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Fig. 1: Example of a deconstructed science infographic from the biomedical domain [53], with each conceptual metaphorical element
classified as a structural, ontological, orientational, or imagistic metaphor. An imagistic metaphor correlates one concept with another
employing graphical similarity. Here, the wobbly structure of a cell membrane is graphically described through an irregular patch
shape inscribed with stitch marks. An orientational metaphor describes a concept (or system of concepts) based on spatial orientation
and composition, e.g., the cell cycle where its stages are arranged in an infinity symbol. An ontological metaphor projects concrete
entities onto abstract concepts (e.g., events, actions, states, activities), e.g., presenting ribosomes as cafe workers. A more complex
structural metaphor ties one unfamiliar conceptual network or set of processes to another more familiar conceptual network through an
entailment relationship, e.g., the properties and functions of the nucleus are represented as a library. Conceptual metaphors may be
combined to leverage greater meaning, such as combining the wobbly patch shape with the mitochondrial coffeehouse nested therein
to an ontological metaphor for a cellular energy source.

Abstract—We apply an approach from cognitive linguistics by mapping Conceptual Metaphor Theory (CMT) to the visualization domain
to address patterns of visual conceptual metaphors that are often used in science infographics. Metaphors play an essential part in
visual communication and are frequently employed to explain complex concepts. However, their use is often based on intuition, rather
than following a formal process. At present, we lack tools and language for understanding and describing metaphor use in visualization
to the extent where taxonomy and grammar could guide the creation of visual components, e.g., infographics. Our classification of the
visual conceptual mappings within scientific representations is based on the breakdown of visual components in existing scientific
infographics. We demonstrate the development of this mapping through a detailed analysis of data collected from four domains
(biomedicine, climate, space, and anthropology) that represent a diverse range of visual conceptual metaphors used in the visual
communication of science. This work allows us to identify patterns of visual conceptual metaphor use within the domains, resolve
ambiguities about why specific conceptual metaphors are used, and develop a better overall understanding of visual metaphor use in
scientific infographics. Our analysis shows that ontological and orientational conceptual metaphors are the most widely applied to
translate complex scientific concepts. To support our findings we developed a visual exploratory tool based on the collected database
that places the individual infographics on a spatio-temporal scale and illustrates the breakdown of visual conceptual metaphors.

Index Terms—Visualization, visual metaphors, science communication, conceptual metaphors, visual communication.

1 INTRODUCTION

• Hana Pokojná is with Visitlab, Faculty of Informatics, Masaryk University,
Czech Republic. E-mail: hpokojna@mail.muni.cz.

• Tobias Isenberg is with Inria, Université Paris-Saclay, CNRS, Inria, LISN,
France. E-mail: given_name.family_name@inria.fr.

• Stefan Bruckner is with the Institute for Visual and Analytic Computing,
University of Rostock, Germany. E-mail: stefan.bruckner@uni-rostock.de.

• Barbora Kozlíková is with Visitlab, Faculty of Informatics, Masaryk
University, Czech Republic. E-mail: kozlikova@mail.muni.cz.

• Laura Garrison is with the Department of Informatics & Mohn Medical
Imaging and Visualization Centre, Department of Radiology, Haukeland
University Hospital, University of Bergen. E-mail: laura.garrison@uib.no.

Manuscript received xx xxx. 202x; accepted xx xxx. 202x. Date of Publication
xx xxx. 202x; date of current version xx xxx. 202x. For information on

The philosopher Ludwig Wittgenstein once declared that “the limits
of my language mean the limits of my world,” [85] referring to the
constraints that spoken words and language impose on human capacity
to understand and engage with the world. Put another way, if a feeling
or similarly abstract experience cannot be described, then this feeling
or experience does not exist. To convey abstract realities and expand
our knowledge of reality, we often use metaphors—familiar and con-
ceptually similar or comparable descriptors for unfamiliar, possibly
intangible, concepts or events.

Metaphors play an important role in information transfer, e.g., in
education [46] and medical communication [23,64,68]. Their extensive
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study in the linguistics domain [20, 38, 71] has led to the development
of systematic approaches for communication that can enable deeper rea-
soning about visualizations as communication devices. Their ability to
clarify unfamiliar concepts bridges disciplines by establishing a shared
conceptual foundation, for instance, presenting an unfamiliar concept
like the cell’s nucleus and its functions as a familiar concept of a library
with its related tasks (Fig. 1). Effective science communication follows
many rules [32], and often relies on metaphors considered essential
for understanding scientific findings [11]. Previous research points out
the benefits of visual components in addition to text. For instance, the
Multimedia Learning Theory (MLT) [54] states that readers understand
concepts better from text accompanied by images. This effect was also
demonstrated by improved memorization and response rates for study
participants provided with visual embellishments [7] or infographics in
an educational setting [59].

Our investigation into metaphor (de)construction is inspired in part
by Robert Hooke’s 1665 publication Micrographia [28], a meticulously
described collection of microscopic structures, scientific visualizations,
and guidelines for using the newly-developed microscope. Through
a new visual vocabulary steeped in metaphor, Hooke taught readers
what to see, as well as how to see and appreciate this new microscropic
world and its inhabitants while onboarding them to a rigorous scientific
process of empirical observation [31]. Part of Micrographia‘s genius is
Hooke‘s leveraging of collective known experiences to encode under-
standing of the unfamiliar in a so-called image schema, “a recurring,
dynamic pattern of our perceptual interactions and motor programs
that gives coherence and structure to our experience” [33]. In essence,
these schemas are conceptual frameworks that facilitate knowledge
gain by mapping known familiar experiences to the unknown, thereby
lowering cognitive load [75]. In visualization, we see such schemas
applied to information transfer and understanding of data [44], e.g.,
through structuring diagrams [55] or representational icons to facilitate
learning [91] and memorization [7]. Metaphorical visual mappings
may furthermore lead to the extension and reanalysis of an existing
schema [22], enabling the designer to leverage a particular visual ele-
ment to support their rhetorical aim(s) [30]. These schemas can also be
manipulated to tell a powerful story through affective visualization that
“relates to, arises from, or results in emotion” [41], by which the visual
sheds light on particular attributes that guide the viewers to react in a
certain way [88] or highlights the importance of their actions and con-
sequences [67], e.g., through strategic use of color semantics [45, 69].

Well-established theories from other domains may help us better un-
derstand the full potential and implications of using metaphors in visual-
ization. Conceptual Metaphor Theory (CMT), first applied to the analy-
sis of literary language [40], coins the term “conceptual metaphors” and
their use as a matter of thought and reasoning extending beyond linguis-
tics. Conceptual metaphors are widely used to imbue meaning and are
often at the center of abstract conceptualization [42]. CMT describes
four major conceptual metaphors with varying conceptual complexity:
imagistic, orientational, ontological, and structural (Fig. 2), also dis-
cussed by Vu [83]. While CMT has previously provided the theoretical
underpinnings for visual representation choices [2, 64, 66, 77, 91], there
is little exploration of the types of metaphors CMT describes.

