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A strong and innovative aerospace workforce is essential for addressing the challenges of
the coming decades, from sustainable aviation and space exploration to national security.
Building a workforce that is diverse, well-prepared, and forward thinking is not only vital for
the aerospace sector but also critical for maintaining national and global leadership in science
and technology. Middle school students represent a key part of this future pipeline. Research
shows that students begin forming long term academic and career interests between grades 5
and 8, making this a crucial period to spark curiosity and confidence in STEM fields. Early
engagement through hands-on activities, relatable role models, and creative learning
experiences lays the foundation for the next generation of aerospace innovators, problem
solvers, and explorers. In this context, our team at UGA is developing a space-themed
educational board game, Lunar Dash, designed to introduce core STEM concepts in a fun and
accessible way. The game is built on three design principles: creativity, collaboration, and
systems thinking. Either by coordinating plans with one another, answering aerospace related
prompts on cards, or designing rockets as given by their mission, students will experience a
blend of storytelling with hands-on problem solving as they are exposed to the microcosms of
how engineers approach real-world challenges. The game board, cards, and character pieces
are currently being finalized, and we plan to conduct play tests with our target audience in the
coming months. Based on our development process, we believe this game has strong potential
to support teachers and inspire young learners by providing an engaging, interactive platform

for exploring STEM and aerospace concepts.
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I. Introduction

In recent years, increasing emphasis has been placed on science, technology, engineering, and mathematics
(STEM) education at the elementary and middle school levels, driven by the growing demand for a STEM-skilled
workforce in US towards pursuing jobs focused in engineering industries>. Establishing a strong STEM foundation
during the K-8 years is critical to sustaining the long-term growth and vitality of these fields. Further, preparing
students at an early age to compete in a global economy further underscores the need to cultivate future
STEM-oriented leaders capable of advancing technological and engineering innovation.

Early exposure to engaging and applied STEM learning has been shown to influence students’ interest in pursuing
STEM degrees and careers later in their schooling®. Game-based learning (GBL) offers a compelling instructional
approach by combining competition, collaboration, and inclusivity to reinforce classroom concepts while increasing
student motivation and engagement®. Integrating GBL, and other non-traditional pedagogical methods and
techniques into K-12 aerospace education has been shown to enhance student experiential learning while fostering
essential engineering competencies like design-thinking, resource management, and effective communication®’.

This educational opportunity coincides with a renewed public and student interest in aerospace engineering. The
aerospace sector is experiencing a resurgence driven by frequent commercial launch activity such as SpaceX’s
relentless launch schedule and landmark exploration initiatives such as NASA’s Artemis program, which marks
humanity’s return to the Moon. Advances and milestones anticipated in the 2030s signal a transformative era in
space exploration that resonates strongly with the next generation of learners and engineers.

To leverage this momentum and strengthen STEM learning among elementary and middle school students, we
developed Lunar Dash, a board game centered on a mission voyage to the Moon. Designed to introduce aerospace
systems concepts through interactive play, Lunar Dash aims to reinforce STEM skills while sustaining curiosity and
engagement. This paper presents the game’s development process, including iterative prototyping,
classroom-informed testing, and final design refinement.

II. Development, Evolution, and Iterations of Lunar Dash

A. Development

The inspiration for Lunar Dash stems from a clear gap in the tabletop game market. After researching several
board game forums, we found that players consistently lament the lack of a “solid space game,” particularly one that
targets STEM development for the K-8 age range.

Initially, a foundational concept was first developed between 2020 and 2021 by a capstone design team from the
University of Georgia’s (UGA) College of Engineering' (Fig. 1) and a first iteration produced from 2023-2024 (Fig.
2)8. To further expand and build the concepts, we have significantly expanded on this idea to align with current
STEM teaching standards through new testing data.

Lunar Dash provides an engaging STEM learning experience for K-8 students by incorporating design-thinking
principles into gameplay. The game promotes interest in STEM through two core features. First, its rules are
structured around design-thinking strategies, introducing players to how engineers approach problem-solving and
decision-making. Second, progression through the game requires players to answer age-appropriate STEM
questions, reinforcing conceptual understanding while maintaining accessibility across grade levels.
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Fig. 1: First-Ever Conceptual Drawing of Lunar Dash, Initially Titled Space Race

The capstone group incorporated the use of Chance and Question cards, and Missions that players had to complete
before successfully reaching the Moon, in their theoretical game board. These elements were later included in the
first iteration of the game (Fig. 2). The board consisted of multi-colored squares forming a square spiral, leading to
the moon. The path was made up of six different spaces: pink, blue, green, and orange Question spaces, Chance
spaces, and STAR spaces. At the center of the board lies the Moon and a bright red rocket with Lunar Dash labeled
on it (Fig. 2).

