between the languages in the sample, which often

Commentary 11



represent contact or areal relations between languages. The alternative is to incor-
porate the contact and spatial component more seriously in the sampling method
used, where the focus has traditionally beenmore on phylogenetic relations between
languages. Dryer’s (2018) study that we tested (and much of his previous work using
macro-areas) is a case in point.

3.2 Caterina Mauri and Andrea Sansò

The commentary by Mauri & Sansò addresses the question of replicability and
transparency in typology further upstream, i.e. at the stage of data collection and
data annotation, which they illustrate with a case study on the effect of literacy on
grammatical structures.We did not focus on this level of replication and replicability
in our study and could not discuss it much for reasons of space.We agree withMauri
& Sansò that it is a very important, probably even more important aspect of repli-
cability in typology, since the data and annotation correspond to the foundation of
any qualitative or quantitative typological study. If the data collection and annota-
tion processes are not transparent, they are likely to create tomore transparency and
replicability issues further down the line.

We also fully agree withMauri & Sansò’s two recommendations for typological
datasets. First, they suggest that datasets should allow for the option of reversing
binary or other, simplified classifications into earlier, more fine-grained distinctions
whenever applicable. Their second recommendation is that comment fields should
be used to document additional clarifications for individual annotation choices as
needed. The third recommendation that the authors make for the data annotation
process more broadly is to include what Cysouw (2007) introduces as a social layer.
As we understandMauri & Sansò’s and Cysouw’s (2007) suggestion, this layer can go
beyond an additional comment column and could be understood as a separate ap-
pendix or even as the primary version of the database, to which the final, simplified,
curated and automatically processable dataset is added. This social annotation layer
would then include amore general documentation of the research questions leading
to the overall classification and annotation choices with relevant details of the
classification and annotation process itself. It could also include more fine-grained
information pertaining to single observations and annotations such as precise ref-
erences, examples, and other comments about the authors’ interpretation of the
data. We have little to add other than to say that we fully endorse these recom-
mendations and thank Mauri & Sansò for highlighting these important aspects of
transparency in data collection and annotation in typology.
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3.3 Martin Haspelmath

In his commentary, Haspelmath discusses six important aspects in relation to
robustness and explains how they affect typological work. We agree with his first
point on robustness across different languages samples, and we already addressed
his point on statistical training in Section 2.4 and on incentives in Section 2.3. We
respond to the other points below.

3.3.1 Alternative analyses and annotations

As we understand it, the issue of robustness in the annotation and analysis of lin-
guistic data across studies is one of the most important aspects for Haspelmath in
terms of replicability in typology. He writes: “This is perhaps the greatest stumbling
block for reproducibility in comparative linguistics, because the comparative con-
cepts used for cross-linguistic comparison are not standardized in the field, and
traditional terms are often understood and used in diverse ways across scholars and
subcommunities.” We agree with his assessment of the status quo in that concepts
and terminology are used in many different ways across studies, scholars and
research areas. Yet, we do not think that this is an insurmountable issue; as suggested
by Mauri & Sansò, it requires more transparent documentation of the annotation
process andmore explicit definitions of the concepts and terms used.We understand
this point as a reminder to us all to be as explicit as possible in our work when
defining linguistic terms, even if (or especially if) the terminology seems well
established. We also think that including linguistic examples to illustrate each of the
annotation decisions can help to remedy unclear terminology, as it allows the reader
to check and follow the annotation decisions for themselves.

As for the robustness of findings based on alternative analyses and annotations,
we think that if two different operationalizations of a comparative concept produce
very similar results, it provides evidence for the general classifications to be
linguistically meaningful. If the two operationalizations lead to different results, we
should try to understand which of the theoretical decisions could have led to these
differences.

3.3.2 Protection against cognitive biases

Haspelmath rightly points out that cognitive biases can have an impact on the
results of a study. This aspect of robustness relates to what Smith discusses in his
commentary as researcher flexibility or researcher degrees of freedom. Has-
pelmath notes that while in experimental research, blinding is a possible shield
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against this type of bias, it is less so in comparative grammar studies. He concludes
that “[t]his particular problemmaynot be so acutewith large-scale studies of the type
discussed by B&GN, but otherwise it is unfortunately quite typical of the field of (non-
quantitative) linguistics.” We partially disagree with this last point in that we think
that cognitive biases are also highly relevant for large-scale quantitative typological
studies as the ones thatwe focused on in our paper. There is a garden of forking paths
when a researcher builds a statistical model, and every decision has an effect on the
results of the model. Some of the many choices include: the statistical software used,
choice of likelihood, pre-processing of predictors, linear versus non-linear effects,
types and number of controls, multiple models versus multiple regression, Bayesian
versus frequentist framework, prior selection, model checks, etc. Every single one of
these choices has an impact on the final results of the model, and we do not have an
agreed upon setup in typology (and likely never will). Researcher bias could easily
influence these choices to guide the model toward the desired result. The degree of
such biases, especially concerning modeling choices, is exactly what we wanted to
assess in our study by testing previous studies for robustness using the original data
but different statistical methods. As we mentioned before, methodological pluralism
is desirable, and paired with replication studies of various kinds, it can help us to
understand better the impact of cognitive biases in (quantitative) typology.

