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Figure 1: Two competitors playing BattleGraphs, a graph construction game. In order to play, players will require at least two NODKANT
kits, two magnetic whiteboards, a deck of Task Cards, and two identical decks of Edge Cards. Each game consists of four distinct phases: the
Setup Phase, the Assembly Phase, the Battle Phase, and the Discussion Phase. Players compete by creating their own personalized network
physicalizations during the Assembly Phase, which they subsequently use to answer questions faster and more accurately than their opponent
during the Battle Phase. The player who is able to answer the most questions correctly wins.

Abstract
Constructive visualization enables users to create personalized data representations and facilitates early insight generation
and sensemaking. Based on NODKANT, a toolkit for creating physical network diagrams using 3D printed parts, we define a
competitive network physicalization game: BattleGraphs. In BattleGraphs, two players construct networks independently and
compete in solving network analysis benchmark tasks. We propose a workshop scenario where we deploy our game, collect
strategies for interaction and analysis from our players, and measure the effectiveness of the strategy with the success of the
player to discuss in a reflection phase. Printable parts of the game, as well as instructions, are available through the Open
Science Framework at https://osf.io/x6zv7/.

CCS Concepts
• Human-centered computing → Visualization application domains; Empirical studies in visualization;

1. Introduction

Games have long been recognized as effective tools for engage-
ment, learning, and problem-solving. In visualization, games and
activities have been explored as methods for enhancing the under-
standing of complex visualizations or concepts and promoting cre-
ativity. Construct-a-Vis [BZP∗19] and Diagram Safari [GWL∗19]
are noteworthy examples, which encourage participants to inter-
act with data and develop insights through structured activities
and play. Physicalization—the representation of data through tan-

gible objects—has been gaining attention [JDI∗15] and promotes a
method to deepen comprehension through active construction and
manipulation [BWD21].

Physical interaction with data representations enhances under-
standing, engagement, and long-term retention [PBE∗25]. Prior
work suggests that actively constructing representations leads to
more profound insights compared to passive observation [SSB15,
HMC∗20]. Studies [vHR08] indicate that people will naturally or-
ganize network structures in meaningful ways, i.e., enclosing clus-

© 2025 The Author(s).
Proceedings published by Eurographics - The European Association for Computer Graphics.
This is an open access article under the terms of the Creative Commons Attribution License, which
permits use, distribution and reproduction in any medium, provided the original work is properly
cited.

https://orcid.org/0000-0002-5994-1492
https://orcid.org/0000-0001-7313-3056
https://orcid.org/0000-0001-9517-3526
https://orcid.org/0000-0002-1764-1467
https://orcid.org/0000-0001-9592-2179
https://osf.io/x6zv7/
https://osf.io/x6zv7/
https://osf.io/x6zv7/


2 of 5 Ehlers et al. / BattleGraphs

ters in hulls. Data Strings [Dom14] highlights the benefits of par-
ticipatory physical visualization, allowing individuals to actively
shape collective data through direct interaction. Further related
work investigates interactive physical representations of networks,
including NODKANT [PBE∗25], suggesting that this added in-
teractivity enhances perception, memorability, and analytical rea-
soning. WonderNet [MGD∗24] similarly explores the physical-
ity of network structures, transforming them into tangible objects
that highlight their inherent connectivity and spatial relationships.
This approach reinforces the importance of physicalization as a
method for deepening comprehension and engagement. Willett and
Huron [WH16] introduce the concept of input visualizations, high-
lighting how visual structures can serve not only as representa-
tions but as interactive mechanisms for data input. Their frame-
work expands our understanding of how visualization can facilitate
engagement and structured exploration, offering new perspectives
on physicalization and interactivity. HoloGraphs [PEF25] demon-
strates how dynamic networks can be represented physically and
how they can raise visualization literacy by offering engaging in-
terfaces and tangible interactions.

Inspired by such examples, we investigate whether competi-
tive, hands-on network construction can enhance graph compre-
hension, memorability, and problem-solving in an interactive and
playful setting. Here, we introduce BattleGraphs, a two-player
competitive board game that integrates physical network construc-
tion with analytical problem-solving. Drawing from the findings
of prior research on user-generated layouts [DLF∗09] and interac-
tive physicalization of networks [PBE∗25], with BattleGraphs we
explore how the familiarity of self-constructed representations of
networks influences task performance, particularly in competitive
time-constrained scenarios. The intended contribution of the game
is to provide an experimental platform for studying network con-
struction through physical and interactive means as well as to in-
vestigate the benefit of engagement through competition.

