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Figure 1: A design space for geo-infographics (Note: An Implicit Map means the map itself is not visible, but data points are

positioned based on map coordinates.
ABSTRACT

Geographic infographics are increasingly utilized across various
domains to convey spatially relevant information effectively. How-
ever, creating these infographics typically requires substantial ex-
pertise in design and visualization, as well as proficiency with spe-
cialized tools, which can deter many potential creators. To address
this barrier, our research analyzed and categorized 118 geographic
infographics and sketches designed by 8 experts, leading to the de-
velopment of a structured design space encompassing four criti-
cal dimensions: basic map representations, encoding channels, la-
bel design and placement, and highlighting techniques. Based on
this design space, we developed a web-based authoring tool that
allows users to explore and apply these dimensions interactively.
The tool’s effectiveness was evaluated through a user study involv-
ing 12 participants without prior design experience. Participants
were first required manually to create geographic infographics us-
ing provided datasets, then utilize our authoring tool to recreate and
refine their initial drafts. We also conducted pre- and post-use as-
sessments of the participants’ knowledge of geographic infographic
design. The findings revealed significant improvements in under-
standing and applying information encoding channels, highlighting
techniques, and label design and placement strategies. These results
demonstrate the tool’s dual capacity to assist users in creating geo-
graphics while educating them on key visualization strategies. Our
tool, therefore, empowers a broader audience, including those with
limited design and visualization backgrounds, to effectively create
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and utilize geo-infographics.

Index Terms: Geographic; Geospatial Visualization; Visualiza-
tion Education; Infographics

1 INTRODUCTION

Infographics are a form of static visualization that transforms com-
plex and voluminous data into clear, visually appealing represen-
tations, making intricate information accessible and engaging for a
broad audience [22]. By combining visual elements with minimal
text, infographics allow audiences to grasp the purpose quickly, fo-
cus on key points, and obtain an overview of the data [12]. This
method of visual communication is particularly effective across
different cultural and linguistic backgrounds, enhancing compre-
hension and retention of information [19, 16]. The ability of in-
fographics to support the creation of logical and captivating nar-
ratives makes them ideal for concisely presenting complex ideas
[1, 41]. Infographics are widely used in various fields, such as
education, where they improve learning outcomes by simplifying
complex concepts [2, 10]; business, where they present data-driven
insights [37]; and healthcare, where they disseminate critical health
information to enhance public health literacy [20].

One specific and significant type of infographic is the geographic
infographic, or geo-infographic, which combines traditional the-
matic mapping with infographic techniques to visually represent
spatially relevant information in an engaging and understandable
manner[13]. Geo-infographics have emerged as crucial tools in var-
ious fields. For example, Wang et al. [32] utilized geo-infographics
to express landscape ecological risk (LER), aiding environmental
scientists in identifying high-risk areas. Similarly, Li et al. [36]
employed geo-infographics to display the distribution and changes
in land use patterns across different topographic gradients, provid-
ing valuable insights for land management and planning. More-
over, Dailey et al. [8] extended the use of geo-infographics to gov-
ernmental agencies, enabling effective communication of planning,
evaluation, and risk-related information to the broader public.



Despite the growing prevalence of geo-infographics, creating
them still requires a high level of expertise in visualization tech-
niques and proficiency with advanced design tools like Adobe II-
lustrator or Photoshop. This necessity for specialized skills creates
a barrier for many potential users. Moreover, existing commer-
cial tools for map visualization, for example, Google Data Studio,
Google Map, and Tableau often lack the flexibility needed for cre-
ating highly customized geo-infographics, offering only a limited
selection of visualization options.

To address these challenges, we propose a comprehensive design
space for geo-infographics, which informs the development of geo-
infographic authoring tools, MapCraft. We conducted a user study
with 12 participants to evaluate its usability and educational impact.
Our contributions can be summarized as follows:

(1) We decompose the design elements of geo-infographics into a
comprehensive design space (see Fig. 1).

(2) We develop a web-based authoring tool, MapCraft, based on this
design space, enabling more people to create geo-infographics.

(3) We offer findings and reflections based on results from user stud-
ies, which provide suggestions on future geographical data visu-
alization and visualization authoring and education tools.

2 RELATED WORK
2.1 Geographical Visualization

Geographic information has always been essential for understand-
ing and navigating our world [35]. From ancient times, when maps
were etched into the ground, to the advent of precise measurement
tools and data collection technologies, the evolution of geographic
visualization has been remarkable. Early maps provided basic spa-
tial understanding, but modern techniques have enabled the creation
of accurate and detailed maps. The development of geographic in-
formation systems (GIS) such us ArcGIS [23] and QGIS (Quantum
GIS) [11] allow for the collection, storage, and analysis of spatial
data, leading to more sophisticated and informative maps [35].

The ability to layer information onto maps has further enhanced
their utility, giving rise to interactive map systems. These systems
enable users to explore and manipulate spatial data in real-time.
For instance, Chen et al. [6] developed the Visual Analyzer for Ur-
ban Data (VAUD), which aggregates and visualizes various types
of information—cyber, physical, social, and temporal—on maps,
facilitating effective querying and exploration of urban datasets.
Zhou et al. [40] have created visualization interfaces for large-
scale geo-tagged social media data, and Bosch et al. [4] introduced
ScatterBlogs2, a tool for real-time monitoring and analysis of mi-
croblog messages, crucial for emergency management and disaster
response. Additionally, Splechtna et al. [28] implemented an in-
teractive map view allowing users to visualize various statistical
values directly on maps, contextualizing spatial relationships to an-
alyze urban economic health. Li et al. [17] proposed GeoCamera,
which democratizes map visualization by enabling users without
filmmaking expertise to design camera movements for geographic
data videos. Lei et al. [15] developed GeoExplainer to help ana-
lysts create explainable documentation for spatial analyses. These
examples underscore the versatility and indispensability of interac-
tive maps in various applications.