Visualization combines human– and machine–centric approaches
inspired by and rooted in other fields such as psychology, mathematics,
and neuroscience [15], and can be further enriched by linguistics as this
field informs visual metaphor construction and use. Such work, in turn,
can further elucidate other scientific disciplines through appropriate
data depiction using suitable visual conceptual metaphors. Our work
applies CMT to scientific infographics and discusses findings for how
different types of conceptual metaphors may help to disambiguate the
graphical communication of science. Metaphor use has a degree of sub-
jectivity and can vary considerably across different cultures, societies,
and even individuals [30, 36, 40]. We limit our study to a predomi-
nantly Western, English-speaking context, where all co-authors are also
situated. Specifically, we deconstruct and analyze visual conceptual
metaphors in scientific infographics based on the established linguistic
Method for Identifying Metaphorically Used Words (MIP) [25] and
CMT. We observe trends, impacts, and implications of metaphor-type
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Fig. 2: Semiotic depiction of the target and source domains and the
four types of conceptual metaphors used in this work. Mapping from a
source to target in the same conceptual domain (Target A) produces an
abstraction. Mapping from a source to target in a different conceptual
domain (Target M) produces an conceptual metaphor that can be further
identified as a imagistic, orientational, ontological, or structural metaphor.

usage in four scientific domains: biomedicine, climate, space, and
anthropology. In summary, we contribute:
• a discussion of conceptual metaphor types and their classification,

grounded in CMT, in visual infographics across four scientific do-
mains,

• a database of classified conceptual metaphors in scientific infograph-
ics to demonstrate how visual conceptual metaphors are used in
practice, and

• a visual tool for the exploration of conceptual metaphor use for
each infographic within our collected corpus, organized by scientific
domain and the spatio-temporal range of processes depicted with
each infographic.

2 CORE DEFINITIONS AND CONCEPTS

Our first contribution in this work is a detailed discussion of what does
and does not qualify as a conceptual metaphor, followed by the four
types of conceptual metaphors on which our analysis centers (Fig. 2), as
well as other important properties to consider in metaphoric depictions.

2.1 Conceptual metaphor identification

Lakoff and Johnson [40] define a conceptual metaphor as a way
of describing concepts from an unfamiliar (target) domain using the
concept(s) from a more familiar (source) domain, resulting in a cross-
domain mapping [39]. Conceptual metaphors imply relationships
between the source and target domains, usually by mapping familiar
onto unfamiliar ideas to relate shared perceptual experiences and to
enable more complex reasoning [60]. A conceptual metaphor mapping
is typically unidirectional [40] and moves from a concrete or physical
source to a more abstract target [9, 24, 40] (Fig. 2), although this map-
ping may also be bidirectional [19, 29, 43, 63]. As previously described,
metaphors extend beyond linguistics and textual embellishments [34]
to shape thought, reasoning, and cognition [38, 40]. In the context of
visualization, therefore, a graphical representation from a more familiar
(source) domain, such as fog, to explain a more abstract (target) domain,
such as uncertainty, creates a visual conceptual metaphor (Fig. 3).

Fig. 3: An example visual conceptual metaphor of fog for the notion
of uncertainty. Uncertainty is an abstract, unfamiliar concept (Target
M), graphically mapped to the familiar, more concrete concept of fog
shrouding a group of trees (Source).
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Fig. 4: Top: a conceptual metaphor, visually depicting the rapid popularity
of memes spreading (Target M) as quickly as a wildfire (Source). The
concept of physical wildfire and its fast-spreading property describes
the concept of rapid popularity increase and usage. Bottom: visual
depiction of an abstraction, a graphic of fire around a tree (Abstraction)
to denote the concept of a forest fire (Source). This does not provide
more understanding of the forest fire beyond graphically depicting the
event. Glyph explanations are inspired by Szefliński & Wachowski [76].

Conceptual metaphorical depiction occurs when the target and source
domains differ. Based on this definition, a visual abstraction of a
concept is not a metaphor, only a simplified depiction of a target mapped
within the same domain as the source. We note that this definition of
abstraction differs from the usual notion of abstraction in visualization,
whereby a visual is reduced to its essentials with unnecessary details
removed [81, 82, 87]. Instead, a linguistic example, metonymy, is
better-aligned our definition of visual abstraction of concepts or ideas.
In contrast to a conceptual metaphor, metonymy maps an aspect of the
target domain to describe the target in its entirety, e.g., the buses are on
strike. [40]. Here, buses are an abstraction for the drivers of the buses,
who are the entities on strike. Similarly, an image of a fire can be a
visual abstraction for the notion of a forest fire (Fig. 4, bottom). We
contrast this with a conceptual metaphor (Fig. 4, top), which crosses
conceptual domains to depict the spreading of memes (target domain)
as a wildfire (source domain).

2.2 Types of conceptual metaphors
Conceptual metaphors can further be classified as imagistic, orienta-
tional, ontological, and structural [40, 47]. Below, we refer to Fig. 1 as
a running example for each type of visual conceptual metaphor.

Imagistic. An imagistic metaphor correlates one concept with an-
other employing graphical similarity; it is the simplest of the four types
of metaphors. It creates an image in the reader’s head that describes the
source concept but does not convey any deeper meaning or functional
properties. In the cell infographic in Fig. 1, the membrane of a cell
(target) is metaphorically visualized by an irregularly-shaped patch
inscribed with stitch marks around its interior (source). This image pro-
vides a sense of appearance without providing more information about
its properties or functions. The cell could alternatively represented by
a simple circle or ellipse—but that would be an abstraction.

Orientational. An orientational metaphor describes a concept or
system of concepts based on spatial orientation and composition. An
example is a continuous repeating life cycle in Fig. 1, where the tempo-
ral properties—cyclicality and repetitiveness (target)—are described by
strategically arranged stages in a pattern of an infinity symbol (source).
The spatial arrangement, or positioning, of visual sub-elements map
the concept of repetition to the cellular life cycle (target). An orien-
tational metaphor can also denote affective properties, e.g., positive
and negative concepts, through positioning of elements on the canvas:
in Western, English-speaking societies, up typically indicates positive,
while down often has negative connotations [50]. Moreover, such align-
ment of visual position with emotion may also improve readability [86].

Ontological. An ontological metaphor projects concrete entities
onto abstract concepts (e.g., events, actions, states, activities). Through
this projection, the abstract concepts are given ‘borders’ [40] and thus
can then be referred to and quantified as concrete objects. For instance,

the concept of the mind as a machine facilitates the discussion of the
abstract notion of the human mind through the more tangible language
of the workings of a machine, e.g., the mind becoming rusty or the mind
not operating [40]. In visualization, color semantics can be leveraged as
ontological metaphors, e.g., red to convey situational urgency (Fig. 8b).
Personification is another projection strategy in ontological metaphors,
which enables the discussion of abstract concepts or ideas through the
most relatable source domain possible—ourselves [37]. For instance,
in Fig. 1 the ribosomes (target) in a cell are referred to as cafe workers
(source) due to their function (transcription). This type of metaphor
requires the viewer to think more abstractly to associate a physical
entity or a substance (source) with its function or semantic meaning
(target) through the lens of human activities.

