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Abstract

The regional industry network (RIN) is a type of financial network derived from industry networks that possess

the capability to describe the connections between specific industries within a particular region. For most investors
and financial analysts lacking extensive experience, the decision-support information provided by industry networks
may be too vague. Conversely, RINs express more detailed and specific industry connections both within and out-
side the region. As RIN analysis is domain-specific and current financial network analysis tools are designed for gener-
alized analytical tasks and cannot be directly applied to RINs, new visual analysis approaches are needed to enhance
information exploration efficiency. In this study, we collaborated with domain experts and proposed V4RIN, an inter-
active visualization analysis system that integrates predefined domain knowledge and data processing methods

to support users in uploading custom data. Through multiple views in the system panel, users can comprehensively
explore the structure, geographical distribution, and spatiotemporal variations of the RIN. Two case studies were con-
ducted and a set of expert interviews with five domain experts to validate the usability and reliability of our system.

Keywords Visualization, Visual analytics, Visualization in finance, Regional industry analysis

Introduction

Industry network refers to the network structure formed
by different industries through connections such as sup-
ply chains and technology transfers. However, the wide
range of entities within an industry network makes it
challenging to provide detailed information at the geo-
graphical level. Consequently, regional economic spe-
cialists are increasingly analyzing the regional industry,
which includes firms within a specific economic region
that produce similar products or engage in the same type
of industry.
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A regional industry network (RIN) comprises the
regional industries linked through economic interde-
pendencies. Such networks offer in-depth insights for
investors and analysts, uncover concerns not evident
in broader industry analyses, and aid in understanding
industry interactions within a region. Current research
on RINs is primarily concentrated in the field of eco-
nomics, where researchers generally use statistical meth-
ods like factor analysis to study the economic elements
involved. Additionally, visualization researchers have
designed visual analysis tools specifically for analyzing
regional industry entities. For example, to analyze indi-
vidual regional industries, Chen et al. [1] introduced
RISeer, which combines the visual representations of
bubble-like graphs and connecting lines to help users
visually analyze the evolutionary dynamics of the struc-
ture of a RIN. To analyze the industrial connections
within a region, Hermes conducted a visual analysis
of the cash flow network, revealing the economic con-
nections between productive sectors and geographic

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0001-9835-2650
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42492-024-00164-9&domain=pdf

Xiong et al. Visual Computing for Industry, Biomedicine, and Art

regions [2]. Sabrina employed multi-scale visual analysis
views to help experts discern potential business asso-
ciations among industrial entities [3]. However, most of
these studies tended to emphasize the regional attributes
attached to industries and then analyze the industrial
structure within individual regions or the distribution
status of industries across regions; that is, they focused
more on the regional characteristics of industries rather
than analyzing the economic relationships between
regional industries as distinct entities. In summary, the
analysis of the relationships between regional industries
is an important research topic in the analysis of the entire
RIN, and existing related works lack the ability to explore
the RIN from a more diversified perspective.

To address this research gap, we collaborated with
several domain experts. After fully collecting the analy-
sis demands of RINs in reality, we decided to design a
novel domain knowledge-oriented visualization solution
for some specific RIN analysis tasks, which would help
researchers interactively explore regional industry enti-
ties as well as associative relationships in coordinated vis-
ualization views. After understanding the specific domain
tasks, the design process of the proposed solution faced
several challenges. First, highlighting the geographical
and industrial characteristics of regional entities is neces-
sitated for solving all analytical tasks. However, designing
visual analysis methods that can mine potential patterns
from both the geographic distribution and network
structures is challenging. Effective visual representations
must help experts to clearly identify potential patterns in
data across spaces without creating logical complexity or
visual confusion. Second, to meet the practical analytical
needs that experts face, comprehensive visualization pan-
els generated from multi-dimensional, multi-source data,
often contain excessive amounts of information, which
can lead to visual clutter and complex operation. Efficient
visual design should not only rationally filter and refine
data to prevent information overload but also achieve a
balance between the details of the views and the intui-
tiveness of the layout, enabling experts to focus on reli-
able and critical insights.

For the first challenge, we proposed innovative visuali-
zation designs based on conventional graph-based geo-
visualization methods, integrating techniques such as
multi-layer switching and convex hull algorithms. These
support experts in exploring distribution and connec-
tion patterns of regional industrial entities within both
geographical and network spaces simultaneously and
reveal the impact of entity characteristics on RINs. To
address the second challenge, we developed a multi-per-
spective collaborative visual analytic system that designs
views with distinct functions for different analytical
tasks. The layout and interactive operation of the views
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are user-friendly, making it easy for financial experts to
perform their tasks. Case studies and expert reviews of
real-world scenarios demonstrated the usefulness of the
proposed system. We believe that this is a new visual
analytic study designed for specific RIN analysis tasks. In
summary, this study makes the following contributions:

o We summarized a series of main analysis tasks
of RINs from qualitative interviews with domain
experts and designed diverse visual solutions accord-
ingly.

+ We have developed a multi-view collaborative visual
analytics tool that supports comprehensive explora-
tion of entities and relationships within RINs.

