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Figure 1: The Pond scene of Fishing for Papers, representing the paper pool of a selected venue. A collection of keywords, the Keyworm, is
used as bait to catch papers. Papers matching a Keyworm are visualized as ripples on the pond with fish swimming around. The player steers

a boat and casts a line to catch a paper. When a paper is caught, it can be saved to the gallery, represented by a generated image.

Abstract

Fishing has long been used as a metaphor for information-seeking. In the context of literature research, we may see a query
act as bait, with the researcher observing what papers “bite”. Taking this analogy literally, we created an open-ended fishing
game for literature exploration. Our game aims to support serendipitous knowledge discovery in a playful, relaxing way. In
our game, the player uses a virtual bait, the Keyworm (a set of keywords), to catch papers from a Pond (the paper pool for
a given venue). To engage players in serendipitous discovery, we introduce a serendipity measurement that categorizes papers
into varying levels of rarity. Players are encouraged to iteratively experiment with different keywords to navigate the paper
corpus and catch unexpectedly interesting papers. Our game employs the cozy game design principles to provide a relaxing
and enjoyable way for visualization researchers to explore the visualization literature. We evaluated the game in playtests with
six researchers and made it available as an online demo: https.//fishing-for-papers.github.io/game/.

CCS Concepts
¢ Human-centered computing — Visualization; * Applied computing — Computer games; * Information systems — Infor-
mation retrieval;

1. Introduction

The majority of information-seeking and knowledge-discovery sys-
tems aim to provide users with relevant, sought-after information
in a structured, direct manner, as exemplified by Shneiderman’s

ing of information may lead to overspecialization and the creation
of filter bubbles. In the context of recommender systems, this prob-
lem is known as the serendipity problem [DGLSM15]: in a highly
focused information-seeking system, the user may miss surpris-
ingly interesting items.

Information-Seeking Mantra [Shn03]. However, this focused serv-
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A study on serendipity in the information-seeking behavior of
interdisciplinary scholars [FF0O3] highlighted that the phenomenon
is an important component of knowledge discovery. We therefore
aim to develop a game that supports visualization experts and re-
searchers in the field in discovering unknown or unexpected visu-
alization literature. However, the same principles could potentially
be applied to explore other text corpora without major changes to
the system.

By framing the information-seeking process as a game, we aim
to shift the player’s focus away from the stress of finding use-
ful results and towards enjoying the process itself. To achieve this
shift, we implement our knowledge discovery game according to
the principles of cozy games, a genre that emphasizes a safe, re-
laxing experience over competitive, goal-driven gaming. More for-
mally, Krzywinska et al. [KBM™25] define coziness in games along
the dimensions of safety, abundance, and softness. Safety is signi-
fied by the absence of danger, there being no impending loss or
threat, and activities being voluntary and without risk. Abundance
indicates that nothing is lacking, pressing, or imminent. Softness,
which is characterized by aesthetic signals that tell the player they
are in a low-stress environment.

A common activity found in cozy games is fishing [KBM*25,
Xia23], as it is connotated with mindfulness and relaxation. Or-
thogonally to that, fishing also has a long history as a metaphor for
search and information retrieval [Sut98, MDH95, LCGO0S5, Wil90].
Hartel and Savolainen [HS16] designate fishing as one of 14 com-
mon pictorial metaphors for information. Therefore, a fishing game
presents itself as a fitting setting for serendipitous knowledge dis-
covery. The fishing metaphor also works for potential problems of
serendipitous discovery [CPOO]: you may catch more fish than you
need, or at times, you may just catch an old, useless boot from the
bottom of the lake.

By combining the principles of cozy games with the fishing
metaphor for knowledge discovery, we develop a prototype of a
game for visualization literature research. Restricting the domain
to visualization, the game primarily targets experts and students
seeking to explore this corpus. Our work makes the following con-
tributions:

e A novel interactive interface for exploring visualization literature
in a cozy setting

e A simple serendipity measurement for papers as a basis for gam-
ification

e A publicly available demo game for serendipitous literature dis-
covery: https://fishing-for-papers.github.io/game/.

2. Design Considerations

Inspired by the “fishing” metaphor of information foraging, our
game integrates three key components: (1) a fishing mechanic that
provides a playful, relaxing, and less overwhelming way to explore
the literature; (2) visualization of the paper corpus and retrieval re-
sults that offers an aesthetic and structured view of the information
space; (3) a serendipity-based reward system that guides players
through iterative keyword exploration to discover rare and unex-
pected papers. In this section, we will detail the design considera-
tions.

