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Abstract Reading literature is essential to research. However, the explosive growth, the multidimensional
attributes, and the complex relationships pose a tremendous challenge for researchers to understand and
analyze literature efficiently. We propose LitVis, a visual analysis approach to help users manage and
explore literature based on its metadata. LitVis allows users to select literature collection of interest and
analyze them from their attributes, text, and citation networks. From the perspective of attribute values,
LitVis supports users in understanding the distribution of literature and filtering individuals of interest. From
the perspective of the text, LitVis uses the Latent Dirichlet Allocation model to extract topics from the
literature and allows users to adjust the topic extraction results interactively. From the citation network
perspective, LitVis enables users to analyze citation relationships within and between topics to help them
understand research development. One use case and carefully designed interviews with domain experts
validate the effectiveness of LitVis in the management and analysis of the literature. The results show that
LitVis help users comprehensively identify the literature collection of interest and efficiently analyze the
evolution of research topics.

Keywords Literature visualization - Graph/network visualization - Text visualization

1 Introduction

The research literature is the embody of the scientific knowledge (Fortunato et al. 2018). During the process
of research, researchers publish their exploration results into the literature at conferences and journals. As an
essential output that reflects the development and progress of research, literature documents the evolution
and trends of research studies, the interactions between research topics, and the collaborative relationships
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between researchers. Managing and analyzing literature are a critical task in both summarizing existing
work and conducting further research.

Data availability prompts a great deal of research work on literature visualization. Diverse data sources
about research literature are available today, including Web of Science(WoS),' Google Scholar ,?
Microsoft Academic ,* covering millions of literature. Some of these data sources are even freely accessible.
To understand the complex and abstract literature dataset, researchers develop various visualizations in
many usage scenarios of literature analysis, such as identifying the evolution (Dou et al. 2013; Lee et al.
2005; Liu et al. 2012) and emergence (Small et al. 2014) of research topics, creating collaboration and
citation networks to reveal the skeleton and composition (Klavans and Boyack 2009). Existing studies either
focus on the visualization of a large-scale literature dataset or a single publication. However, existing
methods do not support users to select the collection of interest and analyze the inter-relationships and
evolution at the topic level. One typical application scenario is to analyze the research work in a particular
research field and write the literature review, e.g., research work about social media visualization and graph
visualization. These studies may vary significantly in research questions but are closely related to each other
from methodology aspects. For example, some studies may utilize a general method to various aspects along
a line of thought, and some studies may apply the general methods to different application scenarios. In such
a case, the objective of users’ exploration is the literature collection related to social media. The task is to
extract topics, understand their evolution, and analyze the correlations and intersections between various
topics.

We propose LitVis, which provides a novel visual analytics perspective for managing and exploring
literature dataset. Firstly, it allows users to determine a literature collection of interest interactively. After
loading the literature dataset, LitVis visualizes the publications using unit visualization (Stasko et al. 2013)
and arranges the literature according to the publication date and venues. To select the literature collection of
interest, LitVis allows users to filter the publications according to the metadata attributes, citation rela-
tionships, and the tags and comments added on the publications by users. Furthermore, LitVis extracts topics
according to the textual data of literature through the Latent Dirichlet Allocation technique (LDA) (Blei
et al. 2003) and allows users to adjust the extracted topic interactively. Based on the topic modeling results,
LitVis aggregates the citation relationships between publications at the topic level and enables users to
analyze the relationships among topics at different granularities. By arranging the publications chrono-
logically, users can also understand the evolution of research topics.

To evaluate the usability and effectiveness of LitVis, we had 10 graduate students use the prototype
system to analyze publications collections related to one specific research field. We report one case study to
demonstrate the utility of LitVis. Results show that LitVis can facilitate users to manage publications
efficiently and build their comprehensive understanding of the inter-relationship and evolution among
different research topics of the literature dataset.

In conclusion, our contributions can be summarized as:

e A novel analytical perspective for visualizing the inter-relationships and evolution of literature at the
topic level,

e A visual analytic system, LitVis, to support users manage, filter, and explore research topics of a set of
interested publications;

e One use case involving the publication collections of one research topic to demonstrate the usability and
effectiveness of LitVis.

In the remainder of this paper, we review the background with related work in Sect. 2. In Sect. 3, we discuss
the design requirements of the literature visualization. In Sect. 4, we introduce the system design of LitVis,
including interface design and interaction design. We provide a case study for analyzing the publication
collection of one research field in Sect. 5 to demonstrate the effectiveness of LitVis, followed by the
discussions in Sect. 6 about the method comparison and future work. In Sect. 7, we present the conclusions
of our paper.

