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Abstract. Many research testbeds are created with specific studies in mind, which
limits their use for cross-disciplinary research. This paper introduces MazeWorld,
an open-source, multiplayer Unity virtual environment application designed to
accommodate multiple research disciplines. In MazeWorld, three players take on
specific interdependent roles to solve a maze-based challenge and speak via an
audio channel. Features of the maze, the player avatars, and task difficulty can be
varied per the researcher’s goals. MazeWorld can be played using a virtual reality
headset, and players each use their own device. MazeWorld, a research testbed,
logs player behaviors and game states extensively.
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1 Introduction

Virtual testbeds are useful for creating ecological experiments that allow researchers to
balance naturalistic conditions with experimental control. They are especially flexible
for handling multiple players, which is key for research areas focused on teaming. One
promising research area ripe for utilizing virtual testbeds is the study of human-agent
teams. Virtual testbeds provide a platform where human players can seamlessly inter-
act with agents whose features may vary by autonomy, skill, etc. Tightly controlled
experimental settings allow experimenters to vary task difficulty and the context in
which teamwork occurs, and to simulate changes in team members’ states and avail-
able resources. We describe the development of a 3D multiplayer testbed designed for
cross-lab collaboration, its initial use of investigating human-agent teams (HAT), and
its potential secondary uses for researching cybersickness as an example case.
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Player2: Explorer
Player1: Collector

Fig. 1. MazeWorld 3.0. Three players collaborate in a series of interdependent tasks in a virtual
maze to collect coins.

1.1 Why Do We Need Another XR Testbed?

An extended reality (XR) research testbed differs from a simple virtual environment or
game in that it is specifically designed to facilitate extensive data collection. A research
testbed outputs time-stamped log files of complete user state (e.g., the user moved to
x1, y1, z1 and is looking at x2, y2, z2 and holding a basket) and the environment state
(e.g., there is 20% cloud cover, and 12 alligators are near) in such detail that the user’s
experience can be replayed from the log file. Logs typically include audio and text com-
munication as well. Ideally, a multiplayer research testbed allows for the measurement of
relational behavioral markers [56] like team trust or the average conversational distance,
not just counts of player actions. Some example research domains follow.

Researchers in social VR have explored social presence [44], communication [20],
and group dynamics [15]. However, much of the current work has focused on relatively
simple social exchanges or predesigned scenarios. A more flexible testbed could allow
the exploration of more complex and spontaneous interactions. A multiplayer XR testbed
can also be useful for studying the collaborative development of spatial skills [7, 23]
and the effects of competition vs cooperation on spatial task performance and spatial
knowledge [34]. Cybersickness has been widely studied [16, 53, 54, 62], but researchers
have focused on single-player VR environments. A multiplayer testbed could allow
exploration of how social dynamics affect cybersickness.

2 Background

2.1 Human-Agent Teaming

As Al agents (both virtual and embodied) become increasingly sophisticated and com-
mon, it is important to understand how humans and agents can work together as team-
mates [1, 2]. In human-agent teaming, also referred to as human-Al teaming or human-
autonomy teaming (all HAT), researchers are exploring how teamwork principles like
communication, collaboration, and trust apply to human-agent teams (HATs) [3, 4].
However, building virtual Al agents for research can be time-consuming, so flexible
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research testbeds can enable researchers to study HATs without needing to build a new
agent for every study. An ideal HAT testbed should allow researchers to manipulate
inputs as independent variables and to measure the mediators and outputs as dependent
variables. Some previous studies used testbeds that were designed specifically for HAT
studies [5, 6], while others repurposed existing applications to study HAT [7, 8]. Existing
applications have also been used to study HAT. The Strike Group Defender game [9],
TNO Trust Task [10], Predator-Prey game [11], and Blocks World for Teams (BW4T)
[7] have all been adapted for HAT by replacing a human player with an agent. Com-
mercially available video games like Overcooked 2 [8] are sometimes utilized for HAT
studies, sometimes using the Wizard of Oz method [12] to simulate an Al agent.