While interactive map systems are powerful tools for exploring
and analyzing spatial data, there is also a need to present and dis-
seminate this data effectively. This is where geo-infographics come
into play. Geo-infographics combine the precision of maps with the
visual storytelling power of infographics, presenting spatially rele-
vant information in a static yet visually appealing manner. They are
designed to convey complex geographic data clearly and concisely,
making them ideal for communication and information dissemina-
tion [26, 27]. Unlike interactive maps that require user engagement

for data exploration, geo-infographics provide a straightforward,
static representation that can be easily shared and understood by
a broad audience.

Both interactive maps and geo-infographics are valuable tools,
each serving distinct purposes. Interactive maps excel in dynamic
data exploration and real-time analysis, catering to users who need
to interact with and manipulate spatial data [14]. On the other hand,
geo-infographics are suited for static presentations that prioritize
clarity, visual appeal, and ease of understanding, making them ideal
for conveying complex information to a wide audience without re-
quiring user interaction [13].

2.2 Infographics

Infographics transform complex and voluminous data into clear, vi-
sually compelling representations, simplifying intricate information
into understandable graphic forms [12]. They offer numerous ad-
vantages, such as enabling audiences to quickly grasp their purpose,
focus on key points, and obtain an overview of the data through en-
gaging visual elements [19]. The predominant use of graphics with
minimal text makes infographics a powerful tool for communica-
tion across different cultural and linguistic backgrounds, effectively
transcending language barriers [16].

Despite the widespread benefits and applications of infograph-
ics, creating high-quality infographics remains a challenging task.
This complexity has led to the development of various authoring
tools designed to facilitate the creation process. For instance, Wang
et al. [33] explored the general infographic design space at both
the sheet and element levels and presented Datashot, which enables
the automatic generation of fact sheets from tabular data. Addi-
tionally, Cui et al. [7] developed a system capable of automatically
generating proportional infographics from natural language state-
ments. Lu et al. [18] introduced the concept of Visual Information
Flow (VIF), elucidating the semantic structure that connects graph-
ical data elements to convey information and stories, thereby aiding
in the creation of better infographic designs and guiding the general
visual organization of narratives. Chen et al. [42] applied decon-
struction and reconstruction techniques to analyze various visual
elements within bitmap timeline infographics, aiming to utilize the
identified content for the automated generation of new infograph-
ics. Similarly, Matthew et al. [5] proposed a temporal design space
for narrative storytelling, deconstructing timelines into representa-
tion, scale, and layout dimensions. These tools aim to simplify the
design process, making it more accessible for users with varying
levels of expertise.

However, the creation process is still relatively cumbersome
when it comes to geo-infographics, which integrate geographic
data with infographic techniques. Geo-infographics are valuable
for presenting spatially relevant information but require special-
ized knowledge and skills to design effectively. Current tools like
Tableau and ManyEyes [31], although powerful, are not specifically
designed for geo-infographics and lack comprehensive visualiza-
tion methods for this purpose. While these tools can help users
quickly create interactive maps or geo-infographics, they do not
fully encompass all possible styles of geo-infographics. As a re-
sult, the available variety of geo-infographic styles in these sys-
tems is not as wide and comprehensive as what can be found in
the market. Moreover, these tools do not list or support all de-
sign possibilities, restricting users’ creativity and flexibility in cre-
ating geo-infographics. There is a significant need for dedicated au-
thoring tools tailored specifically for geo-infographics. Such tools
should support the detailed examination and categorization of geo-
infographic elements, similar to how other infographics have been
studied and developed. Drawing on insights from visualization
grammars, which use a bottom-up approach starting from data and
employing aesthetic mappings to shape the visual form [34], can
inform the design of these tools. Our work addresses this gap by
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developing MapCraft, a geo-infographic authoring tool that inte-
grates both creation and educational functionalities.

3 METHODOLOGY

Our study is founded on a systematic methodology that incorpo-
rates best practices in visualization research and design. This mul-
tifaceted strategy began with the compilation of a diverse dataset
of 118 geo-infographics sourced from various platforms. Addi-
tionally, we involved eight visualization experts who created hand-
drawn geo-infographics to supplement design perspectives. The
next phase involved the deconstruction of these geo-infographics
to identify fundamental visual elements. This analysis led to the
development of a design space encompassing four dimensions: ba-
sic map representations, encoding channels, label positions, and
highlight techniques. These dimensions are mutually exclusive
and provide a comprehensive framework for understanding geo-
infographic design. Utilizing this design space, we developed a
web-based authoring tool, MapCraft, allowing users to explore and
apply these design principles digitally. To ensure the tool’s effec-
tiveness and usability, we conducted a user study with 12 partic-
ipants who had limited or no data visualization experience. This
study included usability inquiries and pre- and post-knowledge as-
sessments to measure the educational impact of MapCraft. By ad-
hering to this systematic methodology grounded in established vi-
sualization frameworks and user-centered development principles
[35], we aim to create a geo-infographic authoring tool that is a
practical resource for educational and professional use.

4 DESIGN SPACE

To gain a comprehensive understanding of geo-infographics, we
conducted keyword searches across multiple sources, including vi-
sualization books [25] and online platforms like Pinterest! and
Google Images®. We used multiple related keywords such as “geo-
infographics”, “geographic infographics” and “map infographics”.
From these searches, we selected 118 geo-infographics that were
clear, comprehensible, and non-redundant (see examples in Fig. 6
in Appendix). This diverse and carefully curated dataset forms the
basis for our detailed analysis.

To further refine our understanding and ensure the practical ap-
plicability of our findings, we conducted expert reviews with eight
experienced visualization researchers. This participant group in-
cluded 2 females and 6 males, aged between 20 and 30 (average age
24.6, SD=2.7). Six participants were researchers from the Human-
Computer Interaction and Visualization Laboratory, including two
doctoral students, three postgraduate students, and one undergrad-
uate student. The remaining two participants were undergradu-
ate students participating in multiple data visualization projects.
All participants majored in computer-related programs and had ex-
perience with at least two visualization tools, including Python,
Tableau, D3.js, Excel, and Figma.

