
Eurographics Conference on Visualization (EuroVis) 2020
M. Gleicher, T. Landesberger von Antburg, and I. Viola
(Guest Editors)

Volume 39 (2020), Number 3

Infomages: Embedding Data into Thematic Images

D. Coelho1 and K. Mueller1

1Computer Science Department, Stony Brook University, NY, United States

(a) (b) (c)

Figure 1: Infomages created with our design tool. (a) A pie chart showing the number of hacking incidents by region embedded into an
image of a hacker using a laptop (b) A line chart showing the traffic fatality rate in the US embedded into an image of a burning car crash
where the structure of the fire supports the trend of the line and (c) A bar chart showing the number of US troops in Afghanistan over three
years embedded into an image of three soldiers walking.

Abstract
Recent studies have indicated that visually embellished charts such as infographics have the ability to engage viewers and
positively affect memorability. Fueled by these findings, researchers have proposed a variety of infographic design tools. How-
ever, these tools do not cover the entire design space. In this work, we identify a subset of infographics that we call infomages.
Infomages are casual visuals of data in which a data chart is embedded into a thematic image such that the content of the
image reflects the subject and the designer’s interpretation of the data. Creating an effective infomage, however, can require a
fair amount of design expertise and is thus out of reach for most people. In order to also afford non-artists with the means to
design convincing infomages, we first study the principled design of existing infomages and identify a set of key chart embedding
techniques. Informed by these findings we build a design tool that links web-scale image search with a set of interactive image
processing tools to empower novice users with the ability to design a wide variety of infomages. As the embedding process
might introduce some amount of visual distortion of the data our tool also aids users to gauge the amount of this distortion, if
any. We experimentally demonstrate the usability of our tool and conclude with a discussion of infomages and our design tool.

CCS Concepts
• Human-centered computing → Information visualization; Visualization systems and tools; • Applied computing → Media
arts; • Computing methodologies → Image manipulation;

1. Introduction

Infographics have recently gained mainstream popularity. They are
widely employed in newsrooms, businesses, classrooms, and so-
cial media primarily due to their ability to gain a viewers atten-
tion. Unlike traditional visual data representations, infographics
contain visual elements that do not represent data. These elements
are mostly human recognizable objects that are meant to embel-
lish the data graphic. While it has been a longstanding rule that

visual representations should only show data and not contain any
distractors [Tuf83], recent studies have shown that visually embel-
lished charts have a high capacity of piquing interest [BARM∗12]
[HRC15] [HAS11] and also improving memorability [BMG∗10]
[BVB∗13] [BBK∗16].

An inherent shortcoming with these enriched charts, however,
is that their creation requires the skill of a designer. While novice
users have some level of creativity, they lack the skills to create
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sophisticated embellishments. This deprives them of the opportu-
nity to take part in these eye-catching data sharing activities, re-
ducing them to consumers only. However, nowadays many people
generate data of some sort, such as fitness data, game scores, etc. or
do own personal research on the internet that yields personal per-
spectives of some data they would like to share. Researchers have
worked towards addressing this issue by proposing various design
tools [KSL∗17] [WZH∗18] [XHRC∗18] [WSZ∗20] [CWW∗20].
While these tools are effective at creating certain infographics, they
do not cover the entire design space and at times still require some
level of design expertise.

In the work subject of this paper, we focus on developing a de-
sign tool for an unexplored category of infographics that we call
infomages or information images. Infomages essentially consist of
a commonly used data chart (e.g. line, bar, pie etc) that is embedded
into a thematic image whose content is related to the subject of the
data and support the designer’s interpretation of the data. For exam-
ple, consider figure 1a which has been created with our tool. Here
the data – the number of hacking incidents by region – is visualized
as a pie chart, embedded into an image of a hacker using a laptop
by filling the laptop with the pie chart. By using a topically related
image containing human recognizable objects, the graphic can re-
inforce the subject of the data while at the same improve viewer
memorability and engagement [BAW16] [BVB∗13] [HRC15]. This
makes infomages beneficial in situations where one would like to
communicate data to a broad audience. In such situations, the data
might be of interest to the audience but they might be too disen-
gaged to look at the data in a standard format. While such charts
can be beneficial in terms of their ability to engage an audience, it
should also be noted that at times they can potentially distort the
data they present. Additionally, their visual contents may distract
users and draw their attention away from finer data details. Thus as
E. Tufte advocates [Tuf83], when data is of the utmost importance
such graphics should be avoided.

