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Figure 1: This double-diamond diagram illustrates our approach toward Research through Design (RtD) practices.

Abstract

Biofeedback provides a unique opportunity to intensify tabletop
gameplay. It permits new play styles through digital integration
while keeping the tactile appeal of physical components. However,
integrating biofeedback systems, like heart rate (HR), into game
design needs to be better understood in the literature and still needs
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to be explored in practice. To bridge this gap, we employed a Re-
search through Design (RtD) approach. This included (1) gathering
insights from enthusiast board game designers (n = 10), (2) conduct-
ing two participatory design workshops (n = 20), (3) prototyping
game mechanics with experts (n = 5), and (4) developing the game
prototype artifact One Pulse: Treasure Hunter’s. We identify practical
design implementation for incorporating biofeedback, particularly
related to heart rate, into tabletop games. Thus, we contribute to
the field by presenting design trade-offs for incorporating HR into
board games, offering valuable insights for HCI researchers and
game designers.
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1 Introduction

Board games have begun incorporating digital elements, often
called “hybrid digital games”, combining non-digital and digital
components to introduce new game experiences. These hybrid
board games often use companion applications on tablets or phones
to manage tasks like storytelling, automated actions, or progress
tracking [53]. Alternatively, so-called affective games use players’
physiological signals, or biofeedback, to directly influence the ex-
perience [75]. These games can adapt the gameplay itself (e.g.,
control mechanics, enhance difficulty) [78, 82] or promote self-
awareness of emotional and physical states through a fun and en-
gaging approach [2, 70]. Digitally incorporated biofeedback, such as
heart rate (HR), has been studied in Human-Computer Interaction
(HCI) as a tool to understand and improve the player experience
in games [23, 45, 67, 126]. However, the integration of HR into
board games, particularly in multiplayer contexts, remains largely
unexplored. While HR mechanics have been studied in digital single-
player settings, there is a striking lack of established methods or
frameworks for embedding biometric data into analog multiplayer
experiences. From a design perspective, this challenge encompasses
not only the task of “getting the design right” but “making the right
design” [18]. This involves determining how to effectively interpret
HR data in the context of turn-based gameplay while considering
how to integrate HR with the social interaction in these games.

Board games are not just about entertainment; they also pro-
vide a valuable space for social engagement and interaction [129],
education [46, 85], and bonding experiences [93]. The game de-
sign space is constantly changing, with board game designers and
practitioners exploring new ways to create more engaging and
immersive experiences [8, 107, 109]; and seeking innovative ways
to modernize classic interactive game mechanics [61]. Board game
design has a rich history built on core components like cards and
dice [114]. However, biotechnological devices in board games could
create a more dynamic experience similar to other forms of gameful
media [50, 89, 131]. For instance, HR can be used to adjust game
difficulty [49], or create shared moments of tension and excitement
among players [32].

In our research, we preserve the tactile interaction inherent in
board games. We chose HR as the exclusive biofeedback measure
in our research, enabling us to maintain the tactile nature of board
games by avoiding the digitization of physical game pieces. By
using a single sensor, we ensure that players are still engaging with
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the gameplay experience [5], rather than being distracted by the
novelty of complex biofeedback systems [113]. Thus, we focused
on three main research goals:

(1) Game Perceptions: We investigated how game designers
perceive using their HR data within board games. This in-
volved understanding their comfort level, potential concerns,
and the impact on their overall enjoyment.

(2) Heart Rate And Board-Game Integration: We investi-
gated practical approaches for incorporating heart rate into
board games using design principles. Our goal is not to in-
clude HR as a “flashy gimmick” but to ensure its integration
serves a clear design purpose and enhances the gameplay
experience [96] such as social play within seating arrange-
ments.

(3) Game Prototype Artifact Creation: To gain practical in-
sights, we consulted with experts to create a game prototype
artifact, One Pulse: Treasure Hunter’s which incorporates
heart rate biofeedback as a core game mechanic. This pro-
totype allowed us to assess the effectiveness of the imple-
mented mechanics and identify potential areas for improve-
ment for future research.