Structural. A structural metaphor is the most complex of the
four metaphors; it maps an entire network of concepts from a source
onto the unfamiliar network in the target domain. Lakoff and Johnson
[40] provide the literary example argument (target) is war (source).
This metaphor uses the highest level of conceptual abstraction to explain
a set of concepts (i.e., argument involving people, unpleasant feelings,
time, strategy, and actions of attacking or defending a point) through a
related but conceptually different set of processes that involve negative
feelings, effort, time, strategy, and actions of attacking or defending,
etc.). This type of systematic framing of a concept is achieved through
entailment linking between processes. In Fig. 1, e.g., the cell nucleus
(target) being visually represented as a library (source) conveys the idea
that this organelle serves as a library and holds books (information)
that are organized in a specific way, where each book can be borrowed,
read, and copied. The library concept entails that the nucleus has its
properties, uses, and functions: holding information that is organized
in a specific way and can be taken out, read, and transcribed. This
concatenation of familiar processes (library) paints a picture of another
set of lesser-known and more conceptually abstract processes.

Structural metaphors may be, in some cases, difficult to tell apart
from ontological metaphors, such as when the ontological metaphors
are grouped with other conceptual metaphors, e.g., imagistic, to create a
more conceptually rich ontological metaphor. Additionally, per Lakoff
and Johnson [40], structural metaphors are themselves may result from
the layering or nesting of two or more conceptual metaphors. Consider
the structural metaphor time is a resource (Sec. 2.2): time is referred
to as an object that may be quantified (i.e., is made an ontological
metaphor) and its identification as a resource is similarly an ontological
metaphor for the limits or preciousness of time which entails the notion
of time as an object. Taken together, this structural metaphor denotes
time as a countable, limited, and precious commodity. In contrast, an
ontological metaphor on its own differs by limiting representation to a
singular concept absent an extended network of meaning.

2.3 Additional conceptual metaphor attributes
In addition to understanding the basic concepts, the following attributes
provide more insights into how metaphors can be structured and under-
stood.

Incidence hierarchy. Lakoff and Johnson [40] note that some con-
ceptual metaphors are more prominent and recognizable than others,
noting that structural metaphors in particular are pervasive in thought,
e.g., time is money or love is a journey. Culture naturally impacts inter-
pretation and use of certain types of metaphors. Time is money carries
different connotations in monastic subcultures that emphasize a value
system of less is more [40]. Individual perspectives and cultural trends
may furthermore influence the incidence of certain metaphors, e.g.,
climbing the corporate ladder is an orientational metaphor that may
be viewed positively (a motivated individual) or negatively (a cutthroat
individual) within a larger sociocultural and temporal context. Some
metaphors may be so pervasive as to transcend culture: a humanoid
robot is widely recognized across contemporary modern societies as
a metaphor for artificial intelligence (AI). This metaphor influences
reasoning and actions related AI, insinuating human rationality and
intelligence where only stochastic processes exist [27].

Complexity hierarchy and conceptual nesting. While Lakoff and
Johnson [40] do not explicitly state that conceptual metaphors are



hierarchically organized based on complexity, a study of metaphors
in visualization by Ziemkiewicz and Kosara [91] asserts that there
are assumptions about how visualizations are structured, as well as
how they interrelate and can be broken down into sub-elements. These
assumptions mean that visual metaphors contribute to the understanding
of the presented information and that organizational changes in these
metaphors can change their meaning [90–92]. Kövescses [37] suggests
a hierarchy in conceptual metaphors based on their level of abstraction
and that their combination can create more complex metaphors, thus
creating a multilevel schematicity. As previously discussed in Sec. 2.2
through the time as a resource example, structural metaphors may often
leverage such a combination of conceptual metaphors. This joining or
nesting of individual metaphors into more complex ideas is also evident
in some infographics. In Fig. 1, the visual conceptual metaphor for a
cell membrane (imagistic) as a wobbly stitched patch is not conceptually
divisible. It can be nested, however, into an ontological metaphor where
the patch element contains more units with specific functions—like a
coffeehouse as a mitochondrion to say that the mitochondrion provides
energy for the cell. Using hierarchical or nesting strategies to build
more complex metaphors may not always be possible, and would benefit
from deeper investigation into the true extent of such strategies that
falls beyond the scope of this work.

3 RELATED WORK

Our investigation into CMT as a conceivable guiding principle for
analyzing science infographics and visualizations is rooted in diverse
perspectives in visualization research and practice, considering episte-
mologies of visualization and metaphors as visual rhetorical objects.

Epistemologies of visualization. Visualization research and prac-
tice draw from and build upon a diversity of disciplines that, in turn,
provide different lenses for ways of knowing and reasoning about vi-
sualization. Chen et al. [15] argue for developing a stronger theoretic
foundation in visualization, including the advancement of taxonomies
and ontologies—our work moves in this direction. Van Wijk [80]
contemplates the value of visualization in terms costs and gains. Our
application of CMT to deconstruct a subset of rhetorical aspects of
an infographic takes the view of visualization as an empirical science.
Our approach is descriptive, and we work toward an understanding
sufficient to formalize this theory in visualization practice.

Visualization is pillared by empirical science that covers data, speci-
fication, task, or user-oriented tasks, all of which interrelate to varying
degrees [12, 51, 80]. A data-oriented perspective interrogates the data
characteristics that are appropriate or possible to bring forward to a
visualization. A specification-oriented perspective, in contrast, looks to
the possible algorithms or parameters used to transform the visual en-
codings [6]. Task- and user-oriented perspectives [10, 70] incorporate
judgements of what encodings are effective and expressive, factoring in
principles from perceptual and cognitive sciences [17,26,84] to produce
legible and “truthful” depictions of data [5, 79]. Our work aligns most
closely with task- and user-oriented ways of knowing about visualiza-
tion, drawing from cognitive linguistics to explore how people relate to
or understand unfamiliar content presented through the strategic use of
visual conceptual metaphors.

Conceptual metaphors in visualization. Leveraging metaphors
to facilitate understanding is a frequent strategy in narrative visualiza-
tion [72] and science infographic design [16] to communicate unfamil-
iar topics to broad audiences. Hullman and Diakopoulos [30] include
metaphors as a meaningful tool to evoke desired conceptual linkages or
responses to the presented information. Their discussion of metaphors
is relatively brief and high-level, while we take a deeper dive into
conceptual metaphors applied specifically to scientific infographics.

