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Introduction

In this paper we introduce the impresso user interface [START_REF] Beelen | Bias and Representativeness in Digitized Newspaper Collections: Introducing the Environmental Scan[END_REF] for the exploration of semantically enriched historical newspapers. 2 The interface combines data visualisation with a variety of semantic enrichments and offers new workflows for search, comparison, content recommendation, term frequency and text reuse detection. It was developed with historians in mind 3 who wish to explore newspaper collections from many different perspectives by seamlessly shifting between distant and close reading. impresso also serves as a capable tool for the curation of research data for further analysis outside the interface. The interface is designed to open and combine multiple entry points historical newspaper corpora whilst keeping the learning curve as gentle as possible by providing relevant educational materials and documentation on the corpus and tools. This in awareness of the fine line between, on the one hand, oversimplification and the obfuscation of critical information concerning processing and modelling choices and, on the other, the risk of overwhelming users with overly complex interfaces.

The impresso interface was produced by the interdisciplinary research project Media Monitoring of the Past4 which compiled a corpus of Swiss and Luxembourgish newspapers and developed a technical architecture which facilitates data storage, semantic enrichment, and access to the data. The project identified and addressed five challenges5 : First, newspapers are stored in institutional silos caused by legal restrictions and policy constraints, hampering both (free) access, discoverability, and comparability of relevant content. Second, newspaper data is available in huge volumes but also messy and often characterised by incompleteness, inconsistencies, and duplicates. This creates confusion regarding the overall availability of sources and their representativity of the historical record. Third, preceding processing and evolving technical progress produced variations in OCR and article segmentation availability and quality but also a lack of appropriate linguistic resources for historical text. This causes a hard-to-assess variability in what content can be retrieved, at least from a user perspective. All these idiosyncrasies have turned digitised newspapers into overly complex and heterogeneous data which is characterised by multiple layers of processing. Fourth, there is a lack of public-facing interfaces and knowledge to harness new opportunities for search and discovery of enriched historical sources within large and heterogeneous corpora. And finally, fifth, researchers and their peers require information regarding the above-mentioned opportunities and caveats inherent in data processing and modelling (Hoekstra and Koolen 2019) and interfaces which shed light on their concrete implications.

In general, historical newspapers are popular with researchers. As products of publishers and journalists, they preserve evolving norms, values, and historical knowledge horizons of those who created them following political, religious, or other editorial lines. Their value is evidenced by large-scale digitisation efforts over the past decades: regional and national libraries as well as transnational bodies and commercial operators have made considerable investments in their digitisation both with the ambition to make them available to larger audiences and to ensure the preservation of sometimes fragile paper originals. In 2015, a report by the International Coalition on Newspapers (ICON) estimated the number of digitised newspapers titles worldwide to be ca. 45.000 with 24.000 titles stemming from Europe and peak availability for the late 19 th century until the end of the First World War mostly due to copyright restrictions (Center for Research Libraries 2015).

The increasing availability of digitised historical sources and new methods for their datadriven analysis inspired a multitude of historical reflections and the identification of a "digital turn" in media history (Nicholson 2013). Newspapers constitute large and relatively homogenous bodies of text and thereforein principlelend themselves well for the application of natural language processing (NLP) techniques. Recent research demonstrates this potential for the conduct of original historical research. Computationally literate scholars such as Turunen 2020; Turunen 2021; Marjanen et al. 2019; Hengchen et al. 2021 have connected NLP methods to the history of ideas and concepts at scale. Other research projects focused on the flow of content at (trans-) national scale using text reuse detection, e.g. Oceanic Exchanges 2017; "Viral Texts | Mapping Networks of Reprinting in 19th-Century Newspapers and Magazines" 2016), still others focused on the evolution of press coverage of migration using n-gram frequencies, topic modelling, word embeddings and classifiers ("NewsEye" 2019) or the evolution of newspaper layout, structure, and genres ("Numapresse" 2021). Most of these projects have developed applications which were tailored directly to the underlying research questions.

The vast majority of public facing newspaper interfaces, however, still restrict their users to basic interactions. In a review of 24 contemporary user interfaces for historical newspaper collections we found that most of them are limited to keyword search and metadata filters as the main means of interaction (Ehrmann, Bunout, and Düring 2017). More recent interfaces such as RetroNews6 , represent a trend towards personalisation, e.g., in the form of user curated collections, frequency analyses, links to external knowledge repositories and semantic enrichments for exploration in the form of named entity recognition or topic modelling.

The goal of the impresso interface is to advance the capabilities of generic historical newspaper interfaces for researchers. Its development was driven by two high-level questions:

First, how can semantic enrichments in conjunction with visualisation and design improve exploratory workflows for the study of historical newspapers and offer new perspectives on these sources? This ambition has been captured by Whitelaw 2015 with his demand for "generous interfaces". Multiperspectivity, more generally, has already been identified as a key requirement for data-driven humanities on multiple occasions (Sinclair, Ruecker, and Radzikowska 2013; Jänicke 2016; Hinrichs et al.; Drucker 2011). We follow Whitelaw's call and use the term "generosity" to describe exploratory techniques which "open up" collections, allow users to explore multiple perspectives and help them discover relevant content they could not anticipate to find or know how to search for, in our case with the aid of semantic enrichments, data visualisation and interface design.

