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Figure 1: 3D interaction techniques proposed in the paper: (A1-A3) FLOW-MATCH, an enhancement to the HOMER technique
using a cone volume for initial object selection to improve selection efficiency; (B1-B3) RAWR-XD, an enhancement to the Fishing
Reel technique allowing variable translation speed based on the non-selecting wrist tilt for a selected object along a ray-cast.

ABSTRACT

This paper presents our solution to the 2025 3DUI Contest chal-
lenge. We aimed to develop a collaborative, immersive experi-
ence that raises awareness about trash pollution in natural land-
scapes while enhancing traditional interaction techniques in virtual
environments. To achieve these objectives, we created an engag-
ing multiplayer game where one user collects harmful pollutants
while the other user provides medication to impacted wildlife us-
ing enhancements to traditional interaction techniques: HOMER
and Fishing Reel. We enhanced HOMER to use a cone volume to
reduce the precise aiming required by a selection raycast to pro-
vide a more efficient means to collect pollutants at large distances,
coined as FLOW-MATCH. To improve the animal feed distribu-
tion to wildlife far away from the user with Fishing Reel, we created
RAWR-XD, an asymmetric bi-manual technique to more conve-
niently adjust the reeling speed using the non-selecting wrist rota-
tion of the user.

Index Terms: Human-centered computing—Human com-
puter interaction (HCI)—Interaction paradigms—Virtual real-
ity; Human-centered computing—Human computer interaction
(HCI)—Interaction techniques
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1 INTRODUCTION

The careless disposal of waste and throwaway culture has signifi-
cantly impacted native wildlife populations in recent years [6]. Al-
though policies have been established to mitigate the severity of
the waste produced and to punish improper disposal, concerns on
a global scale have only continued to grow. To highlight the im-
portance of preserving our natural environment and showcase the
power of collaboration in building a cleaner Earth, we created an
immersive virtual reality experience. In this gamified experience,
two players work together to collect pollutants and heal neighbor-
ing wildlife in a future environment devastated by the continued
neglect of proper waste disposal practices. We also propose en-
hancements to two traditional interaction techniques: HOMER and
Fishing Reel. Our contest entry combines an immersive cooperative
experience with efficient and convenient interactions to encourage
users to help their surrounding environment in an exciting, easy-to-
follow, sci-fi narrative.

2 DESIGN PROCESS

To design our contest project, we scheduled two weekly meetings:
one focused on group discussions to review project progress and co-
ordinate required deliverables, and the other dedicated to collabora-
tive system development. Our group discussion meetings entailed
using the K-J method to generate affinity diagrams [5] for brain-
storming and consolidating our ideas centered around the contest
topic (i.e., promoting environmental sustainability in collaborative
virtual environments). The distillation of the ideas generated from
the group discussions then led us to create a backlog of tasks for cre-
ating our project. This backlog was then worked on during our col-
laboration and development meetings, where we pair-programmed
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and solicited inter-team feedback on prototyped project increments.
When prototyping, we used Meta Quest head-worn displays and

their accompanying Meta Touch Controllers for testing. We created
the final program using the Unity Game Engine 1 with the OpenXR
framework to allow flexibility in the choice of head-worn display
used for the experience. The networking solution used to support
our cooperative experience was Normcore 2.

3 STORY AND GAMEPLAY

In the year 2077, Earth has been devastated by humanity’s failure to
stop the improper disposal of toxic materials. A veil of poisonous
smog envelops the natural landscapes, streams of water have be-
come acidic baths, and the wildlife has become rabid and hostile
due to mutations from their harsh, waste-ridden surroundings. Hu-
manity has sought refuge in space vessels while researching how
to return to the planet. Recently, emerging studies have found that
removing waste in combination with treating wildlife will allow the
planet to be livable once again. As a result, scientists have worked
tirelessly and finally developed a solution: the purifying rover. This
self-piloted vessel is equipped with robotic arms to be controlled by
a two-person team: one person to collect the hazardous waste and
the other to administer medication to wildlife.

