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Topic model is a well proven tool to investigate the semantic content of textual corpora. Yet corpora sometimes include texts in several languages, making it impossible to apply language-specific computational approaches over their entire content. This is the problem we encountered when setting to analyze a philosophy of science corpus spanning over eight decades and including original articles in Dutch, German and French, on top of a large majority of articles in English. To circumvent this multilingual problem, we use machine-translation tools to bulk translate non-English documents into English. Though largely imperfect, especially syntactically, these translations nevertheless provide correctly translated terms and preserve the semantic proximity of documents with respect to one another. To assess the quality of this translation step, we develop a “semantic topology preservation test” that relies on estimating the extent to which document-to-document distances have been preserved during translation. We then conduct an LDA topic-model analysis over the entire corpus of translated and English original texts, and compare it to a topic-model done over the English original texts only. We thereby identify the specific contribution of the translated texts. These studies reveal a more complete picture of main topics that can found in the philosophy of science literature, especially during the early days of the discipline when numerous articles were published in languages other than English.
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                    Supplementary information

              
              A technical appendix with code and data, including data for graphs is available on https://zenodo.org/record/6484582 (https://doi.org/10.5281/zenodo.6484582). The topic model can be explored on https://philscitopics.uqam.ca/

            

Notes
	For instance, see (Pence & Ramsey, 2018) for an overview in the context of the philosophy of science.


	Such multilingual topic-modeling approaches have been used, among others, to infer semantic similarities between terms of different languages, notably with a view to improving machine translation but also to classify documents in different languages, to investigate sentiment analyses or to retrieve information within documents written in different languages.


	The topic model can be explored on https://philscitopics.uqam.ca/.


	The articles were downloaded from JSTOR and the publishers Internet platforms (Elsevier, Oxford University Press, Springer, Taylor and Francis and University of Chicago Press) between May and June 2018. Philosophy of science is of course published in many other venues, the entirety of which we cannot hope to cover. These include other journals, be they more general philosophy journals (e.g. Mind), more specialized philosophy of science journals (e.g. Studia Logica, Hyle, Biology and Philosophy), or even science journals (e.g. Bioscience). Philosophy of science is also published in many non-English languages (e.g. Principia, Epistemologia, Philosophia Scientiae, Theoria) and in numerous books and edited volumes. By selecting 8 of the major general philosophy of science journals in English language, including some of the earliest ones, our objective is to provide a representative perspective on the thematic content of philosophy of science and its evolution over the past 8 decades.


	To the extent feasible, we only retained articles with research content. We thereby excluded book-reviews, editorials, errata, and very short texts such as discussion notes (less than 4 000 characters). Some very minor differences in article numbers compared to (Malaterre et al., 2020) are due to language detection methods (15,901 English articles vs 15,899 previously).


	https://pypi.org/project/langid/ (Lui & Baldwin, 2012); https://pypi.org/project/langdetect/ (Shuyo, 2010). We found out that differences in language prediction between methods could be triggered by articles that were written with significant sections in different languages (for instance, an article in German with large portions of cited text in French and in English). This was notably the case for 5 articles written in several languages and that were removed for steps 2 and 3 of the methodology (but kept for all of stage B): 2 articles that were initially classified as English (from BJPS and JGPS), 1 as French (Erkenntnis), 1 as Dutch (Synthese) and 1 as German (Erkenntnis).


	Google Translate requirements; Google API (translate_v2 from google.cloud) accessed on 30 march 2020 at https://cloud.google.com