Second, we ask: What do historians and other researchers with commonly lower degrees of digital literacy need to understand about digitised and enriched sources and tools for their processing and exploration? How can a public-facing interface best serve these needs? Generally, the integration of tools in (humanist) research practice raises significant epistemological and methodological challenges: Regarding digitisation policies, Putnam 2016 and Milligan 2013 stressed the risk of an underrepresentation of non-digitized sources, but also of a de-contextualisation caused by the reliance on keyword search. In other words, we need to think of available data as a "digital sample" (Beelen et al. 2022) in awareness of its limited representativity of past media landscapes. Hitchcock 2013 highlights the often-overlooked impact of poor OCR and simplistic keyword searches and demands "a much clearer understanding (...) of what precisely we think we are doing with the sources, and how they map onto what we are producing as scholars". Scholars in information science, the digital humanities and computer science 5/34 call for a more reflexive-critical engagement with digitised sources themselves, the tools for their exploration, analysis and presentation and the interfaces through which they are consulted (Abel 2013; Fickers 2020; Upchurch 2012). Koolen, van Gorp, and van Ossenbruggen 2019 stress that these tools and research data are not neutral but ought to be understood as intertwined and subject to rigorous questioning. This demand for critical reflection has recently been summarised by Hoekstra and Koolen 2019 who offer a theoretical framework for historical data analysis which emphasises the need for documenting decision-making processes in the creation, transformation, and analysis of data. Oberbichler et al. 2021 have mapped corresponding research workflows for historians.

In summary, we identify three main requirements for interfaces to meet these objectives: 1) information on the provenance, representativity and quality of digitised sources to help assess their value for research, 2) information which enables researchers to integrate semantic enrichments in their research workflows and 3) information which documents the tools and methods used during the creation of such enrichments and their representation in the interface. We subsume these objectives under the term "transparency".

The term "Transparent generosity" in the title of this paper points to our efforts to merge both principles, i.e. to facilitate effective exploration based on semantically enriched sources even under the imperfect conditions posed by digitised historical newspapers.

The paper is structured as follows: Section 2 discusses our user requirements gathering process and introduces five focus areas for interface development, section 3 exemplifies their practical implementation in the interface based on five high-level operations and a case study. Section 4 presents results in form of insights gathered from a first user review study and analysis of usage data followed by section 5 and a discussion and outlook on future work.

Co-designed user requirements

In this section we reflect on our approach to translate impresso's high-level objectives into concrete interactions with the interface. The design of the impresso interface was in equal parts informed by the research practices of historians and inspired by novel opportunities offered by NLP, interface design and data visualisation. In the beginning this constituted a void with historians not knowing what was feasible, and NLP researchers not knowing what was needed. Overcoming this void required close and continued cooperation and close exchange between representatives of these disciplines and the prospective users.

The practice to integrate experts from different disciplines throughout the design process, in decision-making and problem-solving is commonly referred to as "co-design", "participatory design" or "co-creation".7 Peter Galison's analysis of trading zones in science matches our experience: the "thinness of interpretation" is preferable to the "thickness of consensus" (Galison and Galison 2010). In other words, there is more circulation between disciplines when exchanges are not dominated by the sharing of a single interpretation and the creation of common knowledge as a prerequisite. Rather, interdisciplinary exchanges should open the door for appropriation of the traded item from each participating partner. For example, there is little overlap between the notions of "similarity", "event" or "topics" in history and computer science. A computed similarity measure must not match a human perception of similarity, the same goes for the output of topic modelling and themes identified by a human reader. Still, computed topics and similarity measures can be a stimulating starting point for historical source exploration and lead to meaningful insights.

Within the impresso team, historical interests gravitated towards search, discovery, comparison, and a sufficient degree of transparency. These were complemented by the research interests of the computer scientists in the project which focused on the improvement of existing tools for the processing of historical text, the generation of ground truth data and advances in multilingual text processing in general.

Between historical research practices on one side and computer science research interests on the other, the co-design approach opened a space for the joint development of exploratory tools for historical newspaper data: Through the lenses of their disciplinary backgrounds, team members identified challenges. These initial propositions took shape during intensive interdisciplinary discussions which considered their added value for historians, technical feasibility, and integration into the interface. The decision which propositions to focus on was made within the impresso core team which consisted of three scholars with backgrounds in computational linguistics, two historians and three designers/developers. These decisions were guided by the transpositions of established historical research practices (e.g., searching, reading, browsing, skim-reading) and inspired by the opportunities inherent in NLP methods (e.g., n-grams, topic models to group semantically coherent texts, text reuse detection).

It is important to highlight the iterative and open nature of the underlying processes. Through experiments, disciplinary-specific methodological ideals transformed into practical and relevant features for the interface. This prompts us to speak of "co-designed user requirements", a continuous "push-pull" interaction during which historians' needs evolved following exposure to prototypes and enrichments.8 Such exchanges took place on multiple levels throughout the project as outlined in Table 1. On a day-to-day basis, two historians within the core team provided input for design and data modelling questions. Throughout the project, we organised ten user workshops and similar events with the goal to present opportunities from a natural language processing and design perspective and to receive feedback from historians and library professionals within and beyond the project consortium. 9 Among the consortium were five historical advisors and associated researchers 10 as well as invited external researchers with a looser affiliation to the project based on their interest in the corpus. This group of researchers had early and continued access to the evolving impresso app and offered feedback which helped to transform our high-level objectives into concrete user requirements for the interface. We obtained further feedback through academic teaching in graduate seminars and summer schools and regular live demos for groups and individuals. Of value were individual demo sessions in the presence of impresso team members to gather insights following the thinkaloud principle. Feedback from users of the impresso app tends to point to minor problems with the UX design but most crucially revealed user misunderstandings, e.g., of the significance of filters (topics, named entities) and data visualisations (absolute and relative frequencies) which guided the development of the educational materials.11 From a high-level perspective, our exchanges with users match the observations of van der Zwaan et al. 2016 who assert that (visualisation) tools for humanists need to "deal with the observer dependency, heterogeneity, uncertainty and provenance of data and the complexity of humanities research questions". Stemming from our two points of departure, the question of opportunities offered by semantic enrichments and transparency needs, codesign has revealed five focus areas: Content retrieval, high-level overviews, comparison, externalisation and transparency.