Fig. 2: Lunar Dash, First Iterative Design

The second iterative design (Fig. 3) features many of the same aesthetic changes incorporated in the first iterative
design; the game board includes multi-colored Question spaces, Chance spaces, STAR spaces, and newly-added
wormholes. The spiral at the end curls towards the Moon, featuring an enlarged, landed rocket. Select tiles include
nebulas and galaxies to break up design monotony.



Fig. 3: Lunar Dash, Second Iterative Design

Several play tests were conducted using the second iterative design of Lunar Dash.

B. Methodology and Reiterative Process
The reiteration process of our design followed a design thinking process approach from Stanford University>:
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When completing the second reiteration of Lunar Dash, these steps were reevaluated from the first iteration:

Fig. 4: Design Thinking Process

Empathize: We reexamined the game’s core influence to ensure maximum engagement for our target audience,
focusing on sparking genuine excitement for STEM and aerospace concepts.

Define: Our mission was formalized: To develop an educational STEM experience that introduces foundational
aerospace concepts to children aged 8—14 within the classroom.

Ideate: By analyzing previous testing data, a targeted brainstorming session was held to identify specific
mechanical and aesthetic improvements for the game.

Prototype: We developed an updated prototype incorporating these enhancements. Design aspects, including the
board layout and card faces, were refined in Inkscape, while the custom rocket pieces were modeled in Inventor for
3D printing.

Test: To validate the second iteration, we conducted testing with 12 distinct groups (six K—5 groups and six 6—8
groups) to gather comprehensive feedback.

Following this phase, a final iteration was performed to ensure all insights and data gathered during testing were
fully integrated into the final design.



III. Game Components

A. Game Information
Objective of the Game:
The first player to complete their mission and reach the moon is the winner!

Game Board Contents:
Game board, rules sheet, rocket pieces, timer, dice, card deck including Chance cards, plum, indigo, magenta, and
teal question cards, and STAR cards.

Preface:

This game is best played with two or more (up to 4) players that may compete individually, or in teams. To make
this game suitable for students across K-8, we have created two sets of question cards for students in K-5 and 6-8,
respectively. The questions formulated for each group have been created based on the Georgia Department of
Education’s STEM framework and standards for elementary and middle school curriculums, respectively.

Game Rules:
1. Each player/team will select a colored rocket base piece and place it at the START position.
2. Each player will select a Mission card corresponding to the color of their rocket base.
3. To determine which player will go first, all players will roll the dice. Whoever rolls the highest number will
begin the round, and players will continue in clockwise order.
4. The first player rolls one die and moves forward the number of spaces rolled.

1. If the player lands on a colored question space, the player to their left will select a Question card
from the pile of Question cards of the corresponding color as the space. If the initial player
answers the question correctly, they will move their piece the designated number of spaces
forward. If they answer incorrectly, they will not move their piece forward.

2. If the player lands on a Chance tile (C), they must select a Chance card and follow the instructions
on the card.

3. [If'the player lands on a STAR tile, or moves over a STAR tile during their turn, they must select a
STAR card and follow the instructions on the card.

5. The game ends when a player successfully rolls a perfect number of tiles to reach the Moon. For example,
if the player is exactly two spaces away from the FINISH tile, only a 2 rolled with the dice will allow the
player to reach the FINISH tile. Whoever reaches the Moon first while completing their mission wins!

B. Mission Cards

Each player is randomly assigned a Mission card according to their selected colored rocket base piece before the
game starts. The Mission cards provide students with a unique goal for designing and building their rocket. Players
will build their rockets according to mission-specific criteria. These cards encourage and develop design thinking
skills and demonstrate to students that choosing different design elements can vastly alter the entire mission for the
rocket. The Mission cards also demonstrate that different combinations of design choices will result in different
maximums and minimums in rocketry criteria such as thrust, payload, velocity, and range.
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Mission #4

Mission control is trying to
map the heights of craters on
the moon’s surface using
imagery and photographic
testing.

