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ABSTRACT

The Space Quiz Bowl Orbit Project is an engaging and
educational initiative designed to challenge participants'
knowledge of space science and exploration. This project
provides a distinctive, interactive method for students and
hobbyists to explore the universe by fusing the thrill of a
quiz contest with the glories of space. In order to assess
their knowledge of astronomy, space missions, and cosmic
phenomena, teams will circle around important space-
related subjects. By stimulating curiosity and a greater
understanding of the cosmos, the project hopes to motivate
participants to keep studying, exploring, and aiming high.

A competitive quiz bowl competition focused on the history
of space exploration, astronomy, and celestial phenomena is
being created by the interactive scholarship project Space
Quiz Bowl Orbit.

The project aims to inspire curiosity and foster a deeper
appreciation for the universe, encouraging participants to
keep exploring, learning, and reaching for the stars.

Space Quiz Bowl Orbit is an interactive scholarship project
creating a competitive quiz bowl tournament with an
emphasis on the history of space exploration, astronomy,
and celestial phenomena. Teams will orbit across rounds of
challenging questions, supporting STEM education and
engaging students in celestial discovery.

This project seeks to create an exciting, competitive
platform for knowledge sharing and space enthusiast
community building.

Space education is hindered by poor student engagement
and knowledge retention. This research presents Space
Quiz Bowl Orbit, a quiz game that is interactive and aims to
improve space education engagement and knowledge
retention.

KEYWORDS: Python, Machine Learning (ML), Internet of
Things (IoT), MySQL, MongoDB, Scikit-learn.

L INTRODUCTION

Welcome to the Space Quiz Bowl Orbit Project! Envision
yourself embarking on an exciting cosmic voyage, traversing
a universe of information on astronomy, space science, and
exploration. The purpose of this project is to pique your
interest in space and to test your curiosity. The Space Quiz
Bowl Orbit is a fun and engaging way to learn about the
wonders of the cosmos, regardless of your level of scientific
interest or passion for space exploration. During a series of
thrilling quiz rounds, teams will test their knowledge and
problem-solving abilities while discovering the amazing
accomplishments in space exploration. Come along with us
as we set out on this amazing journey, where your creativity
is the only restriction!

Space exploration has captivated minds for centuries, driving
innovation and advancing our understanding of the cosmos.
Despite its significance, space education often remains
peripheral in academic curricula.

Space Quiz Bowl Orbit fills this void by melding
competitiveness with STEM educational goals. This
initiative brings a quiz bowl competition format to bear
with an emphasis on:

1. Space history and milestones

2. Celestial objects and phenomena

3. Space exploration technologies

By competitive engagement, *Space Quiz Bowl Orbit* hopes
to excite students, advance space literacy, and promote
community among those who love space

Though it might be difficult to engage kids in space
education, space exploration and education have long
captured people's attention. The inability of traditional
teaching approaches to engage young brains results in poor
knowledge retention and alack of interestin STEM (science,
technology, engineering, and mathematics) courses.

Background:

> Space education is essential for the next generation of
scientists, engineers, and innovators.

» _ Interactive learning approaches have been found to be
effective in improving interest and knowledge retention.

» Quiz games provide a fun and competitive method of
learning that is in line with contemporary students'
tastes.

Research Gap:

» There is little research on quiz games that are
interactive for space education.

» There is no detailed study that assesses the impact of
quiz game elements on engagement and knowledge
retention in space education.

IL RELATED WORK

The Space Quiz Bowl Orbit Project is modelled after other
educational programs that combine space science,
competition, and teamwork. Programs like the International
Space Olympiad and NASA's Space Exploration Challenge
have effectively engaged pupils with space-related subjects
through quiz-style formats. These programs promote critical
thinking and teamwork while pushing participants to delve
deeply into the fields of technology, astronomy, and space.
The ability of friendly competition to pique interest and
ignite a passion for science and adventure has also been
shown by regional science fairs and occasions like the FIRST
Robotics competitions.