3.3.3 Encouraging team science

Regarding team science, Haspelmath mentions the “Many Labs” project, and dis-
cusses whether something similar could be implemented in typology “[…] where
dozens of linguists working in different locations collaborate to improve the meth-
odology of comparative grammar”. This is a very interesting and innovative take on
robustness testing and it would make much sense to combine efforts this way.8 We
see different ways how a typological “Many Labs” project could play out. On the one
hand, it would be fairly easy to do something like a shared task in quantitative
typology. One would need to provide a typological dataset and have several teams
build different models to analyze the same data. On the other hand, we think that
some existing typological work sort of fits Haspelmath’s “Many Languages”
description, e.g. collaborative projects with a common theoretical framework such as
the Leipzig Valency Classes Project (Malchukov and Comrie 2015a, b) or the Mainz
Grammaticalization Project (Bisang and Malchukov 2020a, b). What we take away
from this for the future is that a potential “Many Languages” collaboration is
something to keep in mind and certainly worth a try to organize.

8 We should mention the “Many Speech Analyses” project in phonetics (Coretta et al. 2023) as a first
implementation of the Many Labs approach in linguistics.
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3.4 Lauren Gawne, Helene N. Andreassen, Lindsay Ferrara and
Andrea L. Berez-Kroeker

The commentary by Gawne et al. provides an insightful overview of their previous
work (in part as the Linguistics Data Interest Group) that has tried to evaluate the
status quo in linguistics with regards to transparency, openness and reproducibility.
For typology, the authors report that the field still has a long way to go, and that most
studies do notmeetminimal standards for transparency and openness, whichmeans
that the requirements for reproducibility and replicability are still often not met. As
mentioned in our general reply in Section 2.2, we whole-heartedly agree with all
points raised in this commentary. We strongly support the type of work such as the
Austin Principles that Gawne et al. are doing for data transparency to become a
standard in typology and in linguistics more generally, and we thank the authors for
their detailed commentary and expert insights.

3.5 Kenny Smith

3.5.1 Researcher degrees of freedom

Smith correctly points out that our robustness analyses relate to a well-known
phenomenon from experimental psychology, namely that researchers are facedwith
a series of choices when analyzing data, and that these choices can have a large
impact on the results of the analysis (Gelman and Loken 2014). Two researchers
analyzing the same dataset can reach very different conclusions if theymake slightly
different (conscious but also unconscious) choices, each of which can lead to more
analytical differences further down the line. The difficulty lies in the fact that it is
often not obvious that there is a single set of correct choices.We appreciate thewider
perspective from experimental psychology that Smith offers, and the reminder that
researcher degrees of freedom are well known in other disciplines. Our impression
is, though, that this has not been discussed much in general linguistics, one notable
exception being the “Many Speech Analyses” project, which examined analytical
flexibility in phonetics (Coretta et al. 2023). Smith is correct in pointing out that,
against this background, it is not surprising that we can replicate some but not all
results in our study despite using the original data.

While experimental fields have found pre-registration to be a useful mechanism
to protect against researcher bias, it is less clear that pre-registrationwould be useful
for more methodological robustness in typological research. In qualitative or more
exploratory typological work, many of the decisions regarding how to categorize the
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data and which phenomena to include and to exclude are made and updated after
having seen and analyzed the linguistic data. To an extent, this also holds for
quantitative typological studies that build their own sample with grammars.

3.5.2 Triangulation with experimental linguistics

Smith brings up another important aspect, i.e. the relation between typology and
experimental linguistics, the latter of which can help “to test cognitive and inter-
actional mechanisms hypothesized to be responsible for potential universals.” This
was not amain point in our paper, also becausewehave only limited experiencewith
experimental approaches, but we welcome the insights from this broader and
interdisciplinary perspective.

Smith suggests that experimental data can help us better understand the
causal mechanisms behind typological generalizations, something observational
typological studies cannot do. We generally agree that some research setups are
more adequate for investigating certain types of questions, and a division of labor,
or triangulation, makes sense from this perspective. The difficulty emerges, again,
with cases of disagreeing results between experimental and typological studies.
Smith provides two very insightful examples of such cases.Wewill react to the first
example, as it concerns a topic that we also explored in previous work, namely the
relation between sociolinguistic factors and linguistic complexity (cf. Becker et al.
2023; Guzmán Naranjo et al. 2025). In both cases, we failed to find clear, convincing
evidence for sociolinguistic correlates of linguistic complexity. In contrast, Smith
(2024) reports on an artificial language learning experiment that supports the
presence of mechanisms proposed in the typological literature to account for an
association between sociolinguistic factors and linguistic complexity. In such a
situation, the important question arises: how can we understand the discrepancy
between the results? Smith mentions two hypotheses: (i) the factors identified in
the experiments are outweighed by other factors in the wild, and (ii) natural
language data cannot show the correlation with sufficient confidence. We agree,
and we can think of a number of other potential explanations that can lead to the
situation of finding an effect of, e.g., socio-linguistic factors on linguistic complexity
in experimental studies but not in typological ones. We think that all these issues
should be explored and subsequently discarded in order to understand diverging
results:
– experimental studies:

– the experimental design may not be suitable
– the experimental study may not reflect natural language learning
– the data analysis of the experimental study may have issues
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– typological studies:
– the study may not operationalize the actual socio-linguistic hypotheses well
– the data collection and annotation may contain too many mistakes
– the language sample may be too small to detect the (potentially weak) effects
– the language sample may be wrong in just the right way, hiding the effects
– the data analysis of the typological study may have issues

These issues all highlight the possibility that either the experimental or typological
studies could lead to fundamentally incorrect results. This goes back to our main
point: we can only increase our confidence about our findings with more trans-
parency about the work process, with robustness tests and with replication. If at
some point we reach high confidence about results from both experimental and
typological studies, and these still diverge, we can then start to think about how and
why they diverge. Currently, we do not believe that we can have high certainty about
our typological results regarding sociolinguistic effects on linguistic complexity to
begin with. Therefore, we should be cautious when trying to interpret differences
between the typological and experimental results.

Finally, we agree with the conclusion of Smith who suggests to “view typology as
part of a joint endeavor to uncover mechanisms shaping languages, where other
methods (specifically, controlled experiments) are anyway required to test the
critical mechanisms held to be responsible for candidate linguistic universals.”

3.6 Matti Miestamo and Kaius Sinnemäki

3.6.1 Robustness across alternative linguistic analyses and annotations

Amongst other things, we argue in our paper that robust typological results should
replicate across different datasets, different statistical methods, and different lin-
guistic analyses and annotations. We gave Nichols et al. (2006) as an example for
replication across different linguistic analyses. Miestamo & Sinnemäki point out
that Nichols et al. (2006) is not a clear example of replication across different
analyses, but rather “testing a theoretical claim through the lens of different lin-
guistic phenomena using different types of data”. As another example we can think
of the classical topic of word order typology. Traditional approaches to word order
universals (e.g. Dryer 1992, 2013a, b, Greenberg 1963, Hawkins 1983) operationalize
dominant word order as the most common word order in simple, declarative
sentences. Put differently, word order is represented in a categorical way, each
language being assigned a single, dominant or basic word order (although some
approaches allow for the value “no dominant order”). More recent, corpus-based
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approaches to word order typology have argued for a gradient representation of
word order preferences within languages (e.g. Futrell et al. 2015; Gerdes et al. 2019,
2021; Guzmán Naranjo and Becker 2018; Levshina 2019; Levshina et al. 2023; Östling
2015; Talamo and Verkerk 2022). Yet another recent take on word order typology,
namely Grambank (Skirgård et al. 2023), uses a third strategy to operationalize
word order preferences. Word orders are represented in a categorical way, e.g. as
in Feature GB131 (Is a pragmatically unmarked constituent order verb-initial for
transitive clauses?). However, different orders are split up into different features,
which allows for single languages to be annotated as having more than one un-
marked word order.9 If we find that a cross-linguistic word order preference holds
across all three types of operationalizations, our certainty about the underlying
fact should bemuch higher than if this preference is only detected using one type of
operationalization.

3.6.2 Full data transparency

We appreciate thatMiestamo & Sinnemäki highlight in more detail than we did in
our study that also qualitative, exploratory typological studies based on a variety or
convenience sample should provide a comprehensive list of the languages as an
appendix. At the very least, it would be useful to include the language name, its
glottocode and the reference(s) used in such a list.

Furthermore, Miestamo & Sinnemäki are absolutely correct in noting that we
missed important typological work that includes exhaustive examples for their
annotation decisions; we should have been more careful in our phrasing. We thank
the authors for bringing to our attention Stassen (1997, 2009), Miestamo (2003, 2005),
as well several WALS chapters. We are probably still missing other work that should
bementioned here. Ourmain argument remains, though, namely that many sample-
based typological studies do not provide such an exhaustive list of examples. Doing so
may not be feasible in all cases, but we should strive to provide all relevant examples
whenever possible to contribute to more transparency in typological work.

3.6.3 Sampling in quantitative typology

Miestamo & Sinnemäki’s main point of criticism concerns the role that sampling
should play in (quantitative) typological studies. We admit that we could have

9 For instance, Nez Perce is annotated as “1” (i.e. “yes”) for Feature GB131, GB132 (Is a pragmatically
unmarked constituent order verb-medial for transitive clauses?) and GB133 (Is a pragmatically un-
marked constituent order verb-final for transitive clauses?), reflecting that all three orders are un-
marked according to the grammatical description.
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presented a clearer and less strong perspective in our study, and we thank the
authors for addressing this issue in detail, giving us the opportunity to clarify our
position.