The description of each focus area below includes a table with an overview of the main contributions from each discipline together with the corresponding implementations in the interface. Note that such overviews do not adequately reflect the dynamics of such interactions, their initiation, and their temporal scope. They do illustrate, however, how historians, designers and NLP experts have each made contributions to the design and functionalities of the interface from their perspectives, how these contributions evolved as part of an interdisciplinary exchange and finally manifested themselves in the interface. In section 3 we illustrate the implementation of each focus area using a case study.

Retrieve relevant content: Search, filter, and discover. Content retrieval was a central first requirement for historians and search and filtering are obvious features for newspaper interfaces. We have advanced both functionalities through the integration of semantic enrichments such as word embeddings, linked named entities, topic modeling, ngrams, image similarity detection. Their free combination in search and filtering operations together with insights gained during the usage of other interface components constitutes the basis for iterative exploration workflows. Users also have the option to create their own filters and to store up to 10.000 articles in impresso Collections which constitute personalised research corpora and can be searched, filtered, compared, and exported. Finally, recommender systems support content retrieval beyond known-item searches based on topics, named entities and text reuse. Understand what is there: Aggregate, document, and contextualise. Even though current collections of digitised newspapers only represent a fraction of all newspapers ever printed, and only a small part of all those which were preserved, they constitute a large amount of data which cannot be analysed by close reading techniques alone. Digital collections are also inevitably imperfect and characterised by variations in data availability and data quality. Interfaces and data visualisations can all too quickly obscure these imperfections and lure scholars to draw unsubstantiated conclusions. To counter this problem, we use data visualisations of the distribution of our data and semantic enrichments in particular to reveal patterns which would remain invisible using closereading techniques alone. Dedicated overview pages for our corpus, individual, newspapers, persons, locations, topics, and languages in the corpus display how their distributions correlate with each other. Each of these overview pages also displays the distribution of country of publication, content types, partner institutions such as libraries and access rights. Externalise: Export, link, and embed. It is a widespread practice for historians to download individual newspaper articles and to thereby preserve them for further analysis outside the interface. impresso advances this practice and lets users export data for further processing outside the interface in accordance with copyright restrictions. To allow future referencing, users can also save queries, link to them and in the future will be able to embed impresso content via a widget feature. Create transparency through documentation and educational materials. The sense of authority, homogeneity and comprehensiveness which radiates from data displayed in the form of lists and visualisations easily obscures variations in the nature and provenance of sources but also in the quality of their processing (OCR, article segmentation, metadata standards). This has in our experience regularly tempted well trained historians to jump to conclusions which matched their expectations. In response to our transparency objective, we have developed a variety of educational materials targeting researchers at various levels of digital literacy. These materials cover digitised newspapers as a distinct type of source, the processing undertaken during the impresso project as well as the functionalities of the interface. 3 The impresso interface 12/34

In this section we focus on the implementation of the components we introduced above.

As a case study we will compare the press coverage of nuclear power in Switzerland and Luxembourg.12 

Retrieve relevant content: Search, filter, and discover Figure 2 A query for "atom" and the linked entity "Otto Hahn" with suggested keywords based on word embeddings (left), the human readable summary of the executed query (centre top, highlighted) and snippet previews of search results (centre).

Following the order of components listed in Table 2, we begin with the introduction of the Search pill (#R1) and enter the keyword "atom" (Figure 1). The Search pill opens as we type and offers information on related content in the collection to broaden the potential search space beyond keyword search. This includes the options to search in article titles only, to discover relevant named entities (e.g., "International Atomic Energy Agency"), topics mentioning the keyword (e.g., "wasser betrieb arbeit.." [water operation work]), and user-generated article collections which match the query (e.g., "Atomwaffen" [nuclear weapons]). Once a query is executed, a human readable summary (#U2) of the query is displayed on top of the result list and helps users keep an overview of their actions. Each snippet preview lists detected linked entities alongside miniatures of the page facsimile and newspaper metadata and copyright status to allow quick judgement of the relevance of search results. Analogue to common advanced search functions, the search pill can include multiple keywords to generate an OR query. Alternatively, adding another search pill constitutes an AND query. In Figure 2 we have searched for articles which contain the string "atom" and the linked entity "Otto Hahn".

During user workshops, historians described the problem that slightly tweaked keyword searches regularly yielded vastly different results. In addition, they reported that their repertoire of suitable keywords grew close reading the articles discovered during initial searches. To remedy this problem, keyword suggestions are a highly effective way to broaden the search scope, especially when dealing with imperfect OCR and historical text which is subject to semantic shifts. impresso relies on word embeddings based on our historical newspaper corpus. 13 By clicking on "Add similar" in the search pill, or in "Find similar" in Search (#R1), word embeddings are retrieved for a given keyword in either French, German, or Luxembourgish (Figure 2). Word embeddings support exploratory research in multiple ways and reveal:

(1) semantically related terms, e.g., input "atom" and output "kernkraftwerk", "wasserstoffbombe" [nuclear power plant, hydrogen bomb], (2) synonyms or (historical) spelling variations and semantic shifts, e.g., input "kernenergie" and output "atomenergie" [nuclear energy], (3) the polysemy of keywords, e.g., input "bikini" and output "atombombenversuch", "bademode" [nuclear testing, swimwear] and (4) frequent OCR mistakes, e.g., "nuclöaire", "atorniques") which constitute an effective workaround to compensate for poor OCR quality.

For now, we cast a wide net and add all suggestions in German, French and Luxembourgish which appear relevant to the topic of nuclear power. This boosts the initial result list from 13.000 to some 154.000 articles. The Search page further offers a variety of filters based on either pre-existing metadata (e.g. publication date, newspaper title, copyright status) or newly generated data such as language, content type, named entity, topic or content length (#R2-4). We will take a closer look at some of these filters further down. In a forthcoming release, impresso will allow users to filter results based on OCR quality to gain an overview of the quality distribution within a set of articles and to exclude articles with poor legibility (#T1).

