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ABSTRACT Multi-dimensional Example-based Exploration. In CHI Conference on Human

Visual metaphors, which are widely used in graphic design, can de-
liver messages in creative ways by fusing different objects. The keys
to creating visual metaphors are diverse exploration and creative
combinations, which is challenging with conventional methods
like image searching. To streamline this ideation process, we pro-
pose to use a mind-map-like structure to recommend and assist
users to explore materials. We present MetaMap, a supporting tool
which inspires visual metaphor ideation through multi-dimensional
example-based exploration. To facilitate the divergence and conver-
gence of the ideation process, MetaMap provides 1) sample images
based on keyword association and color filtering; 2) example-based
exploration in semantics, color, and shape dimensions; and 3) think-
ing path tracking and idea recording. We conduct a within-subject
study with 24 design enthusiasts by taking a Pinterest-like inter-
face as the baseline. Our evaluation results suggest that MetaMap
provides an engaging ideation process and helps participants create
diverse and creative ideas.
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1 INTRODUCTION

Visual metaphor is a powerful [13] and intriguing [38] means to
communicate ideas or concepts, which is widely used in graphic
design (e.g., advertising and editorial design). Unlike linguistic
metaphors, visual metaphors deliver messages through symbolism
by visually fusing different objects [8, 38]. A good visual metaphor
can explain its underlying meaning in a resourceful way, and fur-
ther, stimulate reflection among the audience through a salient
relationship between the visual representations and the conveyed
message [16]. Previous research has come up with various defi-
nitions of visual metaphor by dissecting its effects in design [29]
with aspects ranging from aesthetic education [1] to art [16]. In
this paper, we take a general view of visual metaphor and define
it as visual representations which convey particular associations
by fusing different elements that share similar points in various
dimensions (e.g., semantics, colors, shapes) [7, 40]. For example,
in Figure 1, (a) is a Nestle coffee advertisement, a typical visual
metaphor. It replaces the body of an alarm clock with a cup of
coffee to deliver the message of “Nestle coffee wakes you up”. Au-
diences can effectively understand the visual metaphor because
“coffee” and “alarm clock” share similarities in various dimensions.
At the semantic level, coffee’s primary function is to wake people
up in the morning, so does an alarm clock. Moreover, the alarm
clock and the cup are circular with Nestle’s red color to strengthen
the connection. Thus, the visual metaphor with elements sharing
multi-dimensional features can quickly deliver the core message.
Creating good visual metaphors is not a trivial task for designers,
especially for amateur designers who have design experience but
do not receive professional training on visual design and design
thinking methodology. An act of creation often requires designers
to bridge the gap between the new and the familiar, and generate
an “a-ha” effect by presenting “off-the-wall” ideas. In this process,
taking inspiration from existing examples is commonplace [18].

INESCAFE, print ads design.

2Lori Miller, Global Warming Awareness, poster campaign.
3Pei-Ling Ou, Freedom of Speech, red-dot.

4John Holcroft, a satirical illustration.
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Figure 1: Thumbnail examples of visual metaphors: (a) Commercial advertisement from Nescafe Print Ad
2: (c) Creative poster for freedom of speech 2; and (d) Satirical illustration to criticize

announcement for environment protection
unhealthy eating habits *.

Kang et al.

1 (b) Public service

Prior research suggests that designers can better understand the a formative study by interviewing nine designers from various
possible design space and the potential means to realize design backgrounds who have created visual metaphors in their previous

ideas by exploring example4 §]. Designers also nd it more e -
cient to repurpose related materials from previous creation than
constructing everything from scratch4] 48. It is thus an estab-
lished routine for many designers to collect exemplars during the
ideation stage of a design task from online resources including but
not limited to image search engineg.g.,Google Image Search)
and design sharing communitie®.g. Pinterest). This, however,
can be very time-consumingdf]. Human-computer interaction

researchers have designed various tools to facilitate example search-

ing in domains such as website desig#iq], app design 22, and
logo design §9. These tools propose to recommend items based
on style [43 or similarity in layout to users' descriptions presented
in the form of text or sketch 2 43, or to some previous designs
liked by users [54].

