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ABSTRACT 
This thesis explores the potential in democratizing and augmenting exoplanet 

research via citizen science by utilizing a global network of portable image-intensified 

computerized telescopes, and inquiry-based astronomy instruction. A central objective 

is to establish that citizen scientists, using exoplanet transit photometry with compact, 

connected telescopes, can bolster professional astronomy’s reliance on a limited 

number of large professional telescopes for exoplanet follow-up, discovery, and 

characterization. This research also investigates the efficiency of the Modeling 

Instruction Astronomy pedagogy, underscoring that teachers, even without specialized 

training, can effectively engage in astrophysics research (e.g., exoplanets) and enrich 

the educational experience for their students. Pivotal insights from this thesis include 

publishable scientific results from the Unistellar Exoplanet Campaign, with >1,000 

exoplanet observations from 163 citizen scientists across 21 countries and a 43.2% 

transit detection success rate. This work refined the orbit of Transiting Exoplanet 

Survey Satellite (TESS) planet candidates and improved mid-transit times (e.g., TOI 

2031.01), highlighting the value of a globally distributed citizen science network in 

providing extended transit photometry across multiple time zones. In a corresponding 

education study, integrating stellar and exoplanet data into the Global Hands-on 

Universe (G-HOU) framework and using the Modeling Instruction pedagogy enhanced 

both teacher and student astronomical understanding, self-efficacy, and engagement. 

Following a workshop, teachers mostly without prior astronomy experience 

incorporated a depth of astrophysical content into their high school curricula that often 

surpassed what's found in many university-level introductory astronomy courses. 

Finally, this thesis confirms the discovery of the TESS single-transit dense warm sub-

Saturn, TIC 139270665 b, identified with the help of citizen scientists and confirmed 

with the Doppler method and transit photometry. The Unistellar citizen science network 

provided vital photometric data, with high school students significantly contributing to 

this exoplanet through an “AstroReMixEd” (Astrophysics Research Mixed with 

Education) effort. The discovery of this unique sub-Saturn also offers a promising 

avenue for refining our understanding of planetary formation and evolution models. 

While the core of this thesis emphasizes advancement in exoplanet research, it 

concurrently highlights the significance of integrating professional astrophysics 

exoplanet endeavors with pioneering educational strategies.   



 

ii 

CERTIFICATION OF THESIS 
I Daniel O’Conner Peluso declare that the PhD Thesis entitled Democratizing 

and Enhancing Exoplanet Research with the Unistellar Citizen Science Network & 

Astronomy Modeling Instruction is not more than 100,000 words in length including 

quotes and exclusive of tables, figures, appendices, bibliography, references, and 

footnotes.  

This Thesis is the work of Daniel O’Conner Peluso except where otherwise 

acknowledged, with the majority of the contribution to the papers presented as a 

Thesis by Publication undertaken by the student. The work is original and has not 

previously been submitted for any other award, except where acknowledged. 

 

Date: 12 February 2024 

 

Endorsed by:  

 

Bradley Carter 

Principal Supervisor 

 

Duncan Wright 

Associate Supervisor 

 

Carl Pennypacker 

Associate Supervisor 

 

Franck Marchis 

Associate Supervisor 

 

Colleen Megowan-Romanowicz 

Associate Supervisor 

 

Student and supervisors’ signatures of endorsement are held at the University.  



 

iii 

STATEMENT OF CONTRIBUTION 
This section contains details regarding the contributions by the various authors for 

each of the papers presented within this thesis by publication.  

 

Paper 1, Chapter 3, Peluso et al. (2023): 
Peluso, D. O. , Esposito, T. M., Marchis, F., Dalba, P. A., Sgro, L., Megowan-

Romanowicz, C., . . . Scientists, Unistellar Citizen. (2023). The Unistellar Exoplanet 

Campaign: Citizen Science Results and Inherent Education Opportunities. 

Publications of the Astronomical Society of the Pacific, 135(1043), 015001. 

doi:10.1088/1538-3873/acaa58 

 
Author Percent 

Contribution 

Tasks Performed 

Daniel O. Peluso 75% 

Conception of project and ideas, data 
acquisition, creation of citizen 
scientist observation tracking system, 
analysis of data, investigation and 
amalgamation of data and analysis of 
over 1,000 exoplanet citizen scientist 
observations, data interpretation, 
creation of plots and tables, and 
wrote all drafts of paper.  

Thomas M. Esposito 

Franck Marchis 

Paul A. Dalba 

Lauren Sgro 

Colleen Megowan-Romanowicz 

Carl Pennypacker 

Bradley Carter 

Duncan Wright 

Arin M. Avsar 

Amaury Perrocheau 

*163 Unistellar Citizen 

Scientists 

25% 

Supervision of paper and mentoring, 
assistance with navigating and 
utilizing the Unistellar data pipeline, 
assistance with analysis codes, 
suggested edits to manuscript, co-
analysis of global network of citizen 
science data, and assistance with 
some plots from the data pipeline.  

  *See Appendix A for full citizen scientist list 

 



 

iv 

Paper 2, Chapter 4, Peluso et al. (2023):  

Peluso, D.O., Megowan-Romanowicz, C., Pennypacker, C., Marchis, F. 

(2023). Astronomy Modeling Instruction with Exoplanets: Motivating 

Science Teaching and Learning in the 21st Century. Submitted to the 

Journal of Science Teacher Education (JSTE) on 1 June 2023 with the 

submission ID of 232454474 and is currently in peer-review for publication. 

 
Author Percent 

Contribution 

Tasks Performed 

Daniel O. Peluso 85% 

Conception of project and ideas, led 
and wrote documents for the 
Institutional Review Board (IRB) 
submission, development and revision 
of curricular materials for workshop, 
development and deployment of 
survey instruments, co-leading and 
planning of workshop, led participant 
interviews and analyzed collected 
data from interviews, quantitative and 
qualitative data collection and 
analysis, statistical tests, created all 
plots and tables in paper, wrote all 
drafts of paper.  

Colleen Megowan-Romanowicz 

Carl Pennypacker 

Franck Marchis 

15% 

Supervision of paper and mentoring, 
assistance in developing and revising 
workshop Modeling Instruction 
curriculum materials, supervising the 
creation of a new workshop with the 
American Modeling Teachers 
Association (AMTA), co-leading and 
planning of workshop, provided 
Unistellar eVscopes for research 
participant, and suggested edits to 
manuscript. 

 

 
 
 
 
 
 
 



 

v 

Paper 3, Chapter 5, Peluso et al. (2024):  
Peluso, D.O., Dalba, P. A., Wright, D., Esposito, T. M., Sgro, L. A., Weaver, I. C.,.., 

Citizen Scientists, Unistellar. (2024), Confirming the Warm and Dense Sub-Saturn TIC 

139270665 b with the Automated Planet Finder and the Unistellar Citizen Science 

Network, was accepted for publication on 6 February 2024 (manuscript AAS50575R1). 

 
Author Percent Contribution Tasks Performed 

Daniel O. Peluso 75% 

Conception of project and ideas, data 
acquisition, planning and managing citizen 
scientist observations, creation and 
analysis of MCMC analysis code, creation 
of code for the analysis of various light 
curves and statistical tests on over 270 
hours of photometric data, analysis of 
transit and radial velocity data, data 
interpretation, creation of plots and tables, 
and wrote all drafts of paper. 

Paul A. Dalba 

Duncan Wright 

Thomas M. Esposito 

Lauren A. Sgro 

Ian C. Weaver 

Franck Marchis 

Diana Dragomir 

Steven Villanueva Jr. 

Benjamin Fulton 

Howard Isaacson 

Thomas Lee Jacobs 

Daryll M. LaCourse 

Robert Gagliano 

Martti H. Kristiansen 

Mark Omohundro 

Hans M. 

Schwengeler 

Ivan A. Terentev 

Andrew Vanderburg 

*43 Unistellar Citizen 

Scientists 

25% 

Supervision of paper and mentoring, 
assistance with the Unistellar data pipeline, 
suggested edits to manuscript, and 
assistance with radial velocity analysis and 
with some of the campaign plots from the 
Unistellar data pipeline for the paper’s 
appendix. 

*See Appendix A for full citizen scientist list 



 

vi 

ACKNOWLEDGEMENTS 
The largest acknowledgement and thank you is reserved for my spouse, Nancy, 

who has been my number one supporter and cheerleader throughout my PhD and 

many other of my life’s endeavors. I also would like to extend a deep thank you to my 

mother, family, and friends for their support.  

As a non-traditional student, my journey to the field of astrophysics has been 

challenging. In addition to the many individuals through my long academic journey that 

have given their valuable support, I would like to acknowledge and highlight a few that 

have had a special impact. First, I would like to thank my first astrophysics professor, 

Arthur Kosowsky, at the University of Pittsburgh (Pitt). At my time at Pitt, I often felt 

isolated because of my age and non-traditional status. Arthur’s continued mentorship 

and encouragement was extremely important to me completing a Bachelor of Science 

(B.S.) degree at Pitt and Arthur still provides valuable mentorship to me to this day. 

Thank you! Other thanks go to Charlie Jones and Brian Balta at Pitt, as well as Kelly 

Rose of the National Energy Technology Laboratory, for your support in my 

development as a science student and researcher during my undergraduate tenure. 

Additional thanks must go to David Grinspoon, who has been a great friend and 

scientific mentor since my days at Pitt.  

For my PhD, I must firstly thank my Principal Supervisor Brad Carter, and 

Associate Supervisors, Carl Pennypacker, Duncan Wright, Colleen Megowan-

Romanowicz, and Franck Marchis. Your continued and unwavering support week after 

week of this long journey will never be forgot. I am forever grateful. Carl, I must offer 

you a special thank you for encouraging me to pursue a PhD at a time when I had 

somewhat given up on the idea because of various personal challenges and beliefs. 

You and subsequently all of my supervisors, helped me to believe that anything is 

possible and that my disbelief in myself was just a fallacy waiting to be overcome. 

Brad, you have been monumental in your support of my creativity and helping me to 

bridge a unique idea to merge both astrophysics exoplanet research and education in 

a multidisciplinary PhD project. Duncan, your continued support, and guidance in 

exoplanet science, especially during my time in Australia and working on my final 

paper, have been very rewarding and valuable. Colleen, your weekly mentorship, and 

dedication to teaching me and providing opportunities for Modeling Instruction 

Astronomy were vital to my project and personal and professional growth. Franck, your 



 

vii 

willingness to dream and to think big and give me related research opportunities at the 

SETI Institute working with the Unistellar network and science team became a 

pinnacle ingredient to my research. If I could also thank serendipity, I would, but 

ultimately, it is the five of you who have continued to believe in me and support me 

through the past four plus years of this PhD. I am forever grateful and honored.  

In addition to my PhD supervisors, there have been many that have offered 

valuable mentorship and support. Tom Esposito and Paul Dalba of the SETI Institute, 

thank you both for the years of guidance, mentoring, and professional development 

you have provided. Tom, since the beginning of my PhD you have helped me to learn 

programming, astronomical observation planning, data reduction, exoplanet science, 

and many other professional skills, and you have also provided valuable mentoring. 

Paul, your dedicated support in my final PhD project for TIC 139270665 through 

exoplanet lessons, programming, MCMC analysis, Lick Observatory radial velocity 

data, etc., was invaluable. Both of you have helped tremendously in my professional 

development as a young exoplanet researcher. I offer additional thanks to other SETI 

Institute and Unistellar researchers and personnel, such as Lauren Sgro, Ryan 

Lambert, Ian Weaver, Ariel Graykowski, Joé Asencio, Rossi Linhares, Arin Avsar, 

Amaury Perrocheau, Pamela Harman, Rebecca McDonald, Simon Steel, and 

everyone else from these institutions that have supported me one way or another 

through my PhD journey. Rob Zellem of NASA’s Exoplanet Watch has also offered 

valuable support and guidance through my PhD. Thank you, Rob.  

For my education work, I also wish to thank the American Modeling Teachers 

Association (AMTA) for offering our Astronomy Modeling with Exoplanets (AME) 

workshop to teachers and for your continued support and personal professional 

development. Thank you to the teachers and students from the first AME workshop 

and allowing us to use your survey and interview data for my project. An extra special 

thanks goes to Paul Sasso (and Colleen) for your additional support and continued 

efforts to keep AME an offering with AMTA. To the Chabot Space & Science Center’s 

Jenna Lowe and Dan Stanton, thank you for allowing me to work with your Galaxy 

Explorer high school students, especially in helping to plan the overnight observation 

of TIC 139270665 b. Galaxy Explorer high school students, thank you for your 

curiosity, excitement, and dedication to the TIC 139270665 project. Your work helped 

contribute valuable data to the discovery an exoplanet and my PhD. Thank you as well 



 

viii 

to all my past and previous students for your encouragement and for rooting for me to 

complete my PhD.  

Lastly, I must thank the hundreds of Unistellar citizen scientists around the 

world. This PhD has been a unique project largely built on the data collected by you! 

It is amazing that we live in an era where such global collaboration from citizen 

scientists can occur in the search and understanding of planets around other stars. 

Your observations and data have helped my PhD tremendously. Together, we are 

honored to show the value of citizen science exoplanet observations to the field of 

both research and education.  

 

Funding acknowledgements:  
Through the University of Southern Queensland, I have received the International PhD 

Stipend Scholarship. Additional support has been through the SETI Institute and the 

Gordon and Betty Moore Foundation and NASA citizen science UNITE (Unistellar 

Network Investigating TESS Exoplanets) program. 

 

Disclaimer:  
This research was partially financially supported by the SETI Institute, a non-profit 

research organization responsible in part for managing citizen science programs 

associated with Unistellar. It's important to clarify that while Unistellar, a for-profit 

telescope manufacturer based in France, is mentioned and its capabilities discussed 

within this research, I received no direct funding or financial support from Unistellar for 

this work.  



