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ABSTRACT
The future of space exploration relies not only on techno-

logical advancements but also on public awareness and policy
support. Sustaining long-term investments in lunar and planetary
missions requires effectively engaging both the next generation
and key decision-makers. However, traditional science commu-
nication methods often fail to reach audiences beyond academic
and professional circles, limiting public engagement. Virtual
Reality and Serious Games offer interactive and immersive ex-
periences that make complex scientific concepts more accessible
to non-experts, fostering broader support for space exploration
initiatives.

This study evaluates the effectiveness of a Virtual Reality
Serious Game designed to simulate the Lunar Zebro rover nav-
igating the Moon’s surface. The game aims to enhance engage-
ment, simplify scientific concepts, and shape public perception
of space missions. Through iterative development and user test-
ing, the study examines the balance between education and en-
tertainment. Preliminary findings indicate that while the game
successfully engages users and communicates mission objectives,
it is primarily perceived as an interactive experience rather than
a standalone educational tool. These insights highlight the po-
tential of VR Serious Games in science communication and their
role in promoting future space exploration initiatives.
Keywords: Virtual Reality, Serious Game, User Experience.

1. INTRODUCTION
More than 50 years after the Apollo 17 mission, space explo-

ration is experiencing a resurgence. These historic achievements
mark the beginning of a new era of human space exploration,
with a strong focus on establishing a sustained presence on the
Moon [1].

The lunar South Pole and the far side of the Moon have
emerged as key areas of scientific interest. The discovery of
hydroxyl isotopes in permanently shadowed craters suggests the
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presence of lunar ice, a resource that could support future hu-
man habitation and fuel production for deep-space missions [2].
However, the Moon presents extreme environmental conditions
that pose significant challenges for both life support and scien-
tific experimentation, including severe temperature fluctuations,
an almost nonexistent atmosphere, high radiation exposure, and
pervasive lunar dust [3]. Additionally, the far side of the Moon
is of great importance for radio astronomy, as it offers a natural
shield from Earth-based radio interference. This region provides
an opportunity to capture low-frequency cosmic signals, which
are crucial for advancing our understanding of cosmic phenom-
ena, dark matter, and the origins of the universe [4, 5]. Despite
these scientific opportunities, securing funding for lunar scien-
tific missions remains a major challenge, as public and political
support often fluctuates based on perceived mission relevance
and accessibility.

Traditional science communication methods, such as aca-
demic publications, public lectures, and educational documen-
taries, often fail to engage a broad audience beyond specialized
scientific communities. These approaches are typically passive
and require prior knowledge, making complex topics like space
exploration difficult to grasp for the general public. Further-
more, conventional methods lack interactivity and immersion,
both of which are critical for sustaining engagement and enhanc-
ing knowledge retention.

Virtual Reality (VR) offers a transformative approach to sci-
ence communication by providing interactive, hands-on experi-
ences that allow users to explore scientific concepts in a dynamic
and engaging way. VR can simulate environments that are oth-
erwise inaccessible, such as the surface of the Moon, allowing
users to experience space exploration firsthand rather than pas-
sively consuming information. However, the mere use of VR
alone is not sufficient; its effectiveness depends on structured,
goal-oriented interaction. For this reason, VR-based educational
tools should follow the principles of Serious Games [6], meaning
they must be designed with a primary purpose beyond entertain-
ment, such as education, training, or public engagement.
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Existing VR applications in space education have focused
primarily on immersive experiences but often lack structured,
goal-driven interactivity that enhances knowledge acquisition and
public engagement. These applications serve as educational tools
but do not fully leverage VR’s potential for outreach, particularly
in fostering public interest and political support for future space
missions. While VR has been widely explored in science com-
munication, little research has addressed its use as a serious game
specifically designed to communicate scientific objectives while
simultaneously engaging a broader audience.