The expert review process was structured into four stages, each
lasting approximately half an hour. It began with an introduc-
tion to the review process and objectives to ensure participants un-
derstood the procedures and aims. This was followed by a pre-
questionnaire to gather background information about the partic-
ipants. Subsequently, participants were tasked with drawing two
geo-infographics based on provided data: one depicting quantita-
tive data related to population and the other illustrating categorical
data concerning country information. We encouraged the experts to
enumerate all possible methods they could think of and select what
they considered the most suitable and effective approaches. Finally,
participants were interviewed to explain their designs and provide
suggestions for improvement.
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Through this process, we obtained 16 hand-drawn geo-
infographics from the experts. Combined with the 118 geo-
infographics we gathered from various sources, these formed our
comprehensive corpus. We identified common themes and tech-
niques by thoroughly analyzing the visual elements used in the
hand-drawn and sourced geo-infographics. This analysis ultimately
led to the development of our design space for geo-infographics,
organized into four dimensions: basic map representations for ge-
ographic information, encoding channels for topical data, label de-
sign and placement, and highlighting techniques for important data
points (see Fig. 1).

4.1 Dimension 1: Basic Map Representations

The basic map representation frequently serves as the foundational
component located at the bottom layer of a geo-infographic. It dis-
plays geographical location, and all other data matches its corre-
sponding location.

IMPLICIT MAP. This category involves geo-infographics that do
not explicitly display any visible geographic information elements
(see Fig. 6.a in Appendix). The geographical context is implicitly
present as subsequent data overlays reference geographic locations,
but the map lacks borders or country or city labels. This approach
allows the audience to focus entirely on the data without any dis-
tractions from geographic elements.

MINIMAL POLITICAL MAP. This type of map representa-
tion includes only the most basic geopolitical boundaries. This
means that only the country’s borders are shown on a world map.
A national map might include just the borders between states or
provinces. This minimalistic approach ensures that the geographi-
cal framework is clear without additional details that could distract
from the presented main data.

SHAPE-BASED MAP. Shape-based maps utilize basic shapes,
such as dots, squares, or custom icons, to form recognizable bound-
aries of countries, states, or regions. Unlike implicit maps, which
lack visible geographic cues, shape-based maps offer a visual rep-
resentation of geographic boundaries by arranging these shapes in
ways that outline different areas. The shapes themselves do not
encode additional data but are purely stylistic elements that help
convey the geographic contours of regions.

These maps can be constructed using shapes of uniform size, cre-
ating a clear and precise boundary between areas. For instance (see
Fig. 6.b in Appendix), a country could be depicted using an array of
equally sized dots, forming a distinct and recognizable shape that
accurately represents its borders. Alternatively, shape-based maps
might use shapes of varying sizes to represent regions. In such
cases (see Fig. 6.c in Appendix), while the overall geographic out-
line remains discernible, the boundaries between different regions
may appear less precise. This approach can introduce a degree of
abstraction, making the map visually engaging but potentially less
accurate in depicting exact geographic boundaries.
TOPOGRAPHIC MAP. As the name implies, topographic maps
illustrate topographic features like natural elevations and depres-
sions. They provide the audience with a reference to topographic
information, facilitating the display of additional details such as
land use, climate zones, and natural resources.

STREET MAP. Street maps concentrate on smaller blocks within
cities or countries. They depict urban features such as landmarks,
roads, buildings, and traffic information.

4.2 Dimension 2: Encoding channels

The encoding channel refers to various visual variables employed
to convey focusing information on top of the basic map. We mainly
refer to the design space of channels proposed by Tamara [21].
We considered both quantitative and categorical data. Based on
the geo-infographics we collected and analyzed, we summarize the
most commonly used encoding channels in geo-infographics.
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COLOR (INTENSITY). Color intensity refers to the lu-
minance or saturation of a color. This gradient is valuable
for visualizing changes in quantitative data size, with low intensity
denoting smaller values and high intensity signifying larger ones.
COLOR (HUE). Color hue denotes the pure spectrum of
red, blue, and green colors. It is commonly employed to
represent different categories or groups within the data. For in-
stance, continents may be distinguished by assigning each a dis-
tinct hue — blue for Europe, green for Asia, yellow for Africa,
red for the Americas, and orange for Oceania. Color hue can also
represent quantitative data by mapping numeric variable values to
distinct hues along a perceptually ordered color palette. For ex-
ample, this gradation from blue to red symbolically illustrates the
transition from cooler to warmer temperatures.
2D LENGTH. 2D Length facilitates data representation
within the geographical context by overlaying rectangles
onto corresponding positions on a map. The height of each line or
rectangle is directly proportional to the value of each data point.
3D LENGTH. 3D Length employs three-dimensional
rectangular prisms overlaid onto a basic map. Each prism’s
height correlates directly with the magnitude of the each data point.
SIZE. Size represents values through variations in the size
of graphical elements such as different shapes, icons, or
symbols. For instance, circles can represent retail stores, with their
sizes indicating the number of sales at each store [24]. Another ap-
proach is to distort the geographic area of each region, such as a
province or country, in proportion to a specific data value. This cat-
egory can also be called *“ Cartogram ” [9, 29]. This method resizes
the area to reflect the data magnitude (see Fig. 6.d in Appendix),
often resulting in no longer geographically accurate shapes that ef-
fectively communicate the intended information.
QUANTITY. Quantity is achieved through the strategic
deployment of graphical entities, such as different shapes,
icons, or symbols, wherein the quantity of these elements directly
corresponds to the underlying numerical values. For instance, in the
context of demographic mapping, many representative icons or fig-
ures might depict a higher population density in a particular region,
each symbolizing a specific number of individuals.
GLYPH. Glyphs are versatile tools for visually repre-
senting and communicating data through complex icons or
composite graphics [3]. They can encapsulate multiple quantitative
or categorical data points within a visual element. For example, dif-
ferent icons can represent various animals in different countries, or
bar charts and pie charts can overlay a map to show demographic
information such as age distribution or gender ratios within each
country. This approach represents multiple variables or categories
within a single glyph, maintaining visual clarity while conveying
rich, layered information.
~,  DIRECTIONAL FLOW (DIRECTIONAL LINES). Di-
* 4 rected flow lines are always used to describe sequential or
directed movement or motion, such as migration patterns, trade
routes, or flight paths [38]. More detailed examinations of flow
lines in geo-infographics can be found in Zhao et al.’s work [39].
~  NON-DIRECTIONAL FLOW (LINES). Non-directional
4 flow lines represent connections between two places with-
out implying a specific direction. These lines illustrate bi-
directional or non-directional relationships, such as diplomatic re-
lations or transportation links between cities.
TEXT. Text involves overlaying text on the map to present
information directly. This method is always used when the
data is straightforward and concise, allowing designers to exhibit
the data through textual means without employing additional visual
variables (see Fig. 6.a in Appendix).