! https://www.webofknowledge.com/.
2 https://scholar.google.com/.
3 https://academic.microsoft.com/.
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Fig. 1 The top part shows the summarized procedures of writing a survey. The bottom part shows the pipeline of LitVis,
composing three modules, (1) Data collection requires users to download the.bib files from the literature databases (e.g., google
scholar) or prepare the literature dataset in JSON/CSV format manually; (2) Literature management facilitates users to
understand the information of literature and allows them to add tags or comments and further select the literature collection of
interest; (3) Literature exploration allows users to filter the literature through meta attributes in the attribute panel, explore the
relations between literature at the topic level in the topic projection panel, and locate the relations at the publication level in the
citation relation panel

2 Related work

The literature metadata contain multiple attributes (publication date, authors, affiliations, etc.). In addition,
literature also contains textual data (abstract, keywords, etc.) and network data (citation, collaboration, etc.).
According to the analysis target, we divide the literature visualization into three categories: text-based,
network-based, and attribute-based (Fig. 1).

2.1 Text-based literature visualization

Textual data of literature contain titles, abstracts, keywords, and the main body. The textual information is
the essential part of the literature and describes the main scientific contributions.

Considering the large literature dataset, users need to search for the literature of interest through tech-
nical terms. One of the most critical tasks of literature visualization is to help users search efficiently and
visualize the searching results better. TileBar (Hearst 1995) splits the text into coherent parts of different
topics based on the slicing techniques. Users can enter the terms of interest and their frequency require-
ments, and the system visualizes the searching results using a heatmap visualization to show the distribution
of technical terms. The number of results could be enormous. Nowell et al. (1996) try to organize the results
with a highly flexible visualization system. Users can select the metadata attribute of the literature as axes,
such as authors and publication date, then the collection of search results is reorganized through a matrix
view. CyBis (Costagliola and Cybis 2011) employs a 3D visualization technique. More specifically, users’
searching results are displayed on a 2D plane according to their similarities. In addition, the publication date
serves as the third dimension, which is convenient for users to explore the distribution of the literature in the
searching results. The above studies only focus on a single searching result. Furthermore, Sparkler (Havre
et al. 2001) enables the comparison for multiple searching results, which arranges the searching results
along a circle, with each query result divided into a radial segment. The distances from the center encode the
relevance between research studies and technical terms. Sparkler also uses color to encode the searching
results of different queries.

In addition to filtering textual data according to user’s queries, some research work also supports
processing the textual data and further extracts research topics, which is essential for understanding research
development. ThemeRiver (Havre et al. 2000) is a common visualization technique for studying the evo-
lution of topics and arranges the temporal to the spatial dimension. ParallelTopic (Dou et al. 2011) also
utilizes the Themeriver to show the topic evolution. In addition, it also focuses on the visualization of the
topic modeling process for literature through the parallel coordinate system to show the distributions on
different topics. According to the extracted topics, the literature is divided into different groups, and the
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results can be visualized using several different approaches. PaperLens (Lee et al. 2005) utilizes the stacked
bar charts to visualize the distributions of each year. Bubble sets (Collins et al. 2009) arrange the papers
along the timeline and divides them into several groups using the colored bubbles. In addition to the
visualization of static topics, Jiang et al. (2016) focus on the evolution along the timeline using a Sankey
diagram and visualize the relationship among topics explicitly. Based on the extracted topics, Jigsaw (Gorg
et al. 2013) supports the flexible exploration of relationships between different meta-attributes (e.g., pub-
lication date, co-authorship, etc.) with the combination of textual analysis. The topics extracted from
literature may also contain a hierarchical structure. HierarchicalTopic (Dou et al. 2013) creates topic
hierarchies through topic modeling and hierarchical clustering algorithms, using a hierarchical topic river
visualization to allow users to understand the evolution of topics and topic groups. With the development of
deep learning techniques, more topic extraction methods are used for literature analysis. Galex (Li et al.
2020) is designed for a larger-scale literature dataset and uses Doc2Vec (Le and Mikolov 2014) and
t-SNE (Van der Maaten and Hinton 2008) techniques to analyze the evolution, intersection, and other
aspects of topics in the literature at three progressively fine-grained levels: discipline, area, and institution.
Furthermore, to improve the explainability of extracted topics, KeywordMap (Tu et al. 2021) develops a
fine-tune Transformer-based neural networks, helping users identify important words and understand the
keyword network structure within topics.