Your goal is to design a rocket
that will orbit the moon
multiple times. This rocket
needs to be slow in order to
accurately map the surface.
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Fig. 4: Example of a Mission Card




C. Question Cards

The use of Question cards incorporates STEM education in the game. Questions were developed for the
elementary mode (K-5), the middle mode (6-8), and the hard mode. Each mode features questions in science,
technology, aerospace, and math; there are 15 questions in each category, individually, totaling 60 questions per
mode. Successfully answering “easier” questions in the chosen mode allows the player to move ahead 1 space;
answering “harder” questions allows the players to move ahead 2 spaces. When a player answers a question
incorrectly, they are not penalized, and instead stay in the same spot they were at initially.

rAs. your space shuttl;
approaches the Moon
you may begin to
float or appear to
weigh less, what
decrease in force are
you experiencing?

§ 1 Space

Fig. 5: Example of a Question Card

D. Chance Cards

When players land on spaces with ‘C’ markings, they draw a Chance card from the stack. Each Chance card
showcases a real-life scenario or fact related to lunar travel and has an action for the player to complete. The actions
range from skipping the player's next turn, rolling again, switching spaces with another placer, moving forward a
specific number of spaces, or moving all the way back to start. These cards provide some unique challenges for
students, and provide them with unexpected events, good or bad, and require them to make rapid decisions.
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(8 S S || When Neil Armstrong

and Buzz Aldrin first
returned to Earth
after their mission to
the moon in 1969,
they were put into
protective quarantine
as scientists did not
know if any space-
borne illnesses came
back with them.
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Fig. 6: Example of a Chance Card

E. STAR Cards

Landing on a STAR space requires the player to choose a STAR card and follow the instructions listed on the
card. All STAR cards have instructions for selecting and building a component of a player’s final rocket. STAR
cards prompt players to skillfully choose one of three parts on the final rocket, a fin, body tube, and nosecone,
according to the player’s unique mission criteria.



STAR #1

STOP on this space. Based on
your mission, pick a fin design
from the options below and
add it to your game piece.

Fin 1: Good for high lift
Fin 2: Good for long-range
Fin 3: Good for high speed
Fin 4: Good for slow speed

J\\ J

Fig. 7: Example of a STAR Card

F. Game Pieces

The game pieces were designed to bring an interactive element to the game. Each player will build up their game
piece starting with a base whose color corresponds to their mission. When the players reach the STAR spaces, they
choose and add on the rocket’s fins, a body tube, and a nose cone to fully build their rocket. There are four designs
of fins, body tubes, and nose cones. Each design serves a different purpose, based on the mission the part was
designed for. The process of building the game pieces to match the mission based on the given characteristics
exposes the students to design thinking strategies. After all players have reached or surpassed all STAR spaces, they
will have built their full rockets and are ready to reach the moon!
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Fig. 8: Example of Unassembled and Assembled Rocket Game Pieces
IV. Testing

A. Round 1 of Testing (2024)

The first iterative model of Lunar Dash was piloted at Dove Creek Elementary School in Oconee County,
Georgia in 2024. To protect student privacy, no pictures were taken during testing. The game was rated positively by
the 12 students that played, with the game receiving an average overall rating of 4.5 out of 5. The feedback was
generally positive, as the players were engaged throughout the game and particularly enjoyed building their own
rockets as per the unique mission statements they received. All participants filled out a post-test survey to record
their opinions on the game, game design, and whether question difficulty was appropriate. Testing with elementary
school students revealed the need to simplify the questions offered to this age range. After playing Lunar Dash,
many students indicated their increased curiosity in learning more about aerospace and STEM related careers, and 7
of the 12 participants asked the testers about their career plans after graduating from college. The final consensus
was that the game was entertaining, beneficial to STEM education, and vital in introducing design thinking
challenges that match that of the skill required for standard K-5 curriculum.

B. Round 2 of Testing (2026)



In the testing process, we first rolled out the game with groups of family friends. To make for a controlled testing
environment, we grouped select family friends in advance, based on collective availability, and maintained the
testing environment the exact same when playing the game each time around with new players. This included
playing with exactly 4 players each game, 2 boys and 2 girls, playing on the same table, reading out the same start-
up instructions, and setting up the game the exact way. The data collected included the total play time, observations
made by hosts, and we conducted a 5-question pre/post survey to get feedback from the target audience. The
feedback from the participants was extremely helpful, as it gave us a better understanding of their overall rating for
the game based on how many questions were answered positively. For example, if 3 out of 5 questions were
answered a 3 or above, it was counted as a point for positive feedback.

Guidance was offered whenever players were confused. For the most part, the players collaborated to understand
what a question was asking of them and how they were meant to solve a question when one of them was confused.
They seldom needed further support from the hosts’ end.