Although we frequently encounter visual metaphors, the scien-
tific literature that provides design guidelines or evaluates concep-
tual metaphor use or value in understanding visualizations is limited.
Tkachev et al. [77] apply conceptual metaphors to data, mapping unfa-
miliar data to a more familiar dataset to enable a facile exploration of
relationships in the dataset. Our exploration lies at the level of visual
encoding rather than a data-oriented perspective. Risch [66], Cox [18],
and Parsons [58] review and discuss the role and use of conceptual

metaphor as a communication tool in information visualization, with
Parsons [58] providing a set of case studies to demonstrate the value of
applying conceptual metaphor theory to the design and interpretation of
such visualizations. Ziemkiewicz and Kosara [91, 92] take these ideas
a step further to explore how visual information can be shaped and
differently perceived through a limited subset of conceptual metaphors:
those of containment and levels. Our basic approach is grounded in
these works, but we drill deeper into the different types of conceptual
metaphors (the aforementioned imagistic, orientational, ontological,
and structural metaphors) to show how these could be applied to visual
scientific storytelling. Other work demonstrates the applicability of
CMT to a specific domain. Sanchez et al. [68], explore the application
of different classes of conceptual metaphors in medical photographs
and graphics. Our work covers a different set of domains and instead
focuses more narrowly on science infographics. Preim et al. [64] com-
prehensively survey the use of metaphors for medical visualization
interfaces, e.g., a “surgical cockpit” that borrows from aviation, while
we analyze conceptual metaphors in visual assets.

4 PROCESS

Our process consisted of four main phases. First, we mapped the theo-
retical foundation of this work by defining conceptual metaphors and
their subtypes in the context of visualization Sec. 2. We then selected
a corpus of science infographics for analysis based on a set of inclu-
sion criteria (Sec. 4.1), followed by deconstruction and classification
of each infographic in the finalized corpus (Sec. 4.2) and subsequent
synthesis (Sec. 4.3) and summarization (Sec. 4.4) of our findings.

4.1 Select corpus of science infographics
Domains. For our corpus, we selected four topic domains (biomedicine,
climate, space, and anthropology) that frequently publish scientific in-
fographics for the purpose of public engagement with science. We
arrived at this set through initial exploratory web searches using the
term “science infographics” and through extensive discussions amongst
all coauthors of the topic domains we observed depicted in e.g., muse-
ums and popular science magazines. These four domains overlap and
create combinations of sub-domains that also frequently appear in the
context of public engagement, for instance, 10: Graphical Abstract:
Nano Silver-Induced Toxicity and Associated Mechanisms, which pri-
marily belongs to the biomedical domain and describes the effects on
the body but is also relevant to the climate domain as it describes the
effects of silver-induced toxicity from air pollution. We illustrate these
domain overlaps in Fig. 5, with written examples of topics built on their
intersection.

Within each domain, we restricted the scope to infographics artifacts
that encompass various temporal and spatial ranges. We do not focus
on a singular spatio-temporal range, as this could lead to a biased
representation of metaphors in infographics. In the biomedical domain,
for example, we include examples ranging from molecular processes

Climate Space

Biomed. Anthro.

Spacecrafts 
investigating climate 

Disease spread

Climate impact 
on health

Health of the 
body in 

space

Movement 
in space

Movement due 
to climate 
change

Fig. 5: Illustration of the four scientific domains included in our corpus,
represented by different saturations of teal. Their overlaps create a set of
subdomains that are often found in public outreach. This representation
is inspired by the graphic, “What Makes a Good Visualization?” [49].



(including cells, tissues, organism, etc.) to populations. In addition, the
size or scope of the elements depicted in the infographics depends on
the domain—the molecular scale in biomedicine being equivalent to
local microclimates in the climate domain, space missions in the space
domain, and local movements (e.g., neighborhoods) in anthropology.

Inclusion criteria. For inclusion in our study, an infographic:
1. must be a scientific infographic, a visual representation of complex

information aimed at novices to quickly explain the concepts by
combining data with design [73];

2. primarily uses graphical elements to convey the conceptual
metaphor(s), and does not rely on text or photographs (although
these may which be incorporated in and accompany the infographic);

3. belongs to at least one of our chosen domains, selected for their
frequent use of infographics in public outreach (e.g., data visualiza-
tion websites, public health sites, online textbooks, etc.) describing
concepts that can seem unfamiliar or abstract to people who are
not domain experts (e.g., explanation of health, causes of global
warming, stellar phenomena, migration of species over time, etc.)
across a broad spatio-temporal range;

4. is a static 2D representation such as a poster, leaflet, graphic abstract
from a manuscript, or figure (not an animation, video, interactive
visualization, or augmented/virtual reality visualization) as a means
to limit the scope of our analysis;

5. shows at least two entities that interact in a process, chosen through
our observations that scientific processes tend to be rather abstract,
complex phenomena that tend to use conceptual metaphors as an
explanatory device;

6. does not present highly visually complex phenomena (e.g., explain-
ing several phenomena at the same time) that have the potential to
introduce further risk of error or subjectivity into interpretation; and

7. shows a spatio-temporal relationship since size and time are
variables that can be measured and mapped when a process occurs.

Search process & keywords. We used a diverse range of outlets
in academia and industry to find our corpus of infographics for analy-
sis. These sources included data visualization pages, e.g., the Visual
Capitalist, Data Is Beautiful, space agencies, e.g., National Aeronau-
tics and Space Administration (NASA), European Space Agency (ESA),
graphical abstracts from academic papers relevant to our domains, e.g.,
Dovepress, online history textbooks, e.g., Princeton Commons World
History Encyclopedia, and poster contest winners at biological and/or
medical visualization conferences, e.g., Visual Computing for Biology
and Medicine (VCBM) and Visualizing Biological Data (VIZBI).

We adjusted our search words during the search process to achieve a
thorough representation of the ranges of phenomena along the spatio-
temporal dimensions. Primarily, we used keywords that related to the
specific spatio-temporal scopes of the respective domains (see our key-
words document for our initial keyword search). In the biomedical
domain, the smallest and fastest phenomena occur on the molecular
scale (e.g., molecular reactions), and the largest affect whole popula-
tions (e.g., COVID-19 spread on a global scale). The shortest temporal
occurrences are on a molecular level, and the most time-consuming
evolve organs. In the climate domain, the smallest spatial changes
occur on local levels (e.g., the effect of climate change on microcli-
mates) compared to large-scale occurrences at the global level (global
warming predictions). The least time-consuming changes take up to
a year (e.g., fewer days with snow over a year), and the longest ones
were naturally changing climates over millennia. In the space domain,
we searched for space missions by humans (which take up to a year and
happen on a small scale relative to the size of the universe), followed by
keywords based on planets, stars, galaxies, and the universe (i.e., larger
and longer on the spatio-temporal scale). In anthropology, the time
periods range from phenomena of up to a year (e.g., migration during
an armed conflict) to up to billions of years (e.g., human evolution from
unicellular organisms). On the spatial scale, this domain covers local
changes (e.g., boroughs in the city) to global movements all over the
world. The analyzed infographics can be found in our database.

Corpus summary. Our initial search via keywords and organic
search from seed infographics yielded an initial collection of 109 in-

fographics, 55 of which passed our inclusion criteria. We have 10–15
infographics per domain, each of which we thoroughly deconstructed
and classified to identify the types of metaphors in use.