 

ix 

TABLE OF CONTENTS 
ABSTRACT ....................................................................................... i 

CERTIFICATION OF THESIS ............................................................... ii 

STATEMENT OF CONTRIBUTION ........................................................ iii 

ACKNOWLEDGEMENTS .................................................................... vi 

LIST OF FIGURES ........................................................................... xii 

CHAPTER 1: INTRODUCTION ............................................................. 1 

1.1 Cosmic Curiosity Set into Motion .................................... 1 

1.2 Exoplanets: From Antiquity to Modern Times ................... 2 

1.3 The Need for a Democratized Science ............................. 3 

1.4 Thesis Summary and Outline ......................................... 4 

1.5 Research Questions ...................................................... 5 

CHAPTER 2: LITERATURE REVIEW ...................................................... 6 

2.1 Exoplanet Discovery History and a Current Census ........... 6 

2.2 Radial Velocity Detection Method ................................... 8 

2.3 Transit Photometry Detection Method ............................. 9 

2.4 Space-based Exoplanet Surveys .................................. 10 

2.4.1 Professional Ground-based Exoplanet Surveys ........... 12 

2.5 Long-Period Planets and Single-Transit TESS Candidates . 12 

2.6 The Need for Follow-up Campaigns .............................. 16 

2.7 Citizen Science in Astronomy ....................................... 17 

2.8 Exoplanet Citizen Science ........................................... 18 

2.9 New Exoplanet Citizen Science Observing Initiatives ....... 20 

2.10 The Unistellar Citizen Science Telescope Network ........... 22 

2.11 Examples of Exoplanet Science in the Classroom ............ 24 

2.12 Challenges to Current Exoplanets in Education Initiatives 25 

2.13 The Need for Improved Science Education ..................... 25 

2.14 Modeling Instruction Pedagogy ................................ 27 

2.15 G-HOU and Modeling Instruction Astronomy .................. 28 

2.16 Literature Summary ................................................... 29 

CHAPTER 3: THE UNISTELLAR EXOPLANET CAMPAIGN ........................ 30 



 

x 

3.1 Introduction ........................................................................ 30 

3.2 Published Paper ......................................................... 30 

3.3 Links and Implications ................................................ 49 

CHAPTER 4: ASTRONOMY MODELING INSTRUCTION WITH EXOPLANETS

 ................................................................................................... 50 

4.1 Introduction .............................................................. 50 

4.2 Submitted Paper ........................................................ 50 

4.3 Links and Implications ................................................ 90 

CHAPTER 5: CONFIRMING THE WARM AND DENSE SUB-SATURN TIC 

139270665 B WITH AUTOMATED PLANET FINDER AND UNISTELLAR 

CITIZEN SCIENCE NETWORK ........................................................... 91 

5.1 Introduction .............................................................. 91 

5.2 Submitted Paper ........................................................ 91 

5.3 Links and Implications .............................................. 119 

CHAPTER 6: DISCUSSION ............................................................. 120 

6.1 The Unistellar Exoplanet Campaign ............................ 120 

6.2 Astronomy Modeling Instruction with Exoplanets 

Intervention 120 

6.3 Discovery and Confirmation of Warm Sub-Saturn TIC 

139270665 b with APF and Unistellar and AstroReMixEd .................... 121 

6.4 Unistellar’s Evolution in Exoplanet Detection ................ 121 

6.5 The Rivers of Academia and the Zeitgeist .................... 125 

6.6 Crossing the Streams ............................................... 127 

6.7 Converging Astronomy Modeling and Citizen Science .... 129 

6.8 Challenges and Limitations ........................................ 130 

CHAPTER 7: CONCLUSION ............................................................ 135 

7.1 Broader Implications ................................................ 135 

7.2 Final Thoughts and the Potential of a Democratic 

Astronomy 136 

References .................................................................................. 140 

APPENDIX ................................................................................... 158 

Appendix A ............................................................................ 158 



 

xi 

Paper 1: 163 Unistellar Citizen Scientist Co-Authors .................... 158 

Paper 3: 43 Unistellar Citizen Scientist Co-Authors ...................... 159 

 

  



 

xii 

LIST OF FIGURES 
Figure 1, Exoplanet Research Growth ............................................................ 3 

Figure 2, Exoplanets by Size, Mass, and Period ............................................ 7 

Figure 3, Radial Velocity Curves .................................................................... 9 

Figure 4, HD 209458 b Transit Light Curve .................................................. 10 

Figure 5, Pro-Am Exoplanet Setups ............................................................. 20 

Figure 6, Mid-transit Uncertainty vs. Time .................................................... 21 

Figure 7, Unistellar Campaign Mode ............................................................ 22 

Figure 8, Global Distribution of Unistellar Network ....................................... 23 

Figure 9, eVscope Schematic ....................................................................... 24 

Figure 10, Modeling Instruction Cycle .......................................................... 28 

Figure 11, Kepler-167 e Transit Light Curve ............................................... 123 

Figure 12, Global Distribution for HD 80806 b Campaign .......................... 123 

Figure 13, US Gallup Poll on Education ..................................................... 127 

Figure 14, Evolution of Astronomy .............................................................. 139 

 

 

 

 

  



 

1 

CHAPTER 1: INTRODUCTION 
“Exploration is in our nature. 

We began as wanderers, and we are wanderers still. 

We have lingered long enough on the shores of the cosmic ocean. 

We are ready at last to set sail for the stars.” 

-Carl Sagan, Cosmos (1980) 

 

The desire to explore and understand the cosmos is deeply rooted in our 

evolutionary history. Our inherent fascination with the stars not only underscores our 

destiny as cosmic explorers but also signifies the importance of embedding this 

exploration in our educational systems and professional research fields. With the 

emergence of new technology, e.g., personal digital smart telescopes and innovative 

education strategies, the wonders and excitement of astronomy research need not be 

exclusive to academics alone. These advancements hold the potential to democratize 

astronomical exploration and research, making it universally accessible and possibly 

ushering in a renewed awakening of our cosmic perspective. This thesis delves into 

how combining professional and citizen scientist observations can enhance exoplanet 

research, the outcomes of an exoplanet and astrophysics data intensive workshop for 

out-of-field astronomy teachers, and the discovery and confirmation of a warm and 

unusually dense sub-Saturn exoplanet. Combining astronomical efforts from 

professionals, citizen scientists, and educators and students may set the groundwork 

for a more inclusive and ambitious future in democratized astrophysics research and 

education (i.e., AstroReMixEd—astrophysics research mixed with education).  

1.1 Cosmic Curiosity Set into Motion  
All of the Earth and its life is intertwined with the evolution of the cosmos. Not 

only do we share atoms made in the Big Bang and subsequent supernovae over the 

life of our galaxy, but on-going cosmic events also continue to impact us. We are 

dependent on our nearest star for all our planet’s life.  Humanity’s evolution received 

a boost after a cosmic impact from an asteroid 66 million years ago. The mass 

extinction event on Earth from this impact, which resulted in the extinction of dinosaurs 

and death of most creatures more than one meter in length, is the way of the cosmos. 

Even so, cosmic cataclysms such as these seem to be important for life. For us, the 

extinction event helped to carve out an evolutionary niche for our species to evolve. 

Other dramatic cosmic events may have also shaped the course of our evolutionary 

history. Our ancestors, once arboreal quadrupedal primates, may have transitioned to 
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the savannas in Africa to evolve into bipedal hominids after escalating wildfires 

sparked by increased lightning that possibly resulted from the effects of a nearby 

supernovae roughly 2.6 million years ago (Melott & Thomas, 2019). After becoming 

“wise apes”, or Homo sapiens (Fara, 2004), we began to wonder about our place in 

the universe. This thinking led to the development of astronomy, which is one of the 

oldest forms of inquiry about nature and is often considered along with medicine to be 

the first “science” (Hamacher et al., 2022; North, 2008; Pannekoek, 1989; Rees, 2009; 

Salimpour & Fitzgerald, 2022). Our human ancestors have relied on astronomical 

knowledge and its predictive nature for survival and cultures around the world have 

implemented astronomy into the very architectures of their societies (North, 2008; 

Pannekoek, 1989). Cosmic curiosity is strong, and its origins run deep in our 

evolutionary history.  

1.2 Exoplanets: From Antiquity to Modern Times 
Planets around other stars, i.e., exoplanets, although only first confirmed within 

the last 31 years, have been conceived as possibilities since ancient times. As early 

as 2300 years ago, Greek philosophers such as Epicurus suggested an infinite 

number of worlds in the universe ("Extrasolar planets: the Holy Grail of astronomers," 

2007). Later, from the time of the Copernican revolution through subsequent centuries, 

the concept of the plurality of worlds gained traction. Notable figures such as Giordano 

Bruno, Christiaan Huygens, Bernard Le Bouvier de Fontenelle, and Immanuel Kant 

wrote about the potential existence of planets around other stars and the possibility of 

extraterrestrial life in the cosmos ("Extrasolar planets: the Holy Grail of astronomers," 

2007; "A Short History of Panspermia from Antiquity Through the Mid-1970s," 2022). 

These thought experiments of the plurality of worlds eventually led way to the first 

exoplanets being discovered and confirmed with modern instruments in the 1990s 

(Mayor & Queloz, 1995; Wolszczan & Frail, 1992). 

In our modern world, exoplanets are now being discovered at an amazing rate 

(see Figure 1) and we can say with statistical confidence that on average that there is 

at least one exoplanet per star in our Milky Way galaxy (Cassan et al., 2012). Venturing 

further from our galactic nest, we are now discovering extragalactic exoplanets (Dai & 

Guerras, 2018; Perottoni et al., 2021) and developing new tools to expand the search 

(Painter et al., 2023). If we invoke the Copernican Principle, it is highly likely that our 

accelerating expanding universe abounds with exoplanets. Further, since the raw 

ingredients for life are ubiquitous across the cosmos (Ehrenfreund & Charnley, 2000; 
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Ligterink et al., 2021; Scharf & Cronin, 2016), it is reasonable to consider that at least 

simple life may be commonplace throughout the universe. This notion would be further 

solidified if we were ever to discover definitive evidence of life originating 

independently elsewhere in our solar system or beyond (McKay, 2007).  

 
Figure 1. Growth of confirmed exoplanets with an associated publication over time. The figure 
showcases a total of 5489 confirmed exoplanets, each differentiated by detection technique as 
represented by the distinct colors in the legend. Data was sourced from the NASA Exoplanet Archive 
as of 2 September 2023. 

1.3 The Need for a Democratized Science 
In the context of this thesis, the term "democratization" refers to the inclusive 

and participatory involvement of diverse individuals, including professionals, citizen 

scientists, educators, and students, in astronomy research and education. It 

emphasizes breaking down traditional barriers and to make the pursuit of astrophysics 

universally accessible and fostering collaboration across a broad spectrum of peoples 

to transcend distinctions based on gender, ethnicity, or socio-economic status. 

As thrilling as our advancement and understanding of the universe and 

discovery of other worlds is, modern civilization faces many obstacles. The dream of 

reaching beyond our planet, once an inspiring force that galvanized an entire 

generation during the Space Race (Wissehr et al., 2011), now competes with the 

immediate allure and instant gratification of smartphones and the ephemeral nature of 

social media. The technological ability to connect instantly with each other combined 

with our growing cosmic perspective should inspire and bring us closer together, 

however, we seem to be growing apart in an unhealthy fashion. Studies now show the 

unhealthy effects of smartphone technology on our youth (Twenge & Campbell, 2018) 
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and how they may actually compromise our ability to smile and connect with each 

other (Kushlev et al., 2019). Beyond any scientific field’s goals, it is imperative now 

more than ever, to rekindle the spark of curiosity and wonder in humanity’s youth and 

find ways to help us to reconnect. In addition, interest in careers in astronomy and 

other STEM (science, technology, engineering, and mathematics) fields may be 

waning (Akram et al., 2017; Falk et al., 2016; Osborne et al., 2003; Tröbst et al., 2016) 

in some developed countries along with the youth’s proficiency in pursuing them.  

The rapid technological advancements and deepened cosmic understanding 

over the past century, juxtaposed against the backdrop of our current scientific, 

societal, personal, and environmental challenges, opens a unique avenue, which may 

offer solutions to both realms. Originating with a core objective of advancing 

astrophysics through exoplanet research and enhancing astronomy education, the 

implications of this thesis work may extend beyond its immediate findings. While this 

thesis research itself does not directly address societal challenges, it does illuminate 

how astronomical research can be democratic and experienced not just by 

professionals and citizen astronomers, but also by teachers and students in the 

classroom. If astronomy is a unifying force for humanity, then perhaps additional work 

to involve more of humanity in astronomy learning and activities could lay a 

foundational basis for more positive social changes in our future. If so, maybe we could 

one day evolve past being merely “wise apes” and into terra sapiens of a “wise Earth” 

where we truly embrace global sapience over intelligence (Grinspoon, 2016). 

1.4 Thesis Summary and Outline 
In this thesis, I report the success of the Unistellar Exoplanet Campaign (i.e., 

UE), which utilized over 1,000 exoplanet observations from 163 citizen astronomers 

from 21 countries for exoplanet follow-up. Additionally, I detail how the Astronomy 

Modeling Instruction with Exoplanets education initiative served as a proof of concept 

to show how out-of-field teachers and public-school students can improve self-

efficacy, confidence, engagement, and pedagogy, as well as perform astrophysics and 

participate in exoplanet observations and analysis. The final research report in the 

thesis is of the discovery and confirmation of the Transiting Exoplanet Survey Satellite 

(TESS) single-transit warm and dense sub-Saturn, TIC1 139270665 b, which utilized 

follow-up radial velocity and photometric observations from professional observatories 

 
1 TESS Input Catalog. The TIC is used to help identify the best targets for two-minute cadence photometry by the TESS 
instrument. 
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and the Unistellar citizen science network. Notably, the TIC 139270665 b photometry 

incorporated observations from 16 high school students.  

Chapter 2 offers a literature review that focuses on my primary research areas. 

These include exoplanet discovery and follow-up and the pivotal role played by citizen 

science astronomers, as well as the innovative contributions from emerging telescope 

technologies, specifically the Unistellar citizen science network. Furthermore, Chapter 

2 reviews strategies and research for enhancing astronomy and science education 

using inquiry-based Modeling Instruction classroom experiences that also have 

potential in advancing contemporary exoplanet research. Chapter 3 presents my 

inaugural publication in the Publications of the Astronomical Society of the Pacific 

(PASP), titled "The Unistellar Exoplanet Campaign: Citizen Science Results and 

Inherent Education Opportunities." Following this, Chapter 4 presents my initiatives in 

the domain of astronomy and exoplanet education, showcased in the manuscript, 

"Astronomy Modeling Instruction with Exoplanets: Motivating Science Teaching and 

Learning in the 21st Century," which is presently under peer-review with the Journal 

of Science Teacher Education (JSTE). Then, in Chapter 5, my final paper is presented, 

which is also presently under peer-review, but with the Astronomical Journal (AJ), 

named "Confirming the Warm and Dense Sub-Saturn TIC 139270665 b with the 

Automated Planet Finder and the Unistellar Citizen Science Network and 

AstroReMixEd.” Lastly, in Chapter 6, I include a short discussion and summary of this 

work, and conclusions.   

1.5 Research Questions 
The preceding can lead to a number of research questions that explore the 

potential of a network of citizen science telescopes that can benefit modern 

astronomical research while engaging more people, especially students, in science. 

In what ways and to what extent is a citizen science exoplanet network (i.e., Unistellar) 

valuable to the field of exoplanet science, especially for follow-up and confirming long-

period exoplanets? Further, in what ways and to what extent can educators and 

students inexperienced in astronomy improve learning outcomes and engagement 

through Modeling Instruction Astronomy workshops and pedagogy infused with 

exoplanet observations and data? Additionally, what insights can researchers gain, or 

what new questions for future work emerge, regarding our theories on planetary 

formation and evolution with the discovery and characterization of longer-period 

exoplanets? 
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CHAPTER 2: LITERATURE REVIEW  
“As our circle of knowledge expands, 

so does the circumference of darkness 

surrounding it.” 

-Albert Einstein 

2.1 Exoplanet Discovery History and a Current Census  
The reach of our human curiosity and discovery combined with our 

advancements in science and technology has allowed us to uncover one of the most 

profound realities of our universe—the existence of worlds around other stars, or 

exoplanets (Seager, 2010). It is truly amazing to think about the confirmed existence 

of other places in our galaxy and beyond that offer clues to our planetary existence 

and evolution, but also to consider the potentiality of other worlds like our own possibly 

with life. The discovery of two exoplanets orbiting a pulsar (Wolszczan & Frail, 1992) 

and then a Jupiter-sized planet orbiting close to a main-sequence star, i.e., the ”hot 

Jupiter” 51 Peg b (Mayor & Queloz, 1995), helped to launch the field of exoplanets in 

the 1990s. Subsequent ground and space-based surveys have identified over 5,489 

confirmed (see Figure 1, 2) and another 7,404 awaiting confirmation (Institute, 2023)2. 