The studies cited above provided insights used to design the MazeWorld testbed.
Like other HAT testbeds, MazeWorld features interdependent roles that can be filled by
humans or agents, and the team must communicate and collaborate to complete the shared
goal. Additionally, MazeWorld uses a neutral task and environment that does not require
domain expertise. The inclusion of human-like avatars in Maze World enables researchers
to include embodied agents and study teamwork skills like non-verbal communication.
Finally, giving researchers greater control over the experimental task, environment, and
output variables supports a range of research on HAT interactions.

Non-verbal Communication and Embodiment. Non-verbal communication and
implicit coordination occur in all-human teams, particularly in constrained situations
where natural language is not possible, but they are less frequently studied in HAT's [13,
14]. Gestures [15], which include specific movements and shape of body parts, carry
specific meanings, support the understanding of speech content and can communicate a
team member’s intent without speaking. Analyzing the body movements of two or more
members provides further insights into their communication. The proximity between
individuals can be an index of their relationship [16—18]. Grahe and Bernieri [ 18] demon-
strated that observers could estimate rapport based on visual cues, including proximity.
Similarly, eye contact is another critical nonverbal cue, influencing, for example, the
level of trust or attraction [19]. When team members align their actions (often studied
in the extant literature as behavioral synchrony), teams communicate better which often
leads to enhanced team performance. Behavioral synchrony has been linked to increases
in feelings of group cohesion and social bonding [20, 21], and cooperative and prosocial
behaviors [20, 22]. Along with these positive outcomes, behavioral synchrony can also
produce negative effects such as a decrease in team creativity [23]. Due to its associations
with team performance, behavioral synchrony has often been used to index team states
such as listeners’ attitudes [24] and alignment of internal representations [25].

These topics cannot be addressed unless participants recognize their own body and
other members’ bodies and observe each other’s movements. Based on this requirement,
MazeWorld authors added humanoid avatars to allow researchers to investigate non-
verbal and body movement-related research questions. Ideally, eye contact and facial
expressions would be represented as well, perhaps in a future version.
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2.2 Cybersickness Research

As noted above, a multiplayer 3D XR environment presents an opportunity to advance
research on cybersickness in social settings. Multiplayer environments introduce new
variables, leading to research questions such as: How does the presence of other players
influence the onset and severity of cybersickness symptoms? How does first-person vs
third-person view of one’s avatar when interacting with others affect cybersickness?
How does quality of avatar eye contact affect cybersickness? How does the quality
and completeness of full body representation via avatar affect it? How do effects like
shared spaces, others’ avatar movements, and synchronized actions between player’s
impact cybersickness? Investigating these questions could provide valuable insights into
effective cybersickness mitigation strategies. Ideally, a research testbed like MazeWorld
could include affordances to answer these questions.

Cybersickness arises from sensory conflicts between the visual and vestibular sys-
tems [26] or issues in postural imbalance [27]. This conflict often results from technical
factors like latency [28], frame rates [29], and movement methods [30] in XR envi-
ronments, as well as individual differences in susceptibility and video game experience
[31]. A platform like MazeWorld could allow the adjustment of these variables.

The concept of presence, which is the psychological state in which users feel as
though they are truly within the virtual environment [32] is another important factor in XR
experiences. Studies suggest a negative relationship between presence and cybersickness
[33], and multiplayer interactions may further this relationship, but a limited number of
studies have been conducted thus far. A testbed like MazeWorld could allow researchers
to vary the parameters that affect presence.

Locomotion is another significant factor for cybersickness research, which controls
how the user navigates within the virtual environment, can also greatly affect cyber-
sickness and presence. Common movement methods in XR include teleportation [34],
smooth locomotion via joystick or controller input [35], and natural walking, where users
physically walk within a limited tracked space [24]. MazeWorld enables modular switch-
ing of locomotion methods, allowing for studies on their effects on both cybersickness
and presence.

3 MazeWorld

There have been three versions of MazeWorld. The idea of MazeWorld began in a
vertically integrated project [36] in 2019 led by authors Dorneich and Gilbert at Iowa
State University as they sought a reasonable platform for researching human-agent team
dynamics in small groups [37]. The initial intention was to develop a platform with
adjustable parameters to allow for the evaluation of specific elements such as team
structure, communication, leadership, and mutual trust [38]. Author Segal developed
MazeWorld 1.0 in Unity with inputs from the team, and a first study was run [38],
demonstrating its feasibility as a research platform.