Miestamo & Sinnemäki distinguish between probability samples, variety
samples and convenience samples, the latter of which effectively corresponds to our
proposal of using no manual sampling method. They argue that also in quantitative
typology, variety sampling is a more sound approach than convenience sampling,
and they show why this is the case discussing a theoretical example: if we system-
atically leave out phylogenetic or areal groupings of languages, statistical bias con-
trol cannot help to make up for missing representations of cross-linguistic variety.
We fully agree with this argument and withMiestamo & Sinnemäki’s position, and
we should have expressed our position in the papermore clearly andmore carefully.
We only referred to probability sampling in our study, and did not want to make any
statement about variety sampling. We fully agree that variety sampling is advan-
tageous over convenience sampling in quantitative typology, since statistical tech-
niques cannot fix fundamental flaws that occur during the data gathering stage such
as missing variety in heavily skewed samples. Miestamo & Sinnemäki make a
strong argument for variety sampling when building linguistic datasets, as they have
in the past (Miestamo 2005; Miestamo et al. 2016). In fact, in Guzmán Naranjo and
Becker (2022: 605) we come to a very similar conclusion: “[…] we also show that strict
probability sampling is not required with the statistical controls that we propose, as
long as the sample is a variety sample large enough to cover different areas and
families.”

3.6.4 Modeling decisions

Miestamo & Sinnemäki address two issues regarding our model: the tree used for
the phylogenetic term and the underlying assumptions of how space affects contact.
We already discussed the latter comment in Section 2.6 and focus on the first
comment here. The authors are correct in pointing out that including a phylogenetic
tree in the model comes with additional conceptual and technical questions, and we
cannot address them fully in this reply. What we will say is the following. The
implications of using different trees in quantitative modeling in typology are not yet
well understood. There are several ways of inducing tree branch lengths (e.g.
Bouckaert et al. 2012; Guzmán Naranjo and Becker 2022; Wichmann and Rama 2021),
but we do not yet know how much such differences in tree structures affect model
results. Preliminary tests (not yet published) suggest that in practice, the impact is
minimal to negligible because phylogenetic terms are flexible enough that they can
accommodate variations in relative branch lengths. Of course, this should ideally be
tested properly with data across different types of linguistic phenomena. Our second
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answer is that whether we use branch lengths in thousands of years (based on some
sort of imputation) or relative branch lengths in terms of number of shared nodes
(what we do) cannot have an impact, provided that the relative relations are the
same. What the model uses is the covariance between leaves. This covariance is
calculated as Brownian motion based on the distance matrix.

The choice of the phylogenetic tree has no consequence for the interpretation of
the results as synchronic or diachronic. The phylogenetic term is inherently
diachronic, just as the Gaussian process term built on geographic distance is
inherently spatial. The phylogenetic process captures the feature evolution along the
tree. The intercepts of the model are then equivalent to a sort of steady state that
expresses universal tendencies.

To conclude, these are valid concerns and questions, and we are currently
preparing a study that goes into more detail regarding the conceptual basis for
different technical ways of implementing phylogeny in quantitative typology.

3.7 Adam Tallman

3.7.1 Weak versus strong theories

Tallman proposes to focus more on the relationship between the linguistic theories
and our statistical models. Following Fried (2020), he calls for a distinction between
strong andweak theories. Strong theories are explicit about underlying assumptions
and the causal relations to be tested, while weak theories are not. Tallman relates
this distinction to the broader topic of replicability and our study by arguing that “the
effects that lack robustnessmight relate asmuch to the fact that B&GNare attempting
to assess weak theories.” We agree that this is a very important issue not only
regarding the replicability of (typological) studies but for a transparent scientific
workflow in our studies more generally.

In our study, we wanted to highlight how complex the modeling decisions are
when analyzing typological data and how much the results can depend on these
decisions even when the data used is identical. We fully agree, though, that this only
addresses one puzzle piece of robustness and replicability in typology, and that the
question of how strong the theoretical underpinnings of our statistical analysis really
are is in fact an equally if not more important question. We are therefore thankful
that this aspect was brought up by Tallman, and we fully agree with his conclusion
that statistical modeling can help us to formulate stronger hypotheses by being
explicit about our assumptions and by making them testable.
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3.7.2 Implicit assumptions

Related to the previous issue of strong versusweak theories that build the conceptual
foundation for the statistical analysis, Tallman discusses implicit assumptions in
Seržant (2021) and Shcherbakova et al. (2023), as well as in our robustness tests.

Regarding Seržant (2021), we do not fully agree. Tallman claims that Seržant has
a (latent) theory about how the particular contact situation of Slavic languages has
led to its skewed positioning in an East-West cline of person-number index decay,
and that we could not have tested this theory properly with the type of data used. The
goal of our robustness test was different, though. We primarily wanted to test the
hypothesis about the East-West cline, i.e. whether we also find evidence for this cline
when using statistical modeling. We tested for the East-West cline by explicitly
comparing a model with a contact component versus a model with a contact and a
cline component. It is a secondary question how such a cline could have originated,
and what the concrete mechanisms were, that resulted in Slavic showing less
paradigm decay than Germanic or Romance, and we agree with Tallman that this is
something that we could not test with the type of data at hand.

