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Figure 1: Visualization of overlapping biclusters extracted from a news topic related to the UN and the concerns of the peacekeepers mission in South Sudan. (a) The overview displays 112 biclusters placed column-wise in each term × bicluster matrix. They represent bicluster communities nested in a node-link diagram to help identify their commonalities and specificities in the two dimensions. (b) Zooming into two communities, we can observe which biclusters and terms are associated to the selected document.

INTRODUCTION

Large text collections contain valuable knowledge that can be hard to infer without appropriate visual analytics software. To support exploratory analysis of unstructured text collections, visual text analytics combines interactive visualization and NLP/text mining methods. Most of these methods use the popular "bag of words" model which simplifies the representation of textual data in a term * e-mail: ainhoa.zapirain@list.lu † e-mail: nicolas.medoc@list.lu ‡ e-mail: mohammad.ghoniem@list.lu × document matrix. Biclustering [START_REF] Prelić | A systematic comparison and evaluation of biclustering methods for gene expression data[END_REF] exploits this model to group rows and columns simultaneously according to the duality of the relationships between the two dimensions of the matrix. Recently, this technique has been applied on the result of topic models to extract topic variants, helping investigative journalists drill-down into topics of interest and delineate various facts and opinions shared in multiple documents [START_REF] Médoc | Visual Exploration of Topic Variants Through a Hybrid Biclustering Approach (english translation)[END_REF].

In this work we aim to address the challenge of designing a meaningful visualization of numerous overlapping biclusters, which depicts their commonalities and specificities. In a matrix visualization, reordering rows and columns reveals biclusters in contiguous blocks. However, when biclusters overlap, the rearranged blocks are forced to split which impedes understanding their composition and thus their common items. Other solutions based on node-link diagrams must be carefully designed to avoid visual clutter in dense areas of the network. To address these issues, we propose a new hybrid approach based on multi-layer network visualization allowing the analyst to focus on the commonalities and specificities of biclusters. We also provide the protocol of a controlled experiment we aim to conduct in future work.

RELATED WORK

In the literature there are multiple approaches to represent overlapping biclusters. In gene expression data, Santamaría et al. [START_REF] Santamaría | A visual analytics approach for understanding biclustering results from microarray data[END_REF] use a force directed layout to lay out the items of the same biclusters close together and surround them with convex hulls. However, it remains hard to distinguish specific and common nodes in dense areas due to the numerous overlapping hulls. In their study, Ghoniem et al. [START_REF] Ghoniem | On the Readability of Graphs Using Node-Link and Matrix-Based Representations: A Controlled Experiment and Statistical Analysis[END_REF] have shown that matrix visualization is more appropriate than node-link diagrams to analyze dense relationships in a network. NodeTrix [START_REF] Henry | NodeTrix: a hybrid visualization of social networks[END_REF] adopts a hybrid approach nesting matrix visualization in a node-link diagram to support analysis of intra-and inter-relationships between communities in social networks. In the case of biclusters, Furby [START_REF] Streit | Furby: fuzzy force-directed bicluster visualization[END_REF] shows the two dimensions of biclusters in matrices. They are nested in a node-link diagram to depict their relationships. Nonetheless, with a plethora of overlapping biclusters, edge crossing generates visual clutter.

To explore topics extracted from a large collection of texts, Médoc et al. [START_REF] Médoc | Visual Exploration of Topic Variants Through a Hybrid Biclustering Approach (english translation)[END_REF] draw an overview of a thousand of overlapping term × document biclusters. They are conveyed as a term hierarchy enabling quick exploration of the term sets of biclusters by grouping the most common terms at the top levels and branching the more specific term variations deeper in the tree. Such an approach allows to depict commonalities and specificities of biclusters but in one dimension only. In order to address these issues, we propose a nested visualization [START_REF] Javed | Exploring the design space of composite visualization[END_REF], built upon a multilayer network model [START_REF] Mcgee | The state of the art in multilayer network visualization[END_REF] supporting the analysis of many overlapping biclusters in the two dimensions simultaneously.