2.1. Goal and Principles

The core objective of our game is to transform the search for visual-
ization literature into a playful, relaxing experience that encourages
serendipitous discovery of interesting, sometimes niche, papers. As
the goal is relaxation and discovery, it is designed to be open-ended
and non-competitive. Apart from the constraints set through the in-
terface, there are no additional rules to the game. Players are free to
explore at their own pace, revisit previous exploration sessions, and
search for new papers. While there is no traditional “winner”, the
system employs a serendipity measure for each paper that players
can use as an incentive to discover unusual or rare papers. Follow-
ing the principles of safety and abundance in cozy games, there is
no threat present in the game. The player cannot be harmed or lose
the game, and is not under time pressure.

2.2. Aesthetics

To craft a calm, relaxing environment in line with the softness prin-
ciple in cozy games, we opted for a muted pastel color scheme
paired with soothing background music. All visual assets, includ-
ing the boat sprites and environment, are minimalist vector graphics
with a hand-drawn style. This style is also reflected in the game’s
menu screen, which features a vectorized image of a fishing boat
on a serene mountain lake. The game’s soundscape is defined by a
calm, looping background track titled “Search the World”, sourced
from the OpenGameArt repository [Len15].

2.3. Visual Encoding

We employ a fishing metaphor throughout the game. Each individ-
ual paper is considered a fish, and the paper corpus forms a pond.
Different publication venues are conceptualized as distinct ponds
to explore. This mapping provides a visual structure for the papers
and venues, transforming literature exploration into spatial naviga-
tion within and across ponds.

Map of Venues. As shown in Figure 2, the map scene presents dif-
ferent venues (IEEE VIS, EuroVis, and CHI) as a network of ponds
arranged using a force-directed layout. We compute the pond layout
using the d3 [BOH11] spring-embedded force simulation with 300
ticks. The node size of the pond encodes the paper count of each
venue, while the shape corresponds to the outline of the semantic
paper embeddings computed for each venue. The network is repre-
sented as a fully connected graph, where edges indicate paths the
player takes from one pond to the next.

Pond of Papers. Each pond represents the corpus of papers from
a venue, serving as the primary space where players explore and
“fish” for papers. As shown in Figure 1, the pond’s visual design
is inspired by natural water patterns, such as ripples, vortices, and
depth variations. To provide an overview of paper distribution in
the pond, we use contours to encode paper density based on their
2D embeddings, mimicking the water-depth encoding in bathymet-
ric charts [EM69], i.e., darker regions indicate deeper areas with
more papers. To achieve the aesthetic of bathymetric contour maps,
we first cluster the papers into multiple groups and then compute
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Figure 2: The Map of Ponds. Each pond represents the paper cor-
pus of a venue (VIS, EuroVis, and CHI). The map is modeled as a
network of ponds and is visualized using a force-directed layout.

density contours within each cluster. We computed semantic em-
beddings for each paper (combining title and abstract) using Ope-
nAl’'s text-embedding-3-small model [Ope26b]. The 2D
embeddings of the papers are obtained by applying UMAP to the
high-dimensional text embeddings; the clusters are computed using
k-means on the high-dimensional embeddings.

Ripples of Search Results. In our game, players use a “bait” (a
set of keywords) to fish for relevant papers via keyword-based re-
trieval. Inspired by the ripples formed on the water surface when
fish move, we use ripple patterns to encode the spatial distribution
of papers that match the specified keywords. For visual clarity, pa-
pers matching the keyword(s) are first grouped using a grid-based
clustering method based on their 2D positions. For each group, the
center of the ripple is determined by the average position of the pa-
pers within the cluster. Larger clusters with more papers are repre-
sented by larger ripples with more concentric rings. To further rein-
force the pond metaphor and to visually emphasize the paper loca-
tions, we animate fish swimming around the center of each cluster.
The number and size of the fish are proportional to the number of
papers in each cluster.

Gallery. The final main design element of the game is the gallery
view, where players can view and revisit their caught papers. Fol-
lowing the cozy games principles, the “fish” in the game are not
caught and killed. Rather, whenever the player decides to keep a
paper, a representative image of them is added to the gallery. To
this end, the gallery view (see Figure 3) displays each captured pa-
per as a picture frame with an image of the paper as a stylized fish.
In order to get a unique image of each paper, we used text-to-image
generative models, specifically OpenAl’s gpt—image-1-mini
model [Ope26a], to generate an image for each saved paper. The
prompt for image generation is constructed from the paper’s title
and abstract, along with style modifiers such as “dreamy” and “flat
art”, which align with the general aesthetics of our interface design.
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Figure 3: The gallery of caught papers. Each frame represents a
paper, with the icon beneath indicating its rarity level.