One of the most frequent user requests was the ability to store a set of articles for future analysis and to limit the exploration to a relevant subset of the corpus (#R4). As we will show below, Collections can also be set as a filter to effectively focus the exploratory process on a specific set of relevant articles.

Figure 3 Image similarity ranking reveals image reuse as in the top row as well as similar shapes in the bottom row.

We move to the next entry point to the corpus: Image search (#R6). Images and their interplay with the text in which they are embedded constitute an important part of newspapers as a medium but are for the most part beyond the reach of researchers: they cannot be directly searched for or linked to each other. To address this challenge, impresso offers an experimental image similarity search based on novel deep learning techniques which generates visual signatures for individual images.14 There are two ways to integrate images in the exploration process: First by keyword search in image captions in conjunction with filters. Alternatively, users can select a given image in the article viewer and search for similar instances in the corpus. Figure 3 shows the result of a similarity ranking for an image of a nuclear power plant which was first published in 1984 by Journal de Genève and then re-used at different points in time. The distribution of press agency outputs and content reuse gives important insight into the functioning of past media ecosystems but is hard to trace using conventional search strategies. Text reuse detection has proven to be a highly effective solution to this problem. Using passim15 , we detected more than 6 million text reuse clusters in our newspaper corpus which also include recurrent content items such as weekly repeated adverts. Figure 4 shows the text reuse explorer (#R7), the corresponding passages are also highlighted in the article viewer and link back to the explorer for closer inspection.

Queries for text reuse instances can be refined further, for example by lexical overlap (the similarity between two passages), the time span between two occurrences, by newspaper or, as in our example by date and collection.

16/34

Figure 5 Experimental recommender system with option to assign weight on cooccurring entities, temporal proximity, topics, and text reuse.

While search and filters are highly effective ways to separate irrelevant from relevant content, they also carry a risk: Too restrictive actions can obscure relevant content and lead to unwanted filter bubbles. To counteract this risk, impresso contains an experimental recommender system (#R8, see Figure 5). For a given collection of articles, the recommender suggests articles outside the collection based on publication date, entity or topic overlap and detected text reuse.

Understand what is there: Zoom, document, and contextualise

Figure 6 Newspaper page with information on print runs, available issues, and indication of missing pages.

The Newspaper page (#U1) gives an overview of the distribution of available content over time, the degree of known-to-be-missing data and for each title a detailed overview of available metadata and information on the technical processing (Figure 6). This reveals, e.g., the uneven distribution over time and the particularly short print runs of newspaper titles published in the 19 th century, which would otherwise be easily overlooked.

Figure 7 Distribution of articles over time for the query on nuclear power content.

We come back to our case study. So far, our broad query for articles surrounding nuclear power has yielded ca. 154.000 articles. An inspection of the number of retrieved articles over time relative to the total number of articles in the corpus reveals four peaks (Figure 7): A first in the year 1946, a second between the mid-1950s and early 1960s, a third between the mid-1970s and mid-1980s and a fourth in the year 2011. At first sight we might be tempted to link the 1946 peak to nuclear tests in the Bikini atoll, the second to the global excitement about the seamlessly endless opportunities offered by nuclear power ("energy too cheap to measure"), the third to the time when nuclear power plants were being built and opposition against them rose and the fourth to the Fukushima accident. impresso offers multiple opportunities to confirm these hypotheses using semantic enrichments.

We now return to the filters we have introduced above (#R2-4). In impresso we found topics to be particularly useful means to identify and zoom into different facets in large document collections inasmuch as they help to group semantically similar articles. For the time being we work with 100 topics per language and do not discriminate by time period to be able to compare content over time. 16 We now take a closer look at Figure 7 and the peak in the year 1946, which, with 740 articles, is much smaller than the other ones we have observed. Once we set a date filter for 1946, the filter facets update and the list of most frequently detected person entities points to state leaders, diplomats and negotiators. The most prominent topic "regierung afp sowjetunion…" [government afp soviet union] (412 articles), which is associated with foreign policy content, points in the same direction. 17 We add the topic as a second filter and now find articles which cover a scandal surrounding Soviet espionage on nuclear technology in Canada as well as articles which refer to the tensions following US nuclear testing. But once we shift our attention to other topics such as "wasser betrieb arbeit energie" [water operation work] and "wirtschaft entwicklung industrie" [economy development industry] (together 274 articles), we discover different types of articles: now we find early visions of the future impact of nuclear power on civilian life. Nobel prize winner Lawrence Bragg, for example, claimed that nuclear technology will inevitably lead to the creation of a single state within the next thousand years. 18 Considering their publication one year after the detonation of the first nuclear bombs and in light of the nuclear testing at Bikini, this can be interpreted as an early indication that discourses surrounding the military and civilian usage of nuclear power evolved in separate spheres. 16 For more information on topic modelling in impresso: https://impressoproject.ch/news/2018/09/07/tradingzone-tm.html 17 It is in the probabilistic nature of topic models that they serve such exploratory purposes well and point researchers in new directions. They cannot, however, offer precise categorisation or produce exact measures. Consequently, the number of articles linked to the two topics we describe above must be seen as rough approximations of the proportions. Linked named entities constitute another entry point into the result list (#R2). 19 They allow us to map their occurrences across the corpus, to link information from external knowledge bases such as Wikidata, to compensate for spelling variations 20/34 ("Gorbatschow", "Gorbachev") and to relate them to other enrichments. From the search filters we have selected German scientist Otto Hahn and inspect how often he is mentioned in our query by clicking on the icon next to his name which provides a preview of his distribution in the corpus together with basic biographical information derived from Wikidata (Figure 8). With a click on "More" (Figure 9) we move to his entity page. Entity pages (#U4) offer additional contextual information. Here e.g., with whom he most frequently was mentioned (scientists Werner Heisenberg, Lise Meitner, and Fritz Strassmann) and which topics are linked to him: ("wasser betrieb arbeit" [water operation work] which captures science, technology, and engineering content and more surprisingly "verlag buch band" [publisher book volume] which appears to link articles focus more on Hahn as a celebrity scientist than the specifics of his research). To complement this distant reading perspective, users can further inspect snippet previews of articles which mention an entity.