TEXT

4.2.1 Dual Encoding Compatibility We found that single-
channel encodings form the basis of information representation,
and many scenarios benefit from combining multiple channels to
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Figure 2: Compatibility Matrix for Dual Encoding Channels. Filled
squares indicate effective combinations; crosses (X) denote infea-
sible combinations.

enhance data comprehension and retention. Recognizing this, we
systematically examined the identified single channels and explored
their potential pairings. This analysis provides insights and guide-
lines for effective dual encoding strategies in geo-infographic de-
sign. Fig. 2 details the viable and non-viable combinations for such
encoding strategies.

Channels with inherently similar properties cannot be combined.
For instance, Color Intensity and Color Hue both encode informa-
tion using the color spectrum and thus cannot be paired. Simi-
larly, 2D Length and 3D Length fundamentally use the concept of
length to represent data, making their combination inappropriate.
Directional Flow and Non-Directional Flow, which represent di-
rectional relationships through arrows and non-directional relation-
ships through lines, respectively, are mutually exclusive and cannot
be integrated. Size and 2D/3D Length cannot be effectively com-
bined due to their similar properties; length can be regarded as the
size of a line.

On the other hand, Text can be combined with all other en-
coding channels. Color is another versatile encoding channel that
can be combined with most other channels. Color Intensity and
Color Hue can be paired with other encoding channels. Specifi-
cally, combining Color Intensity with 2D/3D Length can represent
quantitative data, where lower values are depicted with lighter col-
ors and shorter rectangles or cubes and higher values with darker
colors and taller rectangles or cubes. The combination of Color
Hue with 2D/3D Length operates on the same principle, substi-
tuting light colors for lower numerical values and dark colors for
higher numerical values. When the data has both category and
quantity attributes, Color Hue can be used to distinguish categories,
while 2D/3D Length expresses the numerical size. For instance,
Color Hue and 2D/3D Length can represent categorical and quan-
titative GDP attributes, respectively, with Color Hue distinguishing
between developed (blue), emerging (green), and developing (or-
ange) nations. The GDP values are depicted through the vertical
extent of 2D rectangles or 3D bars, where a taller bar corresponds
to a larger GDP and a shorter bar to a smaller GDP. Similarly, Color
combined with Size or Quantity follows the same principle as Color
with 2D/3D Length.

In specific scenarios, Glyphs cannot be combined with Color.
For example, icons of famous scenic spots or national flags possess
multiple colors, making overlaying colors on them visually con-
fusing. However, glyphs like triangles or pentagrams representing
different data categories can accommodate color coding. For in-
stance, a human-shaped glyph overlaying color encoding enhances
the representation of population data. Directional Flow and Non-
Directional Flow, representing data flow in geo-infographics, are
mutually exclusive and cannot be combined. However, each can
independently use a color overlay to encode data type and direc-
tion. Glyphs can encode quantitative attributes with varied sizes
or indicate data importance through glyph size. While size and



quantity can theoretically be superimposed to express quantitative
attributes, this may lead to audience confusion, as observed when
both size and quantity equate to the same value, potentially miscon-
strued as multiplication. Quantity can also be used in combination
with glyphs to display quantity data. It can also be combined with
Directional Flow or Non-Directional Flow to express the magnitude
of the circulating data.

4.3 Dimension 3: Label Design and Placement

Geo-infographics often need to convey a large amount of complex
information. To fully convey the complexity and nuances of the
given topic data, it is often necessary to supplement the primary
visual encoding with additional annotations in a geo-infographic.
The placement strategy for these labels can be categorized into three
distinct approaches: situated, matched, and linked.

4.3.1 Situated Situated labels are superimposed directly onto
the map regions they represent. This direct overlay approach en-
sures a clear and immediate visual connection between the label
and the corresponding geographical area, which is particularly use-
ful when the map’s regions are sufficiently large to accommodate
the text without causing visual clutter.

4.3.2 Matched Matched labels are used when the label infor-
mation is complex or extensive, and separating the explanatory in-
formation from the map is beneficial. This approach uses visual
encoding channels to establish clear and intuitive relationships be-
tween the map and the accompanying explanatory text. Common
methods for creating these matches include color, icons, and text:
TEXT. This method involves placing concise, descriptive key-
words or phrases (such as names of locations or addresses) directly
on the map. These keywords act as prompts corresponding to more
detailed explanations or annotations in a separate, often blank, in-
fographic section. The reader can easily connect the brief text on
the map with the extended information provided in the annotations
by recognizing the keyword match.

ICON. Icons can also used as visual prompts on the map. These
icons represent specific features or data points and are designed
to correlate with larger, more detailed icons or illustrations in the
explanatory section of the infographic. Icons can be particularly
effective in scenarios where a visual representation is more easily
recognizable than text.

COLOR. This technique involves assigning specific colors to map
regions and then using the same colors for corresponding labels in
the annotations. The color-coding system provides a visual link
between the geographic data and the explanatory text, making it
simple for viewers to identify which annotation pertains to which
map feature. This method can also enhance the overall aesthetic of
the infographic by creating a cohesive color scheme.