As for Shcherbakova et al. (2023) and our robustness analysis, we fully agreewith
Tallman that both studies fell short on spelling out “explicit reference to causal
theories about the diachronic relationship between grammatical coding” and that
“the analysis could (or should) be regarded as mostly exploratory.” Our operation-
alization of the replication tried to follow, as closely as we could, the hypothesis that
the original study aimed to test, namely “[t]o investigate correlations between the
amounts of coding on nominalwords and verbs” and to “test whether a change in one
domain implies a change in another domain” (Shcherbakova et al. 2023: 157). We
agree that a stronger hypothesis or theory could be linguistically more informative
and should take into account more complex relations between the linguistic features
analyzed. This would also result in a more complex model structure that our setup
could, in principle, be extended to.

3.8 Harald Hammarström

3.8.1 Better and poorer models

Hammarström correctly points out that there are two perspectives to our study:
(i) robustness testing, which only makes sense if multiple methods are equally
suitable, and (ii) trying to understand which models are better. We agree that we
know for some techniques that they are better or poorer for modeling typological
questions, e.g. we know that multiple regression is fundamentally better than fitting

Commentary 21



many disjoint regression models. However, we do not think that we have a complete
understanding of whichmethods are objectively better in all situations, also because
it depends on the phenomenon and data at hand (as Hammarström also notes). To
give a concrete example, we have argued before that phylogenetic effects and
Gaussian processes are better than having effects by family andmacro area (Guzmán
Naranjo and Becker 2022). However, these results are only partial. In ongoing work,
we find that phylogenetic regression can be suboptimal and perform considerably
worse than family effects under certain conditions. This happens, for example, when
a sample contains many isolates and small families. Similarly, while Gaussian pro-
cesses are incredibly powerful, approximate Gaussian processes or splines can be
more appropriate for large datasets because sampling exact Gaussian processes
becomes exceedingly difficult with more than 1,000 observations.

For these reasons, in practice, we take (and need to take) both perspectives at the
same time, i.e. checking for methodological robustness but also trying to understand
which methods may be better for a given study. If the results are robust across
methods, we learn that both methods are likely to work comparably well for the
given data and question. If the results are not robust acrossmethods, thenwe need to
try to understand where the differences come from (as was also noted by Dryer).
This can help to learn which method may be better for capturing a given linguistic
phenomenon.

3.8.2 Standards for replicability

Hammarström claims that our suggestions for more transparency and better
replicability are not ideal because we call for full code sharing. His argument is that
code is neither sufficient nor needed for replication, and that in other disciplines like
computer science, the standard is to share pseudocode specifications of the algo-
rithms used. Pseudocode, as the name suggests, is a description of the steps in an
algorithm without being executable code as such. There is no single convention for
pseudocode, but the idea is that it is easily understandable without additional
explanation for scientists who are familiar with programming, while being inde-
pendent of a particular programming language. This may seem like a useful alter-
native to sharing code in a particular language, likely making it more sustainable in
the long run (e.g. stable over decades and hundreds of years). Despite these potential
advantages, we think there are several strong arguments against using pseudocode
in linguistics.10 Converting math and pseudocode into working code is not straight-
forward, as there is no single standard that can quickly be adopted, and it is yet
another layer of the quantitative workflow that linguists would need to familiarize

10 We are not computer scientists and cannot comment on the standards used in that field.
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themselves with. It is also an additional step where mistakes can happen that are
likely to go undetected by the original author(s) because pseudocode cannot be
executed and checked (Lamport 2009: 25). The fact that it cannot be checked or run is
equally an issue for review, replicability/reproducibility and re-useability. Linguists
may want to adopt methods from a previous study; they would then have to convert
pseudocode back into actual code, which would likely lead to questions and addi-
tional choices that could be avoided without the conversion of code into pseudocode
in the first place. Also, sharing pseudocode instead of the code used seems to add
another skill to the (already long) list of skills needed to do quantitative typology.

There is an argument to be made about sharing model specification in statistical
notation (we have done this in the past when we introduced new models, e.g. Guz-
mán Naranjo and Mertner 2023). While this is certainly important from a theoretical
perspective, it may not be very useful for many linguists who would need to re-
implement it to use the same model. Code, on the other hand, can be re-used and
adapted easily for new projects.

If the concern is about whether code will run in the future, there are some
solutions for that. The most robust one, but also the most costly in terms of time and
effort, is to use docker (Merkel 2014) or similar containers.11 Containers guarantee
that the environment, from the operating system to the linear algebra libraries and
to packages are the same every time. A less robust but still very robust alternative is
to use a versioning software like renv or conda.12 Conda environments are the
standard inmanyfields.We provide both renv and conda environments for our code.
The least robust but still useful solution is to simply share the session information
(sessionInfo() in R or session_info.show() in python). For these various reasons,
we disagree with Hammarström that pseudocode is necessary and sufficient, and
argue that sharing the actual code is more helpful and transparent, at least for the
foreseeable future in quantitative typology.