For the sake of maintaining players’ privacy, each player is denoted by the initials of their first and last names.
The table below includes the time each group spent playing a single round of Lunar Dash, their average rating of the
game on a scale of 5, where a score of 1 indicates a poor playing and testing experience, and a score of 5 signifies
enjoyment while playing the game, and recommendation of the game to a player’s peers. General observations of
play time and explanations for outlying play-time lengths were recorded.

K-5
Group 1: Additional Notes: This was our first play test, hence the longer-than-expected play time. Was a little
Play time: 46.23 difficult for players to understand at first. Players understood the goal and layout of the game towards

the middle of the play session. Found the concept of the wormholes confusing. Players suggested

Average ranking: 4 that we implement a chutes-and-ladders concept in place of the wormholes.

Group 2: Additional Notes: This group didn't have as difficult of a time understanding game concepts as Group
Play time: 42.17 1. Probably helps that all of the players in this group play tabletop games with chance and question
cards fairly often. They found the game fairly entertaining, but collectively wish that the visuals of the
game board were more interesting. They thought the questions were fairly difficult and not frustrating
to solve or answer to.

Average ranking: 3.25

Group 3: Additional Notes: They were very restless. They are in the younger grades and found it hard to focus.
Play time: 17.13 Definitely needed outside guidance to stay on track. Didn't understand basics because they were
restless and only 2/4 kids found the questions interesting and wanted to keep playing. Was not a

Average ranking: 2 great group to get postive results from. Did not get all the way through the game.

Group 4: Additional Notes: These players were K-5. The youngest player played well with the older players
Play time: 38.08 because they guided him. This test group showed that the game would not be suitable for younger
children to play on their own. Seems as though students from 2nd grade and up could get through the
game without guidance. Consider having a teacher/guiding figure present for students in kindergarten
and 1st grade. They were very slow players, but played well. They thought for a long time.

Average ranking: 4

6-8
Group 5: Additional Notes: There is a severely stark difference in comprehension between K-5 groups and 6-8
Play time: 27.45 groups. Testing with this group went smooth; the players in this group tend to think independently, and

did not rely too much on me. Students in this group tended to help each other out when one player in
particular was unable to answer a question. When none of them knew the answer, they continued on
with the game, as per the game rules, and revisted the question at the end.

Average ranking: 4.25

Group 6: Additional Notes: One of our fastest gameplays. Testing went incredibly smoothly. Everyone was
Play time: 25.04 engaged. They enjoyed the simplicity of the game overall. Players suggested that this game may be
not ideal for lower-elementary grade students, indicating that this game was most beneficial to

Average ranking: 4.5 o, 4ents in grades 3-8.

Group 7: Additional Notes: They had a lot of fun, they got distracted and fought a lot over the spots that are
Play time: 37.29 supposed to be wormholes. They thought the questions were enjoyable and fair. Overall, they offered

Avernue ronking 4 less criticisms and had more positvie feedback compared to other groups. They wanted to play again.

Group 8: Additional Notes: Took a longer time because they were very competitve. Out of all groups, they were
Play time: 44.47 most engaged with the questions. Players found the questions challegening and fair, and found it fun
to guess when they didn't know. Players had a lot of feedback to do with the physical board and game
aesthetics. Overall, they were very intellectual kids who had a really fun time. The ideal play goal was
achieved and they learned a lot.

Average ranking: 5

Fig. 9: Testing Results Garnered from Play Tests Conducted with Family Friends



K-5

Group 9: Additional Notes: This group consisted of upper-elementary school students (3-5). They did not need
Play Time: 35.31 me around to play smoothly in any capacity. None of the players have played a space-themed game
before, so they thought this was particularly interesting! They brought up the inconsistency in the

Average Ranking: 4 spiral of the tiles on the board game, and suggested using a typical, circle spiral in its place.

Group 10: Additional Notes: Some members of this group needed a little assistance in understanding the
Play Time: 37.57 questions they were being asked. They found the game unique and engaging. They wished there
were different, more consisent colors used in the board game, not much more feedback was offered

Average Ranking: 4.25 i that regard. One of the players expressed that the board did not need to be as big as it is.

6-8
Group 11: Additional Notes: They loved the game! A majority of the players thought the length of a single round
Play Time: 28.43 of playing Lunar Dash was shorter than other tabletop games, because Lunar Dash does not require

too much effort on the players' part. They wished the game had a few different aesthetic changes,

Average Ranking: 5 namely that pieces could have been more unique for each player.