3. Fishing for Papers: Game

Fishing for Papers is an open-ended single-player game, designed
to engage the player to seek and discover literature in a playful
and relaxing way. The central element of the game is a fishing me-
chanic in which the player uses a virtual fishing rod to catch papers
from the paper pool of a given venue. This fishing mechanic is in-
spired by single-player games such as Animal Crossing: New Hori-
zons [Nin20] and dedicated fishing games like Cast n Chill [Bra25],
which emphasize the relaxing process of fishing over competitive
or score-based games.

The game is implemented as a browser-based PC game that re-
quires only a desktop or laptop computer with internet access. The
paper dataset (see Section 3.2) is hosted on the game server, requir-
ing no additional preparation on the player’s part.

A typical session of the game consists of the following general
steps: (i) starting a new literature research session, (ii) choosing
a venue from the map of ponds to go fishingin, (iii) crafting a
suitable bait “Keyworm” for the desired topic, (iv) fishing papers
from the pond, and (v) adding them to the gallery of papers. Once
the player is happy with the results of their fishing, they can review
the catches in the gallery and optionally download the collection of
caught papers in BibTeX format.

3.1. Game Manual

The game starts on a menu screen where the player can resume an
existing game (if available) or start a new one. When starting a new
game, the player is presented with a map of different visualization
venues as shown in Figure 2. Each venue, represented as a pond,
is clickable and, when clicked, transports the player to a detailed
pond view where the actual fishing game takes p lace. H ere, the
player steers a boat over the pond of paper embeddings using their
WASD or arrow keys. When no input is provided via these keys,
the boat will come to rest and switch from a top view to a side
view, indicating it is now ready for casting a fishing line. However,
just casting a line is not sufficient to catch a paper. As with actual
fishing, some bait is required. The player crafts this bait by defining
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(b) Countdown. (c) No paper caught.

(a) Casting area.

Figure 4: Casting a line to catch a paper. The player clicks within
the casting area (a) to cast the fishing line. Once the line hits the
water, a timer starts to count down (b). If a paper was caught, an
overlay window opens (see Figure 1); otherwise, a message informs
the user that no paper was caught (c).

a so-called “Keyworm” from one or more keywords. This is done
by clicking the Keyworm icon in the top-right corner, which opens
an editor for adding and removing keywords (Figure 5).
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Figure 5: The keyworm interface allows the player to craft their
keyword query, which serves as bait for the tishing.

As soon as at least one keyword is defined and matching litera-
ture is present in the dataset, some fish swarms and bubbles will ap-
pear on the map, indicating areas that may be promising for catch-
ing a relevant paper. The player now sails their boat to such an area
and casts a fishing line. Casting is performed by clicking anywhere
within the cast area next to the boat (see Figure 4). To success-
fully catch a paper, the fishing line should be positioned as close
as possible to the center of the fish swarm or bubble that the player
is aiming for. Once the line has been cast, a progress bar will ap-
pear, counting down until a potential bite. If there is a paper in close
vicinity to the cast position, it will now be shown to the player in an
overlay window. If none were found in the area, a message appears
stating that no paper was caught.

For every paper caught by the player, they can review its title and
abstract and navigate to the full version via its DOL. If deemed rele-
vant or interesting, they add it to their paper gallery by clicking the
heart icon. An additional icon indicates how rare and unexpected
each caught paper is (see Section 3.4). To gain insights into how
the serendipity of a paper is calculated, a light bulb icon at the bot-
tom of the paper record lets the player highlight the keywords that
contributed to the serendipity score.

If the player decides not to keep the paper, they release it back

into the pond by closing the overlay window. Every paper added to
the gallery receives a unique, generated fish image, which will also
serve as its visual representation.

In a single fishing session, the player can define an arbitrary
number of Keyworms and explore all available venues, collecting
as many papers as they want. Instead of obtaining an overall score
for the caught papers, the only “success metric” is the different lev-
els of papers, which are also displayed in the gallery.