4.2 Deconstruct & classify each infographic

Drawing inspiration from linguistics, we adapted the Method for Identi-
fying Metaphorically Used Words (MIP) [25], an established approach
for identifying textual metaphors in hierarchical lexical units of a text,
to identify and classify visual conceptual metaphors. This was an it-
erative process, with initial classification done by one researcher and
supported by weekly discussions with other members of the research
team over a period of six months.

We first focused on studying the infographic as a whole to identify
the process that was being shown. We then deconstructed the info-
graphic into its individual graphical units, or graphical entities, that
correspond to lexical units of a text [25]. Several components can make
up one graphical unit, in cases where further division alters the context
of the given graphical unit (e.g., per Fig. 1, the symbol of a mitochon-
drion surrounded by coffee cups festooned with lightning bolts would
lose its ontological meaning if the coffee cups were not considered
within this unit). We then determined whether the graphical unit is a
metaphor or not (e.g., an abstraction), as detailed in Sec. 2.1. If the
graphical unit was a visual conceptual metaphor, we classified it as
one of the four conceptual metaphors defined by CMT [40]: imagistic,
orientational, ontological, or structural (Sec. 2.2).

4.3 Synthesize research artifacts

The classification of each metaphor in our corpus yielded two primary
research artifacts: (1) a database of classified infographics and (2) a
visual exploratory tool, available on OSF1. These supported our syn-
thesis of the occurrences, patterns, and implications of using different
types of conceptual metaphors in the design of scientific infographics.

Conceptual Metaphor Database. To demonstrate our classifica-
tion process and inspired by the VIS30K Collection [14], we created
a database with the final 55 analyzed and coded infographics. This
database allowed us to observe some repeating patterns in the info-
graphics, e.g., linguistic metaphors in the text to support graphical
conceptual metaphors, and contains the following information:
• General information about the infographic: infographic title, author

(s), the domain(s) it belongs to, an embedded icon, a URL link, and
an image URL address for easier viewing.

• Brief overview of the properties: target audience, the cultural back-
ground, and the primary communication goal for making the info-
graphic determined by checking the source from which we retrieved
the infographic (e.g., Center for Disease Control and Prevention), the
visual style (e.g., illustrative rendering), or a subjectively determined
level of complexity used to explain the science.

• Classification of the conceptual metaphor(s): a Boolean statement
for the presence of each and a description of how they are presented.

• Other observations: use of affective visualization, the use of insets,
whether the infographic shows occurrences across scales, whether
the visualization displays comparisons between elements it visual-
izes, and whether it shows a cyclical process. We also recorded
whether the text is present in the infographic and, if so, whether it
supports the visual, conceptual metaphors.

• Check for criteria fulfillment: to note whether the infographics depict
a process, we noted the number and names of entity types and
whether they show a process by interacting.

• Axis placement: notion of categorizing the infographics on the spatio-
temporal axis (x = temporalcoverage,y = spatialcoverage).

• Usage rights: license type (if available) and copyright document.
Visual Conceptual Metaphor Explorer. An exploratory tool built

using D3.js accompanies this database, which enables visual inspec-
tion of our corpus of classified infographics. This tool allows users
to explore the spatio-temporal range spanned by each infographic for
each domain, and to observe patterns in visual conceptual metaphor

1osf.io/8xrjm
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Fig. 6: Screenshot of the Visual Conceptual Metaphor Explorer, developed to support the exploration of collected infographics and analyzed
conceptual metaphors. For each of the four domains, a scatterplot depicts the spatial (y) and temporal (x) coverage of each infographic (left) and
serves as the entry point to further exploration. Selection of a point displays the corresponding image and metadata (here, A Human Cell: A
Molecular City by Peter Mindek, reproduced with the author’s permission) alongside our analysis of the visual conceptual metaphors present (right).

Table 1: Total number of visual conceptual metaphor types, of related
textual metaphors, and of the use of effective visualization per domain.

distribution. We divide the interface into three sections (Fig. 6): spatio-
temporal distribution of all infographics in a given domain with each
infographic plotted as a rectangular shape with a circle centroid (left),
general information for the selected infographic (middle), and the anal-
ysis of the visual conceptual metaphors within the chosen infographic
(right). From the domain spatio-temporal distribution chart, the user
selects a circle centroid to display the chosen infographic with its ti-
tle, author, and source URL link in the middle panel. Simultaneously,
we show a bar chart visualization of the conceptual visual metaphors
within the selected infographic in the analysis section (right). We chose
this idiom as it clearly and quickly displays the count of metaphor types
present in each infographic. Below the bar chart, we include further
details on each analyzed visual metaphor as well as if and how text
supported the visual metaphors of the infographic.

4.4 Summarize & reflect on metaphor corpus
In Table 1 we summarize the frequencies of each type of conceptual
metaphor across the four domains that we analyzed in our corpus. We
observed a total of 131 conceptual metaphors across all 55 infographics
(structural=2, ontological=51, orientational=71, imagistic=7). We
further synthesize the results of our deconstruction and classification
process here, continuing with a discussion of possible explanations and
further reflections on study findings in Sec. 5.

Limited metaphors in anthropology. Compared to the other do-
mains, anthropology used few conceptual metaphors. This domain
instead relied on visual abstractions such as arrows to represent time
and movement, visual marks like larger/ thicker arrows to encode
amounts of people, and glyphs to label important locations of cities
and battles (e.g., 48: Migration Period in Europe, 5th Century; Fig. 8c).
Similarly, visual abstractions in the form of colors were generally used
to label and distinguish different groups of people or geographical areas
without any semantic meaning.

Reliance on ontological & orientational metaphors. We found
that structural and imagistic metaphors were not used as extensively
as the other two types. Orientational (n=71) and ontological (n=51)
conceptual metaphors were used the most across domains, with ori-
entational metaphors dominating all four domains. The space and
anthropology domains relied primarily on orientational metaphors,
biomedicine mostly on orientational but also heavily on ontological
metaphors, while climate used both types equally.

Orientational metaphors tended to support the communication of
cyclical processes with different design strategies, e.g., arranging stages
of a process into a circle (e.g., 3: A Human Cell: A Molecular City,
also depicted in Fig. 6) or an infinity symbol (e.g., 1: Metaphor and
novelty in science education visuals, shown in Fig. 1). Orientational
metaphors also often depicted time, where usually left represented the
past and right the future. The space domain, however, had several
exceptions, e.g., representing time as a spiral (e.g., 29: Earth Fleet)
or time passing from right to left, as if observing stellar phenomena
that occurred myriad years ago and which are only now observable (34:
Development of Massive Elliptical Galaxies).