2.2 Network-based literature visualization

The literature dataset contains several networks, such as the collaboration network, the citation network and
the co-citation network. Because the size of the literature dataset is often quite large, existing research
studies focus on visualization techniques to avoid severe occlusions among nodes and edges.

Building a collaborative network among scholars can reach out a more comprehensive evaluation.
According to the difference of entities in the network, we divide the network into three categories. The first
category is the scholar-publication network. In the network, the nodes are either the authors or the publi-
cations. The links between the nodes are authoring relationship (Misue 2008). The second category is the
collaboration network among scholars. The inner nodes encode scholars, and the links between nodes
encode the collaborations between scholars. Huang et al. (2006) focus on the collaboration of a single author
to avoid too much overlap between nodes. After selecting scholars interactively, the system builds an ego-
centric collaborative network of scholars based on their published literature. The number of nodes and
connected edges of the ego-centric network is significantly simplified, facilitating the design and imple-
mentation of visualization. Considering the varying density between different groups of scholars, Node-
Trix (Henry et al. 2007) utilizes a hybrid visualization of node-link diagram and matrix to show the
collaboration network. Shi et al. (2015) extend the central scholar of ego-centric network with a novel
timeline-based glyph, and the links which represent the collaborations at the specific points of the timeline to
visualize the evolution of the collaboration network among scholars. Furthermore, egoSlider (Wu et al.
2016) utilizes the glyph-based timeline visualization to summarize the evolution of a scholar’s ego-centric
network and also support side-by-side comparison.

The citation relationships between literature can also build networks. The analysis of citation networks
can support a variety of tasks, including similarities of topics, influence propagation, research evolution. The
entities of the citation network could be research papers (Garfield 2004; Matejka et al. 2012; van Eck and
Waltman 2014; Chou and Yang 2011; Bergstrom and Whitehead Jr 2006; Dork et al. 2012), scholars (Wang
et al. 2018; Shin et al. 2019), and even conferences (Henry et al. 2007; Yoon et al. 2020). For the citation
network based on research papers, Garfield (Garfield 2004) utilizes the node-link diagram along the timeline
to show the complete citation network. Citeology (Matejka et al. 2012) complements with a stacked bar
chart to show the visual summary, and CitNetExplorer (van Eck and Waltman 2014) defines the various
types of nodes and edges and supports users to filter both nodes and edges of the network based on the
network relationships to reduce the number of nodes in the network. Similar to collaboration networks,
research studies (Chou and Yang 2011; Bergstrom and Whitehead Jr 2006; Dork et al. 2012) also focus on
the ego-centric network of one publication. PaperVis (Chou and Yang 2011) and CircleView (Bergstrém
and Whitehead Jr 2006) put the focused publication at the center and utilize the radial layout of the node-
link diagram to show the citation relationships. Pivotpaths (Dork et al. 2012) enable to switch the focused
entities flexibly. Many studies (Henry et al. 2007; Yoon et al. 2020; Wang et al. 2018; Shin et al. 2019)
aggregate the literature dataset at the entity level to simplify the nodes of the citation network. The
aggregations of the citation network improve the efficiency of visual layout and adds different perspectives
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of explorations in the literature dataset. Existing studies utilize scholars (Wang et al. 2018) or confer-
ences (Henry et al. 2007; Yoon et al. 2020) as the entities for aggregating literature, but do not utilize topics
as the aggregating entities.

2.3 Attribute-based literature visualization

The attribute-based literature visualizations do not emphasize textual and network data characteristics but
treat them as general attributes of literature (e.g., author and date). Many studies (Stasko et al. 2013;
Heimerl et al. 2016) focus on the citation relationships between literature, but they emphasize the visual-
izations of multiple attributes instead of the structure of the citation network. CiteRiver (Heimerl et al.
2016) combines the content of publications and citation relationship together to provide a comprehensive
analysis. PivotSlice (Zhao et al. 2013) proposes a multi-focus and multi-scale tabular view that provides
progressive, flexible, and dynamic queries for the literature at different granularities. The literature contains
diverse entities, and the intersection relationships between the entities are quite complex. Many analysis
tasks are based on the overlapping relationships between entities. RadialSets (Alsallakh et al. 2013) presents
a novel visual technique for radial sets, which can analyze the set intersections of a large number of
elements. RadialSets utilizes a frequency-based representation to quickly find and analyze different kinds of
overlaps between sets and correlate these overlaps with other properties of entities. While extracting topics
from text data is a common approach, some work is based on labeled topics. For example, Con-
fVisExplorer (Chen et al. 2021) presents a new visual metaphor for analyzing and comparing the charac-
teristics as well as the topic distributions of multiple conferences. Similar to our work, SurVis (Beck et al.
2016) also supports the literature management. Specifically, it enables users to create several filters from
different aspects of meta-data and browse the filtering results. However, LitVis further provides a thorough
analysis from text, network, and attribute aspects instead of straightforward browsing.

