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Fig. 1. SymbolFinder takes as input an abstract concept like reform and provides a set of related and diverse
clusters like “reform, modify, change”, “fix, amend, redo”, “new, update, innovative”, and “structure, building,
framework” which capture different meanings and concepts associated with reform. Users can explore these

clusters to find diverse representations of the concept.

Visual symbols are the building blocks for visual communication. They convey abstract concepts like reform
and participation with concrete objects like scaffolding and key. Student designers struggle to brainstorm
diverse symbols because they need to recall associations instead of recognizing them and they fixate on a few
associations instead of exploring different related contexts. We present SymbolFinder, an interactive tool for
finding visual symbols for abstract concepts. SymbolFinder molds symbol-finding into a recognition rather
than recall task by introducing the user to diverse clusters associated with the concept. Users can dive into
these clusters to find related, concrete objects that can symbolize the concept. We evaluate SymbolFinder
with two studies: a comparative user study, demonstrating that SymbolFinder helps novices find more unique
symbols for abstract concepts with significantly less effort than a popular image database and a case study
demonstrating how SymbolFinder helped design students create symbol-blends for three cover illustrations of
news articles.
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1 INTRODUCTION

Visual symbols play a vital role in daily commu-
nication. They are placed on signs to help us lo-
cate services in transport hubs and public build-
ings, like the “lost and found” sign in Figure 2.
They are used in human-computer interfaces
to represent actions a user can take, such as
the search icon symbol. They represent organi-
zations and companies like the World Wildlife Fig. 2. Four visual symbols, from four domains: trans-
Fund’s logo. Symbols are also combined in im- portation hubs, human-computer interfaces, logos, pub-
ages to represent more complicated messages lic service announcements.

like “Earth is melting” in the public service an-

nouncement in Figure 2. Visual symbols are an

important part of how we convey information.

While visual symbols come up in a wide range of different contexts, each symbol in Figure 2
share a key similarity: each represents an abstract idea with a concrete object. In the “lost and found”
sign, the idea of items commonly misplaced is represented by an umbrella and a glove. In the look-up
icon, search is represented by a magnifying glass. In the WWF logo, endangered is represented by
a panda bear. Finally, in the public service announcement, global warming is represented by the
Earth and an ice cream cone. These types of symbols are known as “representational icons,” which
consist of simple images of familiar objects that represent abstract ideas [36].

While there has been a great deal of work in the graphic arts and in icon design on how to
create representational icons given a representative object [27] [16], the problem of how to find
these representative objects in the first place has been relatively overlooked. Visual language is
constantly evolving. New symbols are constantly being created to represent new experiences,
organizations, and interactions on interfaces [24]. Novices with little to no experience in graphic
design are also creating symbols and icons for logos, websites, slide decks, mobile apps and games.
Novices have difficulty not only designing icons from concrete objects, but also finding concrete
objects to represent the concepts they want to symbolize in the first place.

Even more difficult is finding symbols that can be combined or blended to create a new meaning.
For example, a cover illustration for a news article on “police reform” could try to convey the
message by combining symbols of police and symbols of reform. The two symbols must be combined
in such a way that their shapes blend naturally and the combined design accurately reflects the
emotional tone of the message [10] [21]. To accommodate such constraints and create many design
alternatives, it is essential to find a diverse set of symbols for the abstract concepts being depicted.
However, converting these abstract concepts into a diverse set of visual representations is hard for
novice designers, preventing them from effectively combining them to convey a message.

In order to understand the challenges and workflow of novice designers, we conducted a for-
mative study, where novice participants used Google Images, a popular image database, to find
symbols for abstract concepts. We observed that novices relied almost exclusively on recalling
their own associations about the concept to search for related images. They often had difficulty
brainstorming many different related words, and ended up fixating on a narrow set of associations,
which represented a limited aspect of the concept being symbolized. Novices needed help to explore
diverse ideas, which is crucial to finding an effective and creative solution [40] [50]. Finally, novices
struggled to convert abstract associations into concrete objects and actions that could visually
represent the concept.
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Inspired by these observations, we created SymbolFinder to help novices to nd compelling
visual symbols. SymbolFinder helps users brainstorm associations by providing related words from
an expansive word association data set. By clustering the related words into groups, each of which
represents a related but distinct aspect of the concept, SymbolFinder encourages users to explore a
broad range of related contexts, rather than xating on a narrow set of associations. To create these
clusters, SymbolFinder constructs a semantic network of word associations and detects highly
connected communities of words. Finally, SymbolFinder helps users nd imageable objects and
actions by organizing words related to each cluster by word-concreteness.

