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TL-Explorer: A Digital Humanities Tool for Mapping and Analyzing Translated Literature

TL-Explorer is a digital humanities tool for mapping and analyzing translated literature, encompassing the World Map and the Translation Dashboard. The World Map displays collected literature of different languages, locations, and cultures and establishes the foundation for a variety of further analysis. It is comprised of three global maps for spatial and temporal interpretation. A further investigation into an individual node on the World Map -representing one edition or translation -leads to the Translation Dashboard. Collected translations are processed in order to build multilingual parallel corpora for a large number of under-resourced languages as well as to highlight the transnational circulation of knowledge.

Our first rendition of TL-Explorer was conducted on the well-traveled American novel, Adventures of Huckleberry Finn, by Mark Twain. The maps currently chronicle nearly 400 translations of this novel and the dashboard supports over 30 collected translations. However, the TL-Explore is easily extended to other works of literature and is not limited to type of texts, such as academic manuscripts or constitutional documents to name a few.

Introduction and Motivation

From a global perspective, human knowledge of culture and heritage has been shared, explored, and preserved for nearly centuries through translation. The art of translating texts is largely to thank for our ability to learn about and from other cultures, and vice versa. It is crucial to recognize that every person is shaped by their culture and identity. Hence, every body of knowledge, regardless of type of classification, is similarly impacted by specific historical, geopolitical, and sociocultural factors. TL-Explorer is created not only with this diversity in mind, but also as a tool to explore these nuances as they are reflected in translated literature.

TL-Explorer is designed to provide users with a feeling of continuity as they explore translated texts. The tool begins at a broad starting point -a global view of the entire collection of texts -and allows the user to smoothly zoom into a particular geographic region, individual editions or translations in that region, and specific chapters and paragraphs within the selected literature. The TL-Explorer uses a Geographic Information System (GIS) to create the World Map and NLP techniques to generate the Translation Dashboard.

Prior Work

Digital Humanities Mapping Tools

Hypercities [START_REF] Presner | Hypercities thick mapping in the digital humanities[END_REF] systems (GIS) such as Carto1 , Open Street Map (OpenStreetMap contributors, 2017), QGIS (QGIS Development Team, 2009), Harvard Worldmap (Guan et al., 2012), Spatial Data Explorer [START_REF] Kollen | Spatial data explorer: Providing discovery and access to geospatial data at the university of arizona[END_REF] and Unfolding [START_REF] Nagel | Unfolding-a library for interactive maps[END_REF] are also useful tools for digital humanities mapping.

Parallel Corpora Construction and Analysis Tools and Resources

There exist many construction and analysis tools for parallel corpora such as Uplug [START_REF] Tiedemann | Recycling Translations -Extraction of Lexical Data from Parallel Corpora and their Application in Natural Language Processing[END_REF], PENCIL [START_REF] Kakoyianni-Doa | A free online parallel corpus construction tool for language teachers and learners[END_REF] and The Sketch Engine [START_REF] Kilgarriff | The sketch engine: ten years on[END_REF], but there remain very little designed specifically for translated literature.

While the interpretive nature of literary translations has caused a lag in their adoption as a source for NLP development, multiple recent projects have developed parallel corpora based on well-known texts including the Harry Potter series and Le Petit Prince.

Alignment Visualization Tools

While there already exist alignment visualization tools such as ANNIS [START_REF] Druskat | corpus-tools. org: An interoperable generic software tool set for multi-layer linguistic corpora[END_REF], SWIFT Aligner (Gilmanov et al., 2014), Cario (Smith and[START_REF] Noah | Cairo: An alignment visualization tool[END_REF], VisualTCA [START_REF] Gomes | Visualtca: Uma ferramenta visual on-line para alinhamento sentencial de textos paralelos[END_REF] and MkAlign [START_REF] Fleury | Exploring translation corpora with mkalign[END_REF], most of them focus on word alignment. Further, even though some of these tools provide sentence alignment visualization, they are meant to be an intermediate step before the lexicon level. There are currently no other tools that allow users to explore data in a chapterparagraph-sentence/word, coarse-to-fine fashion. Moreover, these tools are not oriented towards literary texts, which is more challenging for alignment approaches. Though alignment should be as confident as possible [START_REF] Xu | Sentence alignment for literary texts[END_REF], this is complicated by the fact that a literary translation may include deliberate changes to the text inserted by the translator, and may not be a literal translation.

TL-Explorer

World Map Viewer

The World Map is the base tool in the TL-Explorer and provides a geographic display of collected translation information. It is separated into three maps: the Home Map, Heat Map, and Time Map, which display the same information in different views.