+ We validated the interpretability and applicability of
our proposed visualizations by conducting two case
studies and interviews with six experts.

Visual analysis of financial network

Numerous entities and relationships, such as transaction
behavior, asset relationships, and market fluctuations, are
involved in the financial domain. A financial network is
a structure used to represent complex network relation-
ships among these financial entities, typically composed
of financial entities as nodes and the financial relation-
ships between entities as edges. Researchers can obtain
new insights from analyzing financial networks to make
informed decisions [4, 5]. Visual analytics is a method of
presenting data in graphical or other visual formats so
that people can understand and analyze the data more
easily. Compared to other data analysis methods, the
visual analysis of financial data can further help peo-
ple understand these complex financial relationships
and discover potential patterns to support tasks such as
financial decision-making, risk management, and market
monitoring.

In recent years, visual analysis approaches for financial
networks have been broadly classified into two categories
from the perspective of task objectives. The first category
identifies potential patterns or assesses the contagion
risk in a network based on predefined rules. Leite et al.
[6] developed a visual analytic system that supports net-
work exploration and proposed the solution for pattern
analysis and fraud detection on bank transaction network
data. Niu et al. [7] assessed the risk of nodes in interbank
transaction networks and developed a visual analysis sys-
tem that enables users to assess, intervene, and mitigate
risks in financial networks. Some researchers have com-
bined pattern analysis and fraud detection. For example,
Niu et al. [8] proposed visual analytic solutions for default
contagion risk in interbank guarantee networks, thereby
facilitating the discovery of contagion chain patterns.
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The second category explores the node attributes and
relationships of the financial network. Arleo et al. [3]
visualized the variability of indicators and the spatio-
temporal evolution of the relationships between objects.
Similarly, Chen et al. [1] proposed an interactive visu-
alization system with new visual features to analyze the
evolution process of the regional industry structure. Both
these studies provided insights into financial networks
from the perspective of geographical distribution. They
utilized geovisualization methods to present financial
networks on maps, enhancing researchers’ understand-
ing of the geographic attributes of the nodes as well as
the distribution of relationships in the financial network.
In particular, RISeer, proposed by Chen et al. [1], is one
of the few visual analysis works designed for regional
industries. It revealed the current state of the regional
industry structures and their dynamic changes over time
from a microscopic perspective. Inspired by this study,
we designed a visual analysis tool for RINs primarily from
a geographical perspective to emphasize the most impor-
tant regional distributional characteristics in the analysis
of RINs.

While there are several visual analyses of financial net-
works designed for different research purposes, few deal
with regional industries as financial entities; they focus
more on designing applicable visualizations to show the
geographical distribution of industries across regions.
These approaches ignore the important economic link-
ages that exist between regional industries, which are a
class of financial entities. Analyzing the structure of RINs
can reveal key economic linkages and competition within
and outside the region. Therefore, designing visual ana-
lytical tools for this purpose has practical significance
and application value.

Graph-based geovisualization

Because financial data containing geographic attributes
are typically complex, heterogeneous, and large-scale, the
expression of geovisualization must be augmented by lev-
eraging the graph structure.

Graph-based geovisualization is a research field that
concentrates on the visualization of geographic networks
through graph-based methodologies [9, 10]. Chen et al.
[11] drew the road network on the map, supporting users
to query spatial-temporal and social interconnected-
ness features of real urban data. Similarly, Huang et al.
[12] encoded spatio-temporal information from a vast
amount of trajectory data into a 2D map-based network
and simplified the exploration and querying processes of
mobile phone user trajectories.

Nevertheless, our work is concerned with the evolu-
tion of the relationships between entities rather than
the description of the spatial and temporal evolution of
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individual entities, such as the movement of entities in
a trajectory network. Such work [13-16] is commonly
found in the analyses of urban and social media data.
However, few studies have been conducted on financial
network data with geographic information. Wang et al.
[17] adopted several methods to construct a regional map
based on geo-textual data and designed different visual
views to show regional migration trajectories. Arleo et al.
[18] utilized a hexagonal design to visually represent
individual companies on a map and displayed the finan-
cial transaction relationships between them in 3D space.
As more network data with geographic information are
studied, the proposed visual approach must minimize the
visual conflict between network elements and geographi-
cal distribution while highlighting distinct visual pres-
entation emphases. An interactive visualization analysis
system for regional industry network (V4RIN) is a new
geovisualization tool for RINs, offering a series of effi-
cient and effective collaborative visual analytics solutions.

Methods

Requirement analysis

As a cross-disciplinary issue, the demand for research
on RINs originates from financial analysis, and the cor-
responding solutions are drawn from data analysis and
visualization. We collaborated with nine experts, with
E4-E9 primarily involved in collecting user experience
feedback. Further details will be presented in Expert
review subsection. E1 and E2 are investment research
analysts with six and eight years of experience in financial
institutions, respectively, whereas E3 is a PhD with over
five years of experience in financial data visualization
and graph learning. From August 2022 to March 2023,
we held weekly discussions lasting approximately one
hour with experts E1 and E2, while maintaining a more
frequent face-to-face views exchange with expert E3. The
discussions focused on the difficulties that experts may
have encountered in analyzing RINs as well as question-
ing and evaluating the current process of system design
and implementation.