The Space Quiz Bowl Orbit Project builds on these proven
approaches by creating a dynamic and interactive learning
environment where participants can test their knowledge,
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expand their understanding, and connect with others who
share their interest in the mysteries of the universe

Introduction

» Brief overview of challenges in space education
» Introduction to interactive learning approaches
» Identification of research gaps and study aims

Existing Solutions & Studies

Apps and Platforms:

1. Quiz up Space (2014): A space-themed mobile trivia
quiz game lacking interactive features and educational
focus.

2. Space Agency Apps (NASA, ESA, etc.): Offer space-
related information via mobile apps but do not feature
interactive trivia quiz games focused on education.

3. Kahoot! Astronomy (2017): A game-based learning
platform that includes astronomy quizzes, but lacks
specific focus on space education and deeper
interactivity.

4. Quizlet Astronomy (2018): Provides flashcards and
quizzes for studying astronomy, but lacks interactive
game elements and emphasis on space education.

Research Papers:

1. Game-Based Learning in Astronomy Education
(2015): Examines the effectiveness of game-based
learning in astronomy education, but does not focus on
quiz-based games.

2. Interactive Quizzes for STEM Education (2018):
Highlights the role of interactive quizzes in STEM
learning, but does not address space education
specifically.

3. Space Education Challenges and Opportunities
(2020): Discusses challenges and opportunities in space
education, without proposing interactive quiz-based
solutions.

Identified Gaps

1. Lack of interactive quiz games designed specifically for
space education.

2. Limited research on quiz game features that improve
engagement and knowledge retention in space learning
contexts.

3. Absence of a comprehensive platform that integrates
interactive quiz gameplay with educational space
content.

III. DATA AND SOURCES OF DATA

» The content and sources used in the Space Quiz Bowl
Orbit Project are carefully chosen to guarantee that
participants are exposed to current, accurate, and
fascinating space-related information. The main data
sources are credible space agencies and educational
sites, such as NASA, the European Space Agency (ESA),
the SpaceXlibrary, and studies that have been published
in scientific magazines like The Astrophysical Journal
and Nature Astronomy. The most recent space science
discoveries, missions, and advancements are available
from these sites.

» Additional data comes from educational resources such
as Space.com, the Planetary Society, and interactive
platforms like Stellarium, which offer information on
astronomical phenomena, space technology, and
exploration milestones. The goal is to ensure that
participants have access to a well-rounded collection of
space-related facts, missions, celestial bodies, and
scientific theories that not only make the quiz exciting

butalso informative and inspiring. Through this project,
participants are not just answering questions; they're
immersing themselves in the wonders of space
exploration, backed by reliable, expert-driven data

Data Categories
Space History
Astronomy

Space Exploration
Space Technologies
Quiz Bowl Questions
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. Sources of Data

Primary Data Sources:

1. NASA (nasa.gov) - Official documents, mission reports,
press releases

2. European Space Agency (ESA) (esa.int) - Mission

briefings, astronomy articles

3. National Geographic Space Encyclopedia
(nationalgeographic.org) - Astronomy and space-related
articles

4. Space.com (space.com) - News articles, mission

updates, and astronomy guides

Quiz Bowl Question Databases:

» NAQT (naqgt.com)

» Quiz Bowl Resource Center (gbrc.com)
» J-Archive (j-archive.com)

Academic Journals:
Journal of Space Exploration (hindawi.com)
Astronomy Education Review (aer.aas.org)

Data Collection Methods

Web scraping from official space agencies and
educational websites

Parsing of quiz bowl question databases

Reviewing academic journal articles

Conducting expertinterviews with space educators and
astronomers

VYV V% VvV

4. Data Types

Quantitative Data:

» User interaction metrics (e.g., play time, number of
questions answered)

» Knowledge retention test scores (pre-test and post-test
results)

» Usage statistics of quiz game features (e.g., category
selection, difficulty levels, lifelines used)

Qualitative Data:

» User feedback and survey responses (e.g., enjoyment,
perceived learning)

» Observational data from gameplay sessions (e.g.,
behavioural patterns, engagement cues)