To understand HR integration in board games, we employ a Re-
search through Design (RtD) process [133] because it allows for
iterative user testing, the creation of tangible prototypes, and the
generation of reusable design assets — all crucial for successfully
integrating biofeedback mechanics into board games in a player-
centered and meaningful way (see Figure 1). To achieve this, we im-
plemented three key research phases (which lasted for 18 months):
(1) gather preliminary insights from enthusiast analog board game
designers, (2) participatory design workshops, (3) prototyping game
mechanics with board game experts using a game prototype artifact
called One Pulse: Treasure Hunter’s (see Study Overview). In our pa-
per, we document our design process to serve as a valuable resource
for other board game designers and practitioners tackling similar
challenges. Our goal was to understand how players perceive HR
data and how to integrate it into board games, which creates a solid
foundation for future biofeedback game mechanics that account
for multiplayer experiences. In short, our key contributions to HCI
research are:

(1) We provide design philosophies that highlight the impact
of playing space (Unified Versus Non-unified Seating)
on social interaction, the importance of biometric data dis-
play, and the learning curve in integrating HR data into
gameplay, alongside novel HR display concepts that enhance
biofeedback integration, offering diverse design directions
for immersive, interactive gameplay and informing the de-
velopment of user-centered prototypes that bridge physio-
logical data with game mechanics to foster engagement and
strategic depth.

(2) We provide expert feedback to refine the game mechanics
incorporating HR data, select appropriate technologies like
the Polar H10 heart rate sensor and smartphone displays,
and iterate on design decisions to improve gameplay dynam-
ics, particularly in social deception. These insights inform
the development of our game prototype artifact, One Pulse:
Treasure Hunter’s.
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(3) We o er design trade-o s for integrating HR biofeedback  how biofeedback can heighten social interaction di erently. Their
into board games, supporting both HCI researchers and game research examines a social deception dice game ciied where
designers. This includes exploring potential HR-triggered biofeedback is used to enhance blu ng and detection of blu s
game events. among players. While these biofeedback board games o er unique

We present this research as an opportunity to reimagine the €XPeriences, they typically rely on just one player's biofeedback,

boundaries of tabletop gameplay, positioning HR as a vital, personal, Which might not be ideal for traditional board game design where
and adaptable physiological element for play, strategy, and social Multiple players interact. _

interaction. Through RtD, we examine how HR enriches multiplayer Research in digital games has explored biofeedback systems
experiences, uncovering new dimensions of engagement and social that use physiological data streams as a novel form of game in-
dynamics, and how this contributes valuable methodologies for PUt [54 78 110 111 127. These systems integrate physiologi-

involving experts and designers in gameplay innovation. cal signals into gameplay, enabling dynamic and adaptive inter-
actions B0, 71, 77. The core of biofeedback systems lies in the

2 Related Work blocybemetlc loofB4, 91]. This Iqop involves sensors _captunng
. . . . . . physiological data from the user, like HR or muscle activity. The sys-
A common misconception is that traditional game design primarily o then processes this information and provides feedback based on

relies on intuition and limited user feedback 0g. However, this the results. For physiologically controlled games, there are two key
perspective overlooks the practical aspect of experienced judgment design considerations suggested by Nacke ef#8]: directphysio-

and iterative development in established game design practices. Pro- o gica| sensor readings should be translated into actions within the
fessional game designers bring extensive knowledge and re ned 45me \world in a way that feels natural to the player, whereagi-
intuition, developed through years of practice and successful project oqphysiological data is best used to create dramatic moments that