After continuous in-depth communication, experts
highlighted the application value of a system that inte-
grates multiple visual analysis approaches to help
researchers understand complex data. E1 expressed
that, as a solution for financial analysis tasks, it is crucial
to maintain the integrity and accuracy of the data. This
implies that the designed visualization methods should
avoid distorting data, such as introducing arbitrary preci-
sion loss in numerical values or using color schemes that
may misrepresent differences in data. E2, with experience
in designing financial systems, suggested that while the
analysis of RINs should primarily focus on the relation-
ships between each regional industry and its geographical
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distribution, exploring deeper into the economic attrib-
utes of regional industries may provide users with more
insightful perspectives. For instance, he would be more
concerned about the service industry in Shanghai being
closely associated with industries in Jiangsu Province or
Zhejiang Province, which affects his investment choices.
Conversely, E1 mentioned that, based on his analytical
experience, being able to observe the geographical dis-
tribution changes of various regional industry entities
without frequently switching views is crucial for under-
standing market trends. Furthermore, when present-
ing other financial visual analytic systems to experts,
they noted that, although these systems lacked depth
in terms of interaction and included information, effec-
tive visual analysis tools remain an outstanding choice to
ease the burden on researchers. E3 pointed out that they
were often overwhelmed by various complex operations
when using other industry analysis systems in the mar-
ket. Some systems provide excessively detailed informa-
tion, requiring users to spend a significant amount of
time filtering and understanding the data. E1 added that
most systems only present the final results to experts and
that data quality is not easy to verify. Having a module
in our system that provides explanatory results would be
more beneficial for analysts to understand the RIN. In
summary, experts require visual analytics methods that
integrate map presentation, spatio-temporal observation,
categorical display, drill-down into indicators, and other
functions to accomplish key domain tasks accurately and
efficiently. Specifically, we summarize the main require-
ments in the following five points:

R1: Present the RIN intuitively. The experts focus on
regional industries that exhibit close relationships,
which typically imply significant interrelationships
between these regional industries. The structure of
RINs should be presented to experts in an intuitive
and comprehensible manner, such as using connect-
ing lines to represent economic relationships directly
to facilitate experts’ better understanding of these
relationships and enable them to quickly compare
regional industries in which areas have relatively
close economic relationships.

R2: Explore regional industry characteristics in a
manner that aggregates important information.
Extensive data are involved in the analysis of RINS,
such as various economic indicators for regional
industries, the weights of relationships between
regional industries, and records of changes in the
geographical coordinates of regional industries.
Noise inevitably exists and may interfere with expert
judgment. Experts desire visualization methods that
can centralize and highlight crucial information to
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help alleviate potential visual clutter and interaction
difficulties.

R3: Analyze high-dimensional semantic similar-
ity of nodes in RINs. As economic entities, nodes
in RINs often possess unique economic character-
istics. A thorough understanding of these economic
characteristics is crucial for interpreting and analyz-
ing regional industries. However, the specific mean-
ings of these features often lie in high-dimensional
spaces, making it difficult to observe their distribu-
tions directly. Therefore, it is necessary to transform
the high-dimensional semantics of node features into
a low-dimensional space and to support experts in
exploring their similarities in the low-dimensional
space.

R4: Explain the temporal and spatial dynamics
of RINs. The temporal and spatial dynamics of RIN
can reveal the rise and fall of regional industries over
time and space. For example, with the introduction
of policies and regulations, specific regions may
attract more enterprises to specific industries. There-
fore, further investigation is needed to discover the
general patterns and states of change in RINs using
dynamic temporal and spatial data.

R5: Analyze the regional industry entities and their
relationships from multiple perspectives. Because
the node entity of the RIN is the regional indus-
try that inherently possesses regional and industrial
characteristics, experts believe that the analysis of
RIN requires integrating both regional and industry
perspectives. Thus, it is necessary to design coordi-
nated interactions that combine multiple analysis
views to enhance the richness of the presented infor-
mation.

Models

The proposed visualization solution is for RIN data.
Inspired by works such as RISeer, the proposed solution
integrated the data processing and analysis model into
the backend of the visual system to achieve end-to-end
data presentation. The proposed pipeline, as illustrated in
Fig. 1, is divided into two modules: backend data process-
ing and frontend visual presentation.

The system initially parses the input data that charac-
terize RINs in JSON format. This type of data (Fig. 1a)
primarily consists of structured data that can be pro-
cessed using relational databases, including network
structures and regional industry economic indicators.
Users can also independently process other semi-struc-
tured data; subsequently, by adding the processed
features to the input data, our system automatically
recognizes them as features of nodes or edges in the
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Fig. 1 The pipeline takes structured and semi-structured data (a) used to represent the RIN (b) and parses it into JavaScript Object Notation
(JSON) format. The backend integrates graph neural network (GNN) methods (c) to encode node information in the network. Then, the encoded
vectors are mapped to a low-dimensional space through dimensionality reduction methods (d). The visual analytic system (e) is developed

with the guidance of experts

network and incorporates them into the next processing
step. During the data parsing process, a series of basic
data cleaning approaches were conducted, such as merg-
ing redundant information, removing outliers, and inter-
polating to supplement missing values. To enhance the
applicability of the system, excessive feature filtering was
avoided, and maintaining the integrity of the input data
was strived for.