4.3.3 Linked These labels are connected to their target regions
on the map as callouts through a visual link, such as a leader line or
an arrow. Linked labels can be further categorized into three types:
CONVENIENT. The labels for this type are strategically placed in
open spaces near their corresponding map regions to prioritize ease
of reference (see Fig. 6.e in Appendix). This positioning ensures
that users can quickly identify the data associated with each region
without cluttering the map itself.

ALIGNED. Labels of this type are arranged around the map’s
perimeter, creating a neat appearance (see Fig. 6.f in Appendix).
This approach allows viewers to easily find supplementary infor-
mation in a specific, consistent place rather than to search around
the entire map. By placing the additional information in fixed ar-
eas, such as the top, bottom, or sides of the map where there is more
space, this method enhances clarity and accessibility.

ORDERED. The deliberate arrangement of labels within the con-
fines of a unified shape can profoundly enhance the narrative or aes-
thetics of geo-infographic data. Specifically, when depicting forest
resources, a collective label configuration can mimic the shape of a
tree (see Fig. 6.g in Appendix). This technique not only reinforces
the thematic message of the data but also organizes the labels in a
visually appealing and meaningful way. As a result, these labels
may enhance the viewer’s understanding and retention of the data’s
context.

4.4 Dimension 4: Highlighting Techniques

A range of highlighting techniques have also been identified to
guide viewers’ attention towards specific sections of the geo-
infographic.

GLOW. This method uses a luminous point to signify a

Q location, drawing the viewer’s attention to a particular area

as a focal point. For example, a glowing dot might highlight a city’s
location on a night-time map.

ICON. This method involves placing an icon like a map

0 pin at the exact location of interest, directly drawing the

viewer’s attention to that point. For instance, this icon can highlight
a tourist spot on a city map, making it easy for tourists to navigate.

CONTRASTING COLOR. This method applies a color
‘ that contrasts with the rest of the map to a specific region,
highlighting the area of interest. For example, a specific country
might be shaded in a bright color to distinguish it from its neighbors
on a geopolitical map.

3D TRANSFORMATION. This method enhances the
~ base map with three-dimensional effects, such as shadows
or extrusions, creating a visual illusion of height and prominence.
C:':) CONTOUR. This method outlines a region on the base

map, helping to distinguish areas that are significant.
< <  ZOOMED INSETS. This method involved magnifying a
*c‘ specific map area that is too small to be represented ad-
equately at its actual size. This technique is particularly useful
for highlighting areas of great importance that are geographically
small, such as an island. The enlarged section can be displayed in
an adjacent blank space to avoid obstructing the view of the rest of
the map. Alternatively, it can be overlaid directly on its original lo-
cation, which may partially obscure surrounding areas and reduce
the distraction of the viewer’s attention.

5 GEO-INFOGRAPHIC AUTHORING TooL: MapCraft
5.1 System Design

Based on the proposed design space, we developed MapCraft, a
tool designed to streamline the creation of geo-infographics (see
Fig. 3). Users can upload their map-related data, select appropriate
encoding channels, choose highlighting techniques, and design and
place labels. The tool then allows users to export a comprehensive
geo-infographic.

Data Upload Interface. Upon initial access, users are presented
with the Data Upload Interface (see Fig. 3.1), where they can im-
port JSON files. These files should be an array of objects, each
containing key-value pairs for country name, data to be encoded,
and an optional label, as demonstrated in Fig. 7 in Appendix.
Authoring Interface. The MapCraft authoring interface (see
Fig. 3.2) is divided into two components: the Components Panel
(see Fig. 3.2A) and the Canvas Panel (see Fig. 3.2B).

* Components Panel: Located on the left side, this panel allows
users to select visual elements from four key dimensions of geo-
infographic design: basic map representations, encoding chan-
nels, label design and placement, and highlighting techniques.
Users can explore different design choices for each dimension,
enhancing their understanding of how various encoding channels
and design options affect the effectiveness and aesthetics of the
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Figure 3: The process of creating geo-infographics using MapCraft

geo-infographic. The “dual encoding” feature within the Com-
ponents Panel allows users to apply multiple encoding channels
simultaneously. Based on the type of data to be encoded, the sys-
tem will have a popup alert to remind users of inapplicable en-
coding channels and suggest alternative compatible options. This
feature helps avoid conflicting encoding channels and assists in
creating reasonable geo-infographics, especially for users with
limited experience.

* Canvas Panel: Serving as the central workspace, this panel dis-
plays real-time updates based on the user’s selections from the
Components Panel. Users can see immediate visual feedback,
enabling them to refine their designs for both effectiveness and
visual appeal iteratively.

Upon finalizing their design, users can export the geo-
infographic as an SVG file using the “print” button, capturing the
final design from the Canvas Panel.

Gallery and About Interfaces. The Gallery Interface (see Fig. 8 in
Appendix) showcases examples created by experienced designers
to inspire users, while the About Interface (see Fig. 9 in Appendix)
provides a brief overview and guidance on using the tool effectively.

5.2

MapCraft was implemented using D3.js, Vue.js, and Node.js, en-
suring a responsive and dynamic user experience.

Implementation.

6 EVALUATION

To assess the usability and educational value of MapCraft, we en-
gaged 12 participants with an interest in visualization but no prior
design experience. The participants were asked to create geo-
infographics using provided data in three stages: before using the
system, while using the system, and after using the system. We
collected both quantitative and qualitative data to analyze the edu-
cational impact and usability of our tool.

Participants and Apparatus. Participants consisted of 12 under-
graduate students (6 females and 6 males) aged between 18 and 22,
with an average age of 19.5 years (SD = 1.02). All participants
were computer science majors from the local university but lacked
prior experience in visualization. These participants were specif-
ically chosen as they represent our target user group—individuals
who are challenged to create geo-infographics using existing visu-
alization tools.