Group 12: Additional Notes: The group found the game cute and perfect for elementary school students. They
Play Time: 26.58 did not find the questions very difficult, and answered most questions with ease. The players shared
that increasing game difficulty for the middle school category would make it more enticing to play

Average Ranking: 3.5 again and recommend to others.

Fig. 10: Testing Results Garnered from Play Tests Conducted with Dancers at the Nataranjanatyanjali Dance
Academy

Average play time for the K-5 groups was 36 minutes and 8 seconds. Average play time for the 6-8 groups was
31 minutes and 54 seconds. The average ranking the K-5 groups gave Lunar Dash is 3.58 out of 5. The average
ranking the 6-8 groups gave the game is 4.38 out of 5. We received a variety of feedback from the 12 groups that
were implemented in the latest iteration of Lunar Dash.

The current iteration of Lunar Dash focuses on a streamlined, high-engagement race mechanic. The previous
"mission" system had players build physical rocket components, but further testing indicated that this added
unnecessary complexity and led to confusion across various age groups. As a result, the Mission cards and STAR
cards have since been removed.

Groups K-8 were tested to see how far the impact and engagement of Lunar Dash could reach. We found that
children under 8 (3rd grade) required guidance when playing and became easily distracted. Symbols on the board
were not intuitive without heavy reliance on instructions, which led these younger age groups to struggle to
navigate. Additionally, the 3D-printed pieces were highly successful, though their "toy-like" nature occasionally
distracted younger students from the core gameplay.

C. Testing Outcomes

Design changes were also executed to ensure the game would remain fun and clear. “Wormhole” spaces were
corner spaces meant to move you up the board game. They were confusing, as the “wormhole” touched three spaces,
but it was only meant for the corner space. It was also unclear if the player was traveling up or down the
“wormhole”. We redesigned and resized the “wormhole” to be a rocket so that the direction of the jump/drop in
spaces was clearer.

Significant modifications were also made to the mission system to address gameplay complexity. While the
original design required players to build physical rocket components, testing revealed this added unnecessary
confusion and slowed the game pace for all age groups. To maintain engagement, we removed the physical building
requirements, missions, and the star spaces. This change ensures the core gameplay stays focused on STEM
questions and the race to the moon without the frustration seen in testing,

Finally, we adapted some of the harder questions into a “Hard Mode” because it was observed that in specific
group tests, certain questions were outside of the scope of knowledge, even for the older kids. We decided to leave
them there as a challenge question on specific spaces.

V. The Future of Lunar Dash

The future development of Lunar Dash will focus on reconciling the high engagement of the mission-based
design elements with the need for a more intuitive and streamlined gameplay experience. While the physical
assembly of rocket components was a highlight for many students, testing indicated that a more simplified approach



is necessary to maintain game momentum. We intend to reimagine the mission system by introducing a level-based
progression. In this model, players who land on STAR spaces would earn specific mission tokens or status upgrades
rather than performing complex physical assemblies. This keeps the design thinking framework where players must
make strategic choices based on their mission criteria while ensuring that the game remains accessible to a broader
range of ages and skill levels.

Furthermore, we aim to branch off and adapt a new version of Lunar Dash, specifically to better engage the K 3
demographic. Our research suggests that younger students are highly motivated by the 3D printed game pieces but
are easily distracted by text heavy instructions and non-intuitive symbols. Future iterations will prioritize a visual
first design, utilizing universal icons and a simplified board layout to reduce the reliance on external guidance. It is
possible to also adapt a teacher-guided version so that it can be used as more of a guided classroom activity rather
than a board game. By continuing this iterative design process, we believe Lunar Dash can become a staple in K 8
classrooms, effectively bridging the gap between play and the foundational principles of aerospace engineering.

Fig. 11, Third Iteration of Lunar Dash

VI. Conclusion

Based on the results from our testing we concluded that the board game is effective at helping kids learn STEM
topics through a fun experience. However, through testing, it was determined that there are still aspects of the game
that can be improved. Further testing will help identify any remaining problems and refine the game into a better
product. We applied design thinking to create a game that actively engages players with aerospace engineering and
related STEM disciplines. The board game is a fun learning environment for teachers to incorporate to add to STEM
education in their classrooms. Preliminary testing of the board game showed that the board game was entertaining
for the students that played while also being informative, helping the students learn about the topics that are present
in the game and quizzing them on knowledge learned in school.
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