The processed JSON file represents the RIN, as shown
in Fig. 1b. As previously mentioned, RINs are financial
networks with geographical attributes. For the global
visual representation (R1) of such networks, we prefer a
graph-based geovisualization approach. The proposed
system provides a panel called a geographical view that
maps the network nodes onto a map based on the input
geographical attribute data. Relationships are visualized
on a map in the form of solid lines. Additionally, con-
vex hulls based on the upper-level industry labels of the
nodes were calculated, allowing users to observe the data
distribution from a global perspective. Semantic visu-
alization [19] combined with knowledge graph mining
methods [20] refers to the extraction of visual relation-
ships between knowledge from big data, which helps
enhance hidden knowledge discovery and reasoning [21].
Therefore, in addition to globally observing geographi-
cal layouts, the GNN method (Fig. 1c) was utilized to
encode the RIN and extract crucial semantic informa-
tion from it. Each regional industry node v, is encoded
as a 16-dimensional vector /,, The information propa-
gation mechanism of GNN methods ensures that /,,
contains the features of the node in the graph structure,

information from neighboring nodes, and global infor-
mation of the graph. Therefore, /,, is used as a vector that
characterizes the semantics of the node v;. Semantics in
this paper refer to the key features of nodes in the RIN,
and the specific meaning depends on the input network
properties and the application domain. Because experts
expressed the demand for an interactive approach that
highlights key information in Requirement analysis sub-
section, /1,, was mapped onto a two-dimensional space
through dimensionality reduction (Fig. 1d). Specifi-
cally, two-dimensionality reduction methods, Umap and
t-SNE, were internally integrated, and they provided
a panel called the semantic projection view to visualize
the distribution of nodes after dimensionality reduction;
this helps users quickly grasp intuitive impressions of the
semantic relationships among regional industry nodes,
thereby enhancing the interpretability of the original data
patterns. Finally, our visual solution is implemented as a
visual analytic system (Fig. 1e), allowing users to explore
data flexibly and comprehensively through interactive
operations. The design and functionality of the system are
introduced in System design and implement subsection.

System design and implement

We developed a web application based on the character-
istics of RINs and the above framework (R5). As shown
in Fig. 2, the entire system mainly consists of four parts:
(1) The semantic projection view provides a visualization
of the two-dimensional distribution of semantic vectors,
where each node represents a specific regional industry.
With a lasso operation, users can select multiple nodes
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Fig. 2 The system interface of V4RIN: a Control panel, providing data uploading and filtering functions; b Semantic projection view, visualizing
the semantics of regional industries in two dimensions; ¢ Timeline view, providing a selection of time points and visualizing trends in the number
of companies in each region and industry over time; d Geographical view, visualizing the geographical distribution of regional industries and their
interrelationships in the form of maps; e Statistical view, presenting statistical information about economic entities from multiple perspectives

simultaneously, whereas other views are linked to pre-
sent detailed information after the selection. (2) The geo-
graphical map view depicts the geographical distribution
of regional industries and the relationships among them
on the map from two aspects. The glyph map view shows
novel metaphorical symbols that represent the aggrega-
tion of information regarding relationships. The density
map view presents the geographical distribution of each
regional industry in the form of a heatmap marked by the
maximum area mapping algorithm. (3) The timeline view
provides an enhanced timeline where the color shades of
each box encode the number of companies in a region or
industry at the current time. (4) The statistical view pre-
sents some basic information about regional industries
via parallel coordinates and data tables.

Semantic projection view

The Semantic projection view subsection provides a two-
dimensional scatterplot to enhance the ability of experts
to analyze and understand high-dimensional data. As
mentioned in Requirement analysis subsection, exploring
the semantics’ distribution of each regional industry is
important, but difficult to conduct (R3). We reduced the
high-dimensional semantic features to a two-dimensional
space. Based on the dimensionality reduction results,
we designed a semantic projection view to satisfy the
experts’ requirement for interpretability.

Several dimensionality reduction methods are avail-
able such as Umap [22], t-SNE [23], LDA [24], and LLE
[25]. Umap and t-SNE outperformed the other meth-
ods in terms of processing speed, number of adjustable
parameters, and preservation of local structure informa-
tion. Therefore, we utilized Umap and t-SNE to transform
high-dimensional semantic vectors into a two-dimen-
sional space. The reduced dimensional representation is
displayed in a scatterplot, as illustrated in Fig. 3, where
each point represents a specific regional industry, and
the color of each point indicates its label (industry or
region, depending on the user’s selection in the switch-
ing selector). Points that are spatially closer together have
relatively closer semantics extracted from high-dimen-
sional features. Users can trigger the LASSO operation,
as shown in Fig. 3c, to select multiple points, and upon
selection, other views trigger re-rendering simultane-
ously. Figure 3b shows that when the user hovers over a
single point, the tooltip displays the name of the current
regional industry, while the hover box in Fig. 3a shows its
label name.