Nevertheless, existing tools built for other types of designs may
not su ciently support example exploration during visual metaphor
ideation. For one thing, designers, especially amateurs, usually do
not have a concrete idea in the early design stage, and it is di cult
to articulate their thoughts in words 4]. Ideation is even more
challenging for visual metaphor because it is often employed to
illustrate concepts that are poorly or vaguely represented by a ver-
bal description B]. For another, the core of visual metaphor is an
innovative fusion of associated elemen®,[which cannot be sim-
ply characterized as a style or layout. Existing works that support
visual metaphor design focuses primarily on the prototyping stage
(e.g.[11), and they require a lot of mental e orts to conduct image
search and information collection2fd. There is still a pressing
demand for e ective tools to assist in visual metaphor ideation
the basis for the remaining design process [35].

This paper presents MetaMap, an ideation support tool for in-
spiring visual metaphor ideas and streamlining their development
through multi-dimensional example exploration. We rst conduct

design activities. We can then understand their practices, barriers,
and needs when designing visual metaphors. According to our nd-
ings from a formative study as well as related exploration on a
design element framework32, 55, we then propose to support
amateur designers' ideation process by recommending exemplars
from three dimensionsi(e.,semantics, color, shape). These are
imperative for establishing the association, similarity, or analogy
between design elements§]| and to organize these examples in a
mind-map like manner. This is the core design of MetaMap. To facil-
itate divergence and convergence activities in the ideation process,
MetaMap provides 1) assembly of image search results based on
automatic keyword association and color theme ltering; 2) explo-
ration of examples related to a seed image from the semantics, color,
and shape dimensions; and 3) support for thinking paths tracking
and ideas recording. Using MetaMap, designers can continuously
expand and iteratively re ne their ideas with inspirations from
prior works. Next, we evaluate MetaMap regarding the outcome
satisfaction, engagement level, and usefulness through a within-
subjects study with 24 design enthusiasts by taking a Pinterest-like
searching interface as the baseline. Each participant joined two
separate and counterbalanced ideation sessions to brainstorm for
visual metaphors that can be applied in an activity poster design;
one session's theme was health and the other was about music. We
collected 185 ideas in total and obtained quantitative and qualita-
tive feedback about the participants' experience. Our evaluation
results suggest that our design enthusiasts perceive MetaMap to be
signi cantly more useful for ideation than the baseline due to its
support for engaging interaction, diverse exploration, and a track-
able thinking path. Analysis of the output ideas also shows that our
tool indeed helps amateur designers generate more diverse and cre-
ative visual metaphors than the baseline. Furthermore, we identify
di erent ideation patterns among the participants from interview



MetaMap

responses and discuss how MetaMap can be further improved to
support varying users' needs.
Overall, the main contributions of this work are three-fold:

We propose a three-dimensional recommendation frame-
work (i.e.,semantics, color, shape) utilizing both image and
keyword information for visual metaphor example explo-
ration;

We present the MetaMap, an interactive system for users to
inquire into visual metaphor design materials and organize
them in a mind-map-like layout to track users' thinking
paths;

We evaluate the e cacy of MetaMap through a user study
with amateur designers and provide an in-depth understand-
ing of whether and how designers gain inspiration from
multi-dimensional example-based exploration.

2 RELATED WORK

2.1 Design based on Exemplars
Previous research suggests that, by exploring a large amount of

exemplars, designers can gain a better understanding of possible
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[33. Researchers have collected and published free association
datasets 14 to help generalize the evocation process for general
crowds. The small world projeétis currently the largest free word
association resource in English with over 12,000 cue words, which
provide us with a solid database to support people's conceptual
level evocation. In addition, facilitating the evocation process at
the concept level is essential for creative design [4, 24].

2.3 Design with Visual Metaphors

Visual metaphors are widely used in graphic desigry. advertising
and editorial design), to deliver messages in intriguing ways by
implying it through the symbolism and juxtaposition of the symbols
[39. In Phillips and McQuarrie's pioneering work, the embedded
associations are analyzed from dimensions of visual structure and
meaning operation 39. Analogous to verbal metaphors, which
link two di erent words or concepts together, visual metaphors
incorporate multiple objects which are disparate in real life, in one
image space. However, visual metaphors do not essentially involve
the interaction of words; they mobilize the interaction of concepts
which includes all sorts of information§]. In our paper, we de ne

the visual metaphor as being a general analogy representation by

design space and potential means to implement the design ideas fusing two objects to deliver an implicit message.