3 Requirement analysis

This section introduces the motivating design requirements of LitVis. To derive these requirements, we
firstly summarized six procedures of writing literature reviews (search paper, identify important papers, read
papers, build relationships, decide topics, and derive classifications) based on the guidelines proposed by
McNabb and Laramee (2019). In addition, we worked closely with several faculties and graduate students to
analyze challenges during the process of literature analysis and identify the following design requirements:

e RI. Allow users to determine the literature collection of interest. The literature contains both metadata
and textual data attributes. In many cases, users need to filter the literature collection of interest from the
whole literature collection based on these attributes, especially identifying the important papers. For
example, according to the metadata attribute, users can select the publications of one scholar or several
scholars. According to the textual data attributes, users can select publications of some specific topics.

e R2. Support users in understanding the topics of literature collection. After determining the literature
collection of interest, users are required to read papers and summarize the topic distributions of these
papers, which can facilitate users to understand the literature collection from the overview. In particular,
users often have their own understanding about the publications. Therefore, it is also necessary to
support users to adjust the topic of publications interactively.

e R3. Enable to analyze the relationships among different topics. Multiple relationships exist between
different topics, including the relative chronological relationships, the intersection relationships, and the
mutual influence relationships. It is required for users to analyze these relationships among the extracted
topics. Furthermore, showing the relationships between topics at various granularities can also provide
users with a detailed explanation.

e R4. Provide the comprehensive analysis for the literature dataset. In addition to the topics extracted
from the textual data of literature, a comprehensive analysis for literature should combine with other
metadata attributes, including author, venue, etc. Therefore, the prototype system should provide the
distribution of the literature collection in terms of multiple metadata attributes and enable users’ flexible
interactions for the analysis.
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4 System design

Driven by the above requirements, we propose a visual analytics approach for managing and exploring the
literature dataset. Our system consists of two parts, literature management and literature exploration. In
addition, this section also introduces the interaction designs of the prototype system.

4.1 Literature management

The literature management system allows users to upload the literature dataset in various data formats. As
one of the basic formats for literature citations,.bib files are supported by the majority of literature databases.
Users can easily access bibtex data in these databases. In addition, our system also supports data in the JSON
and CSV formats, which only need to be pre-processed according to the specific requirements with several
basic fields. The benefit of these two formats is that it is easier for users to understand and manipulate. For
example, users can add literature or modify the specific attributes manually.

The literature management system provides an overview of the entire literature uploaded by users and
allows users to determine the literature collection of interest flexibly. As shown in Fig. 2, the visual designs
of the literature management system are based on the visual mapping approach of CiteVis (Stasko et al.
2013) and extend it with more functionalities. The management system utilizes the unit visualization (Park
et al. 2018). Each circle represents a publication, grouped by its publication date and venue along row and
column. Each row indicates a venue, and each column indicates a publication date. The most recent
publications are arranged on the left side. To support users identify the important papers, the density of
circles encodes the number of their citations, which is one of the most important indicators of paper’s
importance. Specifically, the publications of darker circles have a larger amount of citations. Within each
group of a specific venue and date, publications are sorted in descending order based on the number of their
citations. To provide the distributions of other attributes in the overview, we encodes the other metadata
attributes into the stroke of circles. Figure 2 shows the comparison results of publication records from three
different countries (China, USA, and Germany). A paper could be collaborated by several scholars from
different countries, which is encoded by the segmented strokes of circles.

With interactive functions for searching and tagging, LitVis provide users with several functionalities
about finding the literature collection of interest. Firstly, users can add tags or comments on the publications
based on their understanding. Furthermore, by filtering the tags, users can accurately select the literature
collection to be analyzed. During the analysis process, users can also modify the tags and comments of the
literature on demand, thus updating the collection of analyzed literature (R1).
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Fig. 2 The visualization design for the literature management. The left part shows the comparison results of publications from
three different countries, USA, China, and Germany. The right part shows the glyph shows the publication collaborated by the
authors from USA and Germany
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Fig. 3 The interface of LitVis prototype system compromises five interrelated components: a The attribute distribution panel,
b The topic projection panel, ¢ The citation relation panel, d The topic list panel, e The paper list panel

4.2 Literature exploration

We developed a visual analytics system to explore the selected literature collection of interest from attri-
butes, text, and citation network aspects. As shown in Fig. 3, the interface for literature exploration consists
of five panels. This section introduces the visual design of each component in detail.