BattleGraphs is designed to engage players in various levels of
cognitive processes as defined by Bloom’s Taxonomy [Blo56]. The
proposed game aligns with the following levels (progressing from
easy to complex): (1) Remember—players must recall basic graph
concepts such as nodes, edges, and connectivity; (2) Understand—
Players need to understand the visual encoding to construct their
graph and understand graph analysis problems; (3) Apply—Players
apply their knowledge of graphs to construct a physical represen-
tation using the NodKant kit; (4) Analyze—Players must break
down the structure of graphs to solve tasks efficiently; (5) Eval-
uate—Players evaluate the effectiveness of a graph layout, which
promotes reflection on learning strategies and problem-solving ap-
proaches. They judge the speed and accuracy of answers against
their opponents; and (6) Create—Players develop strategies for or-
ganizing and constructing their networks. We intend to further val-
idate this alignment using the workshop setting as a platform to
elicit feedback and reflect on our visualization game in practice.

2. Sources & Materials

BattleGraphs is based on the NODKANT toolkit by Pahr et
al. [PBE∗25]. NODKANT is designed to be a simple, dynamic, and
effective toolkit [HCT∗14], specifically aimed at the construction

of physical network diagrams. For BattleGraphs, we additionally
introduce two types of card decks, representing the graph’s edge
list and the graph tasks to be solved, as an aspect of gamification.

Toolkit NODKANT consists of two 3D printable parts (Figure 2),
for which the mesh files are available on osf.io. Firstly, edges con-
sist of two spools with a yarn in between them (Figure 2a). The
spools can be rotated to alter the length of the yarn freely after
placement (Figure 2b). Secondly, nodes are represented by cylin-
drical disks with labels printed on top (Figure 2a). Placing small
magnets in the rotational center of the parts allows for quick assem-
bly, while also ensuring the parts can be freely rotated individually
(Figure 2c). Using a magnetic whiteboard as a base provides a 2D
canvas to embed physical graphs.

Cards The Edge Card deck serves the construction of the graph,
each card containing an edge of the graph. Pahr et al. [PBE∗25] pro-
pose to use an edge list, sorted by associated node degree, to pro-
vide users with step-by-step instructions during construction. For
BattleGraphs, we decide to gamify this aspect by providing each
player with a random initial sorting (in the form of a shuffled deck
of cards, each representing a particular edge of the graph) to cre-
ate their own construction strategy. We propose an Assembly Phase
of about 30 minutes, similar to Pahr et al. [PBE∗25], choosing
the same dataset of animal interactions, mammalia-raccoon-
proximity-50 [RA15] to produce comparable results. The Task
Card deck contains textual descriptions of the tasks used by Pahr et
al. [PBE∗25] for their study. Each card presents a (low-level) graph
task, derived from Lee et al.’s [LPP∗06] graph task taxonomy, on
one side, and solutions to the question on the other.

Replay Value and Difficulty Selection In order to ensure Battle-
Graphs can be enjoyed multiple times by players, the game can be
played in one of three difficulty settings: easy, medium, and hard.
Each difficulty setting corresponds to a graph of increasing com-
plexity [YAD∗18], i.e., easy difficulty corresponds to a graph of
lower complexity (i.e., few interesting structures, low density, low
number of nodes and edges), whereas high difficulty corresponds
to a graph of high complexity (many interesting structures, motifs,
and a larger number of nodes and edges). Depending on the dif-
ficulty selected, i.e., graph data selected, a different set of Edge
Card decks is selected, shuffled, and given to players. Conceptu-
ally, players can easily create their own decks of cards, based on
their own selection of graph data, in order to replay BattleGraphs
at their preferred and custom difficulty setting.

3. BattleGraphs: Game

BattleGraphs is a two-player, competitive, educational board game
centered around the construction of one’s physical network layout
(see Figure 1). Subsequently, players answer a set of graph analyt-
ical questions faster than their opponent and in doing so correctly,
gain a point. Intuitively, the more readable one’s constructed net-
work layout, the faster and more accurately one should be able to
solve graph analysis tasks [GFC04,GFC05]. Broadly speaking, this
roughly 90-minute game consists of four distinct phases, namely
a 15-minute (instruction and) Setup Phase, a 30-minute Assembly
Phase, a 30-minute Battle Phase, and a final 15-minute Discussion
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