The purifying rover follows a pre-calculated route determined to
have a critical impact on the Earth restoration efforts. It stops at
designated cleanup coordinates, opening its protective outer shield
to give the two users, acting as scientists, a clear view to perform the
cleanup and medicating tasks. Once the scientists have completed
the collection and feeding efforts, or the safe time to have the shield
lowered has elapsed, the rover continues until it reaches the end
of its route. At this point, the scientists will be notified of their
contributions to the planet purification initiative.

Figure 2: A top-down view of the polluted environment.

4 INTERACTION TECHNIQUES

The interaction techniques we created for our project were intended
to resolve challenges in the efficiency and convenience of target
selection and manipulation within 3D virtual environments (VEs).
We focused primarily on (1) the approximate selection and retrieval
of distant targets and (2) the distribution of nearby targets to desti-
nations of interest inside VEs. By referencing existing classical in-
teraction techniques [2, 4], we found two techniques that could be
improved to resolve the aforementioned challenges: Fishing Reel
and HOMER [1].

4.1 FLOW-MATCH
To provide the pollutant collector experience with the ability to
retrieve trash objects in the VE, we first implemented the HOMER
technique, a hybrid technique that uses ray-casting for initially
selecting a target object and a virtually attached hand to manipulate
the transform of the selected object. The HOMER technique uses

1https://unity.com/
2https://normcore.io/

the following to manipulate a selected object’s position:

(1) SF =

∥∥∥−→UO
∥∥∥∥∥∥−→UC
∥∥∥ , (2) OFF = Opos −

(
Upos +SF ·−→UC

)
, and (3)

Opos =Upos +SF ·−→UC+OFF .

The scaling factor (1) is calculated by dividing the user-to-object
vector magnitude by the user-to-controller vector magnitude. The
offset (2) is calculated by subtracting the object’s initial position
from the user’s position plus the product of the scale factor and
user-to-controller vector. The object’s position (3) is then equal to
the user’s position plus the product of the scale factor and user-to-
controller vector plus the offset.

We found that the initial object selection using HOMER was dif-
ficult at large distances due to the high-precision aiming required by
the raycast, especially if the target object was small in scale. To re-
solve this issue, we replaced the raycast with Flashlight [3], a cone
volume projected from the controller that requires less precision for
the initial selection at long distances. The combination of the less
precise selection afforded by Flashlight and the fluid hand-centered
repositioning afforded by HOMER addressed our convenience con-
cerns for trash object selection and manipulation during the ex-
perience. We named this technique “FlashLighting Objects With
MAnipulaTions Centered at the Hand” or “FLOW-MATCH”.

4.2 RAWR-XD
To distribute medication to afflicted wildlife, we implemented the
Fishing Reel technique, which utilizes a virtual ray to select ob-
jects and move them back and forth along the ray. While using
this technique, we found that reeling the object along the ray was
slow, particularly when moving the object farther away. To improve
the reeling, we extended the technique to be bi-manual, where the
wrist’s tilt rotation of the non-selecting hand increases or decreases
the reeling speed along the ray. By tilting their wrist left, the base
speed at which the object is translated back and forth along the ray
will be reduced by a minimum multiplier of 0.5. By tilting their
wrist right, the base speed of object translation along the ray will
be multiplied by a maximum of 5. The multiplier is visually repre-
sented by a slider anchored over the top of the user’s non-selecting
controller. We named this technique “RAWR-XD” or “Reeling
Adjustments via the Wrist for Ray-casting at eXtreme Depth”.

5 CONCLUSION

We created a gamified, immersive VR experience where users col-
laborate to clean and aid a polluted VE with the intent of promoting
environmental consciousness. Additionally, we created novel en-
hancements to the HOMER and Fishing Reel interaction techniques
to improve efficiency in performing the environment cleanup.
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