Geographical view

Depending on the design objective, we divided the geo-
graphical view into two sub-views: the glyph map view
and the density map view. Users can switch between
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these two sub-views using a specific button on the con-
trol panel.

Glyph map view Proper icons can not only quickly con-
vey visual information to users compared to text but also
effectively reduce visual overlap with other elements [26].
We propose a novel metaphorical symbol, as illustrated
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in Fig. 4, to aggregate information on the relationships
between regional industries from multiple perspectives
(R2). It had an overall shape similar to that of a wheel and
consisted of four parts. The wheel-like shape was chosen
considering the metaphorical symbol that we designed
to represent the connections between regional indus-
tries. Simultaneously, we aimed to minimize the mutual
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_______ @ MBS =Z&L BB O
@8&"(@@@@&@@."

Each sector is arranged based on its spatial proximity in the actual
geographic space

=™ \

Soulh China

A

%

The tertiary industry

in Xizang Province are primarily classified under the primary and

Fig. 4 The designed metaphorical symbol is composed of four parts: a the icon presents the type of industry, ¢ the donut chart displays
the out-degree and in-degree of the current node, d three hollow circles present the number of connections among the current regional industry

and industries in another region marked in (b)
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overlap of network nodes on the map. In Fig. 4a, we uti-
lize 20 icons [27] with sufficient distinctions to distin-
guish various industries. Figure 4c encodes the current
node’s in-degree and out-degree in the RIN with blue
and yellow, respectively. By comparing the size relation-
ship between the node’s out-degree (») and in-degree
(o), users can intuitively understand the approximate
position of the current regional industry in the whole
RIN. Figure 4d includes a series of radial axes, and one
radial axis consists of three fixed hollow circles, which
represent the primary industry, secondary industry, and
tertiary industry from inside to outside. The higher the
opacity of the circle, the greater the number of connec-
tions between the current regional industry and a certain
type of industry in another region. The spaced circles in
Fig. 4b indicate the different regions. These regions were
categorized into seven classes based on their geographi-
cal distribution and administrative planning. The relative
positions of these classes determine the specific layouts
of different modules on the circles.

Based on the calculated geographic locations, the sym-
bol sizes were adjusted, and they were placed in the cor-
responding regions on the map. We use directed solid
links on the map to represent the topology of the RIN
because one of the main tasks of the system design is to
visualize the connectivity in the RIN (R1). During the
implementation process, we found that the number of
edges in the RIN was excessively large. Directly display-
ing all edges in the view leads to severe overcrowding and
overlap, resulting in visual clutter. Although there are
methods to enhance the readability of the visual design
[28], such as applying sampling methods [29] to the graph
structures to retain only a few important structures, con-
sidering the task applicability (R2), we divide the edges

Cluster layer
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in the RIN into “strong connections” and “weak connec-
tions” according to their weights. “Strong connections”
refer to closer relationships between regional industries,
such as the electronic device manufacturing industry in
Sichuan Province and the battery manufacturing industry
in Sichuan Province. “Weak connections” refer to rela-
tively weaker relationships between regional industries,
such as the electronic device manufacturing industry
in Sichuan Province and the glass product manufactur-
ing industry in Fujian Province. In the system backend,
“strong connections” and “weak connections” were fil-
tered based on whether the edge weight (in the range of
0-1) exceeds the threshold (k=0.8). In the system fron-
tend, users can control the display of strong connections
in the glyph map view using the “Only Strong Connec-
tions” button in the control panel. Choosing to display
only strong connections decreases the number of visible
connections on the map, retaining the most important
links while reducing visual clutter.

Density map view Compared to the glyph map view,
which emphasizes the distribution of regional industry
centroids and the correlation between regional indus-
tries, the density map view focuses on depicting the
overall distribution of individual regional industries on
the map and the direction of change in location at the
next time point (R4). As illustrated in Fig. 5, the small-
est draw unit of the heat map in the density map view is
the company. We use the convex hull algorithm [30], as
shown in Fig. 5a, to circle companies belonging to the
same regional industry and display different clusters in
different colors. When the user moves the mouse over
the hover circle (Fig. 5b), the convex hull algorithm is
automatically executed, and the result is plotted at the
interface. The convex hull algorithm enables using the
smallest polygons to wrap all elements in the cluster

Dynamic displacement layer

Fig. 5 The density map view contains two layers. The cluster layer (b) shows the cluster of each regional industry through context hull algorithm
(a). The dynamic displacement layer (c) presents regional industries' movement direction at the next time point
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and reduce convexity defects. In addition, we drew the
dynamic displacement layer as shown in Fig. 5c. We cal-
culated the coordinates of the geographic center of each
cluster year by year and used arrows to indicate the cur-
rent cluster’s direction of position movement at the next
time point. The color of the arrow is consistent with that
of the cluster, and the tail and head of the arrow identify
the coordinates of the geographic center of the cluster at
the current and subsequent moments, respectively. In
this innovative way, users can easily observe changes in
the geographical distribution of different regional indus-
tries over time without switching between views belong-
ing to different time points.