Figure 10 Facsimile view of a newspaper page with marginalia and searchable table of content on the left.

We now move to impresso's close reading views (#U3). The article viewer displays both full page facsimile views and transcript views for more convenient reading experience (Figure 10). A table of content generated from issue metadata offers a parallel entry point: It lets users browse the list of articles and perform searches within an issue. Again, in line with the principle of generosity, the article viewer displays detected semantic enrichments (e.g., named entities, topics, or text reuse passages) and related content alongside a given article and thereby opens additional entry points for further exploration and contextualisation.

Compare and assess significance

Up to this point we have highlighted the diverse ways in which impresso supports the identification of relevant content. We will now focus on how impresso helps make sense of the data it outputs through comparative views (Table 4). Data analyses per se are often not sufficient to gain historical insights but become more meaningful once regarded in comparative perspective. Are, for example, our 154.000 articles related to nuclear power a lot in relation to our corpus? How are they distributed across the countries, newspapers titles and languages, over time and across rubrics? For an example of such comparisons, we come back to the 1946 nuclear bomb testing at the Bikini atoll and the piece of swimwear which was named after it. In Figure 11 we explore the different contexts in which "Bikini" was used in German and French speaking communities. Two queries (A: French, B: German) reveal expected peaks in the year 1946. But whereas the term is increasingly frequently used in the French-speaking press after 1992, its usage seems to decline in the German-speaking press. Can this be explained with the French announcement to pause nuclear testing in 1992 (Teaiwa 1994) and the continuation of such tests at Mururoa atoll in 1995? Scrolling down we can inspect the topics which are prominent for the German query and the articles which are linked to them. Except for the topic "meter auswahl stück" [meter selection piece], all point to content about the nuclear tests at Bikini and their political and ecological impact. In contrast, topics in the French query point to leisure time activities, festivities, theatre, and culture. 21 Upon closer inspection, we learn that regional news is responsible for the pattern we observed: the opening of a club named "Bikini Test" in La-Chaud-de-Fonds, Switzerland has skewed the result list. After excluding "bikini test", the location entity "La-Chaud-de-Fonds" and music-related topics from the results, the frequency distribution for French content follows the same pattern as the German, only the topic distribution remains different: foreign policy dominates German content, fashion-related topics the French. This is an example of how impresso allows users to investigate patterns they observe with the help of semantic enrichments. In this instance we took a closer look at what makes a keyword peak and reminded us about the idiosyncrasies of the source we are using: newspapers contain not only news or scientific articles but a lot of advertisement and other types of content and reflect events on a local, national, and international scale. Figure 12 illustrates how we can use the Compare function to get a sense of how differently nuclear power was covered compared to nuclear weapons. We selected a collection which contains the results from our large nuclear power query in A and compared it to a previously created collection of articles on nuclear weapons written in German. Two Swiss newspapers stand out in terms of sheer volume of coverage: Die Tat and Freiburger Nachrichten. In Figure 12 we focus on the union newspaper SMUV. Upon mouseover, the black popup informs that 168 articles appear in both collections. These 168 overlapping articles constitute a mere 8.9% of the 1881 SMUV articles in the nuclear power collection on the left and 26.8% of the nuclear weapons collection on the right. In other words, the coverage of SMUV was heavily skewed towards nuclear power as opposed to nuclear weapons. A similar overrepresentation we observe for another Swiss union newspaper, VHTL Zeitung and D'Letzebuerger Land. Overall, we observe that Swiss newspapers were circa five times more likely to report on nuclear power (0.41% of the total number of articles) compared to Luxembourgish newspapers (0.075%).

Apart from such direct comparisons, Inspect & Compare can also be used to compare and thereby iteratively improve variations of a query, reveal changes over time and to assess the quality of semantic enrichments across the corpus. We have already described these usages in our dedicated paper in greater detail (Düring et al. 2021).

Figure 13 N-gram frequencies of "atom", "atomenergie" and "kernenergie".

Another means for comparison are n-gram frequencies (#C2) which offer insights into the distribution of keywords within our corpus over time. [START_REF] Turunen | Shades of Red. Työväen historian ja perinteen tutkimuksen seura[END_REF] n-grams complement article frequency charts since they reflect the total number of occurrences of a term relative to the corpus and allow easy comparisons of such frequencies. The n-gram graph represents the number of tokens per 1 million to accommodate for the variations in the size of our corpus over time. We can learn that the once common term "atomenergie" was commonly used in the 1950s but then fell out of favour and was replaced by "kernenergie" (Figure 13).

Export and reference research datasets for further analysis

These and the other insights we have gained before are necessarily preliminary, they provoke new questions and further exploration within or outside the interface. Finally, search results and Collections can be exported in csv file format including selected newspaper metadata and selected semantic enrichments and full text where permitted (#E1).

impresso has the ambition to integrate different components during exploratory workflows. Two main principles enable this integration: First, queries developed in the Search component "follow" the user whenever technically possible and remain available for either further adjustments in other components or to simply gather additional perspectives, e.g., in n-grams or Inspect & Compare (see Table 7). Second, across the interface, "Open in Search" buttons allow users to switch back to the result list for closer inspection, thereby facilitating easy shifts between close and distant reading, a key feature that helps manage the otherwise extensive list of results. 