Three to four non-co-located participants navigated a maze of interconnected rooms
and collected coins within a specified time limit. The three player roles included: 1) the
Explorer opened doors, 2) one or two Collector(s) collected coins that counted towards
the team’s score, and 3) the Tactical had a bird’s eye view to assist with teammates’
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navigation. Participants used a mouse and keyboard to control their characters, displayed
as cylinders. Text chat offered communication.

An initial study was conducted using MazeWorld 1.0 [38]. Three metrics were used
to evaluate team performance: team task ability, efficiency, and team workload. Results
highlighted the need for increased task interdependence, as the factor that most affected
performance was familiarity with the environment rather than any form of teamwork.

In 2023, authors Deal, Lovig, Newendorp, and Shah Abadi at Iowa State University
began an “interaction metrics” class project [39] on MazeWorld, analyzing the team
dynamics and recommending improvements in the game rules to promote player role
interdependency and refine the task difficulty. Author Segal had moved to Cornell Uni-
versity to work with author Won, where he created MazeWorld 2.0 based on feedback
from stakeholders at both Iowa State University and Cornell. Version 2.0 added a more
traditional maze, similar to the one shown for v3.0, and added further independencies
in the task roles to promote tighter teamwork. The authors in the class project evaluated
MazeWorld 2.0, which generated pilot results used as input to the creation of v3.0.
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Fig. 2. Role selection room in MazeWorld 3.0.

In 2024, authors Matsumuro, Sharma, and other students at Cornell (guided by
authors Won and Lauharatanahirun with colleague McLeod) created MazeWorld 3.0
(Fig. 2) based on additional requirements for collaborative research studies across lowa
State University, Cornell University, and Penn State University. There were three major
changes for MazeWorld 3.0. First, it was implemented in an immersive VR environment,
where players control humanoid avatars, which allows them to communicate using ges-
tures and other body movements. Second, we added further role-specific interdependent
tasks, where team members were required to frequently communicate by spoken voice
to successfully achieve team goals. Another change included the capability to adjust
the difficulty of each player’s task. Finally, MazeWorld 3.0 provides players with two
additional locomotion methods: joystick input and teleportation. This added locomo-
tion capability allows researchers to assess the effects of locomotion movements on
cybersickness [40].
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3.1 More Independent Task Roles

MazeWorld 3.0 expanded on the original testbed by increasing the amount of role inter-
dependency. In the updated version, each role must support and be supported by both
other roles. This was accomplished by several changes to the game play, including differ-
ent coin types and a limited-capacity battery pack for the Explorer that is drained by coin
activation. Another addition was a “fog of war” effect, which makes undiscovered areas
unpredictable. In MazeWorld 1.0, there were only one-way interdependencies, while in
MazeWorld 3.0, there are bi-directional interdependencies among all three team roles
(Fig. 3).
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Activated Coins
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Fig. 3. Interdependency of roles in MazeWorld 3.0 [41].

3.2 Immersive VR/Embodiment

One of the biggest advantages of using a VR environment is the ease of recording players’
body movements. MazeWorld 3.0 has a log function that records the global coordinates
and rotations of an avatar and the local coordinates and rotations of a specified avatar’s
body parts. Other actions and events during a task like activating a coin and dropping
a battery are recorded in the same file. Therefore, event-related body movements are
easily detected and analyzed.

Players’ heads and both hands’ movements are collected from their head-mounted
displays (HMDs) and hand-held controllers and reflected in real-time on a humanoid
avatar (Fig. 2). Participants can observe their avatar from the first-person perspective,
enhancing the sense of presence within MazeWorld. The three-point body tracking allows
the players to communicate using their head and hand movements, such as waving their
hands to each other when they meet and nodding their heads to show their agreement
with another player. These naturalistic behaviors allow for non-verbal communication
and the subjective sense of copresence between teammates.
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3.3 Locomotion Ul

Three primary movement methods are functional in MazeWorld. First, players can nav-
igate the maze using their physical walking movements. This method of locomotion
is the most intuitive and immersive because the physical body position and the avatar
position are perfectly concordant [40]. However, a space as vast as the maze is required.
The second method involved joystick-based navigation, which controls both movement
and rotation and provides precise control over both the avatar’s speed and direction. The
third method, teleportation, is provided to mitigate cybersickness.