In the research leading to our tool we first studied existing info-
mages we collected from the web. We identified the different types
of data charts they employ and the methods they use to embed these
charts into images. We found that while some of the embedding
techniques can be achieved with existing tools, others are not eas-
ily achievable and at times even require a scene to be physically
created and photographed. Furthermore, some of the existing tools
also require a certain level of design knowledge which is absent in
most people. To bridge this gap we began by formulating a set of
goals for a tool that would enable novice users to (1) locate suitable
thematic images, (2) embed the charts into these images, and (3)
create artistically inspired infomages.

In the following, we describe how the design tool that emerged
from our activities accomplishes these goals via a set of semi-
automated techniques inspired by methodologies employed by
artists. These techniques allow users to integrate data charts into
images while also informing them of the chart distortion poten-
tially caused by this process. We evaluate the usability of our de-
sign tool and report on the feedback we received from a qualitative
user study we conducted. We conclude with a discussion about the
possible benefits and disadvantages of infomages.

Our main contributions are summarized as follows:

• We survey a set of existing infomage-like graphics to identify
design practices involved in the creation of infomages.
• We propose an infomage design tool for novice users that helps

them to retrieve contextual images and semi-automatically em-
bed data charts into these images.
• We propose methods to gauge the level of distortion in these

infomages as well as methods to minimize the distortion.
• We conduct a user study to evaluate our design tool.

2. Related Work

Traditionally the information visualization community has been
aligned with E. Tufte’s view that visual representations should only
contain data related ink. Tufte opines that visually embellished
charts are distracting to users [Tuf90]. In his work [Tuf83], he states
that all ink that is not used to represent data should be removed
from the chart. He believes that imagery and visual elements in the
chart would distract users while they read the data and make the
chart difficult to read. Tufte’s views have been confirmed by stud-
ies such as that by Cleveland et al [CM84] which investigated how
users perceive graphs as well as by Kosslyn’s study [Kos89] which
researched how users read charts and graphs. In his work, Kosslyn
states that visual elements such as the background could be used to
reinforce the chart’s information. But he also advised that a poorly
chosen background could interfere with the chart’s readability.

While Tufte’s view that a clear chart is easily readable and allows
the user to completely focus on the data is unopposed, researchers
do believe that at times additional visual elements could benefit the
chart (see e.g., Moere et al [MTW∗12]). Nigel Holmes [Hol84], a
well–known designer, advocated that embellished charts will pique
a viewer’s interest in the chart, and more recently, multiple stud-
ies have shown that visual embellishments do have some benefits.
Another visualization expert, Stephen Few [FE11], has criticized
some of these studies but ultimately states that visual embellish-
ments do engage a user’s interest and make the chart more memo-
rable, but they should only be used when they do not lead to distrac-
tions or misinterpretations. Thus based on findings in these studies,
researchers in the field have been inspired to create tools that aid
in the design of appropriately embellished charts. We discuss these
studies and tools below.

2.1. The Effect of Visual Embellishments

In recent years, a number of researchers have been studying the
impact of visual embellishments on a visual representation’s ap-
peal and incentive for engagement. An early study by Cathwon et
al. [CM07] found that visually appealing charts were able to bet-
ter engage viewers. Another study by Viegas et al. [VW07] ob-
served that artistic visualizations have the ability to change the con-
sumer’s way of thinking. Similar observations were made by Borgo
et al. [BARM∗12] and Hullman et al. [HAS11] who found that vi-
sual embellishments pique a viewer’s interest in charts while also
improving their memorability. Recently Harrison et al. [HRC15]
studied the first impression of infographics on people. They con-
cluded that colorful infographics that contain limited text and im-
age areas tend to appeal to most people.