The field of planet hunting science has exploded and is one of the most active areas 

of astronomy in the world (Heng & Winn, 2015). However, with hundreds of billions of 

stars in our galaxy to search, we have likely only uncovered a tiny fraction, 

optimistically around two to three millionths, of these worlds.  

It is important to note that exoplanet discovery has historically been influenced 

by our observational biases, i.e., larger more massive planets with shorter orbital 

periods have been easier to detect (Dawson & Johnson, 2018). Initially, the most 

common discoveries were "hot Jupiters"—massive gas giants closely orbiting their 

stars—given their ease of detection. However, as the field has matured, the diversity 

of discovered exoplanets has expanded. Figure 2 showcases the current roster of 

most confirmed exoplanets. Notably, the majority of these have orbital periods under 

100 days. If one adopts a broader definition of terrestrial planets, which encompasses 

even mega-Earth sizes and masses, it is apparent from the NASA Exoplanet Archive 

that the tally of exoplanets discovered to date is roughly split evenly between terrestrial 

and gas worlds. At a time in the not-too-distant past, most discovered exoplanets were 

gas worlds and with much shorter periods. Even though the diversity of discovered 

 
2 NASA Exoplanet Archive (Akeson et al. 2013): https://exoplanetarchive.ipac.caltech.edu/ | Accessed on 7 September 2023 

https://exoplanetarchive.ipac.caltech.edu/
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exoplanets has evolved, we still have not yet found a planetary system analogous to 

our own with inner terrestrial rocky worlds and outer gas giants. Further, our planetary 

formation and evolution models are challenged and refined by the finding of hot and 

warm Jovian and sub-Saturn or Neptune sized worlds (Dawson & Johnson, 2018; 

Fortney et al., 2021). Thus, as the field of exoplanetary science grows and brings about 

new discoveries and expands the census of planets and planetary systems, it can 

bring forth fresh questions to investigate. 

 
Figure 2. Left panel: Exoplanets by orbital period (days) and radius (REarth). Right panel: Exoplanets 
by orbital period and mass (MEarth in Msin(i)). The left panel has all planets that have a transit 
detection, whereas the right panel is all planets that only have a radial velocity detection. Data was 
sourced from the NASA Exoplanet Archive2. Terran, Neptunian, and Jovian World planet ranges are 
based off of the work of Chen and Kipping (2017). Total exoplanets plotted across both plots is 5405, 
which is less than the current total confirmed value since planets with masses >13 MJupiter (brown 
dwarfs) and less common detection techniques were excluded.  

Since stars are much brighter and larger than the planets that orbit them, and 

they are very far away from Earth, detecting exoplanets is very challenging. Some of 

the most successful techniques for detecting an exoplanet are: radial velocity (RV), 

transit photometry, gravitational microlensing, and direct imaging (Perryman, 2018; 

Seager, 2010). Thus far, the transit method has been the most successful (Heng & 

Winn, 2015) and accounts for ~75% of all currently confirmed exoplanets with the RV 

method in second place with roughly 19% discovered (Institute, 2023). While the 

transit method has proven highly effective in determining a planet’s size, and RV 

techniques are adept at discerning a planet’s mass, their combined application 

considerably enhances exoplanet characterization beyond the capabilities of either 

method used in isolation. This integrated approach offers insights into additional 

planetary characteristics, foremost among them being its bulk density (Charbonneau 

et al., 2000; Perryman, 2018; Seager, 2010). The following will summarize the most 
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common detection techniques, which are also used in this thesis work, i.e., the RV 

and transit methods.  

2.2 Radial Velocity Detection Method  
The RV technique for discovering exoplanets was the first successful method 

in detecting an exoplanet around a Sun-like star. The first confirmed exoplanet around 

a Sun-like star is usually quoted as 51 Pegasi b, which used high-precision 

spectroscopy (Mayor & Queloz, 1995). However, some have argued Gamma Cephei 

Ab, discovered in 1988 (Campbell et al., 1988), but confirmed in 2002 was the first 

(Hatzes et al., 2003). Since all objects in a planetary system, including the star, will 

orbit around the system’s center of mass, it is possible to detect the motion of the star’s 

orbit around this barycentre, and this could indicate the presence of an exoplanet. This 

technique is only successful in detecting exoplanets when the orbital inclination of the 

planetary system is angled at the observer in such a way that the system has some 

line-of-sight component so that the star’s forward and backward motion from the 

gravitational tug of planets orbiting around the star produces a Doppler shift. 

Measuring this requires the observer to determine the periodic velocity shift from 

analyzing the wavelength shift in the star’s spectral lines. This velocity (vrv) can be 

determined with the following equation:  

𝑣!" = 𝐾[cos(𝜔 + 𝜈) + 𝑒 cos(𝜔)] 
where K is the semi-amplitude, 𝜔 is the argument of pericentre, 𝑒 is the orbital 

eccentricity, and 𝑣 is the true orbit anomaly. The shape of the RV curve will depend 

on 𝑒 and 𝜔 (see Figure 3). Incorporating Kepler’s 3rd law of planetary motion, K can 

be determined by the following:  

𝐾 = 	0
2𝜋𝐺
𝑃
5
#
$ 𝑀% sin 𝑖

:𝑀∗ +𝑀%;
'
$
	

1
√1 −	𝑒'

 

where G is universal gravitational constant, P is the orbital period, Mp is the mass of 

the planet, 𝑀∗ is the stellar mass, 𝑖 is the inclination angle of the planet’s orbit, and 

𝑒	the orbital eccentricity. It is important to note here that the expression, 𝑀" sin 𝑖, only 

allows researchers to determine the planet’s minimum mass since 𝑖 is unknown. This 

showcases the importance for combining RV and transit detection techniques to 

provide researchers with optimal scientific results—a transit will only occur when 𝑖 is 
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very nearly 90° and, therefore, sin(𝑖) being very close to being equal to 1 (Henry et 

al., 2000) will give a much more accurate estimate of the planet’s mass. 

 

 

Figure 3. Example radial velocity curves for stars, which shows the dependency on 𝑒 and 𝜔. The 
horizontal dashes show systemic velocity and ellipses show geometric positions (Perryman, 2018). 

2.3 Transit Photometry Detection Method  
One of the most successful methods of detecting exoplanets has been the 

transit method, which finds extrasolar planets from finding a decrease in brightness 

from the host star as the planet passes (transits) in front of the star (Heng & Winn, 

2015). The search for exoplanets via the transit method was likely first proposed by 

Struve (1952), but was not successful until many decades later. The use of the transit 

method was motivated and actualized by its ability to measure the planets size and 

give researchers a more precise measurement of a planet’s mass since a confirmed 

transit improves the orbital inclination uncertainties from RV observations 

(Charbonneau et al., 2000). In 1999, two independent teams observed the periodic 

dip in stellar flux of HD 209458 every 3.5 days to confirm the first exoplanet discovered 

by transit photometry (Charbonneau et al., 2000; Henry et al., 2000). Figure 4 

illustrates the transit light curve for the exoplanet, HD 209458 b. The change in flux, 

which was roughly 1.5% for HD 209458 b, can be used to determine the planets size, 

if the star’s size is known (see equation below Figure 4, where Rp is the planet radius, 

𝑅∗	the stellar radius, and F is stellar flux).  
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Figure 4. Transit light curve of first exoplanet detected via the transit method, HD 209458 b, showing 
measured flux versus time. The increased noise on the right of the figure is from increasing 
atmospheric air mass during observation. From Charbonneau et al. (2000). 
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By observing the transit of HD 209458 b, the RV mass could be better defined 

and therefore, using the planet size obtained from the transit, Charbonneau et al. 

(2000) were able to determine HD 209458 b’s average density, surface gravity, 

estimated planet temperature, and the orbital inclination of the planet through fitting of 

modeled data (Charbonneau et al., 2000). Knowing the planet’s density is extremely 

important so that its characteristics can be estimated (e.g., gas giant or rocky terrestrial 

world). The orbital inclination angles for HD 209458 b were determined using known 

integral forms (Sackett, 1999) and applying them in models with upper and lower 

stellar radius and mass values (Charbonneau et al., 2000). The orbital period of the 

exoplanet can be obtained from transit photometry if multiple transits of the same 

depth are observed. Transit data from HD 209458 b gave measurements of its orbital 

period consistent with its previous RV measurements (P = 3.5 days), but were noted 

to be less precise than the earlier obtained RV data (Charbonneau et al., 2000). 

2.4 Space-based Exoplanet Surveys 
Exoplanet discovery was accelerated with the launch of space-based surveys 

dedicated to exoplanet discovery. Space missions can collect more precise 

photometric measurements and seem capable of collecting more data than ground-

based surveys. One of the most successful exoplanet search missions has been 

NASA’s Kepler space telescope (Borucki et al., 2010; Lissauer et al., 2014), which 

launched in 2009. Kepler utilized the transit method to discover exoplanets and 
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subsequently caused the number of confirmed exoplanets to skyrocket (Batalha et al., 

2013; Borucki et al., 2011; Lissauer et al., 2014; Mullally et al., 2015). Kepler was an 

exoplanet survey satellite, and although it had a specific objective to find the frequency 

of Earth-like planets orbiting in the habitable zone of sun-like stars (Heng & Winn, 

2015; Lissauer et al., 2014; Lund et al., 2016), its broad objective was to look at many 

stars at once so that it could discover a very large number of planets in the process 

(Lissauer et al., 2014). Looking at many stars is important since the probability of 

detecting a transit across any random star at a random time is very low since an 

exoplanet must pass in front of its star in almost perfect geometrical alignment with 

Earth observers (Heng & Winn, 2015; Perryman, 2018). Large space surveys, like 

Kepler, are thus important to the field of exoplanet science since they can overcome 

this, and other obstacles faced by ground-based observatories (Heng & Winn, 2015). 

Unfortunately, for Kepler, some of its reaction stability wheels failed in 2013. 

Nonetheless, through the ingenuity of NASA engineers, Kepler was repurposed into 

the "K2" mission, extending its operational life for an additional five years (Howell et 

al., 2014). 

After the Kepler and K2 retirement in 2018, NASA’s TESS took the baton 

(Kempton et al., 2018; Ricker et al., 2014; Witze, 2018). Initially planned for a two-year 

primary mission, TESS has since moved into its extended mission phase, continuing 

the comprehensive search for exoplanets in our cosmic neighborhood by conducting 

the first all-sky survey for exoplanets around bright and nearby stars (Ricker et al., 

2014). The TESS mission remains an important workhorse for exoplanet research as 

it represents an ongoing survey of planets orbiting a range of relatively bright stars 

amenable to follow-up studies. Its predecessor, Kepler, mainly stared at the same 

small patch of sky (in Cygnus) during its primary mission covering a field of view (FOV) 

of roughly 115 square degrees (Heng & Winn, 2015), whereas TESS is mapping most 

of the sky (~85%) surrounding Earth (Heng & Winn, 2015) and an area 350 times 

larger than that of Kepler’s primary mission (Cartier, 2018). Additionally, TESS has 

been looking at stars closer and 10 to 100 times brighter than stars surveyed by 

Kepler, which allows easier follow-ups by ground-based observatories and telescopes 

(Ricker et al., 2014). Another goal of the TESS mission has been to provide scientists 

with exoplanet targets for future atmospheric characterization (Kempton et al., 2018) 

such as with the recently launched James Webb Space Telescope (JWST). 
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Several other exoplanet survey satellites have launched or are in the pipeline 

for launch, such as the Characterizing Exoplanet Satellite (CHEOPS), Planetary 

Transits and Oscillations of Stars (PLATO) (Heng & Winn, 2015), and the Atmospheric 

Remote-sensing Infrared Exoplanet Large-survey (ARIEL) (Kempton et al., 2018). 
Since any given star is unlikely to host transiting planets oriented in the correct 

geometry with Earth, space surveys like these can increase the odds of planet 

discovery with their ability to observe hundreds of thousands of stars (Borucki et al., 

2010; Heng & Winn, 2015; Ricker et al., 2014).  

Planetary targets with constrained densities (e.g., rocky “Earth-like” or “super-

Earth” planets or highly dense gas giants), will be prioritized for future space missions 

that plan to perform a spectral analysis on their atmospheres in order to characterize 

the planet more fully and even attempt to search for life by the detection of 

biosignatures (Des Marais et al., 2002; Seager et al., 2013). Although not exclusively 

an exoplanet survey mission, JWST is just now beginning to play an important role in 

exoplanet characterization and discovery (Gardner et al., 2023) through its capabilities 

in atmospheric analysis, direct imaging, and transit photometry (Beichman et al., 2014; 

Gardner et al., 2006; Greene et al., 2016). JWST has already collected spectra from 

several interesting exoplanets and teams are identifying TESS Objects of Interest 

(TOIs) for JWST follow up (Hord et al., 2023). 

2.4.1 Professional Ground-based Exoplanet Surveys  
In addition to space-based surveys, it is important to note that there have been 

several ground-based surveys that have and continue to make valuable contributions 

to the field. Notable ground-based surveys include the Kilodegree Extremely Little 

Telescope (KELT) (Burger, 2023), the Las Cumbres Observatory (LCO) (Observatory, 

2023), the MicroObservatory Robotic Telescope Network (Institution, 2023), the 

Hungarian-made Automated Telescope Network (HATNet) (University, 2023), Wide 

Angle Search for Planets (WASP) (Group, 2023), the Qatar Exoplanet Survey 

(Foundation, 2023), and the Transatlantic Exoplanet Survey (TrES) (O’Donovan, 

2016).  

2.5 Long-Period Planets and Single-Transit TESS Candidates  
While short-period exoplanets dominate our current detection statistics, the 

elusive long-period planets and single-transit TESS candidates present unique 

challenges and opportunities for exoplanetary research. Our primary detection 

methods, transit photometry and RV, are both much more sensitive to short-period, 
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large mass, or large sized exoplanets3. Short-period exoplanets are generally defined 

to have periods (P) less than 10 days (d), and long-period planets greater than 10 d 

(Perryman, 2018). Further, some researchers also make more detailed classifications 

for orbital period ranges for exoplanets with P < 10 d as “hot” planets (e.g., hot Jupiters) 

(Dawson & Johnson, 2018), and 10 d < P < 100 d as “warm” planets (e.g., warm 

Jupiters, Saturns, or giants) (Dong et al., 2014). However, it is important to note that 

some researchers may define slightly different ranges for these regimes. We can also 

differentiate between planet size or mass; however, it should be emphasized that 

when classifying an exoplanet researchers should consider both mass and size when 

possible since a planet’s density can infer important characteristics about the planet’s 

structure and history (Dawson & Johnson, 2018; Fortney et al., 2021; Perryman, 

2018).  