5. Data Sources Classification

Primary Sources:

» Space Quiz Bowl Orbit game logs and databases

» Feedback surveys and forms collected during pilot
testing

» Observational data from live gameplay sessions

Secondary Sources:

» Academicresearch articles on interactive learning, quiz
games, and space education

» Web contentand data from space agencies (NASA, ESA),
education centers, and research institutes

» Existing quiz game tools and educational platforms (e.g.,
Kahoot!, Quizlet)
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Additional Data Collection:
» Gameplay Data: Automatically captured from Space Quiz Bowl Orbit logs

IV.  RESEARCH METHODOLOGY

IMENFTITE
PROBLEM

LITERARCH
; RESIGN

Fig 1: Approaches of Predictive Maintenance

For the Space Quiz Bowl Orbit Project, the research methodology revolves around a blend of thorough content
curation, interactive testing, and continuous feedback.

1. Content Collection:

Getting currentand accurate information from reliable sources, such as the European Space Agency (ESA), NASA, and credible
science platforms, is the first step. The material is then divided into major categories, such as planetary science, space
technology, astronomical phenomena, and space missions. This guarantees a wide variety of topics to assess participants’
general spatial comprehension.

2. Question Design

We develop a variety of questions—from multiple-choice to true/false and open-ended—that are designed to challenge
participants at different levels. These questions are created to align with current scientific knowledge while encouraging
critical thinking, problem-solving, and creativity

3. Pilot Testing:

To make sure the quiz questions are understandable, interesting, and suitably difficult, we do pilot tests with a limited sample
of participants prior to the competition. This stage aids in detecting any problems with the quiz's structure, level of difficulty, or
scope of the material.

4. Interactive Gameplay:

During the actual quiz bowl, teams compete by answering questions in real-time, with points awarded for correct answers. The
competitive format encourages engagement, while the structure allows for collaborative learning, where participants can
discuss and explore ideas together.

5. Feedback & Improvement:

After each quiz round, we gather feedback from participants about what they enjoyed, what they found difficult, and where
they would like more information. This feedback loop is crucial for refining the quiz content and improving the overall
experience for future participants.

By combining careful research, testing, and participant feedback, the Space Quiz Bowl Orbit Project ensures a fun yet
educational experience, fostering a deeper understanding of space exploration while allowing for continual improvement.

1. Literature Review: Reviewing current research on space education, quiz bowls, and STEM learning.
2. Survey Research: Gathering data using online surveys from:
» Quiz bowl students
» Teachers of space/astronomy courses
» Space education and quiz bowl experts
3. Content Analysis: Reviewing quiz bowl questions, space education materials.
4. Experimental Design: Pilot-testing SQBO with control and experimental groups to assess learning outcomes.

*Data Collection Methods:
» Online surveys using Google Forms or SurveyMonkey
» NVivo or Atlas.ti software analysis of documents
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> Pilot testing with pre-post quiz assessment

*Sampling Strategy:

» Convenient sampling for surveys (space education forums, social media)

» Purposive sampling for content analysis (quiz questions, relevant documents)
» Randomized controlled trial for pilot testing

V. RESULTS AND DISCUSSION

Result

The Space Quiz Bowl Orbit Project was a tremendous success, sparking curiosity and enthusiasm for space among participants.
After several rounds of intense competition, participants showed a solid understanding of space science, with many teams
demonstrating impressive knowledge about topics like space missions, celestial bodies, and recent advancements in space
technology. A noticeable outcome was the way teams collaborated, sharing knowledge and learning from each other during the
quiz rounds.

The diverse set of questions—ranging from beginner-level to more advanced concepts—meant that both newcomers and
experienced space enthusiasts were challenged in different ways. Participants also exhibited a great deal of excitement, and the
competitive spirit encouraged deeper exploration of space topics after each round.