Timeline view

In addition to providing users with the ability to select
specific time points, it is advantageous to allow them to
effortlessly observe spatial and temporal variations of an
entity’s scale across different regions or industries. To
accomplish this, we integrated a calendar heatmap with
a customized timeline. A series of blocks were organ-
ized alphabetically according to their corresponding
label names at each time point. The varying colors of
the blocks indicate the number of companies in their
respective regions or industries. Users can autonomously
switch the blocks’ semantics by clicking a button on the
left. Whether clicking on a block or timeline, both trig-
ger an automatic re-rendering of other views. In Fig. 6,
we use the gold and black lines to highlight the blocks
in which the number of companies exhibits significant
increases and decreases between adjacent time points. By
enhancing the traditional timeline, users can explore sev-
eral companies more intuitively over time.
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Statistical view

Considering the user’s requirement to observe the high-
dimensional attributes of each regional industry entity
and recognizing that the projection methods used in the
semantic map view lack explanatory power in this regard,
parallel coordinates were selected to present the trend
of important economic indicators of selected regional
industries over time. Based on expert recommendations,
six indicators were summarized from five dimensions:
economic development capability (gdp and per), credit
performance (kmv), attractiveness to talent (attractive-
ness), sustainability (sustainable), and high-tech develop-
ment capability (high-tech) to provide a comprehensive
analysis of the regional industry. As shown in Fig. 2e, dif-
ferent coordinates indicate different indicators and dif-
ferent color curves indicate different time points. Thus,
users can explore in detail the economic development
preference of each regional industry and the changes in
its indicators per dimension over time.

Results

To validate our visual analytic approaches, we conducted
two case studies and interviewed experts on the user
experience.

Case 1: semantic-oriented analysis of regional industries

In the first case study, utilizing V4RIN to explore regional
industries with similar economic characteristics was
illustrated.

First, the semantic projection view depicts an evi-
dent aggregation effect of points on the scatterplot
when a region is used as the label. For example, as
shown in Fig. 7a, the dimensional reduction results for
regional industries in Guangdong, Zhejiang, and Jiangsu

Anhui [ c

Fig. 6 The timeline view combines time sliders and calendar heatmaps to display the number of companies over time. Users can switch
blocks’semantics in (a). Blocks are organized alphabetically according to their corresponding label names (c). We use gold and black lines (b)

to respectively denote modules with significant changes
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Fig. 7 Several regions are clustered together in the semantic projection view (a). After selecting regional industries in Jiangsu and Zhejiang
Provinces, the arrows (b) show that they tend to be closer to each other in the future. The glyph map view (c) displays their detailed metaphorical

symbols in the map

Provinces are significantly closer together. There is also a
stronger correlation between regional industries located
in Beijing and Shanghai. After selecting some regional
industries located in Zhejiang and Jiangsu Provinces
with similar semantics using the LASSO operation,
Fig. 7b shows the distribution of all listed companies in
the selected regional industries on the map. The filtered
regional industries located in Jiangsu and Zhejiang Prov-
inces have more neighboring geographical distributions.
By intensively viewing the information of listed compa-
nies belonging to these regional industries through the
statistic view, it is observed that there is indeed a strong
semantic association between these companies, such as
Trina Solar in Jiangsu Province, engaged in transmission
and distribution, and control equipment manufactur-
ing, and Zhejiang Province’s zhehai deman, engaged in
automotive parts and accessories manufacturing. Addi-
tionally, the pink and light green arrows in Fig. 7b iden-
tify the geographical trends of these regional industries,
respectively. We found that they tend to be closer to each
other in the future. This is in line with the development
plan of each industry for Jiangsu and Zhejiang Provinces
in the “Outline of the Yangtze River Delta Regional Inte-
grated Development Plan” released by the State Council
in December 2019. This indicates that our system can

effectively capture the response of each regional industry
to a policy regime.

The metaphorical symbols characterizing these
regional industries were then drawn in the glyph map
view based on the pre-calculated geographic coordinates,
as shown in Fig. 7c. It was observed that the electricity
production industry in Zhejiang Province has a rela-
tively dense association with Jiangsu Province, whereas
the electronic device manufacturing industry in Jiangsu
Province has a relatively dense association with Zheji-
ang Province. Using this approach, experts can easily
observe which regional industries share close semantic
connections with the target regional industry and possess
higher investment potential. In summary, this case study
demonstrates how the proposed system can facilitate
the exploration of the inherent economic characteristics
of regional industries, discovering the distribution and
interrelationships among regional industries with similar
economic characteristics on the map.

Case 2: spatio-temporal analysis of RIN

As COVID-19 has had a significant impact on the global
economy, leading to a sharp decline in economic activi-
ties and disruption of global supply chains, domain
experts are curious about the trends in economic
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characteristics and geographical distributions of regional
industries around 2019, and whether the connections
between these industries had a significant impact on their
development. Therefore, in the second case study, the
dynamic evolution of the regional industry’s own charac-
teristics and the connections between them around 2019
were analyzed.

