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Abstract
Data visualization is often used in computer gaming to pro-
vide feedback to players. However, little research has inves-
tigated its potential in hybrid physical/digital tabletop games,
nor for tabletop role-playing games. As analysing player
activity becomes more and more ubiquitous in games, this
study documents the effects of introducing Truesight a tan-
gible battle grid which uses lights to visualize game play
possibilities in the role-playing game of Dungeons & Drag-
ons. The tangible tool was developed with the purpose of
helping role-players to better understand and communicate
the game data of their fantasy world while fostering engage-
ment, playful interaction, and personal learning. The system
was evaluated through usability testing and the game expe-
rience questionnaire (GEQ). Results indicate a good work-
ing system for keeping the immersion of the game. The tool
opened new ways of imagination and storytelling and made
it possible for all players to really understand the game sur-
roundings.
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Introduction and Related Work
You are crawling through a dungeon for what feels like days
when you finally see a light up ahead. You draw back your
bow, aiming for the goblin in the corner of the next room. As
you are about to release the arrow, the player sitting next to
you at the table doubts your ability to hit your target and a
lengthy discussion ensues. The immersive flow of the game
is broken and you are forced back to reality to consult rule
books and calculate distances and line of sight. In tabletop
role-playing games (TRPGs), immersion is essential. Within
the Play and Learn squad we often refer to this as keeping
players in the magic circle [23], the safe space where the
normal rules and reality of the world are suspended and the
experience, rules and mechanics of the game world take
over.

Figure 1: Truesight Battle grid
creating atmosphere.

For the purpose of this project, the definition of psycholog-
ical immersion by McMahan [26] defined as a player being
mentally preoccupied by the world of the game’s story, is
used [26]. In the popular TRPG, Dungeons & Dragons [19]
(D&D), players assume the role of a character while the
Dungeon Master (DM) leads them through a story set in a
complex fantasy world to complete objectives [38]. D&D
players commonly use tabletop maps, or so-called bat-
tle grids, to visualize and keep track of what is happening
in the game world. These maps range from being simple
drawings on grid paper, to lovingly, handcrafted terrain mod-
els. Players and DMs report that maps help to collabora-
tively create and visualize the world they are building both
before and during the game [36]. D&D has recently experi-
enced a resurgence in popularity, attributed to the improve-
ment of online tools [34], pop culture references [45] and
a renewed interest in analog experiences in general [18].
With the support of the passionate and technologically
adept role-playing community [34], work as been done in
furthering the available tools to support tabletop

Figure 2: Truesight Battle grid in use.

role-playing games [20] through online character [11, 30,
47] and map [28, 13] builders, custom 3D printed terrain
files [33], data and story trackers for both DMs [42, 11]
and players [3] and sound effects organizers [41]. Aug-
menting the tabletop role-playing experience very quickly
transitioned from traditional terrain maps and miniature
figures, to fully digitized alternatives such as online, tele-
play tools Roll20 [43] and Fantasy Grounds [40], fully aug-
mented reality with Tilt 5 [44] and virtual reality with Role-
playU [37]. Some players resented this change, with Kosa
and Spronck [22] finding that the lack of tactility and the re-
quirement to stare at a screen to be factors in players lack
of interest in augmented reality play [22].

Games which incorporate both physical and digital ele-
ments, or Hybrid Games, leave more space for role-playing
by speeding up uncaptivating game processes [46]. Rele-
vant hybrid game projects of note include False Prophets [25]
which explored the design space of hybrid board/video
games, Wizard’s Apprentice [31] which implemented sen-



sors into the gameboard, the STARS Platform [24] which
introduced a touch screen and RFID tagged miniatures for
role-playing games and Tisch [46], a digital tool supporting
board games which used the Microsoft Surface as a bat-
tle map with support for tagged tokens, while focusing on
maintaining spontaneity, house rules and improvisation.