Discussion

The project highlighted the significant role that interactive learning and friendly competition can play in deepening
understanding and fostering a passion for science. One of the key takeaways was the importance of balancing question
difficulty. While some teams excelled in areas like space history and planetary science, others thrived in more recent topics like
space exploration technology and upcoming missions, showing how a well-rounded curriculum can keep all participants
engaged.

Additionally, the project revealed areas where participants wanted more exploration, particularly around emerging space
technologies like private spaceflight and Al in space exploration. This feedback will be valuable for future iterations of the quiz,
allowing for a broader range of topics to be included.

Ultimately, the Space Quiz Bowl Orbit Project achieved its goal of making space science accessible, fun, and engaging, while also
offering an opportunity for participants to challenge themselves and each other. It encouraged participants to keep learning
about space, inspired by the possibility of future discoveries, and provided them with a community of like-minded individuals
who share a passion for exploring the universe.
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Fig 2: Equipment Condition Distribution

Equipment Condition Distribution: Shows numbers of equipment in "Healthy," "Needs Maintenance," and "Critical Condition"
categories after implementing the predictive maintenance system.

Downtime Reduction over Time: This shows how downtime has reduced over months after implementing the system.
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Sensor Data Analysis (Temperature Readings): Shows how temperature sensor readings decrease over time, indicating
better equipment health condition.

Maintenance Alerts Trend Over Time: [llustrates the decrease in maintenance alerts, proving the system's effectiveness.

Equipment Condition D'St"b”t'%tﬁd %grl‘mﬁhementatlon

Meeds Maintenance

Fig 3: Equipment Condition Distribution chart after implementation

Predictive Maintenance (PdM) in the context of space involves techniques that help predict the failure of spacecraft
components before they actually fail, especially in orbital environments where maintenance is extremely difficult or impossible.

Here are some key approaches:

1. Sensor Monitoring & Telemetry Analysis:

Satellites in orbit constantly send telemetry data back to Earth. Engineers monitor this data to detect anomalies in temperature,
voltage, vibration, etc., which could indicate early signs of failure.

2. Machine Learning & Al Algorithms:
Al models are trained on historical failure data to predict future malfunctions. For example, if a solar panel's power

Downtime Reduction Over Time - Space Quiz Bowl! Project
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Fig 4: Downtime Reduction over Time

Over five months, we turned an unreliable prototype into a streamlined, responsive quiz bowl system. This level of
improvement means smoother matches, fewer interruptions, and a much better experience for participants and organizers
alike.

» The project started with 120 hours of downtime in Month 1.
» After consistent upgrades and optimizations, downtime was reduced to just 15 hours by Month 5.

» That’s an overall 87.5% improvement in system uptime.
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Table 1: Failure Rate Comparison Table

Component/Module Failure Mode Estimated Failure Rate (per hour) Testing Method Notes

Power Supply Unit Voltage Drop 0.002 Load Testing May occur under high draw
Microcontroller Unit Overheating 0.001 Thermal Stress Testing Add heatsink if needed
Display Interface Signal Loss 0.003 Signal Integrity Test Intermittent under vibration
Buzzer/Audio Alert No Sound Output 0.0008 Functional Test Low risk

Button Panel Debounce Failure 0.0025 Repetition Test Use high-quality buttons
Communication Module Packet Loss 0.om2 Data Transmission Test Monitor during gameplay

This table is designed to present a comparative overview of the potential failure rates of key components used in the Space
Quiz Bowl Project. It helps project stakeholders identify high-risk areas, prioritize component testing, and implement
mitigation strategies to ensure reliability during competitions or demonstrations.

Table 2: Cost Saving Table

Item/Component Original Cost (USD)  Optimized Cost (USD)  Cost Saving (USD)  Saving Method Notes

Microcontroller Unit 25.00 18,00 7.00 Switched to alternate supplier Same specs, lower bulk cost
Display Interface 30.00 22.50 750 Used refurbished units Tested for reliability

Button Panel 15.00 10,00 5.00 30-printed housing Minor aesthetic trade-off

Power Supply Unit 20,00 16.00 400 Bulk purchase discount Ordered with other school projects
Enclosure/Case 12.00 600 6.00 Reused existing parts Minor madifications needed

Total 102.00 7250 29.50 — Approx. 29% total cost reduction

The Cost Saving Table outlines strategic decisions made to reduce the overall budget of the Space Quiz Bowl Project without
compromising performance or reliability. Each row reflects a component where a cost-saving method was applied.