3.4 MazeWorld 3.0 Example Session

A session of MazeWorld is conducted with three players each wearing virtual reality
HMDs. A session begins with players loading into the program’s lobby. Inside the role
selection room (Fig. 2), the players select one of three roles (Explorer, Collector, Tactical)
and can review tutorial information for their selected role. After all players select their
roles, the doors to the maze open and the players have a set amount of time to collect as
many coins as possible.

At the beginning of a session, the Explorer and Collector players enter the maze.
The Tactical player moves to a special room (Fig. 1, right) and directs the Explorer to
the activatable coins in the maze. The Collector player must collect coins in a specific
order. They communicate which coin is next in the collection order (e.g., “We need to
collect a triangle next.””) The Tactical player then either finds a triangle coin on the map
and directs the Collector to it or asks the Explorer player to activate more coins until
a triangle is found. As the Collector acquires more coins, they slow down and become
encumbered, incentivizing them to return to the starting area to deposit coins.

The session continues, with the Tactical player directing the Explorer to activate
coins, the Collector communicating what coins they need to collect next, and then having
the Tactical player direct them to that coin. The session ends when time runs out, and
players are returned to the MazeWorld lobby where they can select a different role. One
round of MazeWorld, including time spent in the lobby selecting rolls and reviewing
instructions, takes about 15 min.

4 Limitations

While many of the initial goals of MazeWorld have been achieved, there are still limita-
tions. There are three main aspects from the original MazeWorld 1.0 discussions that are
not yet included within the project: fully functional agents, task separation, and focused
parameterization. While MazeWorld is designed to allow modular integration of soft-
ware agent players, it has not yet been tried. Also, the creation of interconnected tasks
where all participants rely on each other but still function to a high degree of autonomy is
quite complex. Various cooperative video games such as Overcooked2 and KeyWe have
tasks that require turn-taking or simultaneous collaboration, for example [42]. Currently
in MazeWorld the Explorer and Collector roles are tightly connected and usually func-
tion more as one role instead of separately. The enhancements from MazeWorld 2.0 to
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3.0 attempted to address this limitation but the connectedness of these two roles persists
to some degree. Lastly, MazeWorld has limited customization of teaming parameters
such as controlled randomness, variable tasks, and predefined parameters validated to
produce desired effects.

5 Discussion of Future Research

There is a long tradition of researchers in virtual reality sharing knowledge on developing
virtual environments or sharing templates for environments with the aim of standardizing
virtual reality research [43]. The recent NSF-funded project VERA (the Virtual Expe-
rience Research Accelerator) aspires to facilitate cross-lab collaboration. The authors
intend MazeWorld to be a tool that could fit within VERA, allowing modular configura-
tion options to enable multiple labs to run different studies, e.g., some with immersive
VR, and some with desktop VR.

One future research direction is creating Al agents with the ability to learn adap-
tive communications that can be probed using multi-agent reinforcement learning [44].
MazeWorld 3.0 can be viewed as a fully cooperative sender-receiver game in which there
is a sender (the Tactical) and two receivers (the Explorer and the Collector), and players
transfer information to reach their common goal.

Additionally, one can use MazeWorld as a testbed to validate an agent-based simu-
lation model of a cooperative game similar in mechanics to MazeWorld. If validated, the
simulated model could be used to generate teamwork data without any human players.
This approach would allow for faster, more automated data collection, which is valuable
when experimenting with a range of variable combinations.

6 Conclusion

In this paper, MazeWorld, an expanded virtual testbed focused on studying human-agent
teaming was presented. Following a successful first version, the testbed was expanded
to include two-way interdependency among all roles, user embodiment capabilities,
and various types of locomotion. This work enables collaboration with a fully open-
source program that allows for research avenues outside of those presented in this
paper, providing a synergistic way to identify knowledge gains for the greater scientific
community.

