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Figure 1: (a) The Multiplayer Space Invaders game is a platform where two players aim to earn points by eliminating as many
enemies as possible. A third player, in a supporting role, is responsible for evenly or unevenly distributing assistance between
the two main players. (b) An example of a possible experiment where one player receives a disproportionate level of assistance
from the supporting player over time. (c) Two possible configurations involving multiple robots or humans that could influence

fairness judgments.

ABSTRACT

Current methods of measuring fairness in human-robot interaction
(HRI) research often gauge perceptions of fairness at the conclu-
sion of a task. However, this methodology overlooks the dynamic
nature of fairness perceptions, which may shift and evolve as a
task progresses. To help address this gap, we introduce a platform
designed to help investigate the evolution of fairness over time:
the Multiplayer Space Invaders game. This three-player game is
structured such that two players work to eliminate as many of their
own enemies as possible while a third player makes decisions about
which player to support throughout the game. In this paper, we
discuss different potential experimental designs facilitated by this
platform. A key aspect of these designs is the inclusion of a robot
that operates the supporting ship and must make multiple deci-
sions about which player to aid throughout a task. We discuss how
capturing fairness perceptions at different points in the game could
give us deeper insights into how perceptions of fairness fluctuate
in response to different variables and decisions made in the game.
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1 INTRODUCTION

The increased use of robots across various domains, such as hospi-
tals and schools, raises questions about how robots should handle
situations in which fairness considerations are necessary. Consider
a robotic teacher in a classroom. What would happen if the robotic
teacher focused a disproportionate amount of attention on a few stu-
dents? What effects would that have on the way the students both
perform and behave with one another? What is the best strategy
for the robot to fairly distribute support to the students?
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These considerations highlight the fundamental role of fairness
in settings where humans interact and collaborate with one another.
When individuals perceive unfair treatment, their reactions can be
intense and sometimes irrational [17]. This includes going far as
making decisions that go against their own rational self-interest
[2]. More recent work has highlighted how even unfair distribution
decisions from Al algorithms can trigger fairness judgments leading
to strong responses from humans [6]. Taken together, these works
emphasize human sensitivity to the allocation of resources, partic-
ularly in relation to others. This extends even when the allocation
decisions are made by Al systems.

Yet, fairness remains underexplored in HRI. This can be at-
tributed to the lack of viable tools to study fairness. The various
decision-making scenarios encountered by robots, each governed
by its unique set of rules and interpretations of fairness [11], fur-
ther complicates the development of such tools. Take, for instance,
the scenario involving a robotic teacher. In situations where the
robot allocates more resources to students who require additional
help to reach the same level as their peers, this unequal resource
distribution might be considered fair. Conversely, if the robot favors
students who do not need extra assistance, its actions could be per-
ceived as unfair. In order to recreate and investigate such scenarios,
researchers often resort to using vignettes [3] and online simula-
tions [10] to gauge human judgments of perceived unfair actions by
robots. However, these methods capture the fairness judgments of
humans only at the end of an interaction, overlooking the nuanced
and dynamic nature of fairness perceptions that evolve over time
[9, 15]. This limitation highlights the need for more sophisticated
tools that can capture the finer details of how perceptions of fairness
change throughout the course of an interaction with robots.

In this work, we present a new tool for exploring fairness in HRI.
The Multiplayer Space Invaders game is a platform where two main
players focus on obtaining the highest score while a third player
focuses on supporting the main players. This dynamic mirrors real-
world situations where a robot must balance its assistance among
multiple participants in a given task. We envision this platform
being used to expand our understanding of fairness by allowing re-
searchers to expose people to different contexts where resources are
distributed unequally. This game requires the supporting player to
continuously make decisions about which player to assist through-
out the course of the task. Tracking how unfair humans judge the
decisions of the support player to be allows us to explore fairness
not as a static concept but as a dynamic one that changes over time.
We believe that this tool will significantly enhance our understand-
ing of fairness in HRI, providing researchers with the means to
create and study a variety of contexts and interactions.

2 FAIRNESS IN HRI

People deeply care how they are treated in relation to others in
similar situations [1]. With robots increasingly in situations where
they will have to make decisions about the distribution of resources,
questions have been raised on how humans will judge a robot’s
decisions [4]. This is especially relevant in multi-party settings
such as hospitals, schools, and manufacturing floors, where robots
must decide on the distribution of both tangible resources like tools
and intangible resources like attention or gaze. Adhering to human
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standards of fairness is crucial in these contexts, as deviations can
have negative social repercussions [16]. For instance, how a robot
allocates resources among group members can profoundly affect
their sense of inclusion and participation. Research by Mutlu et
al. has highlighted that unequal visual attention from a robot can
induce feelings of exclusion in group members [20]. Similarly, Jung
et al. demonstrated that unequal resource distribution can lead to
interpersonal tensions within a group [16]. These studies indicate
that fairness violations by robots not only influence human percep-
tions of the robots but also significantly impact the dynamics of
human interactions. Furthermore, these results suggest that robots
violating fairness norms shape not only the way people perceive
the robot [10] but also how they interact with one another [16].

2.1 Tools for Investigating Fairness in HRI

In order to explore fairness in HRI, researchers have drawn tools
from fields such as psychology and have repurposed well-known
video games. Some HRI researchers have leveraged variations of
established economic games [13, 14, 21, 22, 24], such as the pris-
oner’s dilemma [5] and the ultimatum game [23], to negotiate the
distribution of a reward between a human and a robot. Others have
used video vignettes of robots committing unexpected behaviors
to expose participants to unique scenarios where a robot’s behav-
ior can be perceived as unfair [3]. More recently, the use of video
games, such as Tetris, has been shown as a viable way to study
fairness perceptions within multi-human groups[10].