25/34

Create transparency through documentation and educational materials

We come back to the focus area transparency, here understood as the need to convey accessible information about the idiosyncrasies of historical newspapers, their processing by the impresso team, and the functioning of the interface.

We convey essential knowledge about newspaper digitisation, text recognition and semantic enrichment and their implications for historical research in form of tutorials (#T2). Two lessons on the digital learning platform Ranke2 target mostly student audiences (Bunout and Düring 2019a; Düring and Bunout 2021). A tutorial published on the PARTHENOS platform gives a more in-depth perspective on the challenges surrounding digitised newspapers as objects for academic research (Bunout and Düring 2021b).

We introduce semantic enrichments and document our decisions for the processing of our data (#T3) in a series of blog posts which focus on named entity recognition, topic modelling, text reuse. 23 Each individual component of the interface is further documented in form of FAQ (Frequently Asked Questions) entries, which offer additional explanation and documentation of the process of generating enrichments within the impresso project. 24 They were co-written by historians, computational linguists, and designers to make relevant technical knowledge understandable for non-specialists. FAQ entries are also accessible from within the interface via information buttons (Figure 14). In addition, advanced exploratory workflows are exemplified in the "impresso challenges", learning materials with step-by-step introductions for advanced workflows which are structured thematically and grow in complexity: A first challenge introduces the functionalities, a second guides towards a critical assessment of the source material via the interface and finally, the third exemplifies the operationalisation of a research question into queries to the app. 25 Finally, impresso's YouTube channel offers a variety of interface walkthroughs alongside lectures about the creation of the data and the impresso project itself. 26

23 An overview of all materials can be found here: https://impresso-project.ch/theapp/usage/ 24 https://impresso-project.ch/app/faq 25 https://impresso-project.ch/assets/impresso-challenges-1.2.3.pdf 26 https://www.youtube.com/channel/UCjRGykH-P9m1aA3amjrQuSQ/featured 26/34 Figure 14 Example of an i-button with link to corresponding FAQ article.

Results

As discussed in the previous sections, the impresso app offers a multitude of exploratory paths through the newspaper corpus. A precise evaluation of its added value is, however, complicated: There is no scale and no easy comparative element to measure the efficiency of exploratory activities using A/B testing and users require time to familiarise themselves with the software and data and to identify matches between its capabilities and their needs. We therefore opted to combine a qualitative evaluation of the app with insights gained from usage statistics.

For the qualitative evaluation we identified a group of users with diverse backgrounds and levels of digital skills who could identify the strengths and weaknesses of the interface based on their own research interests. We selected 10 reviewers, 8 were historians who had previously worked with different interfaces for digitised historical newspapers for their research. Two reviewers were themselves involved in projects like impresso, and had a more specific interest for the development of such a tool.

To ensure sufficient time for familiarisation and realistic conditions for testing, all reviewers were asked to test the app in their own time using a topic they were familiar with and to document their experiences while doing so. They were provided with a form which listed the main interface components and briefly explained their functionality together with illustrations of their intended usage, links with example queries and links to all available educational materials. For each component, reviewers were encouraged to answer questions on perceived relevance, validity of results obtained, improvements and to mention the research topic they chose to test it.

Testing took place in spring 2020 before work on the interface was completed to be able to consider any feedback. This means that the interface has undergone minor changes since the review, also in response to the critical feedback. Several components were not ready in time and require a review in the future, this includes the recommendation system, and the entity page.

Below we provide summaries of positive and negative feedback as well as suggestions received by interface components.

Our analysis of usage statistics complements the findings of the qualitative evaluation and reflect the "free" usage of the app as opposed to the systematic review we have discussed before. At the time of writing, more than 600 researchers signed a nondisclosure agreement to access the app and have the possibility to give feedback via email or a dedicated Slack group. Without registration, the app only gives access to content with a public domain license. Table 8 gives an overview of usage statistics for the year 2021. The page views data indicates that the majority of impresso users were well-served by the search and article viewer components and used the newspaper page for additional information about the corpus. However, average time spent on page reveals that while the usage of the exploratory components was far rarer, users stayed on the pages for a relatively long time: the average time spent on Ngrams and Inspect & Compare (ca. 120 seconds) clearly exceeds the time spent on content views (95 seconds) and search (88 seconds) which we interpret as an indication of their value for a subset of users. Users spent much less time on Topics, images, collections, text reuse and entities explorers (ca. 40 seconds) but still roughly half as much as they did on search.

We plan a follow-up evaluation on a future release of the interface which will factor in the effect of having consulted the various interface-related educational materials.

Discussion and future work

In this paper we have presented the impresso user interface. We have shown that automatic semantic enrichment of historical newspapers in conjunction with data visualisation and interface design offers novel search/discovery workflows and valuable insights for the critical exploration and assessment of large-scale corpora.

The interface lets users build queries and gather insights based on the free combination of multiple semantic enrichments such as automatically detected topics, linked named entities, text reuse, n-grams, image similarity, language, or OCR quality. Together with exploratory data visualisations, the interface encourages constant shifts between distant and close reading by combining the components we have introduced above (see Table 7). These new interactions are inspired by established research practices (e.g., searching, reading, collecting) and enrich them with new, data-driven perspectives on the sources (e.g., comparison, recommendations, additional search facets).

In close collaboration between historians, designers and computational linguists and following the principles of generous and transparent interface design we bridged the gap between opportunities offered by technology and corresponding historical needs. To ensure informed usage of digitised and semantically enriched historical newspapers in general and the impresso app, we have developed educational materials for students and researchers. A first review by a group of 10 researchers has revealed overall positive and 
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Table 1

 1 impresso's user requirements gathering process. Overview of the involvement and contributions of stakeholders in history and libraries.