Since role-playing games rely on all players becoming fully
invested in the �ctional world they are playing in, immer-
sion plays a key role in evaluating whether an addition to
the game is successful. To maintain the immersive quality
of role-play in D&D we focused on tangibility. Tangible in-
terfaces have been shown to provide a higher level of sen-
sory and imaginative immersion and tangible interfaces
increased players desire and curiosity to explore and in-
teract [27]. With the Truesight Battle Grid, we attempt to
introduce technology, without compromising the full tangibil-
ity and social connectedness of the traditional D&D game.
To assess the value of our approach we went through two
prototype iterations and for evaluation conducted semi-
structured interviews, and two play tests after which we
used the Game Experience Questionnaire (GEQ) [32] to
investigate immersion, System Usability Scale (SUS) [4]
as a simple indication of perceived usability and additional
open questions [21]. The Truesight Battle Grid aims to help
players quickly understand, and communicate real-time
game data, reducing the time spent on technical arguments
and therefore maintaining the immersion of the role-playing
experience. Truesight also aims to foster imagination and
create new ways of storytelling compared to the traditional
battle grid. Although more comprehensive research is re-
quired to completely validate these requirements, prelimi-
nary research has shown promising results.

Dungeons & Dragons
For this project, we were tasked to explore tangible data
visualization. At the beginning of our process, we decided
to focus on a TRPG as opposed to a video game because
we wanted to explore tangible input as well as output. We
speci�cally chose to focus on D&D �fth edition (5e) as it is
currently the most played TRPG [1, 9]. This also had the
bene�t that D&D offered easy access to participants for our
user studies.

D&D is an open-ended role-playing game that keeps the
players in the magic circle with the help of its extensive rule
system [19, 29]. It is typically played with three to six play-
ers. Players assume the role of their character and are lead
through a �ctional storyline by the DM. Together they must
solve puzzles, �ght monsters, gather treasure, and reach
many other objectives. Each character has a unique set of
abilities and players must often roll a dice to help the DM
determine the outcome of an action. The focus of the game
is not to win, but to collaboratively explore and tell stories.

The Dungeon Master
In a D&D game session, the DM must wear many hats, of-
ten simultaneously: storyteller, actor, narrator, coordinator
and arbiter. They must �rst choose whether to guide their
players through a pre-made campaign, or create their own
from scratch (homebrew campaigns). Pre-made campaigns
are available from the of�cial D&D franchise, or from other
DMs. In homebrew campaigns, DMs are responsible for
dreaming up the �ctional world that the story is set in, in-
cluding its history, inhabitants and landscape. For groups
that play using a map, the DM often creates a map at this
stage. Since D&D is an open-ended game, a DM can-
not prepare for every possible scenario, however, they do
lay out key moments to incorporate as the game unfolds,
such as meeting an inhabitant who needs help or monsters



which they must �ght. When preparing these encounters,
DMs take the player's level and abilities into account to
make an appropriately challenging experience so they must
have the player's character data on hand. During the game,
the DM tells the story, keeps track of player activities and
decides what is and is not allowed. To decide whether an
action is successful, DMs observe the of�cial rules, how-
ever they are allowed to use their discretion and ultimately,
whatever the DM decides is ultimately taken as rule. To
help them in their decision, players are asked to roll vari-
ous dices with higher numbers usually meaning the action
is more successful. At the end of the game, it is usually the
DMs responsibility to remember where the players left off to
pick the story back up in the next session.

Figure 3: 2d paper grid [17].

Figure 4: Realistic terrain [15].

The Players
In D&D, the players have the choice between a variety of
races, classes, weapons, spells, and abilities to create
their own unique character. They also build the character's
unique personality and motivation. Amongst players, there
are different player types (Appendix 1). [8] based on their
preferences. For example, some players prefer heavy com-
bat while others enjoy in-game social interactions more.
This character can then be levelled up throughout one,
or multiple, campaigns. This data is stored on an exten-
sive character sheet (Appendix 2) that the players bring
with them. Here, they also keep track of variables such
as their health, supplies and spells. If a group is using a
hand-drawn map in their sessions, it is often the player's re-
sponsibility to update the drawing based on discoveries and
events (e.g. a secret doorway is discovered or a boulder
falls and now blocks a path). Some players use miniature
�gures to represent their character in the game world, either
store-bought, 3d printed and hand-painted, or completely
handmade.