execution B, 3§ 99. Drawing inspiration from methodologies em-  joyhact the game environment, rather than directly control game-
ployed in previous HCI research, we explore this approach and its oy |t js important to acknowledge that the distinction between
applications in the context of hybrid board game desigri{17, 47). directandindirectcontrol can be nuanced and may shift depending
. on the context. For instance, some mechanics might combine ele-
2.1 Biofeedback and Games ments of both approache§ 69. However, these considerations
Recent studies showed that biofeedback technology can be a pow- primarily focus on digital games with built-in interfaces. There is
erful tool for game designersnabling them to craft innovative a gap in understanding how to e ectively integrate biofeedback
mechanics and experience3]] 120. While existing research on mechanics into multiplayer board games, which involves unique
biofeedback and games o ers valuable insights, it primarily fo- design challenges and social interaction aspects.
cuses on how biofeedback data can be used for emotion regula-
tion[4,39 66, stress relief §1, 92, 13Q, mood stimuli [90,97, 121 or 2.2 In-direct and Direct Game Mechanics

to modulate anxiety [, 104 within a digital game context [ 19121 Studies investigated how to measure the overall player experience
As for hybrid board games, Rogerson et gl6] suggests thatwe  qyring gameplay by analyzing the same physiological measures
should avoid solutions that feel like an awkward afterthought and (electromyography, electrodermal activity, etc?q 80. However.
instead create a seamless and intuitive experience for players, pri- their focus was on the ow between various emotional states, such
marily noting digital elements in board games. In addition, current 55 anxiety, apathy, and boredom. Similarly, Perez Martinez et al
research o ers little direction on transforming physiological data  gg] explored the generalizability of using physiological features
into meaningful mechanics within this social, physical space. We  fo; emotion detection across di erent games. Using two dissimilar
speci cally focus on user experience in our work, building on Woll- - games; their study found that minimum and average heart rates
mann et al [126]s usability work (for us, it would be the hybrid  yere reliable indicators of players' emotional statgq. These stud-
board game experience). This is because much of the existing re-jes highlight the potential of using physiological data, particularly
search in biofeedback integration prioritizes the technical aspects {R o gauge game player experience. For this reason, we have

over howusersactuallyexperiencandinteractwith the technology. chosen to focus omeart rate (HRjs one of the primandesign
Thus, for board games, a design-centered approach that prioritizes adeo s(choices that necessitate striking a balance between two
usability and gameplay experience is important [133]. or more desirable but often competing criteria) for our game arti-

Research by Cunningham et 480] suggests that exploring the ¢4t prototype. HR monitoring typically requires simpler and less
advancements in biofeedback technology, especially within game jnirysive wearables compared to other physiological measures like
controllers, can inspire the development of novel game interaction electromyography (EMG) or electrodermal activity (ED&RY] 24.
techniques. This aligns with the ongoing pursuit of board game  Thjs is crucial in the context of board games, where the core experi-
designers who constantly seek innovative ways to engage play- ence revolves around physical interaction with the game piec.[
ers and create unique experiences. For instance, Huang and Lukyye want to avoid introducing overly complex biofeedback mecha-
[49] developecHeartbeat Jenga game that dynamically adjusts  nigms that could disrupt the physical play experience [113].

di culty based on real-time HR. When the player's HR increases, Direct game mechanics use real-time physiological data from

the platform holding the blocks shakes, and the room dims, mak- pjayers, such as HR. Biometric sensors or other monitoring devices
ing the game more challenging. More speci cally, studies have

exa_m_med how havmg a lOV_Ver HR allows players to make better IMia is a dice game for three or more players that relies on blu ng and detecting
decisions B7, 65. On a practical level, D'Souza et.dB2] explores blu s to win, similar to liar's dice or cheat.
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collect this data, and the game uses it to adjust elements like the en-
vironment or gameplay itself. Essentially, direct mechanics directly
measure emotions through physiological responses, in uencing the
game dynamically 3, 113. For instance, research by Kim and Doh
[57] explored techniques for detecting patterns of players' emo-
tional responses based on physiological data, allowing games to
tailor gameplay experiences accordingly. Indirect mechanics focus
on inferring player emotions without needing biometric sensors.

Instead, they analyze in-game actions, behaviours, and interactions.

This could involve studying player movements, decisions, gameplay
patterns, or other behavioural cues. By interpreting these cues, the
game indirectly estimates the player's emotional state and adapts
the environment accordingly [42, 116].