	Stakeholders	Frequency	Contribution	Exposure to the app	Interaction
	Two historians in the	Day-to-day	Development of user	Constant involvement in the	Personal
	impresso core team		requirements for interface	development	Slack
			design; data modelling		Skype
	Historians and	6-monthly	Initial user requirements,	Presentations and independent	Personal
	librarians in the	exchanges	feedback, and validation	testing	Email
	consortium				
	Associated researchers Intermittent	Feature requests, feedback,	Independent testing based on	Slack
			validation	personal research interests,	Skype
				partial participation to	Email
				presentations	Personal
	Individual sessions	Intermittent	Feature requests, feedback,	Presentations, testing during	Personal
			validation	sessions	
	University teaching	Intermittent	Feature requests, feedback,	Presentations and testing,	Personal
			validation	increasingly towards the end of	
				the project, on advanced	
				versions.	
	Principal investigators	Intermittent;	Feedback and validation	Presentations	Personal
		annual			Consortium
					meetings
	impresso app users	Irregular	Feedback on UX and errors	Usage	Slack,
					Email,
					Feedback app

Table 2

 2 

Retrieve relevant content: Search, filter, and discover.

Inputs:

ideas and requirements Outputs: interface components ID Historians Designers NLP

  

	9/34				
	Support further content		Lexical preprocessing and	Filter by language, content	#R4
	segmentation		content segmentation	type, content length	
	Collect articles in bulk	Include collections in		Create collection from a	#R5
	and curate queries	article search and as		query;	
	manually, control the	filters		Add selected articles to one or	
	collection of articles			more collections;	
				Focus on exploration of	
				collections	
	Search and explore	Add image search to	Image similarity detection	Detect image reuse and find	#R6
	images	article viewer	and text-based search	similar images	
	Trace content across the		Text reuse detection	Text reuse explorer and text	#R7
	corpus			reuse indicators in article	
				view	
	Avoid the "Filter bubble	Recommend articles	Recommender system	Customizable article	#R8
	effect"	based on a collection		recommender in the collection	
				space	
	Retrieve relevant	Autofill based on	Word embeddings, named	Search pill;	#R1
	content;	matching	entities, language detection,	"Find similar" search	
	Identify sets of relevant	enrichments;	topics, and content item	component	
	keywords;	Documentation of	type detection;		
	Deal with OCR mistakes	search query;	Result ranking, fuzzy		
		Results overview via	match, exact match		
		metadata facets			
	Identify persons in the	View distributions in	Named entity detection and	Filter by entity	#R2
	text	context with other	disambiguation		
		enrichments			
	Identify and (de)select		Group articles by topic	Filter by topic	#R3
	semantically coherent		models with relevance		
	articles from search		score		

Table 3

 3 Understand what is there: Aggregate, document, and contextualise.

	Inputs: ideas and requirements		Outputs: interface	ID
				components	
	Historians	Designers	NLP		
	Understand the	Visualise print runs and	Collect missing data	Newspaper page	#U1
	composition of the	missing data	during ingestion		
	corpus				
	History of query and	Transform queries to		Human readable summary	#U2
	collection building	readable text			

Table 4

 4 Compare and assess significance.

	Inputs: ideas and requirements		Outputs: interface components	ID
	Historians	Designers	NLP		
	High-level overview of	Compare search queries		Inspect & Compare	#C1
	queries and collections;	and represent			
		proportions			
	Trace semantic shifts	N-gram visualisation	ngram	Multiple Unigram view (ngrams)	#C2
		and comparison	frequencies		

Table 5

 5 Externalise: Export, link, and embed.

	Inputs: ideas and requirements	Outputs: interface components	ID
	Historians	Designers	NLP

Table 6

 6 Create transparency through documentation and educational materials.

	Inputs: ideas and requirements		Outputs: interface	ID
				components	
	Historians	Designers	NLP		
	OCR quality assessment	Help users to assess	Calculate a	OCR QA search filter	#T1
	per article	and act on OCR	measure for OCR		
		quality	quality		
	Convey the idiosyncrasies	Videos and animations		Tutorials	#T2
	of enriched newspapers			Interactive Ranke2 lecture	
				with quiz	
	Support reasoning based	Visual language for	Data processing	Blog	#T3
	on semantic enrichments;	educational materials	documentation	FAQ	
	Understand the interface	Integration of educ.		Community Calls	
	functionalities;	materials in the	(Co-)production	impresso Challenges	
	Understand choices made	interface	of educ. materials	impresso YouTube channel	
	by the project and their				
	impact				

Table 7

 7 Overview of the integration of main semantic enrichments in impresso Search page, Inspect & Compare and availability of dedicated components for exploration.

		Search	I&C	Dedicated component
	Topics	✓	✓	✓
	Text reuse			✓
	Named entities	✓	✓	✓
	Image search			✓
	Word embeddings	✓	✓	
	Language	✓	✓	
	n-grams			✓
	Content item type	✓	✓	
	OCR quality	✓		

Table 8

 8 Usage statistics for the impresso app for the period1.1.2021 -31.12.2021 collected with Google Analytics and by the impresso team. An (*) indicates values including visits to the impresso project page.

	Registered user accounts	614
	Users (new)	2967 (2844) *
	Sessions	4319*
	Avg. session duration	1:25 min
	Page views app (unique)	14.716 (10.359)
	Page views project home page 1.472
	Pages per session*	3.75

Table 9

 9 Curated overview of usage statistics of the impresso app between January 1 st , 2021 and December 31 st , 2021. Values for image and ngram search manually added from other views, duplicate entries for /search/ were merged. Data derived from Google Analytics.

	Page

path level 1 Description Page Views Unique Page Views Avg. Time on Page in sec.