4.2.1 Topic list panel

To facilitate users to understand the topic of the literature collection, we utilize the Latent Dirichlet
Allocation model (LDA) (Blei et al. 2003) to extract topics from the literature. Compared with methods
such as doc2vec (Le and Mikolov 2014) and BERT (Devlin et al. 2018), LDA does not need to be pre-
trained with a large amount of dataset. In addition, another benefit of LDA lies in that the topic extraction
results have a better differentiation and interpretability. Therefore, our method takes the title, abstract,
keywords, user-annotated tags, and comments of the literature collection as input of LDA. More specifically,
LDA computes a topic-word matrix, which provides the specific explanations for each topic. Each topic
consists of multiple keywords, and LDA can compute the probabilities where each keyword belongs to
different topics. By filtering the keywords with high probability, users can quickly understand the com-
position of the topic. LDA also computes a document-topic matrix that provides information about the
associations between topics, and each paper can belong to more than one topic with different probabilities.

The topic list panel (Fig. 3d) provides detailed explanations of the topics (R2) by selecting the top 10
keywords with the highest probability and assigns different colors to these topics. In the topic list panel, the
font size of words encodes its probability of belonging to the topic, to help users better understand the
composition of the topic. Users can adjust the topic extraction results interactively. On the one hand, based
on the topic extraction results, users can add tags or comments on the literature according to their under-
standing. On the other hand, we provide a slider for users to adjust the number of topics extracted by LDA.

4.2.2 Topic projection panel

The topic projection panel is designed to provide an overview of topics extracted from the literature
collection. As explained in Sect. 4.2.1, the computation results of LDA contain the topic-document matrix,
which provides the topic probability distributions of each literature. We extract the topic probability dis-
tribution as the representation of literature and then project it to 2D space using t-SNE (Van der Maaten and
Hinton 2008). As shown in Fig. 3b, the projection result shows the overview of the literature collection.
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More specifically, we map the literature into circles. The color of circles encodes the topic of literature. If a
publication belongs to more than one topic, the color of the circle utilizes the color of topic with the highest
probability. The size of circles encodes the number of publications’ citations. The distances between circles
encode the differences in the topic distributions of their corresponding publications.

Based on the projection results, we add more visual designs on the overview to facilitate users to
understand the relationships among different topics. To help users understand the topic distributions and
analyze intersections between different topics, we calculate the density contours for the literature of dif-
ferent topics. The density contour uses the same color as the topic but has a lower opacity to reduce their
overlapping.

To help users understand the mutual influence relationships between different topics, LitVis aggregates
the citation relationships between different publications at the topic level and add the node-link diagram
based on the overview. As shown in Fig. 4b, when users select a topic as the focus to analyze the related
topics, we add nodes at the geometric center of the selected topic and other related topics. The size of nodes
encodes the number of papers within this topic. Note that each publication has one dominant topic but might
belong to several topics with different probabilities. Therefore, each node is divided into two sectors, and the
angle of sectors encodes the relative amount of different topics, showing the intersections of different topics.
The links between nodes encode the influence relationships, which is calculated by aggregating the citation
relationships between publications of different topics. The color of links encodes the direction of influence,
which is consistent with the color of topics. For example, the links in red indicate the influences from the
topics in red to other topics. The width of links encodes the size of influence, i.e., the number of citations
between these two topics (R3). Note that when we calculate the size of influence, we exclude the inter-
section part of the literature and count only the citations of other parts.

4.2.3 Citation relation panel
The citation relation panel is designed to provide a more in-depth exploration for the influence relationship

based on the literature perspective. As shown in Fig. 3c, we map publications into rectangles in the citation
relation panel. The colors of rectangles encode the topics of the literature and the rectangles which indicate
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the publications with multiple topics are segmented into several blocks with corresponding colors. The
probabilities of each publication belonging to different topics can be extracted from the topic-document
matrix computed based on LDA. We provide two visual designs for the topic extraction results. The first
design encodes the probabilities across different topics into the width of blocks as shown in Fig. 3c. Since
the occupied space of each rectangle is small, the blocks which encode small probabilities are difficult to
perceive by users. Therefore, the second design utilizes the uniform width for different blocks as shown in
Fig. 4d. In addition, this visual design encodes the relative probabilities of different topics into the orders of
different blocks.