Bateman et al. [BMG∗10] conducted one of the first studies that
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tested the usefulness of chart junk or embellished charts. The study
concluded that while embellished charts and plain graphs were
equally comprehended by users, the embellished charts were more
memorable. Building on Bateman’s work, Borkin et al. [BVB∗13]
investigated which aspects of a chart make it memorable. They
observed that properties such as low data–ink ratio, human recog-
nizable objects, and high visual density tend to make charts more
memorable. Borkin et al. [BBK∗16] then extended their work al-
lowing users to view the charts for a longer period while tracking
their eyes to understand what components of the charts attracted the
user’s attention. Their conclusion reinforced the memorability re-
sults of their previous study and showed that the presence of human
recognizable objects as well as text (titles, labels, etc.) had a ma-
jor impact on memorability. Another extension to Bateman’s study
was that by Li et al. [LM14] who had similar observations regard-
ing comprehension and memorability. Hullman et al. [HAS11] also
studied how designers could introduce ‘visual difficulties’ to help
user comprehension and recall as well as explore the trade–offs in-
volved. Borgo et al. [BARM∗12] showed the positive impact of
visual embellishments on working and long term memory. Haroz
et al. [HKF15] showed that pictographs can improve memorabil-
ity and recall when designed appropriately. These studies and their
findings have encouraged the use of embellished charts and served
as inspiration for our work. Specifically, we aim to design a tool
that assists users in creating embellished charts while minimizing
the distortions and distractions the embellishments may cause.

2.2. Tools for Creating Embellished Charts

Just as the studies discussed above served as an inspiration for
our tool, they have also inspired other tools. Many of these have
used different approaches to create visual representations with a
low data–to–ink ratio. Some of these approaches are relatively sim-
ple and easy to use while others are more involved and require the
expertise of a designer.

The most prevalent embellished visualizations mainly consist of
an assortment of data charts and non-data related visual elements
placed on a canvas. Tools such as Piktochart [pik] allow users to
create such charts. They employ the easy to use drag and drop tech-
nique that lets users place visual elements, graphs, and text onto a
canvas. They also offer various templates to users that assist with
the infographic creation process. Very recently researchers have de-
signed systems to automate the design of such infographics. Chen
et al. [WSZ∗20] created DataShot which learns data facts and gen-
erates multiple fact sheet infographics for a user to choose from.
Cui et al. [CZW∗20] use natural language understanding tech-
niques to create infographics that communicate simple proportion
related statistics. Both of these tools rely on pre-defined templates
and layouts to produce a set of infographics that a user can pick
from and modify. A more automatic approach was proposed by
Chen et al. [CWW∗20] who applied machine learning techniques
to demonstrate how the style of timeline infographics can be ex-
tracted and applied to new data.

Researchers have also suggested more involved techniques
to create embellished visualizations, specifically the data-driven
transformation and the replication of visual elements. Brosz et al.
[BNP∗13] used graphic transforms on charts for the purpose of ca-

sual information visualization. More recently Kim et al. [KSL∗17]
presented a technique which allows users to design graphical ob-
jects and bind data to them. The object’s dimensions are then ac-
curately deformed based on the data. Bigelow et al. [BDFM17]
proposed bridges between existing tools to ease the current pro-
cess followed by designers. For example, D3 could be used to
create a chart, to be then beautified by Illustrator. However, most
of these tools target skilled designers. On the other hand, re-
cent tools conceived in research, such as InfoNice [WZH∗18] and
DataInk [XHRC∗18], do not presume this type of expertise. Both
of these tools create pictograph style graphs and both replicate, fill,
and color graphical objects. InfoNice creates more rigidly aligned
graphs while DataInk allows the user to use touch input to replicate
the graphical objects in an arbitrary direction. A similar automatic
approach was put forth by Setlur et al. [SM14] who represent cate-
gorical data values with icons retrieved from the web.