Although methods vary by researchers, when differentiating by mass and size 

we may do so in three broad categories: Jovian, sub-Jovian, and super-Earth or 

smaller rocky terrestrial worlds. The quantitative distinction between these classes is 

somewhat arbitrary and varies slightly by researchers, but we’ll use the work of 

Beaugé and Nesvorný (2013) to set one example of a baseline reference. Beaugé and 

Nesvorný (2013) classifies exoplanets as follows:  

By mass (M): 

• Jovians: ≥1.0 MJ	

• Neptunes or sub-Jovians: 0.03 MJ ≤ M < 1.0 MJ	

• Super-Earths: M < 0.03 MJ	

By size (R):  

• Jovians: R ≥ 11 RÅ	

• Neptunes or sub-Jovians: 3 RÅ ≤ R <  11 RÅ	

• Super-Earths: R < 3 RÅ 	

Hot Jupiters, marked by early discoveries like 51 Pegasus b and HD 209458 b, 

unveiled the surprising reality of planetary systems with gas giants in close-in orbits. 

This discovery challenged our prior convictions about our solar system's typicality. Just 

as Einstein observed that the expansion of our knowledge will magnify the boundary 

of the unknown, our growing understanding of exoplanets, catalyzed by hot Jupiters, 

 
3 Some researchers refer to this as exoplanet detection bias.  
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compelled researchers to re-evaluate and adapt our models of planetary formation 

and system evolution. 

Even though thousands of exoplanets have been discovered, it is still unknown 

if there exists an analog of the Solar system, and if how our Solar system has evolved 

is rare or common (Nielsen et al., 2019; Weiss et al., 2018). Gas giant exoplanets 

(Jovians and sub-Jovians) whether having a short or long period, offer researchers 

great value in helping to understand planetary formation, migration, and evolutionary 

history (Dawson & Johnson, 2018; Fortney et al., 2021) and may inform our model for 

evolutionary history of our own Solar system. E.g., it has been hypothesized that 

dynamical interactions between our planets and Jupiter and Saturn likely shaped our 

system’s final orbital architecture (Batygin & Laughlin, 2015; Morbidelli & Crida, 2007; 

Tsiganis et al., 2005). Gas giant planets also likely contributed to the deliverance of 

volatiles, affected asteroid/comet impact rates, and the development of life on Earth 

(Horner et al., 2010; Morbidelli et al., 2000; Zahnle & Sleep, 2006). Planetary migration 

has also largely shaped the evolution of our Solar system, which has been especially 

evident with the study of the formation of Jovian and Neptunian trojans (Gomes et al., 

2004; Lykawka et al., 2009; Morbidelli et al., 2005).  

Long-period exoplanets, such as warm giants, are interesting for exoplanet 

researchers not only because their intermediate distances are unparalleled to our own 

Solar system, but because they also offer clues for solving the mysteries surrounding 

our planetary formation and evolution models. Warm giants may be less common than 

hot Jupiters, not only because of detection bias, but also since they may require 

special disk conditions for migration timescales (Dawson & Johnson, 2018). Warm 

giants also beg researchers to further question their planetary system models since 

their occurrence rates, eccentricities, and other properties challenge the models based 

on the more well-known hot Jupiters and their formation and orbital evolution theories 

Dawson & Johnson, 2018). For example, why did warm giants not migrate closer and 

become hot Jupiters or remain in orbits farther out? Additionally, their lower equilibrium 

temperatures of <1,000 K (Fortney et al., 2021) may help researchers better 

characterize their internal structure since their atmospheres are likely not as inflated 

as their hot Jupiter counterparts (Fortney & Nettelmann, 2010). These worlds may also 

be interesting candidates for the search for life for future exoplanet missions capable 

of detecting exoplanet satellites since there is potential for icy moons to have habitable 
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conditions from tidal conditions, such as what we may have with our own examples 

with Europa and Enceladus (Scharf, 2006).  

Long-period exoplanets are more challenging to detect photometrically 

because of a lower geometric transit probability and a higher chance of having 

incomplete photometry for phase folding (Perryman, 2018). For exoplanets analogous 

to Solar system planets orbiting at several AUs with very long periods (P > 2 years), 

the challenges are heightened even further because of limitations with current 

exoplanet detection methods and the needed requirement for campaigns with 

intensive dedicated observations focused on following up candidates well after their 

initial detection. Their exploration requires precise predictions of future transits, which 

is a challenge for extended or extra-long-period targets (Dalba & Muirhead, 2016). 

This challenge exists even for our wide field surveys, such as with TESS, however it 

is still possible and worth wild to attempt their discovery and confirmation.  

Due to TESS's 27-day observational window, many of its long-period 

exoplanets exhibit only a single observed transit event (e.g., a TESS or TOI single-

transit candidate). This limitation means that their orbital periods are largely estimated 

based on the transit duration alone. Although this approach offers some insights, the 

accuracy of the estimation is clouded by undetermined orbital eccentricities (Foreman-

Mackey et al., 2016; Yee & Gaudi, 2008). Even so, researchers predict that TESS light 

curves from single transit events may reveal hundreds of potentially long-period 

exoplanets (Cooke et al., 2018; Villanueva et al., 2019). Additionally, by harnessing 

RV data, researchers can better anticipate subsequent transits of these single-transit 

TOIs, as RVs offer insights into the orbital period (Lendl et al., 2019). Further, 

investigators can employ Bayesian statistical techniques, including Markov Chain 

Monte Carlo (MCMC) simulations and fitting procedures, which enables the extraction 

of maximum likelihood values for planetary parameters based on combined RV and 

single-transit event data (Dawson et al., 2014; Eisner et al., 2020; Foreman-Mackey 

et al., 2013; Wang, 2023).  

Ultra-long-period exoplanets (with periods >100 d) present formidable challenges 

for study. For TESS candidates, only three ultra-long-period exoplanets have been 

confirmed (Institute, 2023): TIC 172900988 b (Kostov et al., 2021), TOI-4562 b 

(Heitzmann et al., 2023), and notably for having largest period, the 2.8 MJ TESS single-

transit, TOI-2180 b, with a 261-day orbital period (Dalba et al., 2022). In contrast, warm 

giants—often characterized by orbital periods between 10 d and 100 d—offer a more 
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accessible and compelling subject of research. Not only are they more feasible for 

study, but as previously highlighted, warm giants hold significant importance for the 

advancement of the field. Even so, their extended orbital periods still underscore the 

intricacies and challenges inherent in their detection (Bakos et al., 2004; Bakos et al., 

2013; Pollacco et al., 2006). While the TESS program holds promise for broadening 

our understanding with its wide-field surveys, the bulk of its findings have gravitated 

towards shorter period systems (Ricker et al., 2014; Barclay et al., 2018). Single-transit 

exoplanets, in particular, with their unknown or low probability of next appearance, 

require more intensive follow-up due to their transit times and orbital periods having 

little to no confidence levels (Villanueva et al., 2019; Díaz et al., 2020; Hobson et al., 

2022).  

In the realm of giant exoplanets, sub-Saturns present another layer of complexity 

and curiosity. These celestial bodies, which can be classified to be between 4.0 and 

8.0 R⊕ in size, are considered rarities (Petigura et al., 2017a; Brady et al., 2018; 

Addison et al., 2020). Theories around their formation suggest that these sub-Saturns 

might not have undergone the same runaway accretion of gas seen in more massive 

planets like Jupiter (Lee & Chiang, 2015; Lee et al., 2018). As researchers aim to shed 

more light on these mysteries, the global citizen science community stands poised to 

make a difference, especially given their geographically diverse presence, which may 

complement professional telescope observations (Cooke et al., 2018). Chapter 5 of 

this thesis presents the discovery and confirmation of the dense warm sub-Saturn, TIC 

139270665 b, which employed professional and citizen science operated instruments 

to aid in its follow-up. TIC 139270665 b’s campaign also highlights the potential of 

including young students in such work. Further literature and details related to this 

campaign and impact of citizen science are detailed later in this chapter and in 

respective chapters later in this thesis.  

2.6 The Need for Follow-up Campaigns 
Upon initial detection in exoplanet searches, a potential exoplanet is labeled a 

'candidate' (Croll, 2012). Subsequent observations are crucial to not only confirm its 

existence but also to exclude false positives such as eclipsing binaries or transits of 

low-mass stars (Cameron, 2012; Collins et al., 2018; Heng & Winn, 2015; Lissauer et 

al., 2014). Confirmation of an exoplanet can be obtained by additional statistically 

significant observations while utilizing the same, and when possible, different detection 

methods or statistical arguments to confirm a signal as a planet and not of the false 
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positive nature (Perryman, 2018). Ground-based follow-ups for these candidate 

exoplanets are crucial complements to the large and costly aforementioned space-

based surveys (Bouchy et al., 2008; Morton, 2012). Professional astronomers 

frequently rely on them as they are cost-effective, convenient (Heng & Winn, 2015), 

and allow continued observation of targets even after space telescopes have been 

decommissioned (Santerne et al., 2014). Even so, space-based surveys find many 

more exoplanet candidates than can be realistically confirmed by follow-up 

observation campaigns in existence on the ground (Bouchy et al., 2008; Morton, 2012) 

and the amount of data is too much for professionals alone to handle (Henden, 2011; 

Kempton et al., 2018; Mousis et al., 2014). For example, TOIs, such as the 

unconfirmed TOIs reported in Guerrero et al. (2021), are significantly higher than the 

confirmed TESS exoplanets currently (2023) found in the Exoplanet Archive2.  

With the challenges associated with following up the vast number of current 

and future planet candidates, it becomes increasingly evident that professional 

astronomers need not shoulder all the burden. Therefore, it is becoming imperative for 

the field to embrace collaborative and innovative approaches, and potentially 

harnessing the collective power and passion of the broader community. This could 

augment current infrastructure, enhance our understanding of these interesting 

planetary worlds, help with follow-up needs, and provide additional benefits to society 

beyond exoplanet discovery alone. 

2.7 Citizen Science in Astronomy 
Citizen science involves the engagement of typically non-professional 

volunteers in scientific research. These individuals dedicate their time and resources 

to gather or analyze data, often utilizing user-friendly tools or online platforms, with the 

overarching aim of furthering scientific objectives (Bonney et al., 2009). The line 

between professional and citizen science astronomy, also known as amateur 

astronomy, is considered by some to be a relatively recent distinction. Historically, 

many early astronomers pursued other careers, whereas full-time, salaried positions 

in astronomy have only become widely available over the last century (Henden, 2011). 

Today, the role of citizen science astronomers working with professional astronomers 

has been shown to be a very successful venture warranting of future collaborations 

(Burdanov et al., 2018; Croll, 2012; Mousis et al., 2014). There are many discoveries 

and useful observations that the citizen astronomer community has contributed to, 
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such as discovery and characterization of asteroids and comets, Solar system planet 

monitoring, planetary impacts, variable stars, meteor showers, supernovae and 

gamma-ray bursts, and exoplanets (Marshall et al., 2015). In addition to these 

contributions, there are several advantages that the citizen science community holds 

over the professional one.  

Since professional ground-based observatories are costly and often have many 

scientists across the world competing for time to observe, citizen astronomers have 

an important niche to fill where and when the professionals cannot (Marshall et al., 

2015). Additionally, citizen astronomers may have a global distribution and with their 

own equipment can observe more frequently, be more flexible with their time, and 

collect data for a much longer period of time (Marshall et al., 2015). Citizen 

astronomers are interested in helping the professional community because of their 

passion for the field, but mostly for their desire to contribute to science (Marshall et al., 

2015). Additionally, citizen astronomers are often incentivized by being included as 

co-authors on professionally published articles (Conti, 2016; Henden, 2011). 

2.8 Exoplanet Citizen Science 
The first confirmed transiting exoplanet, HD 209458 b, although observed by 

professional astronomers, utilized equipment accessible to most astronomy hobbyists 

today and demonstrated that small telescopes could participate in this work. When 

Tim Brown and Dave Charbonneau were preparing to observe HD 209458 b, they 

calculated from previous RV data that the planet should produce a dip in flux from its 

host star at around 1% and that this dip could be easily measured by a small telescope 

(Sincell, 1999). Their observation of this historic transit was done with a 4-inch 

telescope with a charge-coupled device (CCD) that Brown built in his garage (Sincell, 

1999). The previously mentioned ground-based surveys, such as HATNet, WASP, 

KELT, MicroObservatory, and Qatar have also demonstrated that small telescopes 

are capable of exoplanet transit photometry.  

Since Brown and Charbonneau’s historic observation, the professional 

community has helped to facilitate the collaboration with citizen scientists by working 

to help organize data analysis opportunities, follow-up candidates, or additional targets 

for the community to participate in observing (Collins et al., 2018; Fischer et al., 2012). 

In 2014, one of the best sets of photometric data of a new transiting exoplanet, HD 

80606 b, came not from a professional, but from an amateur astronomer using a 

modestly sized 30-cm telescope in the suburbs of London, England (Mousis et al., 
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2014). Close to twenty citizen astronomers helped to improve the transit ephemeris of 

exoplanet, KOI-1257.01, when the Kepler space telescope failed from mechanical 

problems in 2013 (Santerne et al., 2014). Incredibly, exoplanets can also be 

discovered through an effect of Einstein’s theory of general relativity, called 

gravitational microlensing (Gaudi, 2012) and several citizen astronomers have made 

significant contributions to the discovery of exoplanets via this technique, which has 

resulted in first and co-authored publications (Mousis et al., 2014). In addition to citizen 

scientists observing exoplanets with small telescopes, there have also been 

successful online data analysis campaigns to engage the general public, such as 

Zooniverse’s Planet Hunters4 (Simpson, Page, & De Roure, 2014), which successfully 

identified two new Kepler planet candidates from citizen scientist analyzed light curves 

(Fischer et al., 2012). With Zooniverse’s Planet Hunters, citizen scientists were also 

able to successfully identify 90 new planet candidates and 73 TESS single-transits 

through rigorous candidate vetting with their online program (Eisner, Barragán, Lintott, 

et al., 2020). This led to the discovery and confirmation of long period exoplanets that 

the TESS pipeline often overlooks, such as with the 84-day orbit of the Planet Hunters 

confirmed planet, TOI 813 b (Eisner, Barragán, Aigrain, et al., 2020). 

The democratization of digital imaging, technology, the proliferation of the 

Internet, and the increased accessibility and affordability of CCD detectors and robotic 

telescopes has allowed citizen science astronomy efforts to rapidly increase (Gomez 

& Fitzgerald, 2017; Mousis et al., 2014). In 2014, David Schneider demonstrated this 

by showing that anyone could build an exoplanet detecting instrument with a do-it-

yourself (DIY) setup tracking device and a USD $93 digital single-lens reflex (DSLR) 

camera from eBay (Schneider, 2014). However, the multifaceted tasks of assembling 

a tracking system, mastering astrophotography, making informed choices about 

instruments, cameras, and software, and constructing a telescope primed for 

exoplanet data collection pose significant challenges to many citizen astronomers. 

These complexities are amplified for educators, students, or the general public with an 

interest in astronomy. Figure 5 highlights the DIY instrument alongside a few other 

examples of advanced telescope setups used by citizen astronomers for exoplanet 

observations. Assembling these devices demands both technical know-how and time, 

 
4 https://www.zooniverse.org/projects/nora-dot-eisner/planet-hunters-tess | Accessed on 7 September 2023. 