On the left of Fig. 8, there is a significant decrease in
the number of listed companies in Jiangsu and Zhejiang
Provinces in 2020 compared with 2019. Meanwhile, the
number of companies engaged in the financial, manufac-
turing, and wholesale sectors shrank to varying degrees.
Therefore, the financial industries in Zhejiang Province
were analyzed. As shown in Fig. 8a and b, the financial
industry in Zhejiang Province is geographically distrib-
uted with a provincial capital concentration. Compared
with 2019, more financial companies located in Zhejiang
Province were clustered in Hangzhou in 2020, indicating
that companies tended to look for development opportu-
nities in the provincial capital city with more resources
under the influence of the epidemic. When selecting
the non-monetary banking service of Zhejiang Province
on the map, Fig. 8c illustrates that this regional indus-
try has a greater out degree in RIN, which indicates that
it is closer to the upstream of the network and is more
likely to be a product provider. It has a more intensive
association with the tertiary industry in Hunan, Jiangsu,
and Guangdong Provinces. This is in line with the actual
geographical distribution of the non-monetary bank-
ing service industry and the requirements of the “Busi-
ness Development Plan for the 13th Five-Year Plan
Period” When the other regional industries associated
with it need to be seen, the “Show Relationships” switch
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is turned on in the Control Panel and the map is auto-
matically redrawn. The economic connections between
regional industries are plotted in a new layer using these
curves. It can be seen that it has a more significant rela-
tionship with the industry in Hebei Province by selecting
Non-Monetary Banking Services in Zhejiang Province in
Fig. 8c. Simultaneously, as shown in Fig. 8e, the statistical
view presents the basic information on the listed compa-
nies belonging to the financial industry in Zhejiang Prov-
ince, helping experts quickly obtain information about
leading companies in the regional industry. In addi-
tion, the statistical view to further examine the trends
of some important economic indicators of the financial
industry in Zhejiang Province over the last six years can
be explored. As shown in Fig. 8d, for the non-monetary
banking services industry in Zhejiang Province, its kmv
default probability decreased significantly in 2020 com-
pared to the previous five years, and its gdp, attractive-
ness, and hi-tech values increased somewhat, which
indicates that it has a good development trend and inves-
tors can pay more attention to it.

Expert review

As the visual analytic system was designed for profes-
sional financial analysts, a set of expert interviews was
conducted to evaluate the usability of the system. All
interviewees—two specialists E4 and E5 from one finan-
cial company and four researchers E6-E9 in the field of
fintech—had in-depth knowledge of regional economics
or industry economics. A detailed demonstration of each
view in the system and its functionality was provided to
ensure the experts’ understanding of the system’s capa-
bilities. Interviewees were then allowed to freely explore
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Fig. 8 The left side depicts the changes in the number of companies in each province and industry from 2019 to 2020. It is noticeable that there

is a significant decrease in the number of companies in Jiangsu (J) and Zhejiang (Z) provinces after 2019. The number of companies engaged

in the financial (F), manufacturing (M), and wholesale (W) sectors also shrank to varying degrees. From (a) to (b), more financial companies located
in Zhejiang Province are clustered in Hangzhou. The financial industries in Zhejiang Province have stronger connections with the financial industries
in Hebei Province (c). Moreover, the statistical view presents some important indicators of selected regional industries (d) and the basic information

of listed companies belonging to them
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and interact with the system, after which individual inter-
views were conducted to gather their queries and feed-
back on how to effectively utilize the system.

The interview questions were divided into three per-
spectives. (1) Importance. Is the core issue of the work
important? Does it make sense to use visual analytic tools
to address complex financial problems? (2) Effectiveness.
Does the exploratory function of this system rely on high
domain knowledge? Is it easy to observe the RINs using
a graph-based geovisualization approach? (3) Usability.
Is the functional design of each sub-interface reasonable
and understandable? Is the set of interactions in the sys-
tem user-friendly?

Importance

E4 stated that in practice, visual analytical tools for
RINs could effectively assist in policy recommenda-
tions, regional management, and industrial upgrades.
E7 commented, “it is theoretically and practically useful
to highlight the connections between them via graph-
based geovisualization” Regarding the use of visual ana-
lytic systems to deal with complex financial problems, E6
said, “complex financial problems often involve complex
data that is challenging even for professionals to handle.
Visual analytics can enhance the comprehensibility of the
data”

Effectiveness

E5 noted that the views visually reflected changes in the
data and conveyed important information to the users.
Regarding the visual presentation of the RIN in the sys-
tem, E8 stated that the density of the links allowed users
to visually explore the economic connections between
different regions and industries. For example, he discov-
ered a relatively strong economic link between the tech-
nology service industry in Shanghai and the financial
service industry in Xinjiang Uygur Autonomous Region.
This potential association is often overlooked in the
daily analyses of experts. We appreciate the experts’ high
appreciation of our work and their expectations for the
future. We also expressed our commitment to continue
enhancing this work and applying it to a broader range of
financial tasks in the future.