[15. Example-based exploration is being found as an e cient way
to create new ideas than constructing everything from scratdi@[

By receiving timely stimuli from exemplars, designers can generate
more ideas than brainstorming by themselvet]. However, when
people have a strong tendency to rely on existing knowledge ele-
ments and exemplars before coming up with their new idead||

the problem of design xation appears. In addition, the problem can
not be simply solved by giving irrelevant inspirations, which is also
proved to reduce the ideation e ciency](. Thus, it is essential

to keep the example-based recommendation inner-related but also
diverse enough to support designers' creativity [37].

2.2 Creativity with Association

Psychologists have long been interested in investigating the re-
lationship between human creativity and associatic?0] 34, 45.
Though creativity is a complex activity, it can be described as con-
sisting of evocation and a recombination of previous knowledge to
generate new properties based on previous ong$Q. However,

a strong ability of association is required to generate creative ideas
rather than imitating previous work §]. According to the prior
experiment {], professional designers have acquired a stronger
uency than novices in the use of analogical reasoning to build up

connections between diverse concepts. Thus, amateur designers

need more robust support in their evocation process to create a new
combination of concepts, which is essential for visual metaphor
creation.

Evocation is a physiological concept indicating the intuitive

association between concepts based on human perception. It mea-

sures how one concept evokes another in the human mind. The
connection between concepts has di erent strengths with speci c
directions. For example, beer strongly evokes glass, but the
glass to beer connection has a lower evocation strength for
most people. Through collecting responses after a cue is given, free
word association experiments provide clues to re ect the evoca-
tion result of how people store and retrieve concepts in memory

The analogy between the two objects can involve interactions
of various categories and concepts, which are not limited to their
semantic relevance. In addition to semantic analogy, cok# pnd
shape p1] are important visual information to establish a metaphor-
ical relationship. In a visual image, the color distribution brings a
speci c atmosphere to audience8%. Previous work investigates
the semantic meaning of color2B 25 54, and try to build up
the connections between colors and semantics. Observations from
designers' behaviors2 also suggest that color features are use-
ful to represent objects and deliver underlying semantic messages.
Besides, shape features have a critical role in visual metaphor. For
designers, they seek elements with similar shapes for potential vi-
sual blending L1, 37. For audiences, more commonalities in shapes
also facilitate their understanding of the semantic messages behind.
The overlapping visual features will evoke the semantic knowledge
behind two objects $1]. For example, (c) in Figure 1, the similar
shapes between a microphone and a birdcage are used to express
the freedom of speech; even when there is no obvious semantic
connection between a birdcage and a microphone.

2.4 Creativity Support Tool

As the initial step for design, ideation has received much scholarly
attention in the creativity support eld [L7. Numerous computa-
tional pipelines have been constructed to support the idea genera-
tion progress P, 11, 26,32, 46,55, which incorporate various design
elements that are signi cant to designers. For example, by consider-
ing the factors of semantics, style, and space, Zkaal.[55 built

an automatic system of generating icon suggestions to support
compound icon ideation; Secondary features of the image - color,
shape, and composition - are also identi ed as crucial aspects in the
early stages of the design process 37 Furthermore, di erent
forms of ideation support tools are adopted as well. By comparing
three modes of visual stimulus, Skt al.[4§ nd dynamic cells - a

5Link to the small world project: https://smallworldofwords.org/en/project/home.
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clustering structure based on associations - the preferred one in col-
laborative brainstorming. Recent work in aiding creative ideation
[2] adopts mind maps to mimic the process of making associations.
As a visual collage of useful materials in the ideation stage, mood
board creation is also enhanced with computational ability 2.

Pioneering work supporting visual blendingL[l] provides a de-
sign work ow for creating visual blending, which focuses more
on the implementation step. The system can generate a blending
result given two symbolic images. However, the brainstorming and
material searching process still follows conventional methods of
image searching. Nevertheless, existing tools may not be able to
su ciently support example exploration during visual metaphor
ideation.