2.3 Design Challenge With Board Games

Board games pose distinct design hurdles due to their physical
tangible elements and focus on social interaction.

2.3.1 Why Only Heart Rate (HB)pard games are inherently so-
cial activities, often bringing people together for a shared expe-
rience. Building on existing research, HR data o ers valuable in-
sights into individual player engagement. However, incorporating
too many live biofeedback streams from multiple players could
become quite complex to analyze and process in real-tif)é. 13.
Employing HR allows us to explore the potential of biofeedback
integration in board games while maintaining a manageable data
set for our research goals.

2.3.2 Adapting Digital Biofeedback Board Game Mechahlite
both direct and indirect mechanics have been explored in digital
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games. We employ a Research through Design (RtD) apprasg®, [
which allows for continuous re ection and potential reframing of
the project's core situation and goals. This iterative process aligns
well with the nature of design, as it encourages us to not only under-
stand the present state of board games but also to actively explore
and design for future possibilities. Kultim@?2] argues for design
research frameworks in game studies to bridge the theory-practice
gap. Our approach echoes this, going beyond existing design prin-
ciples to explore and experiment with biofeedback mechanics and
experiences.

3.1 Research Phases

We recognize the dynamic nature of RtD methodologies, so we
structured this approach that divides the study into distinate-
search phasedhis clarity is complemented by a critical analysis of
theoretical outcomes 101, ensuring a robust connection between
our design exploration and its theoretical foundatio©34. The re-
search phases follow the structure of the double-diamond approach
as seen in Figure 1. The Double Diamond design procélssdes
two distinct phases: divergence and convergence. In the divergence
phase, we explore a broad range of possibilities through methods
like brainstorming and mind mapping. This fosters creativity and
allows for the generation of new ideas and solutions. Following
this exploration, the convergence phase focuses on re ning and
selecting the most promising solutions. Here, we rely on convergent
thinking to evaluate and choose the best option based on speci ¢
criteria.

Our research employs a cumulative approach across three phases
spanning 18 months (Jan 2023 July 2024). Research Phase 1 (RP1)

games to enhance player experience, translating these approachesfocused on board enthusiasts with game design experience, explor-
to physical board games presents unique challenges. Board gamesing their attitudes toward digital integration. Research Phase 2 (RP2)

lack the built-in interfaces and continuous player monitoring typi-
cally found in digital games. Additionally, the physical space and

social interaction aspects inherent to board games necessitate care-

ful consideration when integrating biofeedback mechanics. For
example, by adjusting the game's di culty dynamically with HR,
the game could become more challenging or introduce new obsta-
cles |49, or possible social interaction by creating shared moments
of tension or excitement among players [32].

2.3.3 Balancing Play in the Physical Spe¢eneed to consider the

balance between biofeedback integration and the core aspects of

physical board games. The introduction of biofeedback mechanics
should not detract from the physical interaction with game com-
ponents or disrupt the social dynamics of face-to-face play][

We explore how to seamlessly integrate biofeedback using HR into

the physical space of board games while preserving the core game-

play experience and social interaction that de nes board games. As
noted by Lara-Cabrera and Camacfa!], by integrating this tech-
nology, game designers could create innovatgeme mechanics
that rede ne player interaction with the game.

3 Study Overview

Our study received ethics approval by the Research Ethics Board
(REB) at the University of Waterloo (#44615). Our study investigates

involved HCI experts with experience in hybrid board games, using
participatory design workshops to re ne ideas through player feed-
back and visual mockups. This phase also developed HR mechanics
within board game dynamics. Research Phase 3 (RP3) combined
insights from the previous phases, bringing them to experts to
design the game and explore design trade-o s and strategic align-
ment. Each phase includes a distinct analysis, a description of the
design philosophies, and a critical re ection document, with the
rst author making nal design decisions.