Affective strategies with ontological & orientational metaphors.
Affective visualization, mainly using ontological conceptual metaphors,
was primarily used in the climate domain (n=11). This strategy fre-
quently represented the effects of global warming, how warming can
be alleviated (e.g., 20: Keeping It Cool), and its consequences in
the present day (e.g., 18: State of the UK Climate 2020, shown in
Fig. 7b) and future (e.g., 16: What is Climate Change?). The most
common techniques relied on ontological metaphors, where colors
red, orange, or yellow represented high temperatures alongside a sense
of urgency, often coupled with text calling for action (e.g., 22: West-
ern Wildfires and Climate Change, seen in Fig. 8b). Another tactic
used an orientational metaphor that compared the present and future
through juxtaposition. Similarly, infographics from several domains,
such as biomedicine (n=7) integrated affective visualization through
ontological and orientational conceptual metaphors to visualize disease
prevention (5: How Protein Subunits of COVID-19 Vaccines Work).
Anthropology used affective visualization almost as frequently as the
biomedical domain (n=5), e.g., when it overlapped with the biomedical
domain and described disease spread and urgency (46: Containment
and Health Index (CHI) by Country on the First Day of Each Month),
armed conflict (45: Europe’s New Migration Crisis), or negative impact
on economy for a given country (52: Millionaire Migrations 2023).
The space domain used affective visualization the least (n=2), as this



domain mainly focused on stating facts and making complex ideas more
understandable. An example of affective visualization is 31: Journey
to Mars, which aimed to popularize science by evoking excitement and
a sense of adventure.

Text to support visual metaphors. Sometimes textual metaphors
were used to support graphical conceptual metaphors within the info-
graphics, which we observed most often in the climate domain (n=11),
followed by biomedicine (n=7), anthropology (n=5), and was used
the least in space (n=3). The anthropology domain offers an example
in the 52: Columbian Exchange, where the title itself helps the reader
understand the origin and unfair trade between the continents. The text
supports the visual metaphors in the form of deliberate color choices
(ontological) for the diseases passed on from overseas.

5 DISCUSSION

We explored the feasibility of classifying visual conceptual metaphors
in science infographics in an effort to formalize the process of metaphor
use in infographic and visualization more broadly. Next, we expand on
patterns and themes observed over the course of our investigation.

Orientational & ontological metaphors may be optimal balance
for visual complexity and clarity. While Lakoff and Johnson [40]
identified structural metaphors to be the most frequent type used in
linguistics, we did not make the same observation for the use of visual
conceptual metaphors in scientific infographics. We reason that the
use of ontological and orientational metaphors in place of the most
complex structural metaphors may be strategically chosen on some
level to break down scientific concepts into simpler, more easily-read
conceptual metaphors. We suspect that this choice results in part from
the scientific infographic visual medium itself. Many infographics
are created to engage and be memorable to the viewer [8], which can
require additional viewer cognitive effort and time than text alone [56].
To avoid overloading the user, the designer may, consciously or not,
reach for visual conceptual metaphors that are themselves less complex
while clearly communicating the intended message. A deeper explo-
ration of this is an interesting direction for future work. An example
is 17: CO2 Emissions vs. Vulnerability to Climate Change by Nation,
in which the countries with the biggest CO2 production are positioned
against and above the countries most negatively affected by CO2, which
take the lower part of the infographics. This visualization creates a
juxtaposition between the causes and effects of climate change through
visual composition and elicits tension and conflict through color: the
red color for the emitters draws attention and creates a sense of urgency.
This graphic does not go further (nor does it need to) to explain in detail
how carbon dioxide affects the countries, the health of its individuals,
or global warming, and instead focuses its rhetoric on the imbalance
that needs to be addressed. Another example, 30: The Big Bang and
Universe Expansion (Fig. 7a), shows the use of an ontological metaphor
as it represents an abstract, ever-expanding space in all directions (the
universe) as a cone that would be otherwise difficult to imagine. By set-
ting imaginary boundaries through containment, the reader can imagine
the main concept about the universe’s expansion through time (repre-
sented by an orientational metaphor, with left meaning the past and
right meaning the future) without needing to understand the underlying
complex astrophysical mechanisms.

Conceptual metaphors use reflects the needs and challenges of a
given domain. Different domains leverage visual conceptual metaphors
in different ways. An interesting occurrence is the portrayal of time,
heavily influenced by a Western culture where it is a norm to read
from left to right [40], as we observed in all four domains. The space
domain, however, used a variety of orientational conceptual metaphors
to describe the passing of time, e.g., spirals or an orientation from
right to left. This use of ‘nonstandard’ orientational metaphors results
from explaining something that is not yet fully understood or cultur-
ally ingrained. For most people who are not researching astronomy
or physics, the entry point to understanding these concepts may be
achieved best through metaphor. Extra creativity on the designer’s part
may be needed to craft metaphors sufficient to describe the phenomena
and that spark public engagement—this opens many possibilities for

Fig. 7: Examples of the discussed infographics: (a) shows how the
combination of ontological and orientational metaphors creates an opti-
mal visual explanation for an abstract idea (expansion of the universe),
(b) displays an infographic where the text ‘warmest day’ compliments a
semantically used red color ontological that together refer to hot tempera-
ture, (c) shows an infographic where the conceptual metaphors can have
several explanations based on a viewer’s understanding of the content.

the development and investigation of new, effective strategies for visual
conceptual metaphors.

The anthropology domain used conceptual visual metaphors the least.
We attribute this pattern (specifically in maps) to placing importance
on displaying data with more accuracy and minimalism, similar to
cartography. In terms of describing movement through time, e.g.,
44: Human Migration Map (Fig. 8a), more complex mapping is not
necessary to get the main message across. In cases like these, visual
abstractions suffice since the main actors are distinguished by color
(that does not carry any meaning) and arrows to show movement over
continents. Both concepts are thus represented as visual abstractions,
not conceptual metaphors. While not included in our corpus for failing
to meet our inclusion criteria, it is noteworthy that earlier cartographic
visualizations (e.g., 103: Map of Iceland) employed visual conceptual
metaphors of sea monsters (ontological) that represented the dangers
of unexplored waters. It is an interesting observation specific to this
domain that shows that, after people understood the reason behind
dangerous nautical areas, the concept of something scary represented
by monsters (ontological) was replaced by visual abstraction of the
actual cause of the problem, e.g., shallow water. This example shows
that visual conceptual metaphors helped viewers to derive information
(source: danger) [40] and, through the use of effective visualization [67],
act a certain way [88]. This aspect offers insight into how cognition
extends its frontiers [22] of reasoning through image schemas because,
even though the reason for dangerous seas was not understood, people
knew to avoid it. In contrast today, people in the same profession know
to avoid dangerous areas without having to reason through fear.

Metaphors may promote more affective visualization. Another
interesting phenomenon was the role of ontological and orientational
conceptual metaphors in affective visualization [41] prevalent in the
climate domain. Ontological metaphors, such as colors, can be sub-
tly manipulated to influence emotions and learning [61]. To achieve
this, semantic colors representing rising temperature and urgency si-
multaneously [41, 67] can grab the reader’s attention and engage them
emotionally. These infographics often included a call to action through
text [30], as seen in 22: Western Wildfires and Climate Change (Fig. 8b),
which relies on a red color (ontological metaphor representing urgency
and notes how choices we make today will impact our future. We dis-
cuss the role of text and how it can support an affective message carried
by the visual metaphor in further detail below. While composition does



not automatically produce an orientational metaphor, we observed in-
stances where composition created an orientational metaphor designed
to elicit viewer urgency for change and action, e.g., the left versus right
composition of a normal versus dystopian future inciting an orienta-
tional metaphor through our notion of the linear passage of time: left,
the past, is normal while right, the future, is bleak.