The work closest to ours is the Graphoto framework by Park et al.
[PKM18]. Their approach, however, only integrates line charts into
photographic images and the images themselves are not chosen to
go along with the theme of the data. Further, their approach distorts
or invents features in the image to match the shape of the embedded
line chart which can lead to somewhat bizarre feature formations.

In our work, we focus on the creation of infomages. Unlike the
tools mentioned above, we do not generate and transform graphical
objects or icons to represent data. Rather, we use an image’s natu-
ral structure to encode the data without making structural changes
to the image itself. We make use of areas in an image to encode
data or we use the orientation of objects in an image to reinforce
trends in a data chart. Additionally, we provide users with a guide
that informs them of the extent to which a chart is distorted by the
merging method.

3. Preliminary Survey of Infomages

Having identified infomages as a subset of infographics and choos-
ing to focus on their creation, we conducted a formative study. The
goal of the study was to understand how exisitng infomages were
created. We first collected a set of 224 infomages which were then
coded by both authors. Each infomage was coded based on the type
of visual encoding used, the chart embedding technique, and if the
background image was thematic. Conflicts between the coders were
resolved through verbal discussions.

Our collection of infomages was sourced through Google im-
ages and Pinterest. These are image search engines that efficiently
retrieve and rank relevant images given an appropriate search
term. The search term we employed - “photographic infographic”
- proved to be the most suitable to retrieve infomage-like graph-
ics. It proved to be more effective and encompassed results re-
turned by other search terms we experimented with such as “Chart
Junk”, “Image based infographics”, “Picture based infographics”
and more. The initial set of results returned did not contain more
than 30 relevant candidates per source. To collect more candidate
graphics, we made use of the “related images” feature of the search
engines. For each result in the initial set, we retrieved all related im-
ages as well as images related to these related images. This resulted
in a set of 1,638 candidate graphics retrieved from the web.
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Figure 2: Examples of graphics from our formative study. Peter Ørntoft’s [pet] award winning Infographics shown in (a) and (b) use the
fill technique to encode data in a pie chart and bar chart, respectively. Oliver Uberti’s [CU14] infographic shown in (c) uses a transform to
deform an image of smoke to match an overlaid line chart. Images courtesy of Peter Ørntoft and Oliver Uberti.

In addition to infomage-like graphics, this set of retrieved candi-
dates contained other irrelevant items such as regular icon and chart
based infographics and other images that did not communicate any
data. We removed all irrelevant candidates and duplicates. A col-
lected candidate was considered a valid infomage if it (1) showed
some data, (2) used an image (photographed or computer generated
but no icons) of a human recognizable object to encode the data or
aspect (such as trend) of the data, and (3) was a single panel graphic
(i.e. it only showed one data visual). Multi-panel graphics were bro-
ken into individual single-panel graphics and then re-validated. It
should be noted that while we stipulated that infomages should con-
tain thematic images, we relaxed this condition for the purpose of
this study. This allowed us to collect more graphics from which we
could study different chart embedding techniques. This process re-
sulted in a set of 224 valid infomage-like graphics. Additionally, we
used the reverse look-up functionality of Google Images to identify
the creators of these graphics. We found that a majority (188 of
224) of them were created by professional designers or commis-
sioned by newspapers or magazines. Some examples of these valid
graphics are shown in figure 2, while the others can be viewed in
the supplementary material along with a list of the designers.