This paper presents the following contributions:

SymbolFinder: an interactive interface for nding concrete images to represent abstract
concepts.

A technique for applying local semantic networks to help brainstorm distinct, concrete
associations for abstract concepts.

A preliminary study demonstrating that by organizing word-associations into clusters, users
had to search less for diverse symbols and felt they were better able to brainstorm.

A user study demonstrating that SymbolFinder enables users to nd signi cantly more unique
symbols with less perceived e ort than with Google Images, a popular image database used
to nd symbols.

A case study showing the use of SymbolFinder in practice, in which a team of 3 design
students create cover illustrations, consisting of symbol blends, for 3 articles. SymbolFinder
helped the team nd a diverse set of symbols for the concepts of each article, which they
successfully combined to form more than 10 di erent symbol-blend prototypes each.

2 RELATED WORK
2.1 Visual Symbols

Symbols are fundamental in visual communication and are used in a variety of contexts. They
accompany headlines in news article®q, represent actions in computer interfaced [ 27], guide

people in transportation hubs41], represent corporations in logos3f, and form associations with
products in advertisements3(J. There are many advantages in communicating ideas with symbols.
Symbols often require less space to encapsulate an idea than using the word itself, saving space in
interfaces, maps, and sign23. People can more quickly and easily recognize symbols than words
because of our innate visual process@9[[ 46. Symbols are more universally understood than
words across cultures, which is why they are used and designed for international transportation
hubs 41 [35. Finally, depicting ideas pictorially aids their memorability and recogniticfj [ 3].

For these reasons, we built SymbolFinder, to help convey more abstract ideas visually.

2.2 Brainstorming and Exploration Tools

Many tools have been created to help people brainstorm and explore related ideas. These systems
are often designed to present a small set of related words or images to inspire new ideas. To present
related textual ideadnspirationWall[1] presents a few related topics from a knowledge graph,
V8Storming 33 uses word embeddings to nd similar words to suggest, aBdowdBoard33

utilizes a real-time crowd to suggest more personalized ideas. Other toolddié@ expanddi49
andldeaWall[45 present a few related images based on the current spoken ideas of its users. Koch
et. al. created a cooperative contextual bandit system which recommends a few images that match
the user's current semantic and visual preferenc8d]] While displaying closely related words

and images is very helpful for nding symbols, it is also necessary that these recommendations
encapsulate di erent aspects of the concept. SymbolFinder organizes a network of words into
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clusters capturing distinct associations, enabling users to explore diverse contexts and images for
an abstract concept.

Clustering is a popular method used to help users understand and explore large datasats.
ter/Gatherenables users to interactively choose clusters to nd and explore speci ¢ documents
in a large collection 12. Exploratory Lab Assistapresents clusters of documents to users as a
preliminary step to help them label groups of documents themsehi&}. [Recipescapdusters
recipes for a dish based on the structure of its preparation, enabling users to nd recipes with
similar or di erent steps B]. SymbolFinder clusters word associations to present users with diverse
ideas related to the concept being symbolized. Word association data sets are often analyzed as
networks, where words are nodes and edges represent associations between 1Bgr4. In
this format, they are referred to as semantic networks. We construct a local semantic network,
consisting of words near the concept being symbolized, and cluster it using a popular network
clustering algorithm [2].

2.3 ery Expansion and Exploratory Image Search

The queries that users enter when searching for images are often ambiguous and can refer to many
di erent real-world entities. Many researchers have recognized this problem and created tools to
help users either clarify their search or nd what they're looking for by providing a diverse set

of image results. Textual query suggestions are a common technique for helping a user clarify
their search. Keywords can be extracted from the most relevant documents associated with the
query [5]] [ 7] or taken from commonly occurring pairs of queries from search lo@§][[ 20.

Zha et. al. improved upon this technique by showing clusters of visually similar images for each
keyword to help users preview and compare the images for each keywd#&1 [Groupemploys a
similar technique, by extracting common phrases (n-grams) from the most relevant documents
associated with the query and presenting clusters of images for each of these phrases [31]. While
keyword suggestions help users disambiguate their queries, they do not let them explore the
broader associated meanings and contexts of their search. By using a word associations dataset,
SymbolFinder presents broader contexts that expand the users idea of the query to help them
brainstorm.