3.8.3 Some details on our models and method

Hammarström makes two statements about our model and methods that are not
entirely correct and that we want to clarify here. He writes: “However, as employed
in the replication study, the same hyperparameters apply across the entire sample,
which means that the influence decays the same way per kilometer (or, actually, per
lat/lon degree) over the whole world.” This is not completely correct, at least not for
all studies.We use grouped Gaussian processes bymacro-area for the robustness test
of Dryer (2018), which means that the parameter is shared by all languages in the

11 Cf. https://www.docker.com/resources/what-container/.
12 Cf. https://rstudio.github.io/renv/index.html and https://docs.conda.io/en/latest/.
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same macro-area, but it allows for variation across areas. In our experience, how-
ever, this does not matter much in practice in most situations because Gaussian
processes are very flexible and can adapt well to different areas even if one builds
one single Gaussian process. Havingmultiple Gaussian processes is mostly useful for
performance reasons. It is also relatively straightforward to build more complex
model structures with several Gaussian processes that separate long-distance and
short-distance contact.

The other point brought up byHammarström is that we do not use AIC. This is a
minor but important detail: AIC as well as Bayes factor have been shown to be
suboptimal methods for comparison and evaluation of Bayesian models (and likely
non-Bayesian as well). We provide full model comparisons using ELPD under cross-
validation. According to Piironen and Vehtari (2017a), this is currently the standard
for Bayesian statistics.

3.9 Chundra Cathcart

We thank Cathcart for his detailed but also accessible explanation of several models
of feature evolution, aswell as a discussion of some of their key differences.Cathcart
suggests that there are perhaps alternativemodels of feature evolution thatmight be
better suited for linguistic work. We do not have much to say here other than we do
not doubt this. At the same time, we are unaware of systematic comparisons that
could help us decide between the alternatives. Different researchers may not even
agree with each other on how such comparisons should be carried out: through
cross-validation on real data, simulations with synthetic data, or on theoretical
principles? We hope that our study and this discussion can help to draw attention to
this issue in quantitative typology, and that more work will be done to compare
different modeling approaches so that we can reach a better understanding our
modeling choices and their implications in the future.

3.10 Christophe Coupé

3.10.1 Model assumptions and model validation

Coupé discusses two important points in his commentary regarding model sanity
checks, namely if themodel assumptions aremet and if themodel doeswhatwewant
it to do. The first one relates to something we did not mention explicitly, but which is
always a crucial aspect of any quantitative analysis, namely that model likelihood
choice must be justified by the data, and that models can give us incorrect answers if
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their assumptions are not met. There are many more ways in which model as-
sumptions could be violated, leading to incorrect results. We fully agree with Coupé,
who states: “It is not common at all to see authors report that they have verified that
the assumptions of their model(s) were met. This should become a standard
requirement, as one among different sanity checks.”

Coupé also suggests that researchers should present model diagnostics. We
agree, with the caveat that there is no consensus yet as to what those diagnostics
should be. Q-Q plots, as shown in Coupé’s commentary, appear to be rarely used in
Bayesian statistics, with posterior predictive checks being seen as more insightful.
Following mostly Vehtari et al. (2017), we have argued that cross-validation results
are essential in evaluating model performance, and this is what we have used in this
study as well as in other previous work. The practice of using cross-validation,
however, seems to remain unpopular in linguistics, and not all models are easy to
cross-validate (e.g. BayesTraits).

3.10.2 Better alternatives

Another point made by Coupé is that there might be better alternatives to phylo-
genetic regression and to the exponential quadratic kernel we used for the Gaussian
process. This comment directly ties to our previous discussion on the complications
of modeling space in Section 2.6, but also to Cathcart’s commentary on different
models of feature evolution. Regarding kernel choices, we actually believe that
Matérn family of kernels are a better choice.13 We have also explored non-stationary
Gaussian processes to model language expansion, with mixed results (Guzmán
Naranjo et al. 2025; Urban and Guzmán Naranjo 2025).

As for phylogenetic effects, we strongly agree that they make simplified as-
sumptions about feature evolution, which might not match very well how languages
evolve. We are currently working on testing some alternatives. At the same time, we
remain slightly skeptical of the following, specific comment by Coupé: “[…] the
phylogenetic component in B&GN’s models assumes that the rate of linguistic evo-
lution is always the same along the different branches of the language tree. It is
possible to relax this constraint/assumption (Davies et al. 2019), and therefore build a
model that better matches the history of languages.” We see two issues with this
statement, one conceptual and one practical. The conceptual issue is that we do not
know, for the most part, what a correct model, matching the history of language,
would or should look like. We would be pleased to include more complex phyloge-
netic structures in our models, but we need to be cautious about those models not

13 The technical reason is that they produce less smooth areas with sharper transitions, which seem
to better capture the geography of language.
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only being more complex but potentially also introducing additional, wrong as-
sumptions. In our models, we could implement different evolution rates by using
independent phylogenetic terms for each family. This is straightforward from a
modeling perspective, but the question is whether it makes sense from a data
perspective, depending on how much we know about each of the language families
included in the sample.