THE HYBRID APPROACH

Data model. To build a visual text analytics solution, we first apply topic modeling algorithms on a term × document matrix, each document being a vector of distinct terms with TF-IDF weights. In this work, we define a topic as a sub-matrix containing the subsets of terms and documents associated to it by any topic modeling algorithm. To support thorough scrutiny of each topic, the various shades of topics are extracted from each sub-matrix by Bimax biclustering algorithm [START_REF] Prelić | A systematic comparison and evaluation of biclustering methods for gene expression data[END_REF]. Bimax biclusters capture the distinct combinations of terms shared by multiple documents.

Visual Design. The objective of the visualization is to help drill down into any topic of interest by conveying all extracted biclusters while fetching their commonalities and specificities in the two dimensions. From the term × document bicluster results, we build a multi-layer graph where nodes can be of three types: documents, terms and biclusters. Edges link terms and documents to the biclusters in which they appear. To reduce edge crossing and visual clutter, our approach consists in representing highly connected biclusters as a matrix visualization (see Figure . 1a). We therefore apply a community detection algorithm [START_REF] Clauset | Finding community structure in very large networks[END_REF] to a graph where a pair of biclusters are linked by an edge if they share documents or terms. As a result, each community of biclusters is displayed in a matrix where columns are biclusters and rows are terms. The analyst can thus quickly interpret the community at a glance by reading vertically the labels aligned on the right side (see Figure 1b). To facilitate the identification of different terms and their repetition in other communities, we assign a distinct color to each term. The documents are however drawn as circle shapes and connected to individual biclusters inside the communities. In orange and blue, we distinguish documents shared between different communities from those specific to one only.

Layout. The nodes are placed strategically with a force-directed layout to reduce edge crossings. At each iteration we consider the centroids of groups to move similar communities closer to each other. Groups of communities are computed with a Jaccard-based distance taking into account the shared terms and documents. According to Figure 2, the positions of communities and their shared documents are set by the force-directed layout while the position of specific documents is delayed until the stabilisation of the layout.

DESIGN OF A CONTROLLED EXPERIMENT

We aim to compare our hybrid visualization with Furby's design [START_REF] Streit | Furby: fuzzy force-directed bicluster visualization[END_REF] where matrices represent individual biclusters and the hierarchical approach proposed in [START_REF] Médoc | Visual Exploration of Topic Variants Through a Hybrid Biclustering Approach (english translation)[END_REF]. The comparison is based on four tasks: 1) Identify common and distinct terms between two selected biclusters in the same community ; 2) Identify common and distinct documents between two selected biclusters in two different communities ; 3) Find all the biclusters containing one given document ; 4) Find all the biclusters containing one given term. We are considering a between-subject experimental design such that the subjects will use either multi-layer, Furby's or hirarchical design, to carry out the four different tasks on 9 topics of 3 different sizes. To minimize bias, we will randomize the topic order presented to each subject. One additional topic will be used to train the subjects on the visualization and the task execution. User performance is assessed by task completion time and accuracy. Accuracy is measured by a Jaccard distance between the target sets and user answers for each task.

CONCLUSION

The hybrid visualization proposed in this work conveys overlapping biclusters by displaying bicluster communities in a term × bicluster matrix nested in a node-link diagram. In future work, we aim to run a user study showing the performance of three alternate visual designs: our hybrid approach based on multi-layer network visualization, a node-link diagram nesting term × document matrices and a hierarchical approach proposed in [START_REF] Médoc | Visual Exploration of Topic Variants Through a Hybrid Biclustering Approach (english translation)[END_REF], with different topic sizes.
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 2 Figure 2: Three steps are applied to position the nodes: the placement of (1) group centroids and (2) communities with their shared documents alternates during the force-directed layout iterations; (3) in the end, the placement of specific documents is relative to their communities.