The tests were conducted in a school computer lab, utilizing
AOC CU34G2X monitors, which are 34-inch LCD displays with
a resolution of 3440 x 1440 pixels. This setting ensured a consis-
tent and controlled environment for the participants to perform the
required tasks.
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Figure 4: The user study process

Procedure. This study was conducted with ethical approval from
the university As Fig. 4 shows, the experimental procedure was
structured into seven stages, lasting approximately one hour. It
began with a brief overview of the experimental process and ob-
jectives, ensuring participants understood the procedures and aims.
This stage also included obtaining consent and informing partici-
pants of their rights, including the ability to withdraw at any time,
take breaks, and have their personal information protected. Next,
participants completed a pre-questionnaire to gather background
information (see section D.1 in Appendix) and assess their initial
knowledge of designing geo-infographics. Following this, partici-
pants were tasked with drawing two geo-infographics based on pro-
vided data: one depicting quantitative population data and the other
illustrating categorical country information. Participants then used
MapCraft to create geo-infographics. After using the tool, partici-
pants modified their initial drawings independently. Subsequently,
participants completed a post-questionnaire, which included the
System Usability Scale (SUS) and the same knowledge assessment
as in the pre-questionnaire. Finally, participants were interviewed
to discuss their experience using MapCraft, provide comments on
the design space and usability, and share their intentions for future
use.

Data Collection and Analysis. We collected various data types
to assess the effectiveness and usability of MapCraft. Firstly, we
gathered the original and modified drafts of geo-infographics cre-
ated by hand and the graphics designed using MapCraft (see Fig. 10
and Fig. 11 in Appendix), recording the frequency of usage for each
method in terms of encoding channels, label design and placement,
and highlighting techniques (see Fig. 5). Secondly, we measured
participants’ initial and post-usage knowledge of geo-infographic
visualization, including their understanding of encoding channels,
label design and placement, highlighting techniques, and dual en-
coding implementation (see section D.2 in Appendix). Thirdly, we
recorded the System Usability Scale (SUS) scores to evaluate the
usability of MapCraft. Lastly, we collected qualitative feedback
from the interviews, including participants’ comments on the de-
sign space and usability, challenges faced while using the tool, and
their intentions for future use (see section D.3 in Appendix).

7 RESULTS AND DISCUSSION
7.1 Results

7.1.1 System Usability Scale (SUS) The SUS yielded an over-
all score of 78.33, indicating a “Good” level of usability and placing
MapCraft within the B grade category.

7.1.2 Geo-infographics Design As depicted in Fig. 5, we
compared the frequency of visual element selection across three
stages: hand-drawn geo-infographics prior to MapCraft use, geo-
infographics created using MapCraft, and hand-drawn modifica-
tions post-MapCraft use.

First Drawings. In the initial hand-drawn stage, most participants
struggled to visualize quantitative and categorical data effectively,
preferring single encoding channels. Color was predominantly used
for presenting information, and Linked Convenient was the most
frequently used label design technique. Highlighting techniques
were limited, with users primarily employing Icon and Contour.
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Figure 5: Summary of the frequencies of various design techniques used by participants during the geo-infographic creation process.

Using MapCraft. During the use of MapCraft, users demonstrated
increased diversity in encoding methods, with all provided methods
being utilized. Dual encoding became more prevalent and Linked
Convenient, and Matched Icon were the most frequently used label
design techniques. Highlighting techniques became more varied
with Enlarged Portions and Glow, indicating users’ exploration of
new methods. Additionally, all participants took an average of 10
minutes from their first encounter with the system to successfully
produce two beautiful geo-infographics, with the longest adaptation
time being only 16 minutes.

Modified Drawings. After using MapCraft, participants modi-
fied their initial drawings, showing significant improvement in their
ability to encode data correctly. Dual encoding usage increased,
and users paid greater attention to diverse encoding methods, with
Linked Convenient remaining the most popular label design tech-
nique. Highlighting techniques became more balanced across dif-
ferent methods, indicating a deeper understanding of possible de-
sign choices.

Overall, users demonstrated improved performance on design-
ing geo-infographics after using MapCraft. This improvement was
reflected in their ability to handle conflicts, utilize dual encoding,
and diversify visualization methods.

7.1.3 Knowledge Assessment. We analyzed the knowledge
level from pre- and post-questionnaires, focusing on the methods
users employ to design geo-infographics.

Before Using MapCraft Five participants struggled with encoding
channels in the pre-questionnaire, and none could apply dual encod-
ing methods correctly. Method selection in label design, placement,
and highlighting techniques were very limited. Most users could
present labels and add highlights, but often, their methods were in-
appropriate, such as using color for both encoding and highlighting
simultaneously. Overall, users relied on basic methods, frequently
using color for highlighting and simply filling the map with color
rather than exploring various applications.

After Using MapCraft After using MapCraft, all participants could
select one appropriate and correct method in these dimensions, with
only one participant still confused about dual encoding. Partici-
pants began demonstrating creativity in highlighting techniques and
combining various methods.

The comparison of knowledge before and after using MapCraft
indicates that users showed enhanced competence in selecting and
utilizing methods. Their design thoughts became more mature and
feasible. The findings suggested users enriched their knowledge of
geographic visualization methods after using our system. Partici-

pants were eager to explore and apply newly acquired, novel, and
visually appealing techniques, leading to increased diversity in de-
sign method choices in the post-questionnaire responses.

7.1.4 Interview. Participants (P) endorsed the four-
dimensional framework of our proposed design space for
geo-infographic creation, describing it as logical, clear, and
intuitive. For instance, P5 remarked that “dividing the creation
of a geo-infographic into these four parts is logically sound,” and
P2 noted, “You start with a map and then add elements one by
one.” This feedback highlights the framework’s accessibility and
ease of use, even for individuals lacking prior experience in data
visualization. Several participants emphasized MapCraft’s ability
to integrate various visual elements seamlessly. P3 mentioned the
tool’s capacity to “combine a variety of visual elements, to arrange
and piece them together,” while P9 appreciated how it allows users
to “draw a map that can convey different pieces of information,
integrating them seamlessly.” Participants agreed that MapCraft is
highly user-friendly, convenient, and efficient. Participants such
as P2 and P3 found it “much more convenient than hand-drawing
or searching for other tools,” and P5 praised its ability to “quickly
represent the information of countries and create a visually
appealing map.” P12 and P13 highlighted its convenience and
practical functionality, with P14 describing it as “quite practical.”
However, PS5 and P6 noted the need for extra instruction when
prompts appear to avoid illegal operations. Additionally, some
users require more exploration time and effort before they can
appropriately apply the features. Regarding the dual encoding
function, most users were attracted by its sophistication and were
surprised by this novel visualization method. However, this new
approach also introduced some learning costs. As P8 mentioned,
the feature requires only “limited understanding” to get started,
and as P14 stated, “,It’s a little challenging but quite fun.”