From a practical modeling perspective, we already find that phylogenetic
regression can be too sensitive and too flexible in some cases. Prior choice has a
considerable impact on the estimates (this actually relates to Coupé’s comment on
the number of parameters vs. the number of data points), and wide priors lead to
very poor performance under cross-validation. We also already mentioned that
phylogenetic regression can fail, namely if the language sample contains many
isolates or a high number of very small families with two to three languages. We are,
of course, happy to be proven wrong on both points.

3.11 Matthew Dryer

Dryer’s commentary focuses on our robustness test of his 2018 paper. Besides several
important comments on themodeling of spatial relations between languages that we
addressed in Section 2.6, Dryer emphasizes that when two methods produce
(slightly) different results for the same dataset, it is crucial to try to understand how
these differences came about. In particular, Dryer discusses two points of diverging
results between his and our study. For the differences we found in the distribution of
N-A-Num-Dem, Dryer agrees with our explanation of why his method potentially
underestimates the cross-linguistic probability of this word order. For the word
order Dem-Num-N-A,Dryer questions our explanation and offers an alternative one.
We thank him for his clearly articulated correction and fully agree with the expla-
nation. Finally, we want to emphasize Dryer’s general comment that “linguists
should be wary of all typological studies using statistics until the results have been
replicated”. Of course, this also includes our own previous work.

3.12 Ilja Seržant

The commentary by Seržant mostly focuses on our robustness analysis of his 2021
paper. He raises a series of interesting theoretical issues as well as some criticism of
our study. We reply to these points in turn. The issues brought up by Seržantmake a
great example of how the relation between the statistical analysis and the theoretical
interpretation is not a trivial one and probably deservesmore space in papers than it
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often gets. In line with Tallman’s commentary, we take away from the discussion
that we should all strive to make our theoretical assumptions, modeling decisions,
our interpretations and conclusions as well the relations between these different
moving parts as explicit as possible.

3.12.1 Explaining concrete decay factors

One of the main points mentioned by Seržant is that the model in our study does not
explain the specific decay factors of Slavic languages.We agree to some extent.We do
not have a complete, linguistic explanation of why the decay factors for Slavic are
exactly what they are. Rather, our argument is that based on the data as presented by
Seržant (2021) for the quantitative analysis, we cannot conclude that the specific
values of Slavic are a result of contact with Turkic and Uralic, and that we do not find
strong support for an East-West cline when adding phylogenetic and spatial com-
ponents to our model. Seržant (2021) and Seržant’s commentary offer explanations
for the decay factors of Slavic languages based on additional knowledge and evidence
about the particular contact situation of Slavic languages in the past. This is very
insightful from a theoretical perspective, but our methodological point is that we do
not find evidence for the cline and the need for contact to account for the position of
Slavic to begin with when analyzing the data.

3.12.2 Distinguishing between pressures and signals

Seržant makes a useful distinction between areal and phylogenetic pressures as
mechanisms in the real world shaping language structures, and signals as found in
statistical models. He points out that it is not always clear whether the relevant
signals identified through modeling can necessarily be taken as evidence for the
respective pressures to be relevant in the real world. Related to that, Seržant asks:
“should a strong genealogical signal always be taken literally to mean that inheri-
tance alone is sufficient, i.e., that therewould be something specific to a family?” This
is an excellent question and, unfortunately, a very difficult one to resolve. In models
like the one we use, when there is complete overlap in the variance explained by two
predictors, it is fundamentally impossible to decide categorically whether both
predictors play a role in the real world or not. In this case, our result shows that a
model which only includes the phylogenetic structure performs equally well as the
model with a phylogenetic structure and areal structure. Does this mean we can
discard any type of areal pattern? Not really, but it does mean that our certainty
about the areal dynamics needs to be set much lower than if we found that both
predictors together perform better than either predictor on its own.
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3.12.3 Genealogical pressure and innovations

Related to the last point is the question of how we should interpret a phylogenetic
bias in regard to decay factors. Seržant argues that “genealogical pressure is logi-
cally incompatible with innovations.” Addressing this question properly would
require a paper of its own, but we think that Seržant’s claim is potentially too strong.
We can imagine that genealogy could bias a family branch towards innovation if a
common change at some point in the past caused the system to be in an unstable or
communicatively less-preferred state. Then, the languages belonging to that branch
would have a greater than chance probability to undergo a change, leading to an
innovation compared to the proto-language. The changes that individual languages
would undergo could be different, but they could also be similar if there are universal
pressures towards certain structures. In our opinion, it would therefore be possible
that, at some point in the past, Romance and Germanic languages innovated some
unstable configuration that resulted in more decay in their paradigms than what we
observe in Slavic.

3.13 Olena Shcherbakova, Volker Gast, Simon J.Greenhill,
Damián Blasi, Russell D. Gray and Hedvig Skirgård

The commentary by Shcherbakova et al. focuses on our robustness analysis of their
2023 study. Besides their points on terminology (cf. Section 2.5) and our choices for
Euclidean distances (cf. Section 2.6), the authors raise four other issues that we will
address in turn.