Acknowledgments. The authors wish to thank Elizabeth Cavanah, Jenny Chen, Yvonne Farah,
Zachary Ford, Rick Francis, Angelica Jasper, Krisha Jivani, Kaylah Nicholson, Ryan Robles,
Joseph Rozell, Mingyi Shao, Jacklin Stonewall, Emily Vo, Fuyu Wang, Yuqing Wu, and Xiaohan
Zhou for their participation in early MazeWorld contributions. Thank you to Ryan McCurnin for
bug identification and video production. Finally, thank you to Poppy McLeod for an overall paper
review. This project was funded in part by the Game2Work research program as part of the Iowa
State University Presidential Interdisciplinary Research Initiative. This project was supported in
part by the U.S. Office of Naval Research grant NO0014-23-1-2420.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.



MazeWorld: A Multiplayer 3D Research Testbed 317

References

13.

14.

15.

16.

. Steinberg, M.: Toward system theoretical foundations for human—autonomy teams. In: Law-

less, W.E,, Mittu, R., Sofge, D.A., Shortell, T., McDermott, T.A. (eds.) Systems Engineering
and Artificial Intelligence, pp. 77-92. Springer, Cham (2021). https://doi.org/10.1007/978-3-
030-77283-3_5

. Cooke, N.J., Lawless, W.F.: Effective human-artificial intelligence teaming. In: W. F. Lawless,

R. Mittu, D. A. Sofge, T. Shortell, McDermott, T.A. (eds.) Systems Engineering and Artifi-
cial Intelligence, pp. 61-75. Springer, Cham (2021). https://doi.org/10.1007/978-3-030-772
83-3_4

. Goldin-Meadow, S.: The role of gesture in communication and thinking. Trends Cogn. Sci.

3(11), 419-429 (1999). https://doi.org/10.1016/S1364-6613(99)01397-2

. Hall, E.T.: The Hidden Dimension. Knopf Doubleday Publishing Group (1990). https://books.

google.com/books?id=zGYPwLj2dCoC

. Miller, M.R., DeVeaux, C., Han, E., Ram, N., Bailenson, J.N.: A large-scale study of prox-

emics and gaze in groups. In: 2023 IEEE Conference Virtual Reality and 3D User Interfaces
(VR), pp. 409-417 (2023). https://doi.org/10.1109/VR55154.2023.00056

. Grahe, J.E., Bernieri, F.J.: The importance of nonverbal cues in Judging Rapport. J. Nonverbal

Behav. 23(4), 253-269 (1999). https://doi.org/10.1023/A:1021698725361

. Bohannon, L.S., Herbert, A.M., Pelz, J.B., Rantanen, E.M.: Eye contact and video-mediated

communication: a review. Displays 34(2), 177-185 (2013). https://doi.org/10.1016/j.displa.
2012.10.009

. Reddish, P, Fischer, R., Bulbulia, J.: Let’s dance together: synchrony, shared intentionality

and cooperation. PLoS ONE 8, 71182 (2013). https://doi.org/10.1371/journal.pone.0071182

. Mogan, R., Fischer, R., Bulbulia, J.A.: To be in synchrony or not? A meta-analysis of syn-

chrony’s effects on behavior, perception, cognition and affect. J. Exp. Soc. Psychol. 72, 13-20
(2017). https://doi.org/10.1016/j.jesp.2017.03.009

. Jackson, J.C., et al.: Synchrony and physiological arousal increase cohesion and cooperation

in large naturalistic groups. Sci. Rep. 8(1), 127 (2018). https://doi.org/10.1038/s41598-017-
18023-4

. Mogan, R., Bulbulia, J., Fischer, R.: Joint action enhances cohesion and positive affect, but

suppresses aspects of creativity when combined with shared goals. Front. Psychol. 9 (2019).
https://doi.org/10.3389/fpsyg.2018.02790

. Franzluebbers, A., Johnsen, K.: Versatile mixed-method locomotion under free-hand and

controller-based virtual reality interfaces. In: Proceedings of the 29th ACM Symposium on
Virtual Reality Software and Technology, in VRST °23, New York, NY, USA. Association
for Computing Machinery (2023). https://doi.org/10.1145/3611659.3615701

Wood, E.A., etal.: Creating a shared musical interpretation: changes in coordination dynamics
while learning unfamiliar music together. Ann. N. Y. Acad. Sci. 1516(1), 106-113 (2022).
https://doi.org/10.1111/nyas.14858