 

https://www.zooniverse.org/projects/nora-dot-eisner/planet-hunters-tess
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often involving intricate components like electronics, cables, and external computers. 

Such technical barriers, unfortunately, may have dissuaded numerous astronomy 

enthusiasts, educators, and students, thereby limiting the potential number of 

exoplanet transit observations, despite the technology and growing interest in 

astronomical citizen science in the contemporary era. 

 
Figure 5. Left: David Schneider’s DIY DSLR exoplanet observer (Schneider, 2014). Middle: Example of a 
professional-amateur (pro-am) setup for exoplanet observations in Sky and Telescope5. Right: Another example 
of a citizen astronomer setup from the British Astronomical Association6. The technical setup of these instruments 
is likely not accessible to most astronomy hobbyists, educators, students, or the general public.  

2.9 New Exoplanet Citizen Science Observing Initiatives 
As the field of astronomy continues to evolve to include citizen astronomers, 

several new exoplanet citizen science initiatives have emerged. Among these 

initiatives, NASA’s Jet Propulsion Laboratory (JPL) has launched Exoplanet Watch 

(EW)7, a project aiming to enhance the accuracy of professional telescope 

observations by refining the predicted timing of exoplanet transits (Zellem et al., 2020). 

Similarly, ExoClock8 supports the European Space Agency’s (ESA) Atmospheric 

Remote-sensing Infrared Exoplanet Large-survey (ARIEL) mission by refining transit 

timings using data from citizen astronomers worldwide (Kokori Tsiaras, et al., 2022; 

Kokori, Tsiaras, et al., 2022). EW encourages a network of small telescopes to engage 

in follow-up observations of TESS TOIs, not only to validate their existence but also to 

refine their ephemerides. Through their continued monitoring, it's also possible to 

unearth the presence of other unknown planets in the system by observing subtle 

shifts or variations in the timing of their transits, known as transit-timing variations 

(TTVs).  

 
5 https://skyandtelescope.org/astronomy-news/first-discoveries-pro-am-exoplanet-survey/ | Accessed on 7 September 2023. 
6 https://britastro.org/2020/exoplanet-transit-imaging-and-analysis | Accessed on 7 September 2023.  
7 https://exoplanets.nasa.gov/exoplanet-watch/about-exoplanet-watch/ | Accessed on 7 September 2023. 
8 https://www.exoclock.space/ | Accessed 7 September 2023.  

https://skyandtelescope.org/astronomy-news/first-discoveries-pro-am-exoplanet-survey/
https://britastro.org/2020/exoplanet-transit-imaging-and-analysis
https://exoplanets.nasa.gov/exoplanet-watch/about-exoplanet-watch/
https://www.exoclock.space/
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Recent work by EW has shown that the transit time of an exoplanet (such as a 

TESS candidate) can become uncertain as a function of time since its last observation, 

and that small citizen scientist operated telescopes can keep these transit times fresh 

(see Figure 6). EW encourages citizen astronomers to observe exoplanet transits, 

reduce and analyze their results, and upload data to the American Association of 

Variable Star Observers (AAVSO) Exoplanet Database9 to share with the professional 

community and help them to achieve scientific goals. EW currently has ~2,000 

members on their Slack channel, 2,570 light curves of 355 different exoplanets in their 

results database, and 24 peer-reviewed EW-related exoplanet publications listed on 

their website (NASA, 2023). ExoClock has three peer-reviewed exoplanet publications 

listed, but over 6500 reported exoplanet observations from their citizen astronomer 

observers10. The EW and ExoClock initiatives represent significant advancements in 

citizen science. However, the hands-on act of observing an exoplanet with an in-situ 

telescope presents formidable technical hurdles. While remote robotic telescopes like 

Harvard’s MicroObservatory’s DIY Planet Search11 or LCO offer solutions, the on-site 

observational challenges of in-situ telescopes remain a steep learning curve for most 

citizen astronomers, educators, students, and the general public.  

  

Figure 6. Left: shows how a single transit observation of a representative TESS planet by a 3-inch (7.62 cm) 
diameter telescope can greatly reduce its 1-year-old mid-transit time uncertainty from 48.05 minutes to just 0.86 
minutes. Right: The graph depicts how the accuracy of mid-transit timing for representative TESS and known 
planets diminishes over time, emphasizing the need for periodic observations, especially after ~3 years, to maintain 
precision for subsequent large telescope studies (Zellem et al., 2020). 

 
9 https://www.aavso.org/apps/exosite/ | Accessed on 7 September 2023. 
10 https://www.exoclock.space/database/observations | Accessed 7 September 2023.  
11 https://waps.cfa.harvard.edu/microobservatory/diy/index.php | Accessed 7 September 2023. 

https://www.aavso.org/apps/exosite/
https://www.exoclock.space/database/observations
https://waps.cfa.harvard.edu/microobservatory/diy/index.php
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2.10 The Unistellar Citizen Science Telescope Network 
On 21 May 2019, NASA announced that Unistellar12, a French-headquartered 

startup, with offices in San Francisco, California, was among 25 companies selected 

as semifinalists for NASA iTech13, a competition of the Space Technology Mission 

Directorate. Unistellar is reinventing popular astronomy through the development of 

the Enhanced Vision Telescope (eVscope), a compact mass-market consumer 

device. The goal of Unistellar is to democratize astronomy by making observational 

astronomy more enjoyable, accessible, and easier to do than it is today, as well as 

develop a strong, and new growing interest and participation in astronomical research 

and citizen science (Marchis et al., 2020).  

In July 2017, two years before the NASA iTech began, the SETI Institute and 

Unistellar initiated a partnership to develop scientific applications for an eVscope 

citizen science network for asteroid occultations, orbiting comets, and transiting 

exoplanets. The goal is for the network to allow any owner of an eVscope to receive 

notifications via the smartphone app on transient events visible in the sky. Scientists 

can request observations through the network and if the owner of an eVscope initiates 

campaign mode on the app and accepts the request, the telescope will automatically 

point to the correct field of view and collect data as the citizen astronomer observes 

the event in the eyepiece or app. Observational data is collected on the SETI Institute 

and Unistellar shared cloud-based server, where it is then processed and analyzed by 

citizen observers and/or professional astronomers (Marchis et al., 2020). See Figure 

7 and caption for a schematic of this process. According to Unistellar in early 2020, 

the network was projected to grow to 10,000 telescopes across the world by mid-2022. 

They have since exceeded this projection.  

 
Figure 7. Unistellar “Campaign Mode” schematic. In this example, WASP-43 (V=10.2), was located with eVscope 
autonomous field detection (AFD), and then the transit of exoplanet, WASP-43b, was detected and a light curve 

 
12 https://www.unistellar.com/ | Accessed 7 September 2023.  
13 https://www.nasa.gov/directorates/spacetech/itech/nasa-itech-semifinalists-propose-unique-solutions-for-space | Accessed 7 
September 2023.  

https://www.unistellar.com/
https://www.nasa.gov/directorates/spacetech/itech/nasa-itech-semifinalists-propose-unique-solutions-for-space
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processed (Marchis et al., 2019). A report is then sent to the SETI/Unistellar network. The ultimate long-term goal 
is to have this entire process fully automated for the end-user so that the telescope and software will automatically 
produce a light curve and the user can upload their results directly to the American Association of Variable Star 
Observers (AAVSO), other scientific databases, or use in publications or learning.  

Unistellar began delivering eVscopes in 2019 and today over 10,000 are in the 

hands of citizen astronomers in over 61 countries around the world (see Figure 8). The 

first eVscope is a 4.5” (11.4 cm) aperture telescope designed to work in urban and 

countryside environments. It is equipped with a Sony complementary metal-oxide-

semiconductor (CMOS) low-light detector IMX224 and is controlled with the Unistellar 

smartphone app while an on-board computer stacks and processes frames to produce 

an improved image that is projected in real time through both the eyepiece and app. 

The improved image is processed through the user initiated "Enhanced Vision" mode 

within the eVscope app. Enhanced Vision uses a fast-stacking algorithm to 

continuously combine captured images, correcting for small movements, rotations, 

and light pollution, resulting in a clearer image displayed in real-time through the 

eyepiece and app. This proprietary technology replicates the light-collection ability of 

larger telescopes, offering detailed views of previously unreachable night-sky objects 

to citizen astronomers (Marchis et al., 2020). Since the first eVscope in 2019, three 

new models14 have since released, the eQuinox, eQuinox 2, and eVscope 2. 

 
Figure 8. Global distribution of the Unistellar eVscope citizen science network. Each dot marks where 
Unistellar’s “Enhanced Vision” was activated, which gives good indication of the spread of the 
network since its inception in 2019. Image courtesy of Lauren Sgro, Unistellar.  

 
14 Camera specifications vary by eVscope model. eVscope/eQuinox 1: SONY IMX224 sensor, field-of-view (FOV) of 37′ X 28′, 
pixel scale of 1.72′′ pixel-1. eVscope/eQuinox 2: SONY IMX347 sensor, FOV of 45′ X 34′, pixel scale of 1.33′′ pixel-1. 
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Differential photometry is also possible by retrieving stacked FITs (Flexible 

Image Transport System) files from the eVscope. Early testing of the eVscope 

demonstrated the ability to observe Pluto from light-polluted urban downtown 

environments (Vmag=14.5) (Marchis et al., 2020), however, more recent reporting 

states a limiting magnitude of 18.2 in light polluted cities15.  

Unistellar eVscopes are equipped with Autonomous Field Detection (AFD), an 

algorithm that uses an internal map of ten million stars to accurately pinpoint the 

telescope at a target; and has key features not yet offered by classical telescopes (see 

Figure 9). Since the network began in 2019, at least six peer-reviewed publications 

(Dalba et al., 2022; Pearson et al., 2022; Peluso et al., 2023; Perrocheau et al., 2022; 

Wang et al., 2022; Zellem et al., 2020) related to exoplanet research have released. 

More details on the Unistellar exoplanet network, technical specifications, target 

selection, image processing, and analysis are included in my first-author publication 

in chapter three (i.e., The Unistellar Exoplanet Campaign), which is the inaugural 

network paper for the Unistellar exoplanet citizen science campaign. Chapter five of 

this thesis also contains additional details and will likely be the next addition to the 

peer-reviewed publications that have utilized this network for exoplanet follow-up.  

  

Figure 9. Five key features highlighted [left] and eVscope design [right] (Marchis et al., 2020).  

2.11 Examples of Exoplanet Science in the Classroom  
Although there are some examples of exoplanet research and education in 

schools, it is still in its early days. A notable example is Harvard College and Whipple 

Observatory’s MicroObservatory’s DIY Planet Search11, which allows students 

worldwide to remotely access and observe predicted exoplanet transits and explore 

data using their online exoplanet lab for teachers and students (Gomez & Fitzgerald, 

2017). Multi-hemisphere ground-based survey, KELT, instituted a follow-up network 

(FUN) named KELT-FUN, which has also facilitated the involvement of students, as 

well as the citizen astronomer community to help with follow-up false-positive 

 
15 https://help.unistellar.com/hc/en-us/articles/360012555733-100-times-more-powerful-than-a-standard-telescope-Really- | 
Accessed 7 September 2023.  

https://help.unistellar.com/hc/en-us/articles/360012555733-100-times-more-powerful-than-a-standard-telescope-Really-
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identification for their own exoplanet candidates as well as TESS TOIs (Collins et al., 

2018; Conti, 2016; Pepper et al., 2018). Another remotely accessible telescope 

network used for exoplanets in education is LCO, which allowed exoplanet 

observations from students (Sarva et al., 2020). In 2011, LCO also launched Agent 

Exoplanet16, a browser-based tool to train citizen scientists on how to create and 

analyze exoplanet light curves in a collaborative way (Brown et al., 2013) without the 

need to perform any coding. Other notable initiatives include the Panoptic 

Astronomical Networked Observatories for a Public Transiting Exoplanets Survey 

(PANOPTES)17 and Sonoma State University’s Gamma-ray Optical Robotic 

Telescope (GORT)18, though there are likely additional ones as well. 

The Zooniverse Planet Hunters citizen science initiative also made its way into 

some classrooms (Borden et al., 2012; Costello et al., 2012; Simon et al., 2022). Other 

initiatives, such as the previously mentioned EW (Zellem et al., 2019; Zellem et al., 

2020) and ExoClock (Kokori Tsiaras, et al., 2022; Kokori, Tsiaras, et al., 2022) also 

have included educators and students in exoplanet research and observations.  

2.12 Challenges to Current Exoplanets in Education Initiatives  
As exciting as many of the aforementioned exoplanet education initiatives are, 

there are some limitations and challenges. The main drawbacks are that educators 

and students are not fully “owning” the process for many remotely controlled 

telescopes and there can also be limitations in observation time, geographic 

observatory locations, and ability for custom target selection. For example, studies 

indicate that a sense of "ownership" over the research process plays a vital role in 

participant motivation and competence (Gould et al., 2006; Marshall et al., 2015). 

Additionally, several of the aforementioned exoplanet education programs have 

ended, which often happens when a project grant concludes. According to a 2021 

update on their website19, LCO retired Agent Explorer claiming its reasons due to junk 

data, old technology, and it being an end of an experiment.  

2.13 The Need for Improved Science Education 
Students today are entering a world that demands a skillset in science and 

technology to fulfill the jobs of tomorrow and drive innovation for its future economic 

success and prosperity (Lavi et al., 2021; National Academy of Sciences, 2007). In a 

 
16 https://agentexoplanet.lco.global/ | Accessed 10 September 2023.  
17 https://www.projectpanoptes.org/ | Accessed 7 September 2023.  
18 https://phys-astro.sonoma.edu/resources/facilities/gort | Accessed 7 September 2023.  
19 https://lco.global/news/agent-exoplanet-comes-to-an-end/ | Accessed 7 September 2023. 

https://agentexoplanet.lco.global/
https://www.projectpanoptes.org/
https://phys-astro.sonoma.edu/resources/facilities/gort
https://lco.global/news/agent-exoplanet-comes-to-an-end/
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report to President Barack Obama in 2010, his council of advisors on science and 

technology stated that the success of the United States in the 21st century would 

depend on the population’s abilities in science, technology, engineering, and 

mathematics (STEM), and that this success directly correlated with the achievement 

of STEM education in the country (Technology, 2010). Several studies show that US’s 

K-12 performance in STEM education, as well as the number of citizens pursuing 

STEM careers after high school, is very near the bottom of the international rankings 

for industrialized nations (National Academy of Sciences, 2007; Technology, 2010). 

Other studies have shown that US students across all socioeconomic levels score 

lower in literacy, numeracy, and problem-solving skills than in most countries of the 

world (Gaze, 2015).  

More recent national report cards show little has changed since earlier reports 

for K-12 science performance in the US (U.S. Department of Education et al., 2019). 

In contrast, the 2022 National Science Board reported that although the US ranked 7th 

of 37 for Organisation for Economic Co-operation and Development (OECD) 

countries, it ranked 25th of 37 for OECD countries in mathematics (Rotermund & 

Burke, 2021), which seems to further illustrate the Gaze (2015) study that US 

mathematical reasoning is suffering the most.  