Home Map

The Home Map (see Figure 1) is the first map. It provides a global view of all the gathered texts, and each node represents one edition or translation. Nodes are placed at the location of publication, not based on the language of translation. Texts that are geographically close to each other are grouped into a cluster, represented by the light-yellow circles, with a number that reflects the number of texts in that cluster. A search function in the top left corner of the interface allows the user to search the map by title of the text. In the bottom left corner, a label identifies the number of texts being represented. The key informs the user of the types of languages represented on the map: English original, well-resourced language, medium-resourced language, and under-resourced language.

The World Map allows the user to zoom in from a global view to country view and even as close as specific streets. By clicking on a node, a pop-up displays the following information of the selected text: title, language, series/collection, edition, contributors (translators, editors, cover artists, and illustrators), date of publication, publisher, publisher city, and page count. If there is a digital version of the translation, the pop-up will include a link to it.

Time Map

The Time Map documents in chronological order developments of the literature of interest. The year is controlled by a scroll-bar below the map. As the years progress, nodes appear and accumulate. For example, Figure 1 

Heat Map

The third map is the Heat Map, which displays translation count for each country and provides insight on which areas are more frequently represented (see Figure 1). It is aggregated using the data at a certain time, and changes as more data is added, such as a new translation or language.

Crowdsourcing for Data Curation

There are currently 386 points or translations on the maps. However, the TL-Explorer is immensely scalable. The TL-Explorer has a form where the user can submit all the information they have pertaining to an individual translation. After data-vetting, the point will be added as a new node to the maps. The field translation studies bridges comparative literature and corpus linguistics. While corpus linguists are likely to have at least basic programming skills and a broad familiarity with computational methods, the equivalent "digital humanities" training is less common in comparative literature. As a result, corpus linguists are more likely to focus on comparatively large-scale computational text analysis, and comparative literature scholars tend to conduct close examinations of a small number of texts.

Translation Dashboard

The Translation Dashboard is designed as an adjunctive tool for researchers in translation studies grounded in the comparative literature tradition. It provides a reading environment that could display the visualizations and text in parallel in order to allow scholars to easily see patterns of structural divergence between the source text and translations at different levels of granularity.

Text is aligned at the paragraph, sentence, and world level using Natural Language Processing algorithms, including the IBM Models 1 and 2 for Statistical Machine Translation [START_REF] Collins | Statistical machine translation: Ibm models 1 and 2[END_REF] and the Gale-Church Algorithm(Gale and Church, 1993).

Paragraph Count Analysis

After selecting a specific node on the World Map, the default view of the Translation Dashboard displays a per-chapter paragraph count, based on newlines and white space in that source text. The deviation in paragraph count between a source text and its translation is reflected in the color variation in the Heat Map within the table (see Figure 2, center image). An exceedingly high divergence from the source paragraph count alerts the scholar that there may be data cleaning issues (e.g. one instance where each line in a poem embedded in a narrative was treated as a new paragraph), but a moderate divergence can reflect the translator's deliberate stylistic choices about how the flow of the narrative should be rendered. A translation studies scholar in the literary tradition may use this information to select chapters for a close-reading analysis.

Paragraph Alignment

When the user selects an individual chapter in the text, they can view a display that presents both the original English chapter and the chapter in the translation. The tool displays the two parallel to each other to allow for easy comparison.

We divided chapters into 3 major categories based on the differences in their paragraph counts compared to the original English version: exact-match, large-difference, and small-difference. Different paragraph aligners may apply to different categories.

For exact-match chapters, our hypothesis is that their paragraphs were translated one to one. No further paragraph alignment methods are needed. This hypothesis has been confirmed for most of the exact-match cases by the human validation experiment.

Large-difference cases are normally caused by different ways of splitting quotations, so we provide a text pre-processing option before paragraph alignment when long quotations have been found under large-difference cases. This pre-processing option splits quotations into paragraphs according to the same standard in all translations. Experiments have shown that this action can significantly reduce differences in paragraph counts and sometimes move a chapter from the large-difference category to the smalldifference category.

For the majority small-difference cases, we applied the Gale-Church algorithm(Gale and Church, 1993). Here we treat paragraphs as sentences so as to feed them into this sentence alignment algorithm. The tool is easy to use, and thus easy for a native speaker to provide feedback on the accuracy of the alignments.

Conclusion

Encompassing both of the World Map and the Translation Dashboard, the TL-Explorer allows for analysis of translated literature at an exceptional range of specificity. The World Map provides a global view that can be shrunken into exact coordinates and streets and the Translation Dashboard allows for intense analysis of two texts from entire works to specific sentences. The TL-Explorer similarly serves a purpose of preservation and globalization, representing a large number of under-resourced languages and a transnational circulation of knowledge.
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  displays the translation of Adventures of Huckleberry Finn up to the year 1940.
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 1 Figure 1: Home Map The width and height ratios of the maps have been changed to conserve space.

Figure 2 :

 2 Figure 2: Translation Dashboard, example with a Basque translation
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