In the citation relation panel, we layout the literature collection along the horizontal axis according to the
publication date to show the development and decay of different topics. The rectangles are sorted along the
horizontal axis according to the publication date. For the publication collection with the same date, we group
the publications with the same topics to facilitate users to understand the temporal distributions of different
topics. Each rectangle shares the same width and height. Based on the number of rectangles along both
directions, the layout method calculates the height and width of each rectangle as well as its specific
positions adaptively.

Comparing to the topic projection panel, the citation relation panel shows the references between
literature at the publication level to support more fine-grained explorations of users. More specifically, it
encodes the citation relationships between publications into the edges. When the citations between publi-
cations are very dense within the literature collection, the crossing of connecting edges will lead to severe
cognitive burdens for the user’s exploration task. To address this issue, the topic projection panel allows
users to interactively highlight the rectangles and connected edges of interest in conjunction with specific
exploration tasks as shown in Fig. 4b (R3).

4.2.4 Attributes distribution panel

The metadata attributes of literature have many dimensions, including authors, keywords, affiliations,
journal, publication date. We provide the attributes distribution panel to support users to explore the
relationships between different attributes (R4).

To support users in exploring patterns of different metadata attributes, the attribute distribution panel
shows the overall attribute distributions of the selected literature collection along time. The evolution of the
topics over time attracts a wide range of user interests. We also provide a bar chart of topics based on
publication date to help users better compare their distributions, as shown at the bottom of Fig. 3a. Among
all metadata attributes, users are usually more interested in the authors and topics of the publications, which
can show the collaborations between different researchers. By processing the keywords and user annotations
into the tag data, the attribute distribution panel presents the 10 most frequent scholars and tags and use the
heatmap to visualize the temporal distributions of literature collection on these attributes, supporting users to
visually compare different scholars as well as attributes.

The paper list panel (Fig. 3e) shows the entire literature dataset with metadata attributes by default,
including title, first author, venue, publication date, and citation count. These information facilitate users to
quickly locate literature of interest. When users select an author or tag of interest, the paper list panel will
update the content accordingly.

4.3 Interaction design

In this section, we introduce the interaction designs of LitVis to meet the requirements of exploration and
analysis.

4.3.1 Cross filtering

Many metadata attributes of literature, such as scholars, keywords, and annotations, often contain multiple
values. For example, a publication is often collaborated by multiple researchers from several countries and
consists of multiple keywords. When analyzing the literature dataset, it is essential to explore the rela-
tionships between different metadata attributes.

After determining the values of a specific attribute, such as scholar, tag, and topic, users can filter a
subset from the whole literature collection. As shown in Fig. 4a, the attribute panel highlights the temporal
distributions of the selected literature collection, allowing users to explore the distributions between
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different attributes (R4). The citation relation panel highlights rectangles of literature with selected attri-
butes or selected topics while generating an underlying area based on the density contour. The panel also
shows all citation links inside the highlighted literature collection. Therefore, users can select the literature
of interest for further exploration.

The topic projection panel will also update accordingly. When users select a specific attribute value of a
feature, the topic projection panel highlights the corresponding literature. Moreover, when users select a
topic as the focus of exploration, the topic projection panel will highlight the entire region of the topic, add
nodes to indicate other topics, and show the influence relationships between the focused topic and other
topics.

4.3.2 Influence exploration

With an overview of influence relationships between different topics, LitVis allows users to further explore
the specific influence relationship at the literature level (R3). The main subjective of this functionality is to
help users find the most valuable citation relationships based on their exploration tasks in a massive citation
network, significantly reducing the cognitive burden of users. Users can select the link which indicates the
influence relationship of interest at the topic projection panel, and the panel will highlight the links between
the central topic and the topic of interest, as shown in Fig. 4b. At the same time, the citation relation panel
below highlights the links between the publications of the focused topic and the publications of other topics
to reduce the edge crossings. The color of the links is the same as the color of the source topic of the
influence relationship. This design helps users to locate detailed information of the influence between
different publications quickly.

5 Evaluation

To demonstrate the usability and effectiveness of LitVis, we invited 10 participants to use the prototype
system, who are all graduate students and need to manage and analyze literature. The subjects are from
different majors, including computer science, industrial design engineering, data science, etc. We present a
usage scenario to demonstrate the effectiveness and usability of LitVis, which is based on the essential task
of literature visualization, analyzing publications of a specific research topic.

We first introduced the functions of LitVis and the dataset used, and then encouraged the participants to
explore freely according to their interests. At last, participants were asked to fill out a questionnaire about
their experience of using LitVis and we interviewed each participant and collected their findings and
comments.