However, across all of these works, fairness judgments of a ro-
bot’s actions are captured at the conclusion of the interaction with a
robot. This method of measuring fairness ignores the work in orga-
nizational psychology which highlights that a person’s perceptions
of fairness evolve as they gain more information about the context
in which they find themselves [15]. Motivated by prior work in
HRI on dynamic trust [9, 12], we argue that in order to gain a more
nuanced understanding of these evolving perceptions, it is crucial
to design experiments that involve multiple decision-making points.
By doing so, researchers can observe and measure how participants’
views on fairness change throughout the interaction with the robot.
This approach can offer a more detailed and accurate picture of
fairness in HRI, reflecting the continuous and evolving nature of
human perceptions in response to a robot’s decisions.

3 THE MULTIPLAYER SPACE INVADERS
GAME

We introduce the Multiplayer Space Invaders (Fig. 1a) game as
a viable platform to explore how fairness perceptions evolve in
a multi-party setting. This game extends the well-known single-
player Space Invaders game, which has a rich history in psychology
[19] and HRI [7, 8, 18], to a multiplayer setting, which can be either
collaborative or competitive. Developed using the Phaser game
framework, which is based on HTMLS5, our game is designed to
run seamlessly in a web browser. Our game involves three players,
and each player commands an individual spaceship differentiated
by color. The adversaries in the game are represented as alien
spaceships and organized into two distinct clusters on the display.
The alien adversaries were programmed to reappear after being
eliminated, so enemies could be destroyed continuously until the
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game ended. Two players (red and green spaceships) are tasked with
eliminating as many enemies on their respective sides as possible. A
third player (white spaceship) can support one of the two players by
moving to help eliminate the cluster of enemies on the left or right
side. Importantly, we have designed the game to be compatible with
robotic integration. Leveraging the Robot Operating System (ROS),
we can easily incorporate a physical robot participating as a player
in the game. This feature allows for real-time interaction between
a human and a robot player, responding to events within the game.
This integration not only enhances the gaming experience but also
provides a rich environment for studying dynamic human-robot
interactions and fairness perceptions.

4 FUTURE RESEARCH DIRECTIONS

We envision the Multiplayer Space Invaders platform being used for
investigating various questions around the social impact of a robot’s
resource distribution decisions. One of the primary features that
sets this tool apart in fairness research is its provision of multiple
decision points. Here, the player in the supportive role (controlling
the white ship) must continually decide how to allocate support
between the other players. By having participants continuously
report their fairness judgments towards the support player’s dis-
tribution of assistance, we can get a clearer understanding of how
fairness perceptions can evolve. To facilitate this exploration, we
can have a robot control the white ship, with two human partic-
ipants as players 1 and 2. We can envision simple experimental
designs where the robot disproportionately allocates its support
towards one player (Fig 1b), as in [16]. We can also envision more
complex designs where a robot supports the player who is in need
of the most support.

The Multiplayer Space Invaders game also provides a new plat-
form where researchers can evaluate various algorithms that aim
to capture fairness in a robot’s decision-making. This game extends
the groundwork laid by prior work, such as the study by Claure et
al.[10], which demonstrated the effectiveness of using games as a
tool for assessing fair algorithms for HRI. Having such a platform
makes it easier to compare the effects of different algorithms aimed
at including factors such as fairness into a robot’s decisions and
capture how humans respond to the robot’s actions.

Furthermore, this setup allows for future experiments where we
examine the different variables that shape fairness perceptions. For
instance, we can examine fairness perceptions in different contexts,
such as competitive versus cooperative gaming environments. It is
plausible that the context of the interaction — whether players are
competing against each other or collaborating - could significantly
influence how fairness is perceived with regards to the robot’s
actions. Moreover, by varying the configuration of the agents and
the nature of their interaction (Fig 1c), we can uncover how different
scenarios impact perceptions of fairness. This approach not only
enables us to track fairness perceptions over time but also allows us
to measure various performance metrics within the game. Finally,
the Multiplayer Space Invaders Game provides a platform where we
can investigate how different verbal and nonverbal behaviors from
a robot will affect how fairness judgments are formed. If a robot
demonstrates more transparency in situations where it acts unfairly,
we can hypothesize that this would impact how humans judge
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the robot’s actions. Consequently, this provides us with valuable
insights into how perceptions of fair or unfair treatment by a robot
can affect human performance and behavior in a game setting.

5 CONCLUSION

In this paper, we introduce the Multiplayer Space Invaders game
as a platform for capturing fairness perceptions over time in HRI
contexts. The platform is a three-player game where two players
work to eliminate enemy spaceships while a third support player
is charged with distributing its support to the two other players.
This recreates the well-observed scenario in multi-party HRI con-
texts involving a robot that must allocate resources across humans
[16, 20]. Using this game, researchers can explore how perceptions
of fairness evolve over time from the perspective of the player who
is benefiting from the support and from the player who suffers
from the lack of support. Additionally, this platform can be used
to answer questions about the social consequences of a robot dis-
proportionately distributing its support towards one player. We
hope this platform enables research that facilitates more intentional
decision-making about resource allocation, considering dynamic
perceptions of fairness.
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