Target Users
Within the large D&D community there are many different
styles of play. Through online research and initial inter-
views, we identi�ed a spectrum of players (Appendix 3)
ranging from those who play verbally with no visualizations
at all, followed by those who play online [43, 40], those who
use a 2d battle grid (�gure 3), and those who use realistic
3d miniature terrain (�gure 4). We speci�cally targeted D&D
players and DMs who already used 2D visuals during their
games as their existing playstyle matches the balance be-
tween abstraction and realism of our product. These groups
use printed or drawn maps (dry erase, paper), large screen
based maps, or (wall)projected maps. While the 3D prefer-
ence seems to �t our product, we chose to not focus on this
group because we found that these players found a lot of
enjoyment in the creation of the terrain. However, in future
scenarios, other styles could be accommodated as further
described in future works.

[I2] “We used matchsticks...plastic...and cardboard. I have
nice memories of staying up until 3:30 (making them).”

First Interviews
For this project, we went through two iterations of the de-
sign thinking framework, as proposed by the Hasso-Plattner
Institute of Design at Stanford [2]. This iterative framework
consists of �ve stages: Empathize, De�ne, Ideate, Proto-
type, and Test. In the �rst iteration, the empathize stage of
the design process, we conducted four in-depth interviews
with experienced DMs to gain an understanding of the user
needs. Earlier research done by Darrin F. Coe (2017) de-
scribes the most common motivators for playing TRPGs,
which include Imaginative Creativity, Exploring and Know-
ing Self, Belonging and Interacting, Relief and Safety, and
Learning [10]. Our interviews also con�rmed these �ndings
as seen in the quotes below. The Interview outline can be



found in appendix 4.

Imaginative Creativity
[I3] “I play D&D mostly for my creative expressions such as
imagination and drawing. My mom used to say that I used
to live in my own world and now with D&D, we are playing in
that world, which is amazing.”

Figure 5: First proof of concept
prototype.

Exploring and Knowing Self
[I1] “I was also very socially anxious and i liked ignoring
the outside world and stepping into a character to become
someone else, it helped. It's changed at this point from
when I began, but it started as I was very introverted and
still can be sometimes but a lot less.”

Belonging and Interacting
[I4] “But now it's keeping and catching up with friends. It's
also just having fun and catching up on life and just talk.”
[I2] “there is a shared �ction in which everyone is partici-
pating.” subsectionLearning [I4] “For beginners there is so
much to learn, although we all have to keep learning”

Other notable outcomes were their interest in tangibility, be-
ing able to more quickly see their possibilities when playing,
and the DM's desire to add another interesting layer to their
storytelling through dynamic events.

Tangibility
[I4] “This the downside of only drawing a map. People often
forget they can do things: like, they visualize the tree in their
head but It's not like “OK I can actually climb that tree.” But
if you had a 3D tree on the map, you can understand that
you can see more with the height difference. ”

[I1] “I love that physical aspect because then you can im-
merse yourself in how it feels. I've even ordered a wax seal-
ing kit so I can hand out scrolls with the new spells because

I love handing our physical things to my players, and they
really like it too. That's why this project intrigues me be-
cause i like the cross between physicality and fantasy.”

[I3] “Physical things are nice for the experience.”

[I2] “Yeah I'm just really a traditionalist. I prefer working with
the tangible and physical, I like things I can move.”

Visualizations
[I4] “Having the actions you can do visually shown; these
are the things you can do this round for example.”

[I4] “I would like to see quickly if I am hiding, for example, or
having the actions you can do visually shown and be able to
see how far someone could move.”

[I4] “It's really hard to determine the different radius' of
some things. one of my spells that I always struggle with
is a cone, I have no idea of how far away I can use it.”