Benelli, A., et al.: Frequency-dependent reduction of cybersickness in virtual reality by tran-
scranial oscillatory stimulation of the vestibular cortex. Neurotherapeutics 20(6), 1796-1807
(2023). https://doi.org/10.1007/s13311-023-01437-6

Curry, C., Peterson, N., Li, R., Stoffregen, T.A.: Postural precursors of motion sickness in
head-mounted displays: drivers and passengers, women and men. Ergonomics 63(12), 1502—
1511 (2020). https://doi.org/10.1080/00140139.2020.1808713

Palmisano, S., Stephenson, L., Davies, R.G., Kim, J., Allison, R.S.: Testing the ‘differences
in virtual and physical head pose’ and ‘subjective vertical conflict’ accounts of cybersickness.
Virtual Real 28(1), 22 (2024). https://doi.org/10.1007/s10055-023-00909-6


https://doi.org/10.1007/978-3-030-77283-3_5
https://doi.org/10.1007/978-3-030-77283-3_5
https://doi.org/10.1007/978-3-030-77283-3_4
https://doi.org/10.1007/978-3-030-77283-3_4
https://doi.org/10.1016/S1364-6613(99)01397-2
https://books.google.com/books%3Fid%3DzGYPwLj2dCoC
https://books.google.com/books%3Fid%3DzGYPwLj2dCoC
https://doi.org/10.1109/VR55154.2023.00056
https://doi.org/10.1023/A:1021698725361
https://doi.org/10.1016/j.displa.2012.10.009
https://doi.org/10.1016/j.displa.2012.10.009
https://doi.org/10.1371/journal.pone.0071182
https://doi.org/10.1016/j.jesp.2017.03.009
https://doi.org/10.1038/s41598-017-18023-4
https://doi.org/10.1038/s41598-017-18023-4
https://doi.org/10.3389/fpsyg.2018.02790
https://doi.org/10.1145/3611659.3615701
https://doi.org/10.1111/nyas.14858
https://doi.org/10.1007/s13311-023-01437-6
https://doi.org/10.1080/00140139.2020.1808713
https://doi.org/10.1007/s10055-023-00909-6

318

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

S. J. Fieffer et al.

Odeleye, B., Loukas, G., Heartfield, R., Spyridonis, F.: Detecting framerate-oriented cyber-
attacks on user experience in virtual reality (2021)

Uyan, U., Celikcan, U.: CDMS: a real-time system for EEG-guided cybersickness mitigation
through adaptive adjustment of VR content factors. Displays 83, 102704 (2024). https://doi.
org/10.1016/j.displa.2024.102704

Jasper, A., Sepich, N.C., Gilbert, S.B., Kelly, J.W., Dorneich, M.C.: Predicting cybersickness
using individual and task characteristics. Comput. Hum. Behav. 146, 107800 (2023). https://
doi.org/10.1016/j.chb.2023.107800

Sra, M.: Enhancing the sense of presence in virtual reality. IEEE Comput. Graph. Appl.
43(04), 90-96 (2023). https://doi.org/10.1109/MCG.2023.3252182

Weech, S., Kenny, S., Barnett-Cowan, M.: Presence and cybersickness in virtual reality are
negatively related: a review. Front. Psychol. 10 (2019). https://doi.org/10.3389/fpsyg.2019.
00158

Bhandari, J., MacNeilage, P., Folmer, E.: Teleportation without spatial disorientation using
optical flow cues. In: Proceedings of the 44th Graphics Interface Conference, in GI ’18.
Waterloo, CAN: Canadian Human-Computer Communications Society, pp. 162—-167 (2018).
https://doi.org/10.20380/GI12018.22

Sin, Z.P.T., Jia, Y., Li, R.C., Leong, H.V., Li, Q., Ng, PH.E.: Illumotion: an optical-illusion-
based VR locomotion technique for long-distance 3D movement. In: Proceedings - 2024
IEEE Conference on Virtual Reality and 3D User Interfaces, VR 2024, Institute of Electrical
and Electronics Engineers Inc. (2024). https://doi.org/10.1109/VR58804.2024.00111
Strachan, S.M., Marshall, S., Murray, P., Coyle, E.J., Sonnenberg-Klein, J.: Using Vertically
Integrated Projects to embed research-based education for sustainable development in under-
graduate curricula. Int. J. Sustain. High. Educ. 20(8), 1313-1328 (2019). https://doi.org/10.
1108/1JSHE-10-2018-0198/FULL/PDF