Next the coders reviewed each graphic and categorized it based
on the type of chart and the method used to incorporate the chart
into the scene. We first categorized the graphics into seven chart
types described as follows:

Bar (41.1%; 92): Graphics that used multiple similar objects ar-
ranged in a vertical or horizontal sequence and whose lengths or
areas were used to encode data were considered bar or column
charts embedded into an image.
Pie (21.4%; 48): Graphics that radially divided an object or used
radial cutouts of different objects in an image to represent data
values were considered pie charts embedded into images.
Line (9.4%; 21): Graphics that showed a boundary or component
of an object as a line chart or used an image object to match the
general trend of a line were considered line charts embedded into
images.
Scatterplot (2.2%; 5): Graphics that used multiple image objects
to represent points in a scatterpot or used an image object as the
canvas for a scatterplot were considered scatterplots embedded
into images.
Single Divided Object: (12.5%; 28): These graphics divide a

single image object into multiple parts to represent data values.
The division typically occurs along a vertical or horizontal axis
of the object and can be based on area or length. These graphics
are akin to single bars divided to represent data values.
Multiple Resized Object (11.2%; 25): These graphics are akin
to pictograms; they use the size or count of multiple image ob-
jects that have been arranged in a scene to represent data values.
It should be noted that if these objects are arranged in a horizon-
tal or vertical sequence, they are classified as bar charts unless
objects were circular and representative of bubble-like charts.
Others (2.2%; 5): Graphics for which only one chart type was
identified were classified as others. For example we found only
one contour map based graphic and one treemap based graphic;
we thus placed them into the others category.

From this categorization we see that the bar and pie graphics
were the most popular followed by the line, single-divided and mul-
tiple resized objects type graphics. The scatterplots and the other
graphics were the least popular. After categorizing the graphics
based on their chart type, we studied the embedding techniques
used to create them. We identified four different embedding tech-
niques one or more of which could be used to achieve the final
graphic. These are described as follows:

Fill (29.5%; 66): In the fill technique, designers select an object
in the scene, divide it into segments and fill these segments with
a color or texture. This technique can be used to partially fill ob-
jects such that they represent bars for bar charts, or divide objects
radially and fill them to represent pie charts and they can also be
used to divide and fill a single object.
Overlay (15.6%; 35): The overlay technique is straightforward.
In this case a data chart is overlaid on an image such that the
shape or the edges of the image objects resemble the shape of
the chart or the data trend in the chart. This technique is often
used to overlay bar and line charts such that the orientation of
image objects matches the trend of the bars or line.
Replicate and Transform (49.6%; 111): The replicate and
transform operation is the most widely used technique when gen-
erating almost any type of data graphic. In this technique an ob-
ject may be replicated and then some transform is applied to the
object such that it represents a data value. The transform can be
as simple as resizing or re-positioning objects as in the case of
scatterplot graphics or multiple resized object graphics. Or they
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can be complex transforms such as morphing the shape of an ob-
ject to match a chart’s shape or exploding an object into pieces
that represent data values.
Cutout (7.1%; 16): Like the overlay technique, the cutout tech-
nique is straightforward. Here a single image is ‘cut out’ based
on the shape of the chart with the contents of the image that over-
lap with chart objects (bars, pie slices) being kept and the rest of
the image being discarded. This essentially makes the chart a
stencil where chart objects are filled with image fragments in-
stead of colors or textures.

The results of this categorization is shown in table 1. From the
results we can see that the fill and replicate and transform opera-
tions were the most used techniques while the overlay and cutout
techniques were rarely used. It should be noted that in rare cases a
graphic could be assigned to one or more embedding techniques.
For example, in the case of scatterplots image objects were repli-
cated and transformed to represent points while these objects were
overlaid on a canvas object that provided context to the subject of
the image. In addition to categorizing grahpics based on the chart
type and embedding technique we also studied if the image or im-
age objects were thematically related to the data. Thematic images
refer to images that contain objects that are topically or semanti-
cally related to the data. To explain with an example, consider fig-
ure 2c, here the chart shows the number of people who quit smok-
ing along with a background image of smoke, we consider this
background image to be thematic. However, if an image of flow-
ing water (instead of smoke) was used instead, we would not con-
sider it to be thematic. We found that 52.6% (118) of the graphics
used thematic or topic-related images while the other 47.4% (106)
graphics seemed to use images that were not thematically related
but contain easy-to-embed objects.

Table 1: This table shows the number of infomage-like graphics
categorized by chart type and embedding technique categories.