Instead of using the documents associated with the images, other tools expand queries with
knowledge bases to capture diverse intentioR&ARAgraliakes synonyms, hyponyms, and hyper-
nyms from WordNet B9 and presents these as related searches to usgé®s Hoque et. al. use both
the incoming and outgoing of links of the query's Wikipedia page to provide a list of related queries
[26]. A separate knowledge base is used to cluster these associations into categories like person,
place, and locationCIDERadds to this work by spatially arranging the images from these di erent
gueries based on their visual attribute®d. These tools serve to quickly disambiguate a user's
search, like separating Denzel Washington the actor from Washington D.C., the place. However,
the organization of these related concepts does not capture di erent meanings and greater contexts
associated with the query. For example, for a query likkéorm instead of returning a list of speci ¢
types ofreform SymbolFinder presents a set of diverse clusters, each encapsulating a di erent
sense ofeformlike x, amend, redo and new, update, innovative , to help the user brainstorm.

There exist also a multitude of exploratory image search tools that help users explore diverse
results by clustering images. Cai et. al. use text, link, and visual features to cluster a query's image
results [6]. Leuken et. al. create a similar system, involving a dynamic weighting function for the
visual features, creating clusters that better align with a human's idea of image diverdy [

Fan et. al. create a visual summary of image results on Flickr by creating a topic network from
user-generated tags. This enabled users to view an overview of the various images connected to
their query and explore highly connected clusterkq]. By providing clusters of word-associations
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associated with the query, SymbolFinder also presents an overview of diverse contexts related to
the query. However, a crucial component of SymbolFinder is the ability to dive deeper into each

cluster and explore concrete words. By incorporating concreteness and in-depth exploration of

each cluster, SymbolFinder helps users nd objects to symbolize their abstract query.

3 BACKGROUND: WHAT MAKES A GOOD SYMBOL?

According to the theory of symbols, there
are three basic types of symbols: abstract, di-
rectly representational, and indirectly repre-
sentational B7] (Figure 3). A symbol is abstract
when an abstract pattern represents the idea,
like the radioactive symbol. A symbolis directly
representational when its content is an exact
representation of its idea, like the telephone
symbol in Figure 3. A symbol is indirectly rep-
resentational when the image content is assd=d. 3. The types of symbols include: representative
ciated with but not an exact representation of(indirectly and directly), as well as abstract (radioactive
the idea, like the coat hanger, which represent§Y™MP0)-
acoat checkFigure 3). SymbolFinder was built
to help people nd indirectly representational
symbols for abstract terms that have a variety of meanings and contexts associated with them.
These types of symbols do not require a new design like thdioactivesymbol and are di cult to
nd with current image databases, unlike directly representational symbols, as these databases do
not enable an exploration of various ideas related to the concept.

A representational symbol can contain three things: a single object, a few related objects, or
an action R7). For example, the coat hanger is the most essential object relatedctmaficheck
and thus makes a good single object symbol. Sometimes an extra object makes a symbol more
speci cally related to the idea it represents. For example, a scissor and a comb together represent a
hair salonbetter than either one alone. The two of them together e ectively represent the tools a
hair stylist uses. Finally, a symbol can also contain an action, likeahport arrivalssymbol, in
which there is a man hailing a taxi. These three categories make up the vast majority of the content
displayed in representational symbols.

A good representational symbol is simple and concrete in the content it deplds[27]. The
most essential quality of a symbol is that it is recognizable. Its content should contain no more
than what is necessary to depict the idea. Visual complexity and extra entities only make them
slower to interpret and recognize. From this symbol theory, we establish a set of rules to help users
of our system nd good symbols (Figure 4). A good, indirectly representational symbol can be:

A single concrete object. The object must be able to represent the concept on its own
(Figure 4a).

Multiple related objects . The objects should be related to the concept and to each other,
like the combination of the scissor and comb in Figure 3. However, they should not be the
same object, like the watermelon slices (Figure 4e), since one is enough to convey the idea.
Symbols with more than two representative objects, like the collection of unrelated beach
objects in (Figure 4e) are too complicated and can be separated into separate symbols.

A concrete action . The action should be concrete and shown clearly, like the volleyball
spike in (Figure 4c), as opposed to the more complex volleyball scene in Figure 4f.
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