This paper investigates the application of VR Serious Games
with the primary objective of assessing user experience and ed-
ucational effectiveness in communicating the scientific goals of
a lunar exploration mission. The study examines the balance be-
tween educational value and entertainment in VR Serious Games
and explores their potential as an interactive science communica-
tion tool. It also evaluates their viability as a promotional medium
for space outreach, with a focus on Lunar Zebro, a miniature lunar
rover designed for swarm exploration [7]. The paper first reviews
state-of-the-art VR applications in space science communication,
followed by a detailed description of the game’s storyboard and
implementation, structured across three levels. The subsequent
section presents findings from user testing, including testing pro-
tocols, participant feedback, and necessary improvements identi-
fied across three development iterations.

2. RELATED WORKS
Science communication plays a critical role in ensuring the

sustainability of space projects by fostering public engagement
and support. As space missions become increasingly ambitious,
maintaining a strong relationship between research and public
outreach is essential for securing the necessary funding and polit-
ical backing [8]. Public perception directly influences the avail-
ability of resources for space exploration, as greater awareness
and appreciation of scientific advancements can lead to broader
institutional and governmental support. Historically, investments
in space programs have had a profound impact on society, as
demonstrated by the Apollo program in the 1960s, which con-
tributed to a surge in highly educated professionals in physical
sciences, engineering, and mathematics. International collabora-
tions, such as the International Space Station (ISS) and the James
Webb Space Telescope (JWST), have further reinforced the im-
portance of public support in advancing scientific exploration.

Serious games have emerged as an effective strategy for com-
municating scientific concepts to a wider audience. Studies show
that game-based learning strategies enhance comprehension, par-
ticularly among children and non-experts, by making abstract
scientific concepts more accessible [9, 10]. The gaming industry
has extended its impact beyond entertainment, influencing fields
such as education [11], healthcare [12], engineering [13], and
politics [14]. Unlike conventional educational approaches, seri-
ous games engage users on both cognitive and emotional levels,
fostering structured interaction and problem-solving [9].

Virtual Reality (VR) is increasingly recognized as a power-
ful tool for serious games, offering immersive environments that
enhance engagement, improve knowledge retention, and facili-
tate skill acquisition [15]. Research has shown that VR-based

serious games significantly impact learning outcomes by increas-
ing user motivation, promoting interactivity, and strengthening
knowledge transfer [16]. The added immersion provided by VR
allows users to interact with scientific content in a way that tradi-
tional media cannot replicate, making it a promising avenue for
science communication. However, while VR serious games aim
to improve user experience and knowledge acquisition, their full
potential in the context of space science communication remains
underexplored [17].

Several VR applications have been developed to communi-
cate fundamental space science concepts. Apollo VR 16 is a
serious game that simulates a lunar roving mission, designed to
increase student interest in space exploration. A comparative
study evaluated engagement and usability by testing the PC ver-
sion against the VR version. Findings revealed that VR players
exhibited higher levels of interest and enhanced performance in
space-related tasks. While the VR version required more time to
complete, it provided a significantly more interactive and immer-
sive experience, reinforcing its effectiveness as an educational
tool [18].

Another example is Moon & Space Station VR, which is
designed to engage children in space science by recreating a
realistic space station and lunar environment. The simulation
includes features such as a nuclear propulsion system, astronaut
living quarters, and a laboratory, while a secret room with a bot
rocket allows users to experience reduced gravity and explore a
360-degree space view. Studies on this project found that 80%
of students demonstrated increased curiosity in space science,
with most preferring the lunar simulation for its realism and im-
mersion. This project highlights VR’s potential as a powerful
educational tool, making complex scientific concepts more en-
gaging and interactive [19].

Although these VR applications demonstrate the value of im-
mersive environments in science education, they primarily serve
as passive learning tools rather than structured, goal-driven ex-
periences. Most existing applications focus on observational
learning rather than interactive problem-solving, limiting their
potential for knowledge retention and public engagement. Fur-
thermore, current VR implementations in space science rarely
explore the role of serious games as a promotional medium for
building public interest in upcoming space missions.

Different frameworks have been proposed for the develop-
ment of VR-based serious games [20], yet few studies have ex-
amined their effectiveness in the context of space exploration
beyond classroom learning. While prior work has demonstrated
the benefits of VR in improving engagement, there is a lack of
research into how VR serious games can be designed not only to
educate but also to foster advocacy and funding support for space
programs. Addressing this gap, this study also provide a prelim-
inary investigation on how VR serious games can communicate
scientific objectives while simultaneously serving as a tool for
public engagement and outreach.