3.2. Dataset

The design of our game works with any paper dataset. Here, we
choose to start with the VisPubs dataset [Lan24], as it is well-
curated and most relevant to the visualization community. The Vis-
Pubs dataset is a collection of visualization and HCI publications
spanning 1986 to 2025, comprising 4,008 VIS papers (including
InfoVis, SciVis, and VAST), 1,197 EuroVis papers, and a subset of
887 visualization-related CHI papers.

3.3. Keyword Matching

As described in Section 3.1, the player uses a Keyworm, which con-
sists of a set of keywords, to retrieve relevant papers. The retrieval
is performed using a conjunctive (AND) logic, where all keywords
must be present, and is implemented via exact substring matching
without boundary checking. To reduce visual clutter, if the number
of matched papers exceeds a threshold (7" = 100), the system ran-
domly sample T papers from the retrieval results to present to the
user. Since exact matching can be restrictive, i.e., specific queries
with multiple keywords may return no results, we employ BM25
retrieval as a fallback strategy. When no exact match is found, the
system presents the top-k BM25 results (k = 10).

3.4. Reward System

Our game is designed to encourage serendipitous discovery of pa-
pers in a relaxing way. According to Watson, serendipity can be
defined as “a happy accident in which an information seeker un-
expectedly stumbled across relevant information” [Wat08]. In our
game, rather than optimizing for efficiency or targeted search, we
invite players to wander, experiment with different keyword com-
binations, and uncover interesting papers that might be unusual,
rare, or difficult to find through conventional search approaches.
To achieve this, we measured each paper’s serendipity. Players are
encouraged to catch papers that have high levels of serendipity.

According to Kotkov et al. [KWV16], serendipity can be char-
acterized by relevance, novelty, and unexpectedness. Among these,
we focus on the unexpectedness dimension, which is quantified us-
ing a mutual information-based approach, while the other dimen-
sions are more subjective, and we leave them to user perception.
To operationalize unexpectedness, we measure the rarity of key-
word combinations in each paper. We first extract the top-10 key-
words for each paper using TF-IDF (Term Frequency-Inverse Doc-
ument Frequency). We then generate all possible 2-way combina-
tions from these keywords and calculate their rarity using negative
pointwise mutual information (negative PMI) [CH90]. Unlike sim-
ple frequency-based measures, negative PMI quantifies how much
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less two keywords co-occur than would be expected by chance:

neg-PMI = log %, where P(A) and P(B) are the probabili-
ties of individual keywords appearing, and P(A, B) is the probabil-
ity of their co-occurrence. This approach ensures that high scores
are assigned to truly unexpected combinations, i.e., high-frequency
keywords that rarely appear together, rather than simply rare key-
words. For example, two common topics that surprisingly avoid
each other in the literature would score higher than two obscure
topics that rarely co-occur simply because both are uncommon.

We aggregate these combination scores to produce a raw un-
expectedness score for each paper, which is then mapped to five
rarity levels (Common, Uncommon, Rare, Epic, Legendary) using
quantile-based mapping. The mapping is designed to create a left-
skewed distribution where 40% of papers are classified as Com-
mon, 30% as Uncommon, 15% as Rare, 10% as Epic, and only 5%
achieve the Legendary status, making high-rarity discoveries feel
genuinely special and serendipitous in the game experience (Fig-
ure 6). To improve transparency of the computation process and
provide players with hints on how to find rare papers, players can
choose to highlight the keywords involved in the metric calculation
by toggling the hint button at the bottom right of the paper infor-
mation box (Figure 1).

Rarity Levels
Common: A pleasant discovery
Uncommon: An interesting find
5% Rare: A lucky encounter
Epic: A delightful surprise

Legendary: A serendipitous gem

Figure 6: Five levels of rarity derived from the serendipity measure-
ment. The rarity level here serves only as a proxy for serendipity.
1t is designed to encourage exploration and does not reflect any as-
sessment of paper quality or values.

4. Reflection & Conclusion

In this section, we report on our pilot playtests, in which six re-
searchers conducted short, supervised literature research sessions
using our game to give feedback and suggestions for further im-
provement. We then reflect o n t hose fi ndings be fore concluding
with an outlook on potential future work.