Overall, the positive feedback suggests that the four-dimensional
design space effectively guides users through the geo-infographic
creation process, making it accessible and straightforward.
MapCraft enables even novice users to produce aesthetically pleas-
ing and informative geo-infographics efficiently. Participants ex-
pressed strong intentions to utilize MapCraft for future geo-
infographic creation, underscoring its practical value and usability.

7.2 Discussion

7.2.1 Limitation Following Tullis’s research [30], the SUS is a
widely recognized method for assessing usability, providing a reli-
able score even with smaller sample sizes, such as 12 to 14 partic-



ipants. Our participant pool of 12 lends credibility to our findings.
However, 12 samples may be sufficient for a comprehensive evalu-
ation in other aspects, such as the knowledge test. While we main-
tained gender balance in our participant group of 6 males and 6 fe-
males, the age range was narrowly defined from 18 to 30, excluding
participants from other age groups. Additionally, all participants
were university-educated, either as undergraduates or postgradu-
ates. This focus may have excluded perspectives from a broader,
potentially less educated user base. However, considering our tool
is for creating geo-infographics, it is arguable whether lower edu-
cation levels are within our target demographic.

Furthermore, we reflect on our data analysis methodology, which
focused on the diversity of participants’ designs and creative ideas.
We did not rigorously measure their accuracy in understanding var-
ious encoding channels. As an educational tool, future iterations
may benefit from more serious assessments of educational out-
comes. This could involve pre- and post-tests designed to evaluate
the effectiveness of different encoding channels, ensuring a more
thorough evaluation of the tool’s educational impact.

7.2.2 Geo-Infographics vs Interactive Map Visualization
While utilizing geographic information, interactive map applica-
tions and geo-infographics serve different purposes and have dis-
tinct design requirements. We explored whether our design space
for geo-infographics could be applied to interactive map visualiza-
tions. Interactive map applications like Google Maps? are dynamic
platforms designed for real-time interaction and navigation, prior-
itizing accuracy over aesthetics. Conversely, geo-infographics are
static visual representations focused on clarity, visual appeal, and
storytelling. Both formats share similarities in basic maps, encod-
ing channels, and highlighting techniques. In geo-infographics, en-
coding channels and basic maps are chosen for aesthetic appeal and
accuracy, whereas in interactive maps, accuracy tends to be pri-
oritized. As a result, while the same basic maps, encoding chan-
nels and highlighting techniques may be used in both formats, their
selection and frequency can differ based on these priorities. An-
other significant difference lies in label design and placement. Geo-
infographics often use various label types, including linked labels,
to ensure all information is visible within the static layout. In con-
trast, interactive maps typically use interactive labels that appear
upon user action, such as clicks or hovers, reducing the need for
complex label arrangements and allowing for a cleaner interface.

7.2.3 Authoring and Education In evaluating MapCraft, we
assessed the changes in participants’ knowledge about geo-
infographics and their ability to generate them. From positive re-
sults, we can define our tool as both an educational and an authoring
tool, breaking traditional boundaries between these two categories.
1) Comparison with Purely Educational and Purely Authoring
Tools. Purely Educational Tools: These tools are typically de-
signed to convey information and educate users about specific top-
ics. They often use demonstrations, tutorials, or static examples
to illustrate concepts. In a geo-infographics context, a purely edu-
cational tool might display various dimensions of geo-infographic
design — such as encoding channels, map types, and labeling tech-
niques — without providing an interactive or hands-on component.
The primary limitation of these tools is the lack of user engagement.
Users may understand theoretical aspects but lack the opportunity
to apply this knowledge in a practical setting, which can hinder
deeper learning and retention.

Purely Authoring Tools: These tools are designed to automate
the creation process, often providing users with a set of inputs and
generating visualizations automatically. They prioritize efficiency
and ease of use. For geo-infographics, a purely authoring tool

3https://maps.google. com/

might allow users to input data and automatically generate a geo-
infographic without requiring any design decisions from the user.
The main drawback of these tools is their limited educational value.
While they can produce visualizations quickly, users do not gain an
understanding of the underlying design principles or improve their
visualization skills through the process. For example, a powerful
map visualization tool, Flourish®, is often employed for map visu-
alization and storytelling. It provides powerful creation tools but
does not allow users to learn how to design geo-infographics. Inex-
perienced users may struggle to gain visualization knowledge and
improve their design skills while using this tool.

2) Balancing Automation and User Involvement. The choice be-
tween purely automated tools and those requiring significant user
involvement often depends on the target users and their needs:

* Automated Tools: These are ideal for users who need quick re-
sults without deep engagement in the design process. They are
suitable for scenarios where efficiency is paramount, such as in
business environments where time constraints are critical, or for
users with limited visualization expertise who need to generate
professional-looking results with minimal effort. In the system
developed like DataShot [7], infographics are generated by the
system with pre-designed styles, sparing users the need to spend
a significant amount of time learning or possessing visualization
design experience. Users only need to make simple edits to ob-
tain a professional infographic.

* User-Involved Tools: These tools benefit users who seek to un-
derstand and learn from the visualization process. They are suited
for educational settings, training programs, and scenarios where
the quality and customization of the final product are more impor-
tant than the creation speed. Users in these contexts benefit from
the hands-on experience and the opportunity to apply theoreti-
cal knowledge in practice. Experienced users can create highly
personalized and professional geo-infographics, while inexperi-
enced users can also gain design experience with guidance from
official documentation.