Usability

E8 stated that the designed metaphorical symbol is not
only beautiful and understandable, but also integrates
diverse information in a hierarchical structure so that
“without complex interactions, I can visually under-
stand how a region’s industries are related to other
regions or industries on one map at the same time”
Regarding the system’s interaction, all experts believed
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that the range of interactions provided in the system
was easy to operate and human-machine friendly. In
addition, E9 pointed out the blurring of the magnifica-
tion of the metaphorical symbols on the map and the
overlapping problem. After explaining the technical
limitations used and showing the number of regional
industries without adequate filtering, they understood
the difficulty of balancing the accuracy of the infor-
mation with the visual impact. We will continue to
improve our system in the future based on the valuable
feedback provided by the experts.

Discussion

The domain experts were closely collaborated with
to analyze the RIN, which is challenging to describe
directly using statistical data. Learning from experts’
research experience, a series of domain tasks for
regional industry analysis was summarized. The pro-
posed pipeline and visualizations are specifically
designed to address these tasks, aiding experts in ana-
lyzing various aspects of regional industry entities’
economic status, spatio-temporal evolution, the inten-
sity of their economic connections, etc. The proposed
visual analytic methods are applicable to RINs, address-
ing shortcomings in previous financial visualization
tools in handling domain-specific analysis tasks, such
as the difficulty of concisely identifying the connectivity
between regional industries and the inability to synthe-
size the geographical distribution of regional indus-
tries and their evolutionary trends over time within the
same view. Although case studies and expert interviews
have demonstrated the effectiveness of the proposed
approach in addressing the tasks faced by domain
experts when analyzing RINs for relationships among
other financial entities with heterogeneous character-
istics, such as stock networks [31], the core data pro-
cessing algorithms and related visual designs can be
adaptively applied because of their inherent structural
similarities with RINs. In addition, the proposed vis-
ual solution can be extended to other financial analy-
sis tasks. For instance, in a portfolio analysis, investors
and asset managers can consider different financial
institutions as nodes and treat the interconnections
and dependencies between these institutions as edges.
By inputting well-constructed network data into the
system, the interface can assist users in interactively
exploring institutional distribution and connection
patterns from various perspectives, thereby support-
ing risk assessment and decision-making. Further-
more, through ongoing discussions with experts, some
drawbacks of the current visual designs were identified.
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Therefore, targeted solutions that can be implemented
in the future were proposed.

Enhance visual designs to provide greater flexibility

and customized options

Although the proposed visual designs primarily serve the
domain-specific tasks proposed in Requirement analysis
subsection, fixed data presentation formats may limit the
usability and scalability of visual analytic tools because of
users’ diverse perspectives and goals in exploring RINS.
For example, the parallel coordinates view only provides
the temporal variations of five fixed economic indicators
for individual regional industry entities. Some experts
suggested incorporating more indicators and support-
ing users in selecting economic indicators independently
for comparison. Therefore, in the future, current visual
designs will be enhanced by offering users more choices
and customization options for data representation.

Expand the current geographical visualization approach

to higher dimensions

A geographic view based on 2D maps was designed to
present the geographical distribution of regional indus-
tries. However, such visual representation forms, when
combined with layers of graphical symbols, line graphs,
or dynamic displacement layers, can easily lead to infor-
mation overcrowding, hindering the experts’ ability to
interact conveniently. Inspired by Sabrina [3], the future
plan involves adding 3D effects and local zooming opera-
tions to enhance the expressiveness of the data on a flat
surface.

Improve the layout of nodes and edges on the map
Although current methods improve graph-based geo-
visualization by connection strength and metaphorical
symbols, experts still find it difficult to analyze directly
on a map because the node distribution is too dense in
some regions. In the future, improved edge aggregation
or binding algorithms to optimize the visual perception
will be applied.

Optimize interface rendering speed and interaction
response time

After conducting timing statistics, experts, on average,
spend 3.7 min proficiently completing a moderately com-
plex RIN analysis task, such as identifying regional indus-
tries with similar economic characteristics and observing
their spatial distribution and temporal changes on the
map. Some experts have indicated that the performance
bottleneck mainly lies in the delay of the overall interface
rendering after manipulating the visual representation of
subviews, which hinders their analytical workflow. There-
fore, the visual engine will be optimized by leveraging
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system development knowledge to accelerate the interac-
tion response time of the interface.

Conclusions

In this study, in collaboration with domain experts, chal-
lenges were identified and domain tasks in a RIN analysis
were summarized. An interactive visualization analysis
system, V4RIN, was designed and implemented, integrat-
ing data-processing methods and several visual analysis
views. These visual designs can assist experts in explor-
ing the relationships among regional industries and their
growth potential, enabling informed decisions on invest-
ments, workforce planning, and so on. The proposed sys-
tem is a new visual analytical approach for RINs using
domain knowledge. Two case studies and a set of expert
interviews demonstrated the effectiveness of decision-
making and communication derived with V4RIN.
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RIN Regional industry network

V4RIN  An interactive visualization analysis system for regional industry
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