In Australia, students score just below average in STEM along with the United 

States as compared with the rest of the world, according to the 2018 Programme for 

International Student Assessment (PISA) (Schleicher, 2019). However, the 2016 

World Economic Forum listed Australia as leading the region in gaining technology 

related skills, but there is apparently a ‘brain drain’ of some of their top students 

migrating to other countries (Timms et al., 2018). Additionally, only a minority of 

students in higher education are pursuing STEM fields in Australia, much like in the 

United States. In a study of all full-time Australian higher education students, the 

majority of students were studying Management and Commerce (26.5%) or Society 

and Culture (18.6%), whereas only ~7% of students were studying either Natural and 

Physical Sciences or Engineering related fields (Marginson et al., 2013).  

The US National Research Council (NRC) realized the importance of reforming 

science education and teaching the scientific process when it drafted its Framework 

for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas 

(Council, 2012), which lays the ground for the increasingly adopted, Next Generation 

Science Standards (NGSS) (Council, 2015). With NGSS, students are encouraged to 
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be involved with developing questions, modeling, critical thinking, and project-based 

inquiry closely paralleling that of a professional scientist conducting research (Council, 

2012, 2015). Having a new framework and research-based initiative to reform science 

education is only part of the solution; there also needs to be new pedagogies adopted 

by science teachers and professional development to prepare them how to implement 

and change their practices (Windschitl et al., 2008).  

Alongside nationwide, state, and teacher reforms to STEM education, ensuring 

student engagement and fostering their intrinsic motivation in the classroom is crucial 

(Middleton, 1995; Middleton et al., 2003) for the genuine success of any new 

educational initiative. Research indicates that student motivation and engagement are 

significantly enhanced when they participate in projects with societal benefits, real-

world applications, and authentic, meaningful value (Bell, 2010; Blumenfeld et al., 

1991; Fortus et al., 2005). Project-based learning (PBL) such as this not only engages 

students by allowing them to drive their own learning through inquiry (Bell, 2010), but 

it also aligns seamlessly with the evolving needs of STEM education, particularly the 

emphasis on the claim, evidence, reasoning (CER) model (Krajcik & Shin, 2014). This 

model is especially pertinent for science educators and school administrations in the 

context of the NRC NGSS.  

2.14 Modeling Instruction Pedagogy 
Modeling Instruction is an inquiry-based science pedagogy developed by high 

school physics teacher, Malcolm Wells, and physicist, David Hestenes in the 1980s 

and 90s (Wells et al., 1995). It aligns with the NRC NGSS initiative and has been 

supported by the National Science Foundation (NSF) for over 19 years. The Modeling 

Instruction pedagogy involves students in the process of actually “doing science” 

through the building, testing, and deployment of conceptual scientific models through 

data-driven investigations (Megowan-Romanowicz, 2016). Very little lecturing is done 

in a “modeling” classroom (Megowan-Romanowicz, 2016) since it is a constructivist 

approach where students are building their own knowledge. Instead, students are 

“learning by doing” (Dewey, 1916) through engaging collaborative investigations to 

collect data and uncover a scientific model through public discourse and peer review 

(Hestenes, 2013; Jackson et al., 2008), much like how a scientist operates.  

Students in a Modeling classroom work in groups around a physical or digital 

whiteboard to develop and apply their models, then in a Socratic-style “board meeting” 

students learn how to refine their models, and then repeat this cycle (see Figure 10) 
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Modeling Instruction has been found to significantly improve student scores in reading, 

writing, mathematics, and higher-order thinking (Hestenes, 2013), and science 

teachers who go through modeling workshops are more confident in teaching their 

subjects, even if they do not have a background in that subject (Haag & Megowan, 

2015). 

 
Figure 10. Left: The modeling cycle performed in a Modeling Instruction classroom (image courtesy of the American 
Modeling Teachers Association). Right: Educators in a professional development workshop engaging in the 
methodologies and interactive strategies of a Modeling classroom (Image courtesy of Arizona State University).  

2.15 G-HOU and Modeling Instruction Astronomy 
The Hands-On Universe project (HOU or Global Hands-On Universe, G-HOU), 

has been successfully involving teachers and their students around the world in 

astronomy investigations by connecting them with robotic telescopes to collect real 

astronomical data for authentic research projects (Doran et al., 2012) for decades20. 

One HOU teacher helped acquire data at the Isaac Newton Telescope (Canary 

Islands) that was essential for the discoveries that led to the Nobel Prize in Physics in 

2011 (Carpenter et al., 2018). Further, studies have shown that G-HOU activities can 

result in significant improvements in student mathematical reasoning (Perazzo et al., 

2015). A recent collaboration between Modeling Instruction experts and G-HOU has 

been established to merge G-HOU’s vision and resources with the successful 

Modeling pedagogy (Carpenter et al., 2018). The first emergence of this partnership 

occurred in July 2019 at the University of Louisville for the first ever Modeling 

Instruction Astronomy21 workshop for teachers, coordinated by the American Modeling 

Teachers Association (AMTA)22.  

 
20 http://handsonuniverse.org/ | Accessed on 7 September 2023. 
21 https://www.eweblife.com/prm/AMTA/calendar/event?event=2022 | Accessed on 7 September 2023. 
22 https://www.modelinginstruction.org/ | Accessed on 7 September 2023. 

http://handsonuniverse.org/
https://www.eweblife.com/prm/AMTA/calendar/event?event=2022
https://www.modelinginstruction.org/
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Chapter 4 of this thesis will detail how a reformed version of the original 

Astronomy Modeling workshop, titled Astronomy Modeling Instruction with 

Exoplanets, was realized and used as an intervention in an astronomy education 

research study with both teachers and students. 

2.16 Literature Summary  
Since the first humans hypothesized about their possible existence, to the first 

confirmed detection in the 1990s, exoplanet discovery and characterization has grown 

into one of the most active areas of astronomy today. By combining transit photometry 

and RV data, researchers can gain a robust characterization of an exoplanet. Even 

so, with many thousands of exoplanet candidates being discovered by space-based 

exoplanet surveys, there is a significant need for help from ground-based 

observatories to follow-up, confirm, and maintain important parameters of these 

worlds. Additionally, observation biases limits detection of interesting longer-period 

exoplanets and the extent of professional research telescopes available is limited in 

number, available observation time, and location. With new telescope technology, 

such as with Unistellar eVscopes, comes a potential solution to aid professional 

exoplanet research and engage the public through novel citizen science initiatives on 

the ground. Also on the ground, exists an opportunity to combine research-based 

pedagogical approaches (e.g., Modeling Instruction) with accessible remote and in-

situ telescopes (e.g., LCO, MicroObservatory, Unistellar) for exoplanet observations 

by educators and students.  
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CHAPTER 3: THE UNISTELLAR EXOPLANET CAMPAIGN 
“We are all apprentices in a craft where 

no one ever becomes a master.” 

-Ernest Hemingway, The Wild Years (1962) 

 

3.1 Introduction 
The following manuscript paper by Peluso et al. (2023), The Unistellar 

Exoplanet Campaign: Citizen Science Results and Inherent Education Opportunities 

was published in the Publications of the Astronomical Society of the Pacific, in 2023, 

Volume 135, Number 1043, 015001, and doi:10.1088/1538-3873/acaa58.  

The paper summarizes the SETI Institute and Unistellar's citizen science initiative, 

called the Unistellar Exoplanet Campaign, which we launched in 2020 with 163 citizen 

scientists across 21 countries and showcases how a global citizen science network 

can provide high-quality light curves for exoplanet research and lay the groundwork 

for innovative education initiatives by involving educators and students.  

3.2 Published Paper 

  

https://iopscience.iop.org/article/10.1088/1538-3873/acaa58/meta
https://iopscience.iop.org/article/10.1088/1538-3873/acaa58/meta
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3.3 Links and Implications  
The Unistellar Exoplanet Campaign (UE) served as a foundational pillar of this 

thesis, showcasing the potential of a global citizen science network to contribute to 

both exoplanet research and education. Through UE, the citizen science network was 

able to make significant contributions to exoplanet research with their follow-up 

photometric data for ephemerides maintenance for exoplanets such as TOI 2031.01 

and TOI 3799.01. Additionally, the collaborative efforts of 163 citizen scientists across 

21 countries highlights the value of diversity and inclusivity in scientific endeavors and 

demonstrates the power of community-driven research. Furthermore, the integration 

of education and research, as exemplified by the "Gee Whiz Astronomy" inspired 

observation of HD 189733 b laid the groundwork for future AstroReMixEd initiatives, 

by opening new avenues for engaging students and teachers in meaningful 

astrophysics exploration and research. 
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CHAPTER 4: ASTRONOMY MODELING INSTRUCTION 
WITH EXOPLANETS 
“The teacher who is indeed wise does not 

bid you to enter the house of his wisdom 

but rather leads you to the threshold of your mind.” 

-Kahlil Gibran 

 

4.1 Introduction 
The following manuscript paper by Peluso et al. (2023), Astronomy Modeling 

Instruction with Exoplanets: Motivating Science Teaching and Learning in the 21st 

Century, was submitted to the Journal of Science Teacher Education (JSTE) on 26 

May 2023 with the submission ID of 232454474 and went into peer-review for 

publication on 1 June 2023. 

This paper highlights the Astronomy Modeling Instruction with Exoplanets 

workshop's impact on enhancing high school teachers' and students' understanding 

and confidence, emphasizing teachers' adoption of Modeling Instruction and 

astrophysical data and analysis (including exoplanets), which enhanced student 

engagement and provided hands-on learning experiences more rigorous than certain 

college-level courses. 

4.2 Submitted Paper  



 

51 



 

52 



 

53 



 

54 



 

55 



 

56 



 

57 



 

58 



 

59 



 

60 



 

61 



 

62 



 

63 



 

64 



 

65 



 

66 



 

67 



 

68 



 

69 



 

70 



 

71 



 

72 



 

73 



 

74 



 

75 



 

76 



 

77 



 

78 



 

79 



 

80 



 

81 



 

82 



 

83 



 

84 



 

85 



 

86 



 

87 



 

88 



 

89 

 
 

 



 

90 

 
4.3 Links and Implications  

The Astronomy Modeling Instruction with Exoplanets (AME) study resulted in 

measurable improvements in teacher and student motivation, engagement, and 

astronomy knowledge and skills through the use of astrophysics data and data 

analysis techniques (e.g., exoplanet observation planning, photometry, and transit 

light curve creation and analysis). By incorporating real and teacher collected 

astrophysics data into the G-HOU framework and Modeling Instruction pedagogy, we 

witnessed the evolution of teachers into capable amateur astronomers with new 

motivation to incorporate their new skills into their classrooms. The findings of this 

study also provide a promising case study with Percy Munoz and his high school 

astronomy students. In addition to Munoz’s transformations, such as becoming an 

active citizen astronomer and increasing the offerings of astronomy at his school, his 

students shared that they were more engaged when learning and working with real 

data and exoplanets. The engaging nature of hands-on data-driven learning with AME 

highlights the potential for high school teachers and their students to participate in 

more astrophysical research and “learn by doing” (e.g., AstroReMixEd). 
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CHAPTER 5: CONFIRMING THE WARM AND DENSE SUB-
SATURN TIC 139270665 B WITH AUTOMATED PLANET 

FINDER AND UNISTELLAR CITIZEN SCIENCE NETWORK 
“You sprinkle stardust on my pillow case 

It's like a moonbeam brushed across my face 

Nights are good and that's the way it should be.” 

-“Bright” by Echosmith 

 

5.1 Introduction  
The following manuscript paper by Peluso et al. (2024), Confirming the Warm and 

Dense Sub-Saturn TIC 139270665 b with the Automated Planet Finder and the 

Unistellar Citizen Science Network, was submitted for publication to the Astronomical 

Journal (AJ) on 28 October 2023 with the reference manuscript number AAS50575. It 

was assigned an editor and went into peer-review on 31 October 2023. I received the 

first referee report in November 2023 and resubmitted to the journal in January 2024. 

On 6 February 2024, the paper was accepted to the journal, AJ, and was passed 

forward into production on 8 February 2024 with the manuscript ID AAS50575R1. 

Section 5.2 is the accepted version of the paper for the journal, which is now in 

production for release in early 2024.  

This paper reports the discovery and confirmation of the warm and dense sub-

Saturn, TIC 139270665 b, which was aided by citizen scientists and the Unistellar 

network. RV characterization confirmed the planet b, but also provided evidence for 

another planet, c. In addition to confirming the planet, TIC 139270665 b, the combined 

efforts by professional telescopes (e.g., APF) and citizen scientist operated telescopes 

(e.g., Unistellar eVscopes) refine the planet's period. This work also offers a rich case 

for the AstroReMixEd initiative and insights into planetary formation and evolution 

models. 

5.2 Submitted Paper 
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5.3 Links and Implications 
The discovery and confirmation of the TESS single-transit warm and dense sub-

Saturn, TIC 139270665 b, enabled by the collaboration between citizen scientists, 

students, and professional astronomers, represents a tangible outcome of the 

combined efforts between these three groups. While the collected Unistellar 

photometric data encountered some challenges in constraining the orbital period 

definitively, it was able to rule out some orbital periods and several valuable lessons 

were gained that will be useful for future long-period exoplanet citizen science 

campaigns. Additionally, the combined collected data (i.e., photometric and RV) 

expanded our understanding of a unique exoplanet, which adds value to our inventory 

of planets that can help researchers better understand planetary formation and 

evolution theories. Further, this work showcased the effectiveness of the 

AstroReMixEd approach, where high school students actively contributed to cutting-

edge astrophysical research while also learning. By incorporating more citizen 

scientist observers for long-period exoplanet observations, researchers can expand 

their photometric baseline and increase their chances of capturing additional transits 

of these hard to detect exoplanets. Additionally, the inclusion of students in these 

observations not only benefits both research and education but also contributes 

significantly to the overarching goal of democratizing science and science education.  
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CHAPTER 6: DISCUSSION 
“The important thing to remember 

is that you must never under any 

circumstances, cross the streams.” 

-Dr. Egon Spengler (Ghostbusters, 1984) 

 

6.1  The Unistellar Exoplanet Campaign 
In 2019, the inaugural work of my thesis was initiated through a collaborative 

effort to establish the first global citizen science exoplanet network using app-

controlled smart digital telescopes operated in-situ by citizen astronomers. While 

being a part of this pioneering team, I played a significant role in the network's early 

developments and growth. The early stages were marked by trial and error in both 

instrument and various target testing and network outreach. Notably, and possibly the 

first documented communication to the network still exists in blog posts on the SETI 

Institute’s Cosmic Diary23. By 2020, the Unistellar Exoplanet Campaign (UE) 

flourished, involving 163 citizen scientists in 21 countries, and achieving a 43.2% 

transit detection success rate. Standout moments include precise mid-transit time 

measurements for the TESS planet candidate TOI 2031.01 from observers 6700 km 

apart, and the revision of TOI 3799.01's orbital period. Further, the pioneering "Gee 

Whiz Astronomy" inspired observations highlight the potential that exists when 

education and research intertwine (e.g., AstroReMixEd). 