3. CASE STUDY: DESCRIPTION AND REQUIREMENTS
The challenges of lunar exploration inspired students at TU

Delft to develop the first European and Dutch mini-rover, known
as Lunar Zebro. The name "Zebro" derives from the Dutch term
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"Zesbenige Robot", meaning "six-legged robot." Unlike conven-
tional wheeled rovers, Lunar Zebro features a unique walking
mechanism that allows it to traverse the Moon’s rugged terrain
with greater adaptability. The project envisions an affordable,
small-scale robotic system capable of performing complex mis-
sions while operating collaboratively as a swarm [7]. Current
lunar exploration missions rely on large, heavy rovers that serve
as the primary means of planetary surface exploration. The suc-
cess of such missions is highly dependent on the condition of
a single rover, which increases both risk and operational costs.
The Lunar Zebro project offers an alternative approach by intro-
ducing a distributed exploration strategy, where multiple small,
autonomous rovers collaborate to complete tasks. In addition to
its scientific objectives, the Lunar Zebro initiative aims to en-
gage the public and inspire new generations by making space
exploration more accessible.

The VR Serious Game here proposed was developed to com-
municate the significance of lunar exploration, the challenges
posed by the Moon’s environment, and the potential of Lunar
Zebro rovers in future missions. The game is designed to provide
an interactive experience that conveys scientific concepts in an
engaging and accessible manner.

The development process required addressing several key
technical considerations. The first requirement was to simulate
the unique locomotion capabilities of Lunar Zebro, ensuring that
the movement mechanics accurately reflected the rover’s real-
world performance. Additionally, the game needed to demon-
strate how the swarm of rovers could collaborate to execute a
mission, providing insight into the advantages of distributed ex-
ploration. The second major requirement was to illustrate the
scientific significance of the lunar South Pole and the far side of
the Moon, highlighting the challenges of these environments and
the potential for scientific discovery.

Beyond scientific accuracy, the game was designed for public
outreach events, introducing additional constraints. The duration
of the experience was limited to under 10 minutes to accommo-
date live demonstrations in educational and promotional settings.
Furthermore, this is a threshold commonly used to avoid cyber-
sickness issues. The interface had to be intuitive and accessible,
considering that many participants might have little prior experi-
ence with VR technology. Since the primary audience consisted
of the general public rather than scientists or engineers, the lan-
guage used in the game needed to be simple and engaging rather
than highly technical. The VR experience also had to account for
the user’s unfamiliarity with VR interactions, ensuring smooth
and intuitive gameplay.

The choice of hardware was another important consideration.
The Oculus Quest 3 was selected equipped with two joysticks, as
the platform for deployment due to its combination of affordable
cost, high processing power, and extended battery life, making
it suitable for use in public events.The standalone nature of the
headset also allowed for an untethered experience, improving user
comfort and mobility during gameplay.

4. GAME DESIGN AND STORYBOARD
The VR Serious Game takes place in three locations on the

Moon, each corresponding to a level in the game: the lunar

landing outpost, the Lunar South Pole, and the far side of the
Moon. These locations introduce players to different aspects
of lunar exploration, gradually increasing task complexity while
maintaining an engaging and educational experience.

The first level is set at the lunar outpost, where the player
arrives accompanied by a "master rover". As shown in Figure
1, several rovers are in hibernation mode, with their solar panels
raised to recharge their batteries. After an audio introduction,
the player is familiarized with the environment and mission ob-
jectives. Movement is facilitated through a teleportation system,
activated by pushing the left joystick forward. A curved beam
projects from the controller, indicating the teleportation destina-
tion, and upon release, the player is transported to the designated
location.

Markers appear near the hibernating rovers, guiding the
player to activate them. The player directs the master rover
to navigate toward these markers, triggering the activation se-
quence. As the master rover reaches a marker, the dormant rovers
lower their solar panels and become operational, following the
master rover to the next location. This process continues until all
rovers have been activated. Once complete, a teleportation circle
appears, allowing the player to transition to the next level.