The affective use of visual conceptual metaphors was presented
mainly in the climate domain, where a large number of people are
needed to take action against something by playing a part in the preven-
tion or living through the consequences. Another example of affective
visualization can be seen in the biomedical domain, where groups or in-
dividuals are responsible for their own health as well as disease spread
to other people. In both of these cases, affective strategies paired with
conceptual metaphors target the viewers’ emotions to subliminally per-
suade them to take action. A deeper investigation into the implications
on engagement and response to a visual’s call to action is a promising
avenue for future work.

Text and visual conceptual metaphors often cooperate. Following
previous research [30] on the value of accompanying text (e.g., titles,
captions) to visual representations, text helped to scaffold the meaning
of the graphic metaphors within the infographic. In 18: State of the
UK Climate 2020 (Fig. 7b), the temperature increase was represented
in text by stating the “warmest day” placed next to a red field where
color semantically and intuitively represented “hot” temperature (on-
tological—and was used to create a sense of urgency. At the same
time, the orientational metaphor was used to place the visual element at
the top of the infographics representing increase. This example shows
multiple encodings for a given visual conceptual metaphor, where text
further supports the conceptual metaphor displayed in the graphical
unit. We furthermore see instances where a conceptual metaphor in text
enhances or changes the interpretation of a visual conceptual metaphor
when considered as a unit. For instance, Fig. 1 includes text describ-
ing the cell as a ‘package.’ This textual ontological metaphor lends
additional meaning to the imagistic metaphor for cellular membrane,
represented as a stitched patch that forms the outer boundary of the cell
and contains the text positioned within it.

Text can be an equalizer for people coming from different levels
of expertise and can aid in pinpointing the context. Another benefit
of using text in combination with graphics is that it may help viewers
distinguish between different interpretations of metaphor types depicted
in a given visualization to improve the clarity of the overall message.
We leave a further investigation on the relationship between textual and
visual conceptual metaphor use and practice as future work.

Boundaries may be blurred for classification & interpretation.
The interpretation of certain visual conceptual metaphors is not always
clear, as their classification boundaries can be blurry. Sometimes, they
clash and almost seem counter-intuitive.

For example, 54: Visualized: The 4 Billion Year Path of Human Evo-
lution (Fig. 7c) displays human evolution through biological entities
going down steps, where we note two possible interpretations that de-
pend on the viewer’s subjective experiences and subsequent reasoning
about the phenomenon in question. Observed through the lens of an
ontological metaphor, one reads the downward stair progression as an
instantiation of the phylogenetic tree from distant to recent taxonomic
ancestry. This interpretation requires some degree of knowledge and
belief in scientific theory. An alternative orientational metaphoric lens
may interpret the downward orientation of evolution as a decline or
other negative insinuation. Equally, the visual design of the stairs may
not have been intended by the designer as a metaphor at all and may
depict an Escher-like [21] illusion illustration for purely visual effect.
This case is an example where a metaphor’s interpretation is scaffolded
in part by the viewer’s previous knowledge and familiarity [40] with
evolutionary taxonomy, highlighting the impact of prior knowledge.
In that case, visualizations aimed at a certain group of people ought
to be designed in a way that is tailored to that group [62, 65]. This
observation ties into previous research demonstrating that the viewer’s
thinking style impacts how they interpret the metaphor [90]. This
case is representative of many different interpretations that each facili-

tate understanding of complex and abstract concepts through personal
experience and familiar associations.

Another example of a blurred categorization occurs in 7: Increasing
Physical Activity Among Adults with Disabilities, where the patient’s
recovery is outlined as a guide for the physician through a winding,
discretized path ontological. One could argue that this metaphor is
structural as it can be represented as a road to recovery with many steps
(a process where the patient is subjected to appointments, consultations,
evaluations, and discipline that takes time and potential setbacks), com-
pared to a journey that is also a long process that entails many different
steps, time, and setbacks (structural). Conversely, the interpretation
we chose after extensive discussion was an ontological interpretation,
which focuses on the graphic from a physician’s perspective, where the
graphical unit of the path as procedural steps that do not encompass the
larger picture of various facets of illness and recuperation.

Likewise, 19: State of UK Climate 2022 illustrates the temperature
rise through a Newton’s Cradle metaphor to depict cause and effect. At
first glance it may use a structural metaphor to represent a complex set
of causes and effects of climate change. It once again, however, serves
primarily as an ontological metaphor, where the power of the metaphor
conveys the idea of a sequence of causes and effects in global warming
without additional metaphors to build a deeper network of meaning.

Finally, it may be tempting to overthink a graphical representation
and apply more conceptual meaning than it possesses. The follow-
ing examples refer to the shortlisted, yet excluded, subcollection of
infographics in our database. 11: The Many Phases of Silver shows a
war axe cutting a bacterium in half to represent destruction of bacteria
with silver. This may seem like an imagistic metaphor. However, the
war axe itself is a symbol for killing or destruction, and is furthermore
colored silver. Since the source and target fall in the same conceptual
domain, this representation is a visual abstraction. As another example,
consider 48: Migration Period in Europe, 5th Century (displayed in
Fig. 8c), which marks important sites such as battles with glyphs of
two crossed swords that are not conceptually different from a battle,
making them a visual abstraction. The infographic 50: 1346–1353
spread of the Black Death in Europe map makes use of different types
of arrows (dashed and filled) that represent different means of move-
ment (maritime and land trade routes), but these graphics do not cross
to a different conceptual domain to represent this notion. Ultimately,
not all infographics need a metaphor to convey a concept—if the entity
or process at hand is sufficiently familiar, an abstraction may be able
to convey the necessary information without the extra cognitive effort
required to interpret a metaphor. We furthermore encourage the visual-
ization research community to engage in deep reads of infographics to
help disambiguate abstractions from metaphors.

Imprecise use of metaphor in visualization. Related to our dis-
cussion above, an overarching point that we observed in our process
of researching and assembling science infographics for our analysis is
the lack of precision in the use of the term metaphor in visualization.
We observed that metaphor can refer to abstraction, symbolism, or
any sort of visual representation of an otherwise abstract entity. For
instance, MetaGlyph [89] is a project that proposes to automatically
generate glyphs that serve as suitable visual metaphors to represent
relevant underlying dataset semantics. Here, the authors’ use of the
term metaphor aligns more with abstraction rather than a conceptual
metaphor. We believe a more differentiated use of the term within
the visualization community would be beneficial for disambiguating
between these related but distinct concepts.