6.2  Astronomy Modeling Instruction with Exoplanets Intervention  
In the study, Astronomy Modeling Instruction with Exoplanets: Motivating Science 

Teaching and Learning in the 21st Century, real astrophysics data sourced from 

NASA's Universe of Learning MicroObservatory, LCO, and the Unistellar citizen 

science network was integrated within the G-HOU framework and Modeling Instruction 

pedagogy. This combination that heavily focused on Modeling Instruction and active 

astrophysics data collection and analysis, resulted in measurable improvements in 

both teacher and student astronomy knowledge and skills. Data showed that 14 AME 

teachers requested celestial images and 90% of citizen scientists in the Unistellar 

network were willing to support educational exoplanet observations. After our 15-week 

workshop, teachers, even those new to astronomy, were equipped to use professional 

telescopes, perform photometry, analyze exoplanet data, and integrate astrophysics 

 
23 E.g., http://cosmicdiary.org/dpeluso/2020/01/11/get-your-unistellar-evscopes-and-help-observe-an-exoplanet-this-weekend/ | 
Accessed 7 September 2023.  

http://cosmicdiary.org/dpeluso/2020/01/11/get-your-unistellar-evscopes-and-help-observe-an-exoplanet-this-weekend/
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into high school curricula at depths rivaling many introductory university courses. 

Concurrently, students indicated a strong preference for hands-on learning and 

working with exoplanet data versus lectures or traditional textbook methods. Mr. Percy 

Munoz's journey (as detailed in The Percy Munoz Case Study section of the paper, 

i.e., Chapter 4) epitomizes the study's findings, accentuating the pivotal role of 

experiential, data-driven Modeling Instruction astronomy in reenergizing educational 

dynamics and fortifying the essence of authentic, immersive astronomical education 

interventions. 

6.3  Discovery and Confirmation of Warm Sub-Saturn TIC 139270665 b with 
APF and Unistellar and AstroReMixEd 

After the citizen scientists of the Visual Survey Group's identified the potential 

single-transit exoplanet, TIC 139270665 b, in TESS data, our team pursued RV 

measurements using Lick RV instruments. With the intent on further refining its orbital 

period, we planned to utilize our Unistellar citizen science network. RV data confirmed 

the planet, and our EXOFASTv2 model pinpointed a best-fit period of 23.624 days. 

We engaged 43 Unistellar citizen scientists across 10 countries, including 16 high 

school students, to accumulate 271 hours of data spanning five months. Despite not 

definitively constraining the orbital period due to various limitations as detailed in the 

paper, lessons about optimizing citizen science observations were gained and some 

of the data may help to rule out ingress or egress at certain times. The high school 

observers showcased the power and potential of combining research and education 

in an AstroReMixEd effort, where students learn science by actively contributing work 

and data to modern astrophysical research. Our combined data confirms TIC 

139270665 b as a dense warm sub-Saturn with a bulk density of 2.13 ±0.31 g cm-3, 

distinguishing it as unique among today’s confirmed TESS planets. Additionally, 

there's evidence of a second planet, TIC 139270665 c (MPsin𝑖 of ~4.89 MJ), with a 

much larger period and eccentricity. Challenges notwithstanding, the discovery of 

these exoplanets helps to expand our datasets with samples of unique exoplanets that 

further challenge and inform our planetary formation and evolution theories. 

6.4  Unistellar’s Evolution in Exoplanet Detection 
The photometry used to confirm the first transiting exoplanet, HD 209458 b, 

was collected from a small (10 cm aperture) telescope (Sincell, 1999). Shortly 

thereafter, the first exoplanet discovered by a survey composed of a network of small 
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and relatively inexpensive telescopes was made by the Trans-Atlantic Exoplanet 

Survey (TrES) with TrES-1b (Alonso et al., 2004). Today, Unistellar eVscopes of the 

Unistellar citizen science network are of comparable size (11.4 cm) and efficiency. 

Since the publishing of the first paper of this thesis on UE (Peluso et al., 2023), 30 

additional exoplanet datasets have been published on the AAVSO and an additional 

300+ successful exoplanet transit detections have been processed.  

Furthermore, UE has solidified its position as an official citizen science partner 

with NASA through the Unistellar Network Investigating TESS Exoplanets (UNITE) 

program. The UNITE initiative primarily targets TESS-discovered candidates that have 

only one or two detected transits, and for which the orbital period remains ill-defined. 

Through this collaboration: 

• Citizen astronomers utilizing eVscopes confirmed a 112-day orbital period for 

the TESS two-transit TOI 1812.01. A paper detailing this discovery is currently 

being prepared by H. Osborn et al. 

• The orbital period of the TESS single-transit TOI 4465.01 was ascertained by 

detecting a second transit (with a duration of 12 hours) during a four-day 

intensive Unistellar campaign. This research is presently in preparation by D. 

Dragomir et al. 

• The TESS single-transit TIC 393818343.01 was authenticated with an 

approximate 16-day orbital period, with a paper in the works by L. Sgro et al. 

Additionally, the photometric analysis of TIC 139270665 b, as presented in Chapter 5, 

was conducted under the umbrella of the NASA UNITE project. This study was 

accepted to the Astronomical Journal (AJ) by Peluso et al. and is currently in 

production for publication with an expected release in early 2024.  

Other notable UE detections include updating the ephemeris of the highly 

eccentric HD 80606 b (Pearson et al., 2022) and capturing the 16-hour long transit of 

Kepler-167 e (Perrocheau et al., 2022). Notably, for Kepler-167 e’s 1071-day orbital 

period, it surpassed HIP 41378 f’s 542-day period (Bryant et al., 2021) to make it the 

longest period exoplanet to have its transit be detected from ground-based 

instruments. This accentuates the importance of a globally distributed network, such 

as UE, since long and continuous observations of long exoplanet transits are 

challenging with traditional fixed-location observatories. A globally distributed network, 

like UE, crosses many time zones, which allows observations from long transits like 
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Kepler-167 e where 31 citizen astronomers collaborated globally to collect 40 hours of 

observations for the longest period planet detected from Earth (see Figure 11).  

 
Figure 11. Annotated transit light curve of Kepler-167 e from a November 2021 Unistellar network campaign 
(Perrocheau et al., 2022). The confirmed transit from the Unistellar network for this 2.9-year orbital period exoplanet 
marks it as the longest period exoplanet ever detected from Earth known. Three-digit alpha-numeric strings in the 
legend represent eVscope serial numbers of Unistellar citizen scientist observers.  

 Exoplanet observations from UE, such as with Kepler-167 e, are important for 

the field of exoplanetary science. UE’s detection of Kepler-167 e demonstrated that it 

is possible to detect long-period and long-duration transits from small citizen scientist 

operated digital smart telescopes. As detailed in Chapter 3, UE’s benefits include 

having a large network of telescopes distributed globally, which enables long-duration 

observations beyond a single night or location, which can also mitigate localized 

weather events. An example map of what the global coverage looks like for a recent 

successful campaign is provided in Figure 12. Additionally, UE’s eVscopes have the 

benefit of portability, effective photometry even in urban areas, and are easy to operate 

with a user-friendly smartphone app.  

 
Figure 12. Screenshot from Unistellar animation24 highlighting the distribution of its exoplanet citizen astronomers 
around the world in successfully capturing the transit of HD 80606 b with a total of 27 hours of network coverage 
and data. Spreading across time zones, UE was able to capture transit data when other locations around the world 
were in daylight hours.  

 
24 https://www.unistellar.com/citizen-science/exoplanets/results/ | Accessed 7 September 2023.  

https://www.unistellar.com/citizen-science/exoplanets/results/
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The collaborative potential with other networked citizen science programs is 

also substantial and important for increased success. For example, Unistellar 

observations of HD 80606 b and Kepler-167 e both involved photometry collected by 

Exoplanet Watch and ExoClock citizen scientists. Unistellar’s HD 80606 b campaign 

also collected photometry from the sometimes citizen scientist operated LCO and 

MicroObservatory telescopes, however, it is unknown if these observations were 

initiated specifically by citizen scientists for the HD 80606 b photometry. This additional 

coverage and data helped to confirm and complete photometry for transit light curves. 

A collaboration with Exoplanet Watch, ExoClock, MicroObservatory, or LCO was not 

utilized for the TIC 139270665 b campaign. If it were, then that could have potentially 

increased our coverage and photometry, and possibly our confidence in detecting a 

second transit. Collaboration with other citizen science exoplanet programs would also 

allow more outreach and education opportunities to enrich the idea of AstroReMixEd.  

UE currently has six peer-reviewed publications for its exoplanet work (Dalba et 

al., 2022; Pearson et al., 2022; Peluso et al., 2023; Perrocheau et al., 2022; Wang et 

al., 2022; Zellem et al., 2020) and at least four others in the pipeline (i.e., TOI 1812.01, 

TOI 4465.01, TIC 393818343.01, and mine on TIC 139270665 b). Notably, these four 

are all for the NASA UNITE project to capture a second or third transit from a single 

or double-transit TESS candidate, which is a challenging objective given the 

uncertainty and widespread coverage needed for such a detection.  

The success of the Unistellar exoplanet citizen science network to date 

demonstrates its potential for further scientific research. In only three years, the 

network has achieved over 590 exoplanet transit detections, five peer-reviewed 

publications, and four in preparation for submission to academic journals. Six of these 

published or in-prep papers contributed to confirm TESS exoplanet candidates or 

update their ephemerides. Since a majority of the TESS ephemerides from TESS are 

predicted to be outdated (i.e., having a 1s uncertainty in mid-transit time less than half 

the transit duration) only one year after the last observation (Dragomir et al., 2020), 

these ephemerides update are important, especially for future characterization by 

JWST and other space-based telescopes (Zellem et al., 2020). Additionally, given the 

challenges and limitations of wide-field surveys like TESS in detecting longer period 

exoplanets (Bakos et al., 2004; Bakos et al., 2013; Pollacco et al., 2006), Unistellar 

and other citizen science exoplanet programs have high value for their ability for long-
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period exoplanet detection with their distributed network. Thus, Unistellar exoplanet 

citizen scientists can update exoplanet ephemerides and help to confirm long-period 

or poorly constrained periods of exoplanets, however, there are other potential 

applications for future work (e.g., discovery, TTVs, unknown RVs, microlensing 

events, and detecting rings or exomoons of gas giants).  

The Unistellar network is run by citizen scientists that operate in-situ digital smart 

telescopes (eVscopes) and has included educators and students in observations. 

When Unistellar citizen science data has been used in exoplanet publications the 

citizen scientists are included as co-authors in the peer-reviewed publication. Chapter 

3 highlighted UE’s ability and potential for contributing to exoplanet science, but also 

demonstrated its “Inherent Education Opportunities”. The UE paper (Peluso et al., 

2023), included 163 citizen co-author citizen scientists who contributed to the building 

of this exoplanet network. Current estimates across all Unistellar exoplanet papers 

published (or in prep) to date count ~35 co-authors who were either student or 

educator. Of these co-authors, nine were educators (five from UCAN), and the majority 

(26) were either middle/high school (19) or college students (7). The majority (16) of 

the total student observations resulting in (future) co-authorship come from my TIC 

139270665 b campaign at the Chabot Space & Science Center in February 2023. By 

increasing these co-author numbers with citizen science and education initiatives 

combined there is an exciting potential to change the paradigm for how both science 

and education operate in the future.  

It is also noteworthy to mention that the Unistellar Network has been successful for 

other citizen science programs, such as for planetary defense (Graykowski et al., 

2023; Lambert et al., 2023), comets, asteroid occultation (Cazeneuve et al., 2023), 

transients (Sgro et al., 2023), and spacecraft monitoring (Lambert et al., 2022). 

Impressively, Unistellar’s transiting exoplanet program stands out as it has uniquely 

garnered direct support from NASA. The breadth of these citizen science programs 

offers a wide array of opportunities for advancing astrophysics research and for 

creating more diverse Modeling Instruction and inquiry-based education initiatives.  

6.5 The Rivers of Academia and the Zeitgeist  
There's sometimes exists a subtle perception within academic circles that 

delineates a boundary between professional PhD level researchers and the broader 

populace. The National Research Council’s groundbreaking 2012 framework 

highlighted a disconnect that exists between K-12 education and contemporary 
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scientific research (Council, 2012). I’d like to compare this outside the context of 

science education, and directly to society as a whole.  

The majority of the US population (91%) attends public school (Statistics, 

2022), however, of the US population aged 25 and older, only 14.9% had completed 

some college, but no degree, and 23.5% report a bachelor’s degree as their highest 

degree (Bureau, 2022). High school graduation requirements generally require at least 

2 years of a lab science. However, they do not require astronomy or physics (see 

Chapter 4). In the US, college general education requirements for non-STEM majors 

include one or two science credits, however, the majority of adults do not complete a 

college degree. The exposure of many citizens to science, science practices, and 

scientific research could be improved. If most of the US population goes to public 

school where there is a disconnect with contemporary scientific research and do not 

take any college courses, then how is their society getting connected with 

contemporary scientific research? Is there a similar paradigm in other developed 

nations? What effect is this having on a world that is run by science and technology, if 

almost no one understands science and technology (Sagan, 1996)? 

The effects of this may not be entirely clear until much further into our future. 

However, it is noted that currently we do see a marked rise in pseudoscientific beliefs 

such as astrology (Andersson et al., 2022) and other pseudoscience, especially after 

the COVID-19 pandemic (Escolà-Gascón et al., 2020). Moreover, there exists a 

widespread unhealthy cynicism and decrease in confidence with science (Boyle, 

2022). Additionally, in the US, a prevailing cultural zeitgeist underscores a diminishing 

trust in public education. Since 1973, Gallup has consistently surveyed the US 

population to gauge their confidence in public educational institutions. Responses 

indicating a "great deal or quite a lot of confidence" in US public schools have shown 

a marked decline since these surveys began (Gallup, 2022, 2023). This downward 
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trend has intensified in the past decade, with 2023 seeing the lowest recorded 

confidence level since 1973, a figure matched only in 2014 (see Figure 13).  

 
Figure 13. Percentage of polled US population that agreed with having confidence in our schools, i.e., “Great 
deal/Quite a lot” from Gallup (2022) but with an additional data point for 2023 added from Gallup (2023). 

Another aspect of the American zeitgeist is the undervaluing of our teachers, which 

may possibly feed into these beliefs and our educational outcomes. A recent US study 

reported that teachers feel they lack the influence to effect real change, with only 

24.5% of teachers expressing that they felt valued in our society, and only 18.4% 

reported feeling valued by the media (Akiba et al., 2023). 

6.6  Crossing the Streams 
There are many professional researchers that contribute valuable work and 

effort towards the goal of democratizing science. In astronomy and exoplanets, these 

include NASA Exoplanet Watch (Zellem et al., 2020), Las Cumbres Observatory 

(Sarva et al, 2020), Zooniverse (Eisner, Barragán, Aigrain, et al., 2020; Eisner, 

Barragán, Lintott, et al., 2020; Simpson, Page, & Roure, 2014), MicroObservatory 

(Gould et al., 2006), our current work with Unistellar, and several others mentioned 

elsewhere in this thesis and many more in astronomy and in other fields. Even so, 

media focus, biases in funding allocation, selective publication trends, and prevailing 

academic narratives may muddy the waters between the true potential that could exist 

between citizen scientist educators and students and professional researchers. 