	The Mantel, RV, and Procrustes approaches aim at assessing the similarity between two matrices. The Mantel approach, originally introduced in epidemiology by Mantel (1967) and now widely used in ecology (Legendre & Legendre, 2012), consists in calculating the correlation between two distance matrices. Given D and B two N x N distance matrices, given \(\overline{d }\) and \(\overline{b }\) the means of their respective off-diagonal elements, their Mantel coefficient is: \({r}_{M}= \left[\sum_{i=1}^{N-1}\sum_{j=i+1}^{N}\left({d}_{i,j}-\overline{d }\right)\left({b}_{i,j}-\overline{b }\right)\right]/\sqrt{\left[\sum_{i=1}^{N-1}\sum_{j=i+1}^{N}{\left({d}_{i,j}-\overline{d }\right)}^{2}\right]\left[\sum_{i=1}^{N-1}\sum_{j=i+1}^{N}{\left({b}_{i,j}-\overline{b }\right)}^{2}\right]}.\) The RV coefficient arises as a generalization of Pearson’s correlation (Escoufier, 1973). It is computed as the ratio of the covariance to the square-rooted product of the variances: \(RV=\text{trace }\left\{{\mathbf{S}}^{\text{T}}{\mathbf{T}}\right\}/\sqrt{\text{trace }\left\{{\mathbf{S}}^{\text{T}}{\mathbf{S}}\right\} \times \text{trace }\left\{{\mathbf{T}}^{\text{T}}{\mathbf{T}}\right\}}\) where S is a positive semi-definite matrix (i.e., S is such that there exists a matrix X such that S = XXT). Finally, the Procrustes approach consists in applying a Procrustean superimposition that scales and rotates matrices so as to maximize their fit (Mardia et al., 1979, pp. 416–419). The sum of the squared residuals between configurations in their optimal superimposition can then be used as a metric of similarity (Peres-Neto & Jackson, 2001). For each coefficient, statistical tests and comparisons to the null hypothesis were performed by means of random permutations on rows and columns. Packages: https://www.rdocumentation.org/packages/vegan/versions/2.4-2/topics/mantel, https://www.rdocumentation.org/packages/FactoMineR/versions/2.4/topics/coeffRV, https://www.rdocumentation.org/packages/vegan/versions/2.4-2/topics/procrustes


	https://pypi.org/project/lda/


	LDA is a generative statistical model that finds out optimal probability distributions of words in topics and of topics in documents provided a number K of topic is chosen beforehand. The choice of K = 25 in the previous topic modeling was done by generating a set of models with different values of K and comparing them based on expert judgment (see (Malaterre et al., 2020, Sect. 2)). LDA-generated topics are sets of words with their probabilities. Once sorted by decreasing order of probability, these terms are usually informative of the semantic content of each topic. Retrieving texts in which topics are the most probable helps in formulating a meaningful interpretation of each topic, in particular when its most likely terms may appear ambiguous. Sometimes, depending on the objectives of the study, it can be helpful to increase the number of topics so as to capture contextual variations of terms of interest (for instance, an earlier topic-model of the single journal Philosophy of Science resulted in identifying 5 topics on explanation out of 126 meaningful topics; see (Malaterre et al., 2019, p. 225)).


	Hellinger distance from Gensim package (https://pypi.org/project/gensim/). We thank an anonymous reviewer for this suggestion.


	Regex = "\\? + \\p{L}".


	Regex = "\\? + [^\\p{L}\\?]".


	The number of question marks inside words in English texts (3.3) appears to be due to the presence of words in foreign languages (e.g., citations in German or Greek), algebraic expressions, OCR errors and encoding errors, and predominantly in Synthese, Erkenntnis and the GJPS.


	On the more general role of logic in philosophy, see (Bonino et al., 2020) for a quantitative corpus-based approach. (Noichl, 2019) provides an all-encompassing view of field of philosophy, also based on quantitative approaches.


	Of course, due to different syntactic word order rules in different languages, one should not expect the exact word order to be preserved in translations. Our point here concerns the approximate collocation of words in n-term windows as investigated for instance by co-occurrence analyses.


	Note that this is also the case when a term in the original language is translated by different terms in the target language depending on context. In other words, the semantic topology preservation test assesses the contextual consistency of translations.


	As suggested by a reviewer, we could conceive of a defective translator which would replace each properly translated term by its following term in a dictionary. This would result in an inadequate translation that would pass the semantic topology preservation test. Hence the importance of manual checks.


	We thank an anonymous reviewer for highlighting this point.
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