  

	/collections/	User generated collections	106	72	40,52
	/text-reuse-clusters/	Text reuse explorer	87	74	21,64
	/faq	FAQ entries	81	68	66,79
	/entities/	Named entities overview	17	15	46,73
	/issue/	Content views	3489	2537	95,42
	/app/	Landing page app	3207	2973	114,56
	/search	Search in app	2432	747	87,92
	/newspapers/	Newspapers overview	531	371	48,78
	/user/	User account page	432	344	44,53
	/topics/	Topics explorer	240	176	38,57
	/search/images	Image search	182	117	44,70
	/search/ngrams	Ngrams	171	95	120,83
	/compare	Inspect & Compare	168	102	118,78

Table 9

 9 gives an overview of the distribution of page paths which can be mapped to individual components in the interface. As expected, newspaper content views, landing pages and search have received the highest number of page views. The newspapers page with its overview of our corpus is the most viewed interface component, followed by the topics graph, image and ngram search and Inspect & Compare. Collections overview, text reuse and the for now too obscurely placed entity explorer received significantly less views.
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https://impresso-project.ch/app/#/
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For a detailed analysis of researcher personas, we refer to the forthcoming article by[START_REF] Bunout | Digitised Newspapersa New Eldorado for Historians? Tools, Methodology, Epistemology, and the Changing Practices of Writing History in the Context of Historical Newspapers Mass Digitization[END_REF]).

impresso. Media Monitoring of the Past. Supported by the Swiss National Science Foundation under grant CR-SII5_173719, 2019. https://impresso-project.ch.

The project itself and an in-depth discussion of these challenges will be discussed in a forthcoming publication.

The interface was first published in 2016, https://www.retronews.fr/

For an overview see https://en.wikipedia.org/wiki/Participatory_design

A more detailed analysis of the dynamics of the co-design process across all stakeholders is beyond the scope of this paper and will be developed in a future publication.

An overview of all workshops can be found here: https://impressoproject.ch/activities/timeline/.

 10 An overview of the consortium can be found here: https://impressoproject.ch/consortium/contributors/.

A more detailed discussion of the process of user requirements gathering would be beyond the scope of this paper but will be addressed in a separate, forthcoming publication by the authors.

Other examples are available in the impresso challenges, part of the educational materials which accompany the interface: https://impresso-project.ch/assets/impresso-challenges-1.2.3.pdf 

https://impresso-project.ch/app/faq#how-are-word-embeddings-generated

For more information see: https://impresso-project.ch/app/faq#how-search-images-workwith-search-filters

https://github.com/dasmiq/passim.

https://impresso-project.ch/app/issue/luxwort-1946-01-05-a/view?p=5&articleId=i0041

https://impresso-project.ch/news/2018/06/12/tradingzone-ner.html

For a more detailed description of the component, see:(Düring et al. 2021) 

This distribution is also observable in the word embeddings: German embeddings show a mixture of terms linked to leisure time and nuclear warfare whereas French embeddings only cover the former.

For more information see: https://impresso-project.ch/app/faq?p=69891
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Search: Reviewers appreciated the value of combined filters, frequency distributions and the human readable search summary. Critiques addressed UX-related problems, e.g., the display of search results, hidden advanced features together with requests for more userfacing information on the component's functionality (updated since) and additional filters, such as political orientation of newspaper titles. n-grams: Reviewers appear to have been familiar with Google's n-gram viewer and confirmed its usefulness, flagged missing integration in the overall interface and suggested a smoothing function and higher granularity in the display of dates.

Word embeddings: Some reviewers struggled to find this component in the interface, others how to make use of it. Suggestions included a translation function or an equivalent tool for named entities (added since) as well as the computation of word embeddings for subsets of the corpus as well as more advanced visualisation of their distribution.

Topics: Most reviewers appear to have struggled to integrate them into their research workflows. Critiques addressed an overall opaqueness, a perceived lack of relevance but also the need for further guidance on their usage.

Newspapers: Reviewers appreciated its usefulness and requested additional metadata fields (e.g., print-run, or political orientation).

Inspect & Compare: Reviewers overall praised the component but flagged limited value due to at the time poor named entity quality and suggested additional options for comparison.

Text reuse: Reviewers praised the functionality and suggested deeper integration in Search, additional documentation, and passage-based text reuse detection.

Collections: Reviewers appreciated them as an especially useful feature despite some UX concerns regarding the editing of collections. Suggestions focused on the comparison of tweaked versions of collections (already supported by Inspect & Compare) and on more options to customize data export.

Overall, reviewers considered the interface to be well designed, to allow fluid navigation and to provide efficient support for research. One reviewer with a library background considered it as an additional step between mainstream search interfaces and APIs. Reviewers furthermore validated our high-level objective to integrate all components in the interface and flagged instances where this remains incomplete. As we expected, the reviews also revealed heterogeneous historical research needs and variations in the digital skills among the reviewers: Whereas some criticised the complexity of the interface and asked for a more "Google-like", keyword search-focused design, others requested, for example, more fine-grained filter configurations, more technical documentation, and the integration of regular expressions in the interface. The review attests almost unanimous appreciation of our implementation of Search, the Newspapers page, Collections as well as Inspect & Compare, and Text reuse. Word embeddings and Ngrams remained mostly obscure to the less digitally skilled reviewers whereas those with more digital skills provided nuanced feedback with concrete suggestions for improvement. encouraging feedback and stressed the need for versatile interfaces which can accommodate a variety of research interests.

Regarding future work, the composition of our corpus with newspapers limited to Switzerland and Luxembourg constitutes a severe limitation which we are working to overcome soon. In terms of user interaction, we are also looking to serve the needs of more computationally literate researchers who are interacting with data directly via API's and programmable notebooks. A third angle for future work concerns the exploration of text reuse data at scale to offer distant reading perspectives on the flow of content within our corpus.