In particular, RP1 explored the attitudes toward digital integra-
tion with enthusiast analog board game designers. These insights
guided RP2's participatory design workshops, which re ned ideas
via player feedback and visual mockups with experts in digital
integration with computer systems. RP2 then shaped HR mechan-
ics within board game dynamics. These insights informed RP3's
expert discussions, enabling design trade-o exploration and strate-
gic alignment by combining feedback from RP1 and RP2. These
re ections serve as a guide for progression to the next research
phase (Figure 2), ensuring that each phase builds on the ndings
and design implications of the previous one.

3.2 Positionality Statement
We acknowledge that our research could be biased based on our

the various perspectives of players, game designers, and game userposition as researchers. As this is an 18-month project, the rst

researchers regarding the integration of HR biofeedback in board

and last authors were involved in each of the research phases;
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Figure 2: An overview of the research phases for integrating heart rate mechanics into board game design, highlighting the
Discover, De ne, Develop, and Deliver stages and the corresponding activities, participants, and outcomes at each phase.

two additional research assistants joined for RP2, (ethics revisions
were made to include these additional assistants). Our research
team brings together expertise in game user research with unique
perspectives from the world of ne arts and public installations.
The rst, fourth, and last authors have backgrounds in design and
experience working with board game companies, which allows us
to consider the user experience not just through a research lens
but also with an understanding of game development's creative
and practical realities. The rst and last authors have worked with
biofeedback data; in addition, they specialize in HR measures.

The rst author is responsible for overseeing the design arti-
fact consideration; we acknowledge that this is a considerable bias
and can skew the nal design of our game artifact. These include
mediation or ideas from the participants that are currently not
feasible or within the design philosophy. For example, one partic-
ipant suggested that this idea could be a promising direction for
augmented reality (AR) design. We do think this could be part of
future opportunities or research avenues. The rst author is also re-
sponsible for programming the game system. We acknowledge the
power dynamics between researchers and participants and fostered
an inclusive environment where all voices were valued. Partici-
pants were encouraged to share ideas freely, ensuring no single
perspective dominated discussions.

All authors frequently play board games, both as a leisure activity

4 Research Phase 1 (RP1): Attitudes Towards
Digital Integration in Board Games

4.1 Methodology

The rst phase of this study (RP1) focuses on gathering initial data
on attitudes towards digital integration from board game design-
ers € = 10). These participants are primarily analog board game
designers, known for their frequent enjoyment of traditional, non-
digital board games. We deliberately chose this demographic for the
rst phase to gain insights into the perception of digital integration
from the perspective of players who primarily engage with non-
digital games. Additionally, all participants identify as avid board
game enthusiasts with a strong passion for playing. We conducted
interviews both o ine and online to accommodate remote partici-
pants. Interview questions explored how integrating physiological
indicators, interactive displays, and accurate measurement tech-
nologies can enhance immersion, social interaction, and strategic
complexity in social deception board games.

The focus of the interviews was on attitudes toward designing
innovative mechanics that leverage HR data, shared or individ-
ual displays, and spatial dynamics to heighten tension, deception,
and player engagement (see supplementary matetiad) semi-
structured interview (average 28:54 minutes) allowed us to collect
new exploratory data relevant to our design philosophy. At the

and as a means of understanding player experiences. This sharedend of the study, participants were given a thank-you letter and

engagement not only contributes to our critical perspective on game

design but also reinforces the value of board games as a medium

for social interaction and a healthy work-life balance.

2supplementary material is hosted on Open Science Framework: https://osf.io/vyurg/
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Table 1: This table presents demographic information in Research Phase 1.

2

Participant ID Gender 1 Game Design Experience Location Interview Time
BGEO1 Male 510 years Europe 20:30 minutes
BGEO02 Female 14 years North America  17:12 minutes
BGEO3 Female 510 years North America  21:44 minutes
BGE04 Male 14 years North America 21:04 minutes
BGEOQ5 Female 14 years North America  23:37 minutes
BGEO6 Male 510 years North America  28:23 minutes
BGEOQ7 Female 14 years Europe 32:53 minutes
BGEO08 Male 510 years North America  58:27 minutes
BGEO09 Female 14 years Europe 26:10 minutes
BGE10 Female 14 years Europe 39:02 minutes

1 Gender was self-reported.

Tuetal

2 Game design experience was self-reported and grouped into ranges for anonymity.

informed to contact the researchers if any information needed to one not sharing a side, then it feels like a power dynamic problem

be retracted before publication.