[I1] “On paper, it often takes too much time and breaks the
�ow when you're trying to �gure out `can I move there'.
For example, if you could digitize that data and show it or
project it while knowing the location of the minis would be
so cool.”

Story Telling
[I1] “I like to switch things up, sometimes I try to change
the lighting, or the smell... A friend of mine uses a smoke
machine to �ll his dungeons to support the story” [I3] “I love
to scare my players by changing things quickly, or telling
them they are standing on a trap!”

Prototype 1
We knew that we wanted to make a new experience for
the battle grid by implementing technology, while keeping
it tangible. We took the insights collected in our �rst inter-



views and ideated through quick sketches (Appendix 5) and
rapid prototyping to imagine how that could look. We were
inspired in particular by MIT's inFORM [14], and imagined
ways it could be implemented in a D&D map. It inspired us
to make the �rst prototypes modular, allowing us to not only
quickly try new shape explorations, but to make it easily
adaptable for the players.

Figure 6: Participant interacting
with the �rst prototype.

Figure 7: Block and top
explorations

We arrived at a proof of concept prototype (see Figure 5)
that consisted of a laser-cut four by four grid which had an
individually programmable RGB LED in the center of each
square. The squares were 3.3cm wide and long. White,
3d printed 'blocks' of different heights could be placed on
top of the squares to create a small, modular battle grid.
The blocks were created to accommodate spontaneous
changes by being quickly interchangeable, based on the
insights from the interviews.

The LED matrix was connected to an Arduino [5], which
communicated with a processing sketch on a laptop over
serial. that could be used to change the colour of the indi-
vidual blocks. This was done by drawing on a virtual grid
with the mouse. The keyboard keys Q to U were used to
select the colour.

We explored the block shapes during this phase. We exper-
imented with various heights, different textures to display
terrain such as water and rocks, a height changing mecha-
nism, and different corner shapes to facilitate removing the
blocks easier (�gure 7).

Ideation Workshops
This proof of concept prototype was tested in two initial
ideation sessions. One session with three experienced
DMs, and one session with a newer D&D player. The main
goal of the Ideation workshop is to validate our �rst proto-
type and further explore new ideas. The full workshop out-

line can be found in Appendix 6. The workshops, therefore,
aimed to:

• Engage with our target users in design activities in
order to uncover new ideas, priorities, and �ows

• Challenge our assumptions about feature develop-
ment and the value proposition of our products

Participants were asked to bring pictures of their current
play set up, as well as their maps as a pre-meeting immer-
sion exercise related to D&D and their play map as asking
participants to prepare in advance of a group meeting can
enhance the quality of the meeting that takes place [39].
We started with a brief introduction of our concept, and we
explained that the goal of the workshop was to generate
some new ideas and use scenarios of our prototype. We
then explained how the prototype worked and how they
could use it. After this, we chose one of the participant's
prepared maps and asked them to recreate (part of) it us-
ing our prototype (�gure 6). They used the various block
shapes and heights as well as changing the colour of the
lights to represent different things. The participants were
asked to think out loud and explain their reasoning for their
choices while one of the researchers recorded their an-
swers. The participants were also asked what kind of blocks
they would like to see and rank them on importance. The
most important being: walls, doors, and stairs.

Next, we asked them to describe their current DM expe-
rience, before, during, and after a game, taking particular
note of their pain points and together brainstormed how the
prototype would �t into their work�ow and potentially alle-
viate some of their dif�culties. One of the recurring pain
points was when players would want to attempt an action
and the group would disagree over whether it was possible




	Introduction and Related Work
	Dungeons & Dragons
	The Dungeon Master
	The Players

	Target Users
	First Interviews
	Imaginative Creativity
	Exploring and Knowing Self
	Belonging and Interacting
	Tangibility
	Visualizations
	Story Telling

	Prototype 1
	Ideation Workshops
	Prototype 2
	Tracking
	Camera Vision
	RFID

	Evaluation
	Participants
	Procedure
	Results

	Discussion
	Conclusion and Future Work
	REFERENCES 