FIGURE 1: SCREENSHOT OF THE LUNAR OUTPOST

The second level takes place at the Lunar South Pole, where
the player is accompanied by a fleet of Lunar Zebro rovers, each
carrying a specific scientific payload. Throughout this stage, au-
dio narrations provide information about the South Pole’s unique
conditions and scientific relevance, particularly the potential for
lunar ice within permanently shadowed craters.

The first task involves mapping the crater floor (Figure 2a).
Markers appear on the surface, each representing a region to be
scanned. The player selects a target area, prompting the rover
equipped with the topographic mapping payload to move toward
it. As the rover advances, it emits a scanning beam, recording
surface data along its path. Once all designated areas are mapped,
a topographical representation of the crater is generated.

The second task focuses on lunar ice detection. A marker
appears, guiding the player to an area where ice deposits are
suspected. The player moves toward the designated location
and activates a scanning beam, while the lunar ice detection
rover autonomously navigates to the site. Upon arrival, the rover
emits a beam to analyze the surface composition, confirming the
presence of lunar ice and other valuable minerals (Figure 2b).
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In the final task, additional markers appear, indicating lo-
cations likely to contain precious minerals. The player selects
these sites, prompting the designated mineral detection rovers to
conduct scans. Once the analysis is complete, the player directs
the fleet into a teleportation circle, transitioning to the final level.

(a)

(b)

FIGURE 2: SECOND LEVEL: (A) ROVER SCANNING FOR LUNAR
ICE AND (B) ROVERS SCANNING THE CRATER’S BED.

The third level is set on the far side of the Moon, a region
of significant scientific interest for radio astronomy. The player
is surrounded by six Lunar Zebro rovers, arranged in a circular
formation. An audio narration explains the importance of this
location as a radio-quiet zone, ideal for capturing low-frequency
cosmic signals.

The first objective is to position the rovers to form a virtual
radio antenna. Markers appear, guiding the player to direct spe-
cific rovers toward these designated locations. As the rovers reach
their positions, they align to establish the antenna structure. Once
this initial configuration is complete, the task shifts to expand-
ing the antenna’s diameter. Additional markers appear, requiring
the player to reposition the remaining rovers. Upon reaching
their final locations, the antenna is fully deployed, marking the
successful completion of the level.

The game design follows a gradual learning progression,
ensuring that players become comfortable with the mechanics
before encountering more complex challenges. The teleporta-

FIGURE 3: THIRD LEVEL SHOWING THE CONCEPT OF RADIO AS-
TRONOMY

tion system enhances movement efficiency while minimizing the
risk of motion sickness, a common issue in VR environments.
Interactive elements, such as rover activation, terrain scanning,
and antenna deployment, create an engaging experience where
players actively participate in scientific exploration rather than
passively observing.

In the pre-production phase, a storyboard is designed consid-
ering the previous user requirements and needs as it is mentioned
in Section 3. As previously mentioned, developing a VR serious
game requires attention to scientific accuracy and acceptable re-
alism. Before designing the game, it is essential to understand
the details of the phenomena on the Moon, the sites and the lunar
mission. It is also important to balance the entertainment aspect
and ensure that it does not overshadow the authenticity of the real
scenario. Therefore, for each lunar site it was designed based on
a scientific reference. The development of the Lunar Zebro VR
Experience has evolved through three major iterations, incorpo-
rating feedback from the Lunar Zebro team, industrial mentors,
and academic supervisors. The storyboard described in this sec-
tion and the following implementation (Section 5) refer to the last
design iteration.

5. IMPLEMENTATION

From a technical perspective, the game was developed us-
ing Unreal Engine (UE) 5.2, a game engine that enables high-
performance VR rendering. The physics-based movement of the
rovers was designed to accurately reflect real-world constraints,
ensuring realistic interactions with the lunar terrain. The integra-
tion of spatial audio cues further enhances immersion, reinforcing
mission objectives through dynamic voice guidance. The user in-
terface was intentionally designed to be minimalist and intuitive,
reducing cognitive load and making the experience accessible to
users unfamiliar with VR technology. The following sections
highlights some aspects of the implementations worth to be dis-
cussed.
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