4.2 Analysis

The interview data was analyzed using a thematic analysis app-
roach [L7 in Dovetail®, where both hybrid tags were create@¢.
Using sticky notes, we categorized these tags (including selected
guotes to support each cluster) for card-sorting and identifying
players' initial perceptions of integrating HR as an analog game
mechanic. This process allowed us to uncover what analog board
game designers actually want, highlighting key pain points and
preferences that align with our primary research goals.

4.3 Design Philosophies

Design Philosophy 1 (DP1): Playing Space Design on Social
Interaction . Our ndings indicate that the physical layout of the
playing space in a social deception board game signi cantly impacts
social interaction, deception strategies, and social cues, including
potential physiological responses, as highlighted in previous re-
search by Newn and Klarkowsk84]. In larger open spaces, players
often struggle to notice subtle social cues, such as body language
and physiological changes. As one participant articulat¢glou

want to have enough space that each person has like a place on tﬁ€
table. And then you have the board in the middle. The board need$

needs to be reachable by every plagerBGEO6).

In these settings, players may shift their focus towards verbal
communication as a means to build trust or manipulate others. On
the other hand, in more con ned spaces, where players are in close
proximity, there is a heightened sense of intimacy, as one participant
noted, [l]ike it became very claustrophobic, became very cramped
All of us had a joint goal, but we all had singular godls BGE08). In
these settings, proximity can intensify social dynamics and power
imbalances. Another participant mentionedyhen you're the only

3Dovetail: https://dovetailapp.com/

( BGEO02), illustrating how spatial arrangements can in uence
players' perceptions of their roles within the game.

Design Philosophy 2 (DP2): Visual Display of Biometric
Data. Our participants suggest that e ectively representing data
in games is crucial for enhancing gameplay and player experiences.
The choice of display medium whether a large screen, mobile
phone, or wearable device can signi cantly in uence how players
interact with and interpret the data. For instance, BGEO5 sug-
gested a design whergt]lhe board game could come with a stand
that ts phones, and maybe then you can download an app on your
phone. You stand your phone up, facing away from you. And then
there are some wearable devices. | don't know, like a watch or a thing
that goes over your nger. | don't know how heart rate technology
works. Additionally, the visibility of this information whether it
is a shared experience where all players can see the metric, limited
to certain roles, or only visible to the individual player a ects how
data is perceived and used.

Design Philosophy 3 (DP3): Learning Curve and Applica-

n. Our ndings suggest that integrating HR can add a new layer
dynamism and engagement to social deception board games,
aligning with Fang et al[35]'s work. Participants recognized the
potential of HR to provide real-time information for assessing emo-
tional states, manipulating situations, and reacting more intuitively.
This continuous ow of physiological data minimizes downtime
between turns, keeping players actively engaged in interpreting
both explicit actions and implicit cues. However, BGEO5 raised a
concern, | don't know if that's an advantage or disadvantage, be-
cause if you're so focused on trying to control your own heart rate,
you might not be able to keep track of other people's heartTate
highlights the potential challenge of balancing self-regulation with
awareness of other players' physiological cues.
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Table 2: A summary of our design philosophy, associated with potential barriers and things to consider for Research Phase 2.