Charts Embedding Type
Fill Overlay Cutout R & T

Bar 17 10 8 57
Pie 27 6 1 16
Line 1 12 7 1
Scatterplot 0 2 0 5
Single Divided Object 18 0 0 10
Multiple Resized Object 3 0 0 22
Others 0 5 0 0

4. The Infomages Design Tool

The infomage-like graphics collected in our formative study were
primarily created by professional designers. From their designs, we
observed that the creation of these data graphics requires a substan-
tial amount of time, effort and skill. This puts the creation of info-
mages out of reach for most people. Thus we set out to create a
design tool for novices to create infomages.

4.1. Design Goals

Based on observation made during our formative study we identi-
fied a set of design goals for our design tool listed as follows:

G1. Provide easy-to-use data embedding techniques. De-
signers who created the infomage-like graphics in our formative
study often setup a physical scene to represent data and then pho-
tographed it to create the data graphic. They used one or more of the
embedding techniques described above to physically place, color or
transform objects in the real-world to represent data values. This is
a time consuming and laborious process that also requires a fair
amount of creativity. Our first goal is to provide a computer-based
technique that allows users to easily embed data into images. The
design tool should allow the user to embed a visual representation
of the data into a selected image using the techniques discussed in
the formative study. For the purpose of this work we chose to fo-
cus on the fill and overlay style embedding techniques. We chose
to exclude the replicate and transform technique as it has been
well studied and implemented in tools such as InfoNice [WZH∗18],
DDG [KSL∗17] and DataInk [XHRC∗18]. While these tools repli-
cate and transform icons or objects that have been drawn within
the tool, they can be extended to work with objects segmented out
from images. We also exclude the cutout technique as it is straight
forward and does not require design expertise.

G2. Inform users of possible distortions. While most
infomage-like graphics in our formative study are attractive, at
times they distort the data being communicated [SHK15] [SK16]
[PRS∗15]. This is primarily due to the embedding techniques be-
ing incapable of accurately embedding the data. While it is difficult,
if not impossible, to remove these distortions, our tool should at the
very least inform users of their existence. Thus the next goal of our
tool is to provide users with an estimate of the amount of distor-
tion introduced in an infomage data representation. Furthermore,
we attempt to minimize this distortion.

G3. Provide techniques that ensure the data encoding stands
out. The infomage-like graphics we studied in section 3 are visually
dense and contain multiple objects some of which do not encode
data. Additionally, these objects may appear over backgrounds with
complex textures. In such images it is important to ensure that the
objects representing data are clearly visible and stand out from the
rest of the scene. We observed that artists used bright and color-
ful objects to represent data while the scene mostly consisted of a
plain or uncluttered background and at times had dark-colored ob-
jects. Additionally, we found graphics in which a transparency or
blur was applied to the background scene while keeping the data
objects in focus. We also found graphics in which the objects rep-
resenting data did not really stand out. In such cases, we concluded
that these objects could have been more pronounced if they were
brightly colored or highlighted with a glow. Thus, our third goal
was to provide the user with similar techniques to make the data
stand out. Our tool should allow users to color or highlight data
items in the image while also being able to subdue the effects of
the details in the background image.

G4. Ensure accessibility for novices. Most infomage-like
graphics we studied were created by designers who were proficient
photographers or were experts in design softwares (e.g. Adobe Pho-
toshop, Adobe Illustrator). Our final goal was to ensure that novices
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Figure 3: The work�ow of our design tool. First, the user loads a data �le. Next, the title and attribute labels of the data are extracted and
used to retrieve contextual images. The user selects one of these images and moves on to embed a chart into the image. After embedding the
chart, the tool computes the amount of distortion introduced to the chart. The user can choose to reduce this distortion with the help of our
tool. Once the user is satis�ed, he or she can apply some visual enhancements to the graphic. Finally, the resulting infomage is published.

or users with minimal design experience could use our tool to cre-
ate infomages. Our tool should allow users to use a small number of
simple point, drag, and click mouse functions to create infomages.
Additionally, a novice user may lack the imagination to think of a
thematic scene for the infomage. In such cases, our tool should pro-
vide users with suggestions for a background image or that spark
the user's imagination to create a new image for the infomage.