6 LIMITATIONS & FUTURE WORK

Our classification and meta-discussion of types of visual conceptual
metaphors in science infographics should serve as the starting point to
understand the intentional and informed use of conceptual metaphors in
visualization. The exploration of visual conceptual metaphors unveils
new avenues within the narrative visualization field that can be explored.
Yet, our analysis and methodology are not without limitations.

In sourcing infographics (and due to searching via English keywords)
we mostly found Western examples. As discussed in previous work
[30, 40], cultural, philosophical, and religious beliefs influence the
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Fig. 8: Examples of infographic showing (a) a map that utilizes minimal-
ism and only one type of metaphor (orientational) to illustrate the idea of
human migration, (b) a climate infographic utilizing ontological metaphor
(red color to represent urgency) to create an affect, and (c) displays a
map that relies on symbolism such as arrows and glyphs (abstractions)
to represent fifth-century European battles and capital cities.

understanding and appreciation of conceptual metaphors. We saw this
aspect, e.g., in the depiction of time in our corpus, which is mostly
represented through the linear, horizontal orientational metaphor of the
left as the past and the representing the future. Such representations
may differ in cultures that read from right to left. Considering other
orientational metaphors from different cultural perspectives, religious
groups may negatively interpret striving ‘upwards’ towards the divine
as an act of hubris. Collectivist cultures [78] may find resonance with
a central (good)—peripheral (negative) orientation [40]. Similarly,
the orientation and composition of visual elements can be interpreted
differently based on a biological basis, as shown by studies that show
left-handed people perceive the left side as positive, while right-handed
people perceive this in the opposite way [13]. Cultural ingraining
can also influence the semantic encoding of certain elements, e.g., the
color blue in Eastern culture symbolizes inflammation while red which
is used to indicate the same phenomenon in Western cultures [36].
An analogous exploration of our work that analyzes visuals beyond
Western culture may help illuminate the standard application of visual
conceptual metaphors.

Our study is also limited in only looking at four domains, which
we chose based on the infographics most likely to be seen due to their
importance and popularity as scientific topics discussed in public: edu-
cational institutions (e.g., schools, textbooks), public outreach materials
(e.g., museums, doctor’s offices, news, maps), or visualization research
dissemination (conferences, research abstracts). As we saw, different
domains take advantage of different visual and conceptual metaphors.
Exploring domains beyond biomedicine, climate, space, and anthro-
pology would thus be beneficial in future work that expands this study
of CMT applicability and use in other domains. This would help to-
wards the establishment of an eventual taxonomy of visual conceptual
metaphors across multiple disciplines, e.g., in politics groups [57].

Our investigation targeted visual representations generally for a lay
audience, and we did not explore visualization types beyond infograph-
ics. The next step should thus expand this horizon into different areas
of visualization and visual communication through different sources
curated to varying target groups, e.g., newspapers or children’s books.

We see our feasibility study and meta-discussion on the application
of CMT to classify types of conceptual metaphors in science infograph-
ics as laying the groundwork for developing a visual taxonomy and
grammar applicable to the broader visualization field, building further
on work such as by Ziemkiewicz and Kosara [91, 92] and on theories
and perspectives for visualization design [4, 15, 80] and interaction [3].

As part of this endeavor, further evaluation of the extensibility of and
edge cases in our approach is necessary. Achieving such a formalization
may aid in establishing a procedure for creating and evaluating visual-
izations using visual conceptual metaphors in the vein of Kindlmann’s
algebraic approach to visualization [35]. Future lines of investigation
could build upon our study of CMT types applied to infographics to
explore semi- or even fully-automated strategies for producing the right
type of conceptual metaphor to convey the intended idea, similar to
previous work with glyphs [89] or via prompts for the ever-evolving
generative AI imagery systems. Further user studies would shed light on
mapping the conceptual thinking behind abstract scientific occurrences.
An interesting area to explore would be evaluating outcomes between
AI-generated infographics, trained scientific illustrators, and computer
scientists. An automated approach to the graphic display of metaphori-
cal information may ensure greater objectivity in data visualization by
omitting human manipulation and employing algorithms to standard-
ize layout, formatting, and data representation based on attributes of
the dataset [48]. Visual metaphors going beyond semiology, e.g., in
illustrative visualization, where a reusable template based on datasets’
properties [74] was already explored and could be an inspiration for
this direction. Finally, we note that while such conceivable approaches
would likely be time-effective to produce, the risk of such automated
or generative processes is the diminishing of a human creative design
perspective, which may not always be desirable or beneficial.

7 CONCLUSION

Metaphors serve us as a means of communicating the unfamiliar.
Metaphors are ubiquitous, visible in myriad data journalism articles,
academic literature, and more broadly in popular culture. Their use is
not always explicit, as in the cartoon television series “Once Upon a
Time. . . Life” [1], which personifies various complex biological pro-
cesses (an ontological metaphor) to make science approachable to
younger audiences. We argue that awareness of these types of concep-
tual metaphors and an understanding of their patterns of use have the
potential to facilitate design processes for science infographics that are
ultimately more effective in their communication aims. Our work repre-
sents the first step to evaluating types of visual metaphors in scientific
infographics, creating a basis that could be developed for taxonomy
and framework to create infographics effectively. Through this study,
we have furthermore deepened the understanding of visual conceptual
metaphors’ application by deconstructing and classifying metaphors of
existing science infographics that could be applied to the visualization
field as a whole and contribute to improving our visual vocabulary.
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picts the People’s Choice Award image from VCBM Workshop 2022

https://osf.io/8xrjm/
https://osf.io/8xrjm/
https://osf.io/8xrjm/
https://osf.io/pbyhs
https://osf.io/hvfp3
https://github.com/lauragarrison87/metaphorTool
https://github.com/lauragarrison87/metaphorTool
https://lauragarrison87.github.io/metaphorTool/exploratoryTool/
https://osf.io/3gpqw
https://osf.io/r7x6e


(September 22–23, 2022) by Peter Mindek, from [52], under CC-BY li-
cense obtained from the author by written agreement. Figure 7 displays
(a)The Big Bang and Universe Expansion by NASA/WMAP Science
Team – Original version: NASA; modified by Cherkash obtained from
Wikipedia, which is in the public domain, (b) State of the UK Climate
2020 by the Royal Meteorological Society for educational purposes
and with written permission, and (c) Visualized: The 4 billion-year
path of human evolution by Mark Belan from Visual Capitalist, used
for individual research. Fig. 8 shows (a) 44: Human Migration Map
from the Migration Heritage NSW for the purpose of research under
Copyright Act, (b) Migration Period in Europe, 5th Century by Simeon
Netchev from World History Encyclopedia under the Creative Com-
mons Attribution-NonCommercial-ShareAlike license, and (c) Western
Wildfires and Climate Change made by the Union of Concerned Scien-
tists for educational purposes.

For all remaining figures and tables, we, as authors, state that these
are and remain under our own personal copyright, with permission to be
used here. We also make them available under the Creative Commons
Attribution 4.0 International (cb CC BY 4.0) license and share them
at osf.io/8xrjm.
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