Further, another aspect of the US zeitgeist around education may come from the 

commonly uttered quote, “Those who can, do; those who can’t, teach” (Shaw, 1903)25. 

Over 100 years later, this notion is still being discussed, but with varying opinions 

 
25 Compare this to ancient Greek thinking from Aristotle: “Those who know, do. Those that understand, teach.” 
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(Grant, 2018). Such negative sentiments about teachers may contribute to biases 

undermining the capabilities and skills of teachers in research endeavors. Additionally, 

the K-12 education system in the US was built to produce obedient workers (Clinchy, 

1993), and not free thinkers or problem solvers. How can a society that undervalues 

our teachers and has an outdated education system not aligned with modern scientific 

practices expect to cultivate its future generation’s ability to lead the world for our 

safety, prosperity, and economic wellbeing?  

The collaborative nature highlighted throughout this thesis demonstrates that 

when we "cross the streams" of these diverse knowledge pools, the resultant synergy 

not only produces valuable and robust scientific findings but may also pave the way 

for groundbreaking discoveries. Furthermore, students at the public high school level 

can be more engaged and learn by doing science that directly contributes to peer-

reviewed publications for exoplanets, as exemplified by TIC 139270665 b’s 

AstroReMixEd efforts. I advocate for a merger of the knowledge streams flowing from 

our esteemed academic research institutions with those from the oft-overlooked public 

academic primary and secondary institutions and through engagement with both 

teachers and students. This confluence harbors the potential to reshape our view of 

public schools and their educators, foster a society that deeply values and 

comprehends the pivotal role of science and technology, and ultimately drives societal 

progress. Moreover, the work of the citizen astronomers in this new merger can 

actually push the needle of scientific results to new heights.  

Examples of the value of citizen science astronomy and its contributions to the 

scientific community are numerous (Christian et al., 2012). Notable examples are the 

discovery of five new exoplanets entirely by citizen scientists using Kepler data 

(Christiansen et al., 2018), NASA’s Sungrazer Project to discovery comets (Battams 

& Knight, 2017), the Aurorasaurus for studying the aurora (MacDonald et al., 2015), 

and the discovery of the mysteriously dimming KIC 8462852 (Boyajian et al., 2018). 

The forthcoming need of citizen astronomer collaboration will be even more vital. With 

enormous sets of data (greater than 35 billion outputs) coming online with the Vera 

Rubin Observatory and its Legacy Survey of Space and Time (LSST), it is clear that 

citizen science collaboration will not only be advantageous, but necessary for the field 

(Higgs, 2023). With these and the many other citizen astronomy discoveries and 

contributions to date and forthcoming, there is ample room for AstroReMixEd initiatives 

that include educators and students at all levels in this work.  
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6.7  Converging Astronomy Modeling and Citizen Science  
The dramatic effect of the Council of Ten’s B-C-P decision in the 1890s (Bishop, 

1990; Bishop, 2003; Krumenaker, 2009; Sheppard & Robbins, 2002), effectively 

eliminated astronomy from our K-12 education system (see Chapter 4). Given that 

cosmic curiosity is in our nature and our current and future economic success depends 

on our societies’ abilities and skills in STEM and space (Chapter 4), it seems fitting to 

push for more options for research-based and data-driven astrophysics and space 

courses in our K-12 systems. With AME, we showcased that out-of-field teachers and 

public-school students are capable of learning and practicing modern astrophysics 

(e.g., planning observations and analyzing exoplanet light curves, photometry, etc.). 

With the Unistellar exoplanet citizen science network, we’ve shown that small easy-

to-use smartphone app-controlled eVscopes can contribute to exoplanet research with 

data taken in-situ from both educators and students from all levels.  

The AME study from Chapter 4 revealed that the most engagement increases 

came from students who reported having the experience planning a live exoplanet 

observation and analyzing its data. With the TIC 139270665 b AstroReMixEd work 

(Chapter 5), 16 high school students chose to stay overnight for 12+ hours to attempt 

catching a transit of this TESS candidate planet, even though they knew the likelihood 

of catching the transit was not in their favor. As the director of this AstroReMixEd 

initiative, and having worked closely with the Galaxy Explorer students, I can attest to 

their genuine enthusiasm. Their enthusiasm was driven not just by their involvement 

in a project with tangible real-world applications but also from the empowering chance 

to be recognized as co-authors in an upcoming peer-reviewed scientific article. 

Numerous studies affirm that students are more engaged when their work has direct, 

meaningful implications in the real world (Bell, 2010; Blumenfeld et al., 1991; Fortus 

et al., 2005). Further, the effect of AME on teachers was substantial. Teachers 

changed how they taught to include more inquiry-based and data-driven astrophysics 

activities and had significant improvement in their self-efficacy (e.g., Percy Munoz). 

The fusion of Astronomy Modeling with citizen science (e.g., Unistellar) offers a 

uniquely potent and transformative experience for both teachers and students and lays 

the groundwork for future efforts to “cross the streams”.   
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Crossing the streams may be considered a dangerous or taboo activity by 

some26. However, the explosion of such a merger has the potential for increased 

diversity, synergy, creativity, enlightenment, and tangible results for both education 

and rigorous scientific research. The democratization of astronomy and exoplanet 

science means that everyone is an astronomer and scientist, not just those with a PhD. 

This does not make PhDs or research universities obsolete, but instead compliments 

and enriches academic work for an all-around and more inclusive and democratic 

society where the sharing of knowledge and ideas is streamlined and accelerated to 

benefit everyone.  

6.8  Challenges and Limitations 
Acknowledging the various challenges and limitations associated with the 

Unistellar citizen science network and its eVscopes can help its initiatives and others 

like it to improve and grow. While eVscopes are proficient at identifying large gas giant 

exoplanets, they still possess a modest aperture size. This limits their light-capturing 

capacity and, consequently, their sensitivity, making the detection of smaller 

exoplanets more challenging. It's noteworthy that the primary locations of our 

Unistellar observers span urban and suburban light polluted environments. Although 

a feature of eVscope technology is their ability to still provide quality data in such 

environments, this also still compromises the optimal sky conditions for certain cases 

and the resulting data. Also, even though anecdotal evidence has shown that many 

Unistellar citizen scientists demonstrate admirable skill, when compared with veteran 

observational astronomers, there may be variation in precision and image quality that 

effects data quality in the Unistellar data pipelines.  

For exoplanet observations, Unistellar can amass large quantities of data from 

around the world. This can challenge the small science team in keeping up with data 

processing (e.g., ~36% of the collected data in Chapter 3’s UE paper was still 

unprocessed at the time of publication). Furthermore, well-constructed communication 

and education to exoplanet citizen scientists is also vital. Even though eVscopes are 

easy-to-use with their dedicated app, some users may still be confused or intimidated 

with how to observe exoplanets for science missions. Even so, it should be noted that 

a user’s current access to exoplanet observations via the Unistellar app is still greatly 

 
26 In the 1984 Columbia Pictures film "Ghostbusters," the protagonists face a pivotal decision: to "cross the streams" of their 
proton beams from their Particle Thrower weapons. Initially believed to be a detrimental move, it ultimately proves to be 
beneficial, hence, this chapter’s opening quote.  
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more accessible than any previously known in-situ telescope available to the public. 

Also, as learned from TIC 139270665 b, we learned that it is important to capture more 

data and at the right times (i.e., across two or more stages of a transit event). Future 

campaigns for such wide transit windows like that with TESS single-transit candidates 

should stress the importance for longer observation durations to the citizen science 

community. Additionally, Unistellar should further improve their software to simplify 

and further automate the exoplanet observing process to increase the likelihood of 

longer observation sessions from its citizen scientists.  

Following the rapid growth of the Unistellar network (see Figure 8), it’s important 

to contemplate the foundational objectives and sustainability of the citizen science 

initiative. Although Unistellar promotes its telescopes as instruments for citizen 

science, the predominant emphasis, like many commercial endeavors, 

understandably lies in product sales to guarantee economic viability. Such a 

commercial-focused strategy may at times result in altered priorities, potentially 

affecting the rate or orientation of updates intended for scientific objectives.  Therefore, 

while the distinctive features of incorporating citizen science significantly set apart 

Unistellar’s products, there exists a fine balance between commercial success and 

scientific progress. Prospective users, scientific investigators, and collaborators ought 

to recognize this interplay, as it might shape the forthcoming direction and potential of 

the network's scientific aspirations and outcomes. 

A notable constraint of Unistellar telescopes pertains to cost and accessibility. For 

these telescopes to genuinely democratize astronomy, it is essential to investigate 

low-cost alternatives and expand geographic availability. While they are currently 

distributed in over 61 countries, Unistellar telescopes can only be shipped to Europe, 

the US, and Japan.27. Furthermore, the typical price of an eVscope exceeds $3,000 

USD, a sum beyond the reach of many casual enthusiasts. In the educational domain, 

this pricing may be feasible for most major research and non-research institutions, but 

it remains prohibitively expensive for the majority of K-12 schools, including the typical 

Title I school and its educators. Other cost barriers associated with Unistellar 

telescope use is the need for a smartphone or tablet to operate the telescope and 

having high speed Wi-Fi access for data uploading, which may be another economic 

challenge for some. Even with these economic barriers, the emergence of easy-to-use 

 
27 However, they can be purchased by official distributors and resellers in various other countries: 
https://help.unistellar.com/hc/en-us/articles/360002269613-Which-countries-do-you-ship-to- | Accessed 7 September 2023.  

https://help.unistellar.com/hc/en-us/articles/360002269613-Which-countries-do-you-ship-to-
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technology like Unistellar eVscopes signifies a transformative step towards 

democratizing astronomy. Although the initial cost may be high, it mirrors the historical 

pattern of new technologies, which, over time, have become more accessible and 

contributed to the broader accessibility of scientific pursuits.  

As for eVscope data, owners who wished to access their raw data previously (pre-

October 2023) had to contact the science team to retrieve the corresponding FITS 

files, rather than downloading them directly from the telescope. From personal 

communications with university professors, some have reservations of adopting or 

have current dissatisfaction with using Unistellar telescopes due to this challenge. This 

has been a major problem for K-12 and university educators alike as they do not have 

the time to write emails to request and wait for data that they’d like to use for student 

learning or science objectives. This also created a challenge for the small Unistellar 

science team at the SETI Institute who had to funnel these requests instead of focusing 

more of their time doing science and writing papers. However, as of October 2023 

Unistellar has announced the release of a tool for users to download their data after 

uploading to their database directly and without any human intervention.   

One solution to the high cost of eVscopes is to secure grant funding for their 

acquisition for scientific and educational initiatives as the SETI team has done with the 

UCAN network funded, and the University of California Observatories (UCO) 

Astronomy experience, both funded by the Moore Foundation. However, this might 

present other challenges. Despite the demonstrated value and potential of eVscopes 

in these realms, grant committees may possess biases that prevent them from looking 

beyond the telescope's consumer product image. To truly expand a Unistellar or 

similar citizen science telescope network for an authentic democratized experience, 

solutions must be found to place the technology and programs in more educational 

institutions, research settings, and community centers, ensuring wider access and 

eliminating barriers associated with cost and perceptions.  

Regarding education initiatives such as AME and AstroReMixEd, there are 

some challenges for widespread adoption. In many K-12 school science classes, 

science is presented to most children as a giant bucket of seemingly disconnected 

'factoids' that they must learn and then regurgitate on multiple choice tests (which are 

easy to score). If we could learn to teach science as something they are actively 

doing—i.e., a set of tools for thinking that they must learn to build and use (Modeling), 

and skills they must master to collect data—then they will develop the competence 
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and confidence to function and make informed decisions in the 21st century 

technological world. This is exactly what Modeling Instruction and AME aim to do and 

research has also found it to be inherently motivating (Haag & Megowan, 2012, 2015; 

Hestenes et al., 2011; Jackson et al., 2008). Further, this motivation could ultimately 

drive more students into the STEM workforce pipeline. Given that research has shown 

that teachers can transition from a traditional 'factoid' teaching approach to a more 

inquiry-based methodology with the right professional development (Haag & 

Megowan-Romanowicz, 2021; Hestenes, 1997; Wells et al., 1995), a challenge then 

lies in providing more educators with access to professional development in Modeling 

Instruction, AME, and similar inquiry-driven pedagogies.  

While the Committee of Ten was instrumental in sidelining astronomy in our 

curriculum (Sheppard & Robbins, 2002), they, along with other foundational education 

figures and groups, through their collective recommendations and policies, further 

entrenched a standardized "what to think" over "how to think" approach as well as 

deepened educational inequities across socioeconomic and racial lines. The “what to 

think” approach is antithetical to AME and other inquiry-based practices. While the 

AMTA boasts over 15,000 members (i.e., “Modelers”), and many educators outside 

this group champion inquiry-based and student-centered learning, it remains an uphill 

battle against a system that is still predominantly driven by standardized test scores, 

grades, and direct-instruction models that prioritize rote learning over critical thinking. 

Even so, it is encouraging to know that many major US universities are now eliminating 

or making standardized testing optional for student applicants (FairTest, 2023), which 

may help future K-12 initiatives like AME to have more room for expansion.  

Moreover, even if some teachers were self-motivated to enact an AME or 

AstroReMixEd approach, some may have their hands tied behind their back. Some 

teachers in the US are often restricted from having autonomy and the ability to practice 

more innovative and progressive education practices because of the pressures and 

systems (e.g., high-stakes testing) in place from their administration and school 

districts (Gonzalez et al., 2017; Ingersoll, 2009; Zhao, 2012). Many teachers at the K-

12 level do not have the option of teaching astronomy, even if they wanted to. Recall 

in Chapter 4 that Salimpour et al. (2021) found that only 17% of schools across the 

entire planet offer astronomy. Further, even though it is possible to teach astronomy 

concepts in a traditional K-12 physical science or physics course, teachers may be 

restricted to teach a set curriculum at their school or need to align with other teachers 
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of the same subject at their school or district. These cases would leave little room, if 

any, for AME or AstroReMixEd. For university or college-level implementation, 

although some college and university-level teachers adopt more innovative and 

inquiry-based teaching practices, traditional methods still abound (Kay et al., 2019), 

which leaves us with real challenges for implementing this work at all levels of our 

education system. This may be a systemic battle in some ways. Although a challenge, 

I do note that AME has been successfully enrolling a full roster of teachers two years 

in a row (approximately 45 total) and is set for its third year in the spring of 2024. The 

desire does exist for astronomy, we just have to explore new avenues for 

implementation and encourage school district leaders to adopt astronomy curricula.  

Funding is also a large limitation for such programs. Even though modestly 

priced28, most teachers may not have funds or intrinsic motivation to spend their own 

funds on a dedicated AME workshop or Unistellar eVscope. Obtaining grant funding, 

which has been successful for other AMTA teacher workshops and research 

initiatives, could eliminate the cost barrier, provide eVscopes, and even provide a 

stipend to participating teachers, which would increase reach and adoption. 

Additionally, for an authentic AME and AstroReMixEd approach that included 

exoplanet research, teachers would need the time and support to conduct research 

amidst their teaching responsibilities. Teachers at K-12 institutions in the US are 

largely overworked and underpaid (Garcia & Weiss, 2019).   

With many PhD projects or grant-funded initiatives, promising projects often fade 

away after students or researchers