4.2. Design Tool Overview

Based on the design goals above we created an infomage design
tool for users who lack design expertise. The tool inspires users in
the design process by immersing them into a large set of images
which for the most part are all contextual to the data. It provides
users with tools to tightly integrate the data into structural elements
of the images while keeping them informed of the chart distortion
introduced by the integration process.

The work�ow of our tool is shown in �gure 3. To create an in-
fomage the user must �rst load a data �le into the design tool. The
data must either be a univariate or bivariate and if the data is cate-
gorical it is reduced to the counts of each categorical value. Next, a
set of relevant backdrops for the infomage is retrieved using a web–
scale text–based image search engine (addressingG4). The images
returned are most often, but not always, related to the descriptors.
Thus we rely on the user to pick a relevant image or load their own
image �le which might be inspired by the retrieved images. The
user must then select the type of embedding process and the chart
(pie, bar, or line) based on which the data will be embedded into the
image. Having set the chart type and background image for the in-
fomage, the user can now proceed to design the infomage. The �rst
step is to integrate the chart into the image (addressingG1). Based
on the embedding process and chart type, we support this integra-
tion task with a set of techniques described in detail in section 4.3.
We also inform the user of the distortion caused by the integration
process (addressingG2). Once the chart has been integrated into
the image, the user is free to apply a diverse set of visual effects
(grayscale, cartooning, glow, transparency, etc.) to the chart as well
as to the backdrop. The purpose is (1) to give it an illustrative look
and feel, and (2) to reduce image detail. The illustrative effects set
the data apart from the image and so reduce possible interference of
the infomage's image content with its data content. This addresses
the aforementioned concerns that embellishments are too dominant
and distracting from the data (addressingG3). Once completed, the
infomage can be exported as a PNG �le to be published. The entire

process is supported by simple mouse interactions thereby mini-
mizing the effort required from the user (addressingG4).

4.3. Merging Data and Images

The crucial step in the creation of infomages is the process of inte-
grating the data chart into the image. As described in our �rst de-
sign goal -G1, we identi�ed two main techniques for this purpose:
(1) �lling a suitable object in the image with the chart or chart ele-
ment, or (2) aligning and overlaying the chart on top of the image.
We describe each method in detail below.

4.3.1. Fill Technique

A portion of the artist created graphics that we studied, such as
those in �gures 2a and 2b, use the �ll technique to embedd data
into image objects. Designers follow two main approaches to em-
bed data with this technique. In the �rst approach a single object
in the image is selected, then it is divided into multiple parts and
these parts are �lled with colors or textures to represent data values.
This approach is mostly used to embed pie charts or areas divided
along an axis into images. The second approach requires the de-
signer to select multiple objects and then partially �ll each object
with a color or texture. Here each object and the extent to which
it is �lled represents a single data value. This approach is often
used to embed bar or column charts into images. Similarly, our tool
must allow users select image regions and use one of these two
approaches to encode data into them.

First the user should be able to select image regions. To do this
programmatically, we made use of a user–guided segmentation al-
gorithm, the well-established Grabcut method [RKB04]. We also
considered other newer learning-based and superpixel-based seg-
mentation methods, but in practice, these methods only create a
rough mask that still needs to be re�ned by the user using grabcut.
Since the effort required by the user is approximately the same or
more in case of these methods, we chose to use grabcut exclusively.
Figure 4 illustrates how we use Grabcut to extract and �ll areas in
an image. For it to work, the user must �rst draw a box around the
desired region. In most cases, this is suf�cient for the algorithm to
detect the desired object. However, at times part of the object is
not extracted or unwanted objects or pieces are extracted. To re-
�ne the selection, users can scribble some foreground pixels and
some background pixels (�gure 4a). Grabcut uses these pixels as
examples to separate the foreground from the background creating
a re�ned mask (�gure 4b). The user goes on marking pixels until a
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