Cavanah, E., Ford, Z., Jasper, A., Stonewall, J., Gilbert, S.B., Dorneich, M.: Creating met-
rics for human-agent teams. In: Proceedings of the Human Factors and Ergonomics Society
Annual Meeting, vol. 64, no. 1 (2020). https://doi.org/10.1177/1071181320641079

Francis, R.F,, Segal, J., Farah, Y., Rozell, J., Dorneich, M.C., Gilbert, S.: MazeWorld: a game-
based environment developed to assess teaming behaviors. Proc. HFES 66(1), 65-69 (2022).
https://doi.org/10.1177/1071181322661180

Gilbert, S.B.: Interaction metrics projects for human computer interaction. Interact. Metrics
Proj. Hum. Comput. Interact. (2023). https://doi.org/10.1145/3554913

Kelly, J.W., Gilbert, S.B.: The effectiveness of locomotion interfaces depends on self-motion
cues, environmental cues, and the individual. In: 2021 IEEE Conference on Virtual Reality
and 3D User Interfaces Abstracts and Workshops (VRW), pp. 391-392 (2021). https://doi.
org/10.1109/VRW52623.2021.00082

Fieffer, S.J., Newendorp, A.K., Deal, A.B., Shah Abadi, G., Dorneich, M.C., Gilbert, S.B.:
MazeWorld: a multiplayer 3D research testbed for cybersickness. In: 2025 IEEE Conference
on Virtual Reality and 3D User Interfaces Abstracts and Workshops (VRW), Saint Malo,
France, pp. 824-829 (2025). https://doi.org/10.1109/VRW66409.2025.00168

Farah, Y.A., Banuelos-Moriel, A., Dorneich, M.C.: Evaluating the consistency of cooperative
video games in inducing teamwork behaviors. Proc. HFES 67(1), 104-110 (2023). https://
doi.org/10.1177/21695067231196239

Spanlang, B., et al.: How to build an embodiment lab: achieving body representation illusions
in virtual reality. Front. Robot AI 1 (2014). https://doi.org/10.3389/frobt.2014.00009
Kaji’c, LK., Aygiin, E., Aygiin, A., Precup, D.: Learning to cooperate: emergent communi-
cation in multi-agent navigation. In: Proceedings of the Annual Meeting of the Cognitive
Science Society, vol. 42, no. 0 (2020)


https://doi.org/10.1016/j.displa.2024.102704
https://doi.org/10.1016/j.displa.2024.102704
https://doi.org/10.1016/j.chb.2023.107800
https://doi.org/10.1016/j.chb.2023.107800
https://doi.org/10.1109/MCG.2023.3252182
https://doi.org/10.3389/fpsyg.2019.00158
https://doi.org/10.3389/fpsyg.2019.00158
https://doi.org/10.20380/GI2018.22
https://doi.org/10.1109/VR58804.2024.00111
https://doi.org/10.1108/IJSHE-10-2018-0198/FULL/PDF
https://doi.org/10.1108/IJSHE-10-2018-0198/FULL/PDF
https://doi.org/10.1177/1071181320641079
https://doi.org/10.1177/1071181322661180
https://doi.org/10.1145/3554913
https://doi.org/10.1109/VRW52623.2021.00082
https://doi.org/10.1109/VRW52623.2021.00082
https://doi.org/10.1109/VRW66409.2025.00168
https://doi.org/10.1177/21695067231196239
https://doi.org/10.1177/21695067231196239
https://doi.org/10.3389/frobt.2014.00009

	MazeWorld: A Multiplayer 3D Research Testbed for Human Teaming, AI Agent Integration, and Multiple XR Disciplines
	1 Introduction
	1.1 Why Do We Need Another XR Testbed?

	2 Background
	2.1 Human-Agent Teaming
	2.2 Cybersickness Research

	3 MazeWorld
	3.1 More Independent Task Roles
	3.2 Immersive VR/Embodiment
	3.3 Locomotion UI
	3.4 MazeWorld 3.0 Example Session

	4 Limitations
	5 Discussion of Future Research
	6 Conclusion
	References