Design Philosophies Potential Barriers to Entry

Things To Consider For RP2

h Playing Space Design on Social Interaction Spacious Layouts v.s. Con ned Spaces

Playing Space Distance Between Each Player

h Visual Display of Biometric Data

Icons, Colour, and Numerical Displays

How To Understand Representation of Data

h Learning Curve and Application

Social and Deception Strategies Between Players Variability and Individual Di erences

In addition to these concerns, participants expressed apprehen-
sion about integrating HR into analog games. They noted the learn-
ing curve associated with adopting biofeedback mechanics, which
may deviate from traditional gameplay, potentially alienating long-
time board game enthusiasts. As BGE0O3 mentioned]t]he strat-

In the context of a board game, displaying biofeedback data
could bediegeti€ if it is shown within a game's attributes that all
players can see. We hypothesize the design shoulddrediegetit
as the biometric data can displayed on a separate screen or device
that only the player can see, thus not directly interacting with

egy wouldn't be like a one-game strategy, but it would change oveithe game world 86. This approach could ensure that the data is

the course of multiple gamesuggesting that players would need
time to adapt to these new mechanics.

Despite these challenges, participants emphasized that incorpo-
rating physiological responses could enhance the replayability of

social deception games. Each game session would become unique,

0 ering players opportunities to develop new strategies and hone
their ability to interpret physiological signals in conjunction with
traditional game mechanics. As BGEO1 explained[p]eople can

accessible without disrupting the game's narrative ow and can
lead to increased social interactions among players (DP3).

5 Research Phase 2 (RP2): Participatory Design
Workshops

5.1 Methodology
Our second research phase, a participatory design workshop (Phase

give fake news [and or] information easily. Also, people who are ac2), included a total of 20 participants across two workshops (see

cused, for example, are a good character in Abaiam check out

Table 3). In this phase, we aimed to 1) understand the ideal playing

[their heart] rate and change their behaviour according to the feed-environment for games incorporating HR, this could involve factors

back. This adaptability could lead to more dynamic interactions,
reinforcing engagement and adding depth to the overall gaming
experience.

4.4 Critical Re ection on Research Phase 1

Although these ndings may seem obvious to game design experts,
it remains important to con rm them with enthusiasts who design
analog board games as part of the RtD process. Validating these
design decisions ensures that our insights align with real-world
player experiences and preferences. For instance, gauging player
interest in biofeedback's ability to heighten emotional engagement
is crucial.

However, exploring how inaccurate readings might disrupt game-
play or social dynamics is equally importan®{]. In this phase,
we primarily focused on analog board game designer perceptions.
Thus, we hypothesize that equi-distant seating could improve play-
ers' ability to perceive social cues, fostering a more inclusive and
engaging environment (DP1) when digital elements are incorpo-
rated. This raises important questions about the best methods for
visualizing information in games: should we use numerical data,
icons, or colours (DP2)? While accurate metrics can help players
instinctively recognize changes, it's important to consider what
these changes actually mean; and perhaps their cognitive ability to
process information during gameplay [31, 33, 72].

4Avalonis a social deduction board game where players take on secret roles as loyal
servants of King Arthur or spies, using deception and deduction to secure victory for
their team.

like table size, the proximity of players, and potential distractions in
the surrounding area; 2) explore how players prefer to see HR infor-
mation during gameplay, including options like individual displays,
shared screens, or subtle visual cues integrated into game compo-
nents; and 3) better understand player preferences and potential
implementations, we asked participants to incorporate drawings or
mockups illustrating how HR might be integrated visually within
the board game setting.

The ndings from this phase provide valuable design implica-
tions for crafting a new game system that incorporates HR mechan-
ics. We chose HCl researchers for Phase 2 because of their expertise
in player-computer interaction{ workshop), and interactive sys-
tems ¢ workshop), along with their prior experience with hybrid
board games. Their skill in converting player insights into action-
able designs, coupled with their technological pro ciency, made
them perfect for thede ning anddevelopingtages of the double
diamond approach (Figure 1).

At the beginning of each workshop, the facilitator ( rst author)
asked the participants for verbal consent. After completing the
administrative duties, participants convened around a table with
writing utensils and a page from the workbook. The instructions
for the workshop included:

(1) How do you envision your playing space? (Please provide
multiple sketches)

5Diegetic Display: Ul elements that can be seen or heard by the character and t within
the story's context.

6Non-diegetic Display: Ul elements that exist outside of the game or story and that
only the player sees.
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