5.1 Literature data collection

We asked the participants to analyze the literature collection related to graph visualizations, an important
research field in information visualization. In recent years, researchers have proposed a series of general
visualization techniques about graph visualizations, such as graph layout, and applied graph visualizations to
various application scenarios, such as computer networks, social media. Therefore, analyzing and sum-
marizing the development of graph visualizations is a practical task. To support users collect the papers
related to graph visualizations, we provide the whole proceedings of IEEE VIS from 1990 to 2020. By
searching for the related words, such as network, graph, participants can initially determine a collection of
literature. Then they expand the literature collection according to the citation relationships between pub-
lications. After going through these publications, the participants can add tags to them manually for further
filtering according to their understanding. Finally, participants can determine around 100 publications for
further explorations.

5.2 User findings

We encouraged participants to share what they found in their free explorations and summarized these
findings from three aspects: topics, scholars, and influence relationships.
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5.2.1 Topics overview

Based on the literature collection collected by users, LitVis extracts four different topics, as shown in the
Topic List Panel of Fig. 4a. These keyword distributions can help participants get an overview of the
publications. More specifically, topic 1 and topic 3 are both related to “layout” and “technique” and the
publications of these two topics occupy the majority of the whole collection (81/101). However, differences
also exist between the publications of these two topics. Topic 1 emphasizes the novel “approaches” to
optimize “model” and “node” layout, such as DiffAniRufiange and McGuffin (2013). Topic 3 focuses on
the studies about the network “structure”, especially related to “edges” and “bundles”, such as skeleton-
based edge bundlingErsoy et al. (2011). This finding inspires the participants to utilize visual elements of
graphs as one dimension to analyze the existing techniques. According to this dimension, research studies
can be classified into two categories. Research studies of the first category focus on the nodes of graph
visualizations, such as improving the node layout algorithm or visual encoding approach. The second
category emphasizes the edges between nodes in graph visualizations. One typical example is the edge
bundling approach of graph visualizations (R2).

The keywords of topic 2 include “influence”, “map”, “motion”, “mutation”, “spatial”. These keywords
facilitate participants to learn that the research studies of this topic emphasize the applications of graph
visualization. Topic 4 has a striking keyword “dynamic”, which can be inferred that these studies are related
to dynamic graph visualizations. Analyzing the evolution of large-scale graphs is one of the great challenges
of graph visualization.

5.2.2 Active scholars

Users can analyze the relationship between different attributes and topics based on the attribute panel. As
shown in Fig. 4c, the participants found that Kwan-Liu Ma is an active researcher in graph visualization and
users wanted to analyze his research work in-depth with the topics projection panel. They found that Ma is
mainly dedicated to research studies about graph layout, among which his publication on the immersive
graph visualization Kwon et al. (2016) has a largest impact (R4).

Another finding is that Kim Marriott is one of a pioneer in the field of graph visualization research field,
as shown in Fig. 4a. the participants found that Marriott has a lot of collaboration with Tim Dwyer (they
both work at Monash University). After selecting the scholar, the participants found that his research work
has many internal citations and inferred that there is a good continuity of their work on graph layout. These
findings facilitate users read these papers, finally proved their hypothesis (R4).

5.2.3 Influence spread

The number of citations is an important aspect to evaluate the impact of a publication. Users sorted all the
articles by citation count in the Paper List Panel and tried to analyze the highly cited papers. Parallel Edge
Bundling has a lot of citations. As shown in Fig. 4e, it (Burch et al. 2011) has also been cited many times by
the publications in the literature dataset, which informed the participants that this work made a significant
contribution to graph visualizations as a general graph visualization technique. On the contrary, Mobil-
ityGraphs (von Landesberger et al. 2016) has a similar amount of citations with Parallel Edge Bundling, but
it is not cited by the publications in this literature dataset. The participants read the paper’s abstract to
figure out the reason and found that this work focuses on applying graph visualization methods to the study
of mobility in traffic and transportation. The huge impact of MobilityGraphs shows that graph visualization
has a huge impact on other research areas.