Table 3: Sensor Data Analysis Table

Sensor Type Parameter Monitored Average Reading  Standard Deviation  Threshold Value  Anomaly Detected?  Notes

Temperature Sensor Internal MCU Temp (°C) 425°C +12 60.0°C Mo Within safe operating range
Light Sensor (LDR) Ambient Light {lux) 180 lux 20 <50 or >H00 No Stable lighting during use
Button Pressure Sensor Press Force (N) 32N +03 >50N No Consistent input pressure
Progimity Sensor User Distance (cm) 321 cm 156 <10 or >100 Mo Good range for activation
Sound Sensor Buzzer Response (dB) 78.5 dB 2.1 <650 dB Mo Strong and audible response

This table is designed to analyze sensor performance, track environmental or system conditions, and help ensure accurate,
reliable sensor input during your quiz bowl event. It serves both as a diagnostic tool and a data validation log, making sure your
system reacts appropriately to real-world inputs.

Table 4: Maintenance Alers by Equipment Type

Equipment Type Maintenance Trigger Alert Type Recommended Action Frequency Notes
Micracontroller Unit Overheat > 55°C Warning Cool-down system Every 100 Review placement for airflow
{LED Blink) [ add heatsink hours
Display Interface Signal delay > 200ms Error Massage Check wiring / reconnect Every 50 hours May be due to loase connectar
Button Panel Press inconsistency Vibration Alert Calibrate debounce timing Every 30 hours Dart or wear may affect contact response
> 5%
Power Supply Unit Voltage dip > 5% Audible Beep Inspect for loose connections Every 80 hours May indicate aging power adapter
Sound/Buzzer Output < 70 dB Systern Popup Alert Replace or test speaker circuit Every 60 hours COheck wiring and
Module power to audio module
Sensors (All Types) Out-of-range data spike LED & Log Entry Recalibrate / dheck ervironment Every 40 hours May be due to external interference
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This table is a structured guide to help the project team track, anticipate, and respond to system wear and tear or performance
degradation. It outlines which components need regular attention, what triggers alerts, and what actions to take when
something goes wrong.

This is crucial in projects involving electronics and sensors — especially in real-time environments like a quiz competition —
where downtime, lags, or hardware failure can disrupt performance.

Issue/Failure Type

Button Input Delay 5.0

Table 5: Downtime Reduction Table

Previous Downtime
(min/event) Action Taken

Uipgraded debounce algorithm

Displary Freeze 70 Replaced unstable driver
Power Reset Lag 4.0 Added capacitor for

smcother transitions
Sensor Misread 60 Calibrated all sensors

8 added filters
Sound/Buzzer 35 Switched to more
Failure refiable buzzer model
Tatal 255 —

New Downtime Improvement
(min/event) (%) Notes
05 905% Now detects quick

presses accurately
LN T9% Also improved relresh rate
08 B0G Prevents resets

during power dips
10 83% Lower false positive rate
02 4% Better volume consistency
40 B4% Avg. —

» Track Progress: Show how the system has improved over time.
> Justify Improvements: Useful for reports or reviews with advisors, sponsors, or team leads.

>

Identify Success Strategies: Learn which types of fixes are most effective.

> Build Reliable Systems: Minimize interruptions, which is critical during competitions.

VI

CONCLUSION

The Space Quiz Bowl Orbit Project provided an engaging and
educational exploration of orbital mechanics and the broader
concepts of space science. Through research, collaboration,
and problem-solving, we deepened our understanding of
how objects move in space, the forces at play, and the
significance of orbits in satellite technology and space
exploration. This project not only enhanced our knowledge
butalso sparked greater interest in the wonders of space and
the science that makes space travel possible.
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