However, achieving the right balance between automation and
user involvement is crucial. More automated tools might be prefer-
able for professional environments where quick turnaround and
consistency are essential. In contrast, educational tools benefit from
greater user involvement, which fosters a deeper understanding of
the subject matter.

8 CONCLUSION

This research started with an extensive analysis of 118 geo-
infographics found online and design ideas from eight visualiza-
tion researchers. From these efforts, we developed a comprehen-
sive design space for geo-infographic design. Based on the design
space, we created MapCraft, a web-based authoring tool designed
to simplify geo-infographics creation. Our user study with 12 po-
tential users demonstrated that MapCraft effectively assists users
in creating high-quality geo-infographics while enhancing their un-
derstanding of diverse geo-infographic design choices. The tool
was found to be user-friendly, straightforward, and valuable for
users. Additionally, future advancements could focus on increasing
automation and intelligence within the tool, thereby reducing the
need for extensive user education and enabling faster infographic
creation.
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APPENDIX

A CORPUS

Fig. 6 gives examples of different map representations.

Figure 6: Example geo-infographics in Corpus
B COMPLEMENTARY USER INTERFACES

B.1 Example of Uploaded Data File
Fig. 7 shows a screenshot of a part of the data file that is applicable to the system.

B.2 GALLERY Interface
Fig. 8 shows the interface of GALLERY.

B.3 ABOUT Interface
Fig. 9 shows the interface of ABOUT.

C COLLECTED GEO-INFOGRAPHICS CREATED BY USERS
Fig. 10 and Fig. 11 show the geo-infographics created by users.

D USER STuDY QUESTIONNAIRE

D.1 Demographic Background

Here are the contents of the demographic background questionnaire in the pre-questionnaire, consisting of six short answer questions and a
multiple choice question.

* Question 1: Age.

¢ Question 2: Gender

* Question 3: Filed of Study or Profession.

¢ Question 4: Have you had any experience with data visualization?

Question 5 (multiple choice question): Which of the following tools have you used for data visualization?

— Microsoft Excel
— Tableau
Google Charts
- D3js



@ @ country-by-population-description.json

"country": "Germany",

"population'": 82905782,

"description":"Germany's population is characterized by its blend of ethnic Germans
alongside significant immigrant communities, contributing to its status as an economic
powerhouse in Europe."

},
{
“country": "Ghana",
"population": 29767108
},
{
“country": "Gibraltar",
"population": 33718
},
{
“country": "Greece",
"population": 10731726,
"description": "Greece's population is a combination of indigenous Greeks and various
minority groups, reflecting its complex history and strategic location in the Mediterranean."
’
{
"country": "Greenland",
"population": 56025
1,
{
"country": "Grenada",
“population": 111454
1,
{
"country": "Guadeloupe",
"population": 395700
1,
r v

Figure 7: Example of Supported JSON File

R (ggplot2, Plotly)

Python (Matplotlib, Seaborn, Plotly)
- Figma

— Other

¢ Question 6: Have you had any experience with Geo-infographics or interactive maps websites?

¢ Question 7: Self-assessment of confidence level in design geo-infographic.

D.2 Geo-infographics Designing Knowledge

Here are the contents of the geo-infographics designing knowledge assessment in the pre- and post-questionnaire, consisting of eight short
answer questions.

¢ Question 1: What encoding channels come to your mind for representing population data?

¢ Question 2: What encoding channels come to your mind for representing country information data?

¢ Question 3: Based on population data, which encoding channels do you think can be effectively combined for dual encoding?

¢ Question 4: Trying to add annotation in geo-infographic, what placement or match method can you think of?

¢ Question 5: What methods can you think of for highlighting within a geo-infographic?

¢ Question 6: Which encoding channels within the design space do you think are appropriate for population data?

* Question 7: Which encoding channels within the design space do you think are appropriate for country information data?

* Question 8: Which encoding channels within the design space do you think can be effectively combined for dual encoding based on
population data?



MapCraft
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Encoding Channel: Color Intensity Encoding Channel: Color Hue
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Figure 8: GALLERY Interface

D.3 Interview
Here are the questions in the interview.

¢ Question 1: What tool features are particularly useful for you to complete tasks? Please explain the reason.
* Question 2: What difficulties or challenges did you encounter while using MapCraft?

* Question 3: Do you think it is reasonable to categorize visual elements into basic map representations, encoding channels, label design
and placement, and highlighting techniques? Is it easy to understand? Has it caused you any trouble?

¢ Question 4: Do you plan to continue using this tool in future projects? Why or why not? What factors will influence your decision?



MapCraft
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A. Components Panel B. Canvas Panel

The interface is thoughtfully divided into two principal components: the Components Panel and the Canvas Panel, facilitating an organized and intuitive approach to geo-infographic creation.

Inside the Components Panel, there is a curated selection of visual elements, categorized according to a design space framework that four pivotal dimensions of geo-i ic design.

Users may select the visual elements of choice from the Components Panel for each dimension. The data designated for encoding, signified by the second key-value pair within the JSON file is integrated into the encoding channel. Country names
listed in the JSON file serve to align the data with corresponding labels and their designated positions on the map. The optional labels included in the JSON file can be strategically positioned as per the user's selected design preferences.

It should be that th within the of Basic Map and Label Design and Placement are mutually exclusive, implying that only one type of component can be active within each dimension at any given
time.

An advanced functionality of the interface is the ‘dual encoding’ button, which empowers users to implement dual encoding by selecting elements from two encoding channels concurrently. This feature allows for a more nuanced representation of
data. Furthermore, all highlighting techniques within the Highlighting Techniques dimension are versatile and can be applied in multiples, with no restrictions on the number of uses.

The Canvas Panel acts as the central workspace where users can assemble their geo-infographics. Upon finalizing the composition, users can export the geo-infographic as an SVG file by utilizing the ‘print' button, encapsulating their work on the
Canvas Panel.

Figure 9: ABOUT Interface
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Figure 10: Geo-infographics Created by Users
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Figure 11: Geo-infographics Created by Users
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