Users also investigated the influence relationships between graph visualization applications (topic 2) and
others. They selected topic 2 as the focused topic, as shown in Fig. 4b, and found that topic 2 had very little
output influence on other topics, but topic 3 and topic 4 had a very strong influence on it. Users clicked on
the link which indicates the influence relationships between topic 2 and topic 4 to further explore the specific
citation at the literature level and found that GraphDiaries (Bach et al. 2014) was cited twice. After
reviewing the abstracts of these papers, users found that GraphDiaries and Segue (Law et al. 2018) are both
related to dynamic networks. This finding informed the participants that GraphDiaries’ method on animation
is helpful for the construction of the Segue system (R3). The users read the full text of these papers to
validate their assumptions.
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Table 1 Comparison between LitVis and existing literature visualizations

Li et al., TVCG2020 Shin et al., VAST2019 Chen et al., JASIST2010 LitVis
Literature management No No No Yes
Aggregation level Publication Entity Publication Topic
Analysis aspects
Metadata attributes No No No Yes
Textual data Yes No No Yes
Citation relationship No Yes Yes Yes

5.3 User feedback

All participants made more or fewer discoveries during the free exploration. They indicate LitVis is easy to
learn (u = 4.6, 0 = 0.51) and feel comfortable (u=4.7, 6=0.48). During the interview, several participants
commented on the effectiveness: “LitVis can give me some new insights.” (P4), “After I had made some
discoveries, LitVis supported me in looking at more details to verify or disprove my hypothesis” (P5) and
usability: “The system design is beautiful and easy to understand.” (P3, P8, P10), “The information
displayed is very complete, and the temporal distribution of the attributes is helpful for analysis.” (P9).
There are also some comments pointing out the parts that can be improved: “Only support one author or
tag for exploration. Multiple choice should be interesting.”(P1), “Although the citation links are reduced by
interaction, there is still a lot of crossovers.”(PT7). Overall, the participants were satisfied with LitVis
(u=4.2, 0 = 0.63) and indicated that they want to use it to manage and analyze papers of their field.

6 Discussion and future work

We compare LitVis with three existing research studies/commercial tools (Li et al. 2020; Shin et al. 2019;
Chen et al. 2010) about literature visualizations from three different aspects, whether to enable the literature
management, analysis aspects of literature visualizations, aggregation levels of citation relationships. We
choose these research studies because they also focus on the citation relationship between publications.
Table 1 shows the comparison results between LitVis and other related work. The results shows that LitVis
is the only one which allows users to select the publication collection of interest through the literature
management and analyze the literature collection from the metadata attributes, text data, and citation
relationships aspects. In addition, LitVis also provides a novel perspective for aggregating the citation
relationships at the topic level.

For the scalability, most visualization designs in LitVis can support the management and exploration of
large-scale literature dataset except for the citation network view. Citation relations between literature are
essential to help users understand their mutual influences between different research studies. These relations
are also quite dense and complex. Visualizing the citation relationships directly will lead to severe occlu-
sions. To visualize the citation relationships clearly, it is necessary to make simplifications, for example,
filtering the ego-centric network based on a focused publication. Our method extracts topics and aggregates
the citation relationships at the topic level, which can also be regarded as the simplifications for the citation
relationships. The analysis task—understand the interplay among different topics—determines the simpli-
fication approaches for the citation relationship between different topics. However, when showing the
detailed citation relationships between the specific publications within each topic, the current approach still
has some occlusions between the citation links in the citation relation panel. In future, we plan to develop
the visual design approach, especially the layout method, to reduce the occlusions.

LitVis allows users to upload a literature dataset and determine a collection of interest interactively, e.g.,
all publications of a researcher or related to a research topic. Furthermore, LitVis allows users to analyzes
the literature dataset from several perspectives to help the user understand the development of research
studies. However, in some usage scenarios, the user may also be interested in two or even more papers
collections. For example, users are interested in two researchers and want to make a comparison about their
research studies, including the diversity of their research topic and evolution. It is an interesting research
topic to support the user to compare multiple collections of literature.

Although our visualization methods are designed for visual analysis of the literature dataset. However,
the problems and methods addressed in this study can also be generalized to other research topics. For
example, the discussion of an event in social media may have several different topics that interact with each
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other and the content of the discussion is constantly evolving, which is consistent with the scenario of our
research work Our research work can be subsequently extended to areas such as social media. In future, we
plan to explore generic visualization methods of influence and evolution between topics to help users’
understanding and exploration.

7 Conclusion

We propose LitVis, a visual analytic approach for literature management and exploration. LitVis allows
users to select a literature collection of interest and make further exploration from three different aspects,
attributes, text, and citation network. LitVis extracts the research topics and supports users to adjust the topic
extraction results interactively. LitVis provides a novel perspective to show the interrelationship between
various research topics and within the same topic at different granularities. We utilize the literature dataset
related to visualization venue and present one use case to validate the effectiveness of LitVis. The result
shows that LitVis is able to facilitate users to get valuable insights from the literature collection.
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