4.1. Playtests

To evaluate the game’s suitability for serendipitous knowledge dis-
covery, we conducted informal, qualitative playtests with six re-
searchers, recruited from within our labs. Four of our test play-
ers were visualization researchers, one was a computer vision re-
searcher with an interest in visualization, and one was an educa-
tional game developer. Playtest participants provided verbal con-
sent to publish anonymized and summarized reports of their ses-
sions, and, given the evaluation’s informal nature, no ethics ap-
proval was required. After an initial introduction to the interface

© 2026 The Author(s).
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and controls, the players were left to freely explore the game under
the authors’ observation. They were encouraged to perform think-
ing aloud, and the authors took notes on how the game was played,
which keywords were used, and what problems occurred. Based on
these records, we conducted an open coding round to derive gener-
alizable findings. Note that the limited number of participants and
the qualitative setting of the playtests merely constitute a feedback
round, and a future user study would be required to make definitive
statements on the game’s effectiveness.

In the playtests, we observed a range of exploratory behaviors
that highlight both the system’s potential for serendipitous discov-
ery and areas for improvement. Players frequently began with ei-
ther targeted keyword searches related to their own research topics
or more open-ended, playful strategies, often refining keywords it-
eratively based on previous catches. In one case, a player combined
“geo” and “reasoning” to locate a relevant paper, inferred “mobile”
as a distinguishing keyword, and immediately obtained a rare (“leg-
endary”) result. In another instance, a player encountered a paper
closely related to a colleague’s work and shared it, demonstrating
the game’s capacity to facilitate unexpected yet meaningful con-
nections. As players were not instructed to perform a specific type
of literature research, we observed different patterns, where some
players stayed with a main keyword (e.g., “treemap”) and then ex-
plored combinations with additional keywords, while others varied
their keywords to explore as much of the pond as possible.

Some players also adopted self-defined goals beyond literature
search, such as generating increasingly unusual keyword combina-
tions or exploring the visual diversity of generated fish images. One
of those players reported becoming deeply immersed, even losing
track of time during the session.

At the same time, some usability challenges were identified, par-
ticularly regarding precisely navigating the boat to the desired spot
(three players) and targeting the fishing line casts (two players).
Players also suggested potential future enhancements, such as in-
centive systems (e.g., looking for specific papers or paper types) or
the inclusion of social interactions (e.g., showing other players on
the pond). Overall, these initial playtests indicate that the game sup-
ports serendipitous knowledge discovery while engaging players to
keep exploring.

4.2. Summary

Across sessions, we observed that enjoyment emerged not from a
single objective, but from a combination of complementary moti-
vations. We identified three main factors in the game that contribute
to making a fun and engaging session. First, aiming at catching a
rare (“legendary”) paper encouraged players to try different key-
words to explore the corpus. This rarity-based incentive structure
provided a clear, game-like goal that sustained curiosity and exper-
imentation. Second, players reported satisfaction when encounter-
ing papers that were relevant to their own work, even if these were
not of the highest rarity. Third, by creating a unique image for each
saved paper, our game incentivizes players to add papers to their
library and to discover visually interesting fish (i.e., testing what a
fish for a certain type of paper would look like).

Based on our observations, we consider a play session success-
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ful when it enables at least one of the following outcomes: (1) the
discovery of unexpected or unusual papers, (2) the compilation of
a useful set of literature for further research, or (3) a state of sus-
tained engagement or immersion during exploration. Importantly,
these criteria highlight that success is not solely tied to efficiency,
but also to the serendipitous nature of the exploratory experience.

4.3. Future Work

The findings from our initial evaluation open several directions for
future development. First, improving onboarding and guidance rep-
resents a key step toward accessibility. Tutorials, visual cues, or
adaptive hints could help players better understand core mechanics
such as navigation, casting, and keyword construction.

The underlying search mechanism could be extended beyond
keyword-based queries and simple string matching. Incorporating
semantic or vector-based search techniques may enable more ro-
bust and flexible exploration, allowing players to discover relevant
papers even when keywords are too broad or ambiguous.

It is easy to sustain the current game, i.e., adding new visu-
alization publications, by updating the embeddings. The existing
projection model can be reused to transform new papers into the
current projection, and a new map can be built every few years
when there are drastic shifts in the research landscape. Addition-
ally, the system could be expanded to integrate larger, more diverse
corpora. Automating data acquisition through APIs and generaliz-
ing beyond manually curated venues would increase coverage and
open the game to other scientific areas. To support sustainability
and community contributions, we release the game as open source
at: https://github.com/fishing-for-papers/game.

Finally, several design extensions could further enhance engage-
ment. These include progression systems (e.g., achievements or cu-
rated collections), social features (e.g., shared discoveries or visible
co-exploration), support for annotating explored knowledge, and
alternative platforms (e.g., mobile devices) to support more casual,
on-the-go interaction.
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