3 FORMATIVE INTERVIEW

In order to understand the process of visual metaphor creation and
the di culties users face, we conducted semi-structured interviews
with nine participants from various design backgrounds. We include
both amateur and professional designers in the formative study,
and distinguish them by checking whether they have acquired
professional training or degrees in the visual design area. All of
them have at least some experience in using visual metaphors in
their design work. The semi-structured interviews are designed
to have a direct conversation with designers and investigate their
needs in ideation practices under real-world scenarios. Participants
are invited to showcase their work and demonstrate the process of
creation. In spite of lacking a strict control over the design process,
the interviews on real-world showcases help us learn the speci ¢
scenario and stage to focus on before deriving a speci ¢ design
task.

3.1 Interview Setup and Process

Kang et al.

and iterative re nement.In addition, two amateur designers empha-
sized it is di cult for those lacking in professional design training

to brainstorm systematically. We further decompose the ideation
process and address their di culties and needs in 3 sub-steps: con-
cept association, exemplar searching, and prototyping. For instance,
(a) Figure 2 fuses the re ection of a amingo with an eighth note
(Flamingo is the theme of a singing competition). In the concept
association stage, the designer (an amateur designer in college)
thought of many related concepts and elements related to music
(e.g.notes, guitar, stave). The designer then searched for di erent
exemplars with the above concepts and found the shape similarity
between the amingo and the eighth note. When the amingo re-
ects music note, it becomes the companion with music. Finally,
the message You are not alone with music becomes embedded.
As we can see, after the concept-level association, this designer
discovered an unexpected metaphorical relationship between two
objects according to the analogy in shapes and semantics during
the process of exemplar searching. Of course, designers would also
iteratively go through the three stages to polish ideas and generate
more during the ideation process.

3.2.1 Concept Associatiorhis is the step of thinking of concepts
related to the central topic. Most of them reported that it is easy to
get stuck in the concept level and not know what to search for later.
One amateur designer also adddgrainstorming always begins
from a very abstract concept, it is challenging to think of concrete
representationsFive participants suggested that it would be helpful

to provide them with association concepts for reference.

3.2.2 Exemplar Searcrhis stage was identi ed as a necessary
step by all the participants to be creative and learn from others.
Some popular websites for exemplar searching frequently men-
tioned by participants are Pinterest (7/9), Google (4/9), and Behance
(3/9). Pinterest is re ected as the most popular tool to nd exem-

We recruited nine participants (7 female, 2 male, and aged 20-30) plars. They all look for diverse stimuli from others' work, including

with at least some prior experiences in visual metaphor design.
Three of them have received professional visual design education
as their major {.e.,visual communication, advertising design). Oth-
ers are amateur designers having used visual metaphors in their
posters. Participants provided 2-3 examples from their prior work

content, color usage, style, composition, and the like. New ideas
pop into their minds when being exposed to rich information. How-
ever, when talking about visual metaphor technique, ve amateur
designers reported little knowledge about it, though they have used
them unintentionally in prior work. Six participants suggested a

containing visual metaphors and shared the creative process. Some diverse image recommendation would be helpful. Also, two partici-

of the examples are shown in Fig 2. Interview questions cover how
they came up with their initial ideas, where they got their inspi-
ration, and how they prototyped and implemented them. They
were also asked to identify any di culties they encountered dur-
ing the process and raise their needs to support visual metaphor
creation. Finally, we asked them an open question to get a better
sense of what would pop into their minds in the beginning stages,
given a speci ¢ topic. The questions are designed to let participants
articulate their needs during the process of design creation.

3.2 Findings

During the interview, all participants would iteratively go through
three general steps: ideation, elements collection/making, and im-
plementation. Ideation was identi ed as the most challenging (8/9)
and time-consuming (5/9) step for them. Five of them mentioned

pants mentioned that they would easily get lost in image searching.
Due to the lack of exploration tracking, they sometimes forget

where their ideas come from and feel lost when they want to check
previous results.

3.2.3 Prototypinglhis stage needs designers to form and record
their ideas, which relies more on the designers' side. It requires
them to trace back to the thinking path and outline details of their
ideas to make them more concrete. Participants would choose hand-
drawing (5/9) or Photoshop (3/9).

4 SYSTEM DESIGN AND IMPLEMENTATION

4.1 Design Requirements

To support the process of visual metaphor ideation, we present our
system - MetaMap. According to our literature review and forma-

that Ideation is an exhausting process requiring diverse inspirationtive study, amateur designers who lack knowledge and experience
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