3.13.1 Inter-correlated evolution

One of the technical points mentioned by Shcherbakova et al. is that their model
captures correlated evolution of two features, while ours “model[s] correlation be-
tween the variables that ignores the interdependence between the changes in these
variables throughout time” and “[i]s a synchronic correlational analysis”. We do not
think that this opposition between the two approaches is entirely accurate because
our phylogenetic term also captures correlated feature evolution, and we do not
completely agree with the characterization of our approach to be entirely syn-
chronic. Our model explicitly samples two phylogenetic terms (which capture
diachronic evolution based on a specific assumption of diachronic development), but
samples them as correlated, with an explicit correlation parameter in themodel. The
correlation is not an a posteriori metric, and it is not dependent on how well the
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model can predict the dependent variables. We admit that we could have made this
point more explicit in our study.

One can, of course, argue that phylogenetic terms are not a good representation
of linguistic evolution (see Cathcart’s commentary for some discussion), or that
BayesTraits is fundamentally better. However, as far as we are aware, these are
currently unknowns. We have no solid data about which types of models work best
with what types of situations. The fact that BayesTraits or our model yield some
result does not mean that the result is correct. We did try to evaluate our model
against synthetic data for which we knew the real parameter values, and we could
recover the parameter values very well. In their commentary, Shcherbakova et al.
argue that our simulated data is not a good representation of real linguistic data.
They may be correct, but this is yet another open question that needs to be tested
empirically. One of the points of our paper was precisely to show how much un-
certainty there currently is regarding methods in quantitative typology including
computational models, and how this calls for more caution with any single result.

3.13.2 Contact versus no contact

Shcherbakova et al. note that one of the differences between their and our
approach is that we include spatial dependencies as a proxy for contact between the
languages in the model. The authors argue that this “further widens the divide
between the two studies’ theoretical assumptions” and makes it less of a replication
study. As we mentioned in Section 2.5, we gladly follow Shcherbakova et al.’s
suggestion to classify our study as a robustness analysis. As such, we do not un-
derstand why it is an issue that we include spatial effects. We think that it should be
desirable in this case to include some form of control for contact in our models,
whether evolutionary or regression based, as we can assume that contact between
languages will have played a role in at least some of the morphosyntactic changes
analyzed. If a model does not include any control for potential contact effects, then
we cannot possibly know whether the results really represent language-internal
evolutionary dynamics alone, orwhether contact dynamics could have also impacted
the changes. In other words, we need to control for confounding factors.14

3.13.3 Multicollinearity

Shcherbakova et al. are concerned about multicollinearity between our predictors,
as we predict the outcome of the 13 feature groups simultaneously instead of making

14 Note that it is also possible to use a phylogenetic framework similar to BayesTraits with a contact
component (cf. Hartmann and Jäger 2024).
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pair-wise comparisons like Shcherbakova et al. (2023). Multicollinearity is an issue
which appears in a (generalized [additive]) linear model of the form
y ∼ F(α + β1x1 + β2x2, … ) where F is some likelihood function, and x2 and x2 are
correlated predictors. This leads to a situation where estimating β1 and β2 becomes
difficult because there is awide range of valueswhichwork equallywell, and thuswe
cannot reach a good estimate for the real values of the coefficients. There are two
points to our reply regarding this concern. Our first point is that under a Bayesian
framework, multicollinearity – if it does exist – can be mitigated considerably and
even overcome by careful prior choice (Al-Essa et al. 2024). The reason is that if we
provide the model with a good guess about likely values of β1 and β2, then the model
has an easier time finding reasonable estimates for both. Of course, there could still
be issues of high uncertainty, but it is a much less pronounced problem than with
maximum likelihood estimation. Other alternatives like Dirichlet processes or
Horseshoe priors can also be used in the presence of multicollinearity (cf. Piironen
and Vehtari 2017b).

Second, and more importantly regarding our study, there is no such risk in our
model setup because we do not use the individual variables as predictors but as
dependent variables in the model. Hence, there is no question of collinearity. The
correlation comes from the fact that we sample the different phylogenetic compo-
nents from a matrix normal distribution, which means that we sample them as
correlated (there is an explicit correlation coefficient in the model).

3.13.4 Interpretation of the results

In their commentary, Shcherbakova et al. also discuss differences between our and
their interpretation of how results compare. The authors state that they do not think
that the results of Shcherbakova et al. (2023) and those of our study are as different as
we make them out to be. They note that they find a null result and we find a positive
correlation between nominal and verbal complexity, which are both in agreement
that there is no trade-off (whichwould imply a negative correlation).We do not think
that we actually disagree that much, as we wrote the following: “While we could not
fully replicate Shcherbakova et al.’s results, we did not find entirely opposite trends
and patterns either” (Becker and Guzmán Naranjo 2025). At the same time, the
models produce different effect sizes and effect directions (no effect vs. positive
correlation) in some cases, which iswhatwe highlighted as interesting.We think that
it is worth trying to understand where these differences come from, but we do not
have a good answer in this case. Perhaps Tallman is correct in pointing out that a
stronger theory, i.e. a less exploratory conceptual setup could help in designingmore
specific and less complex statistical models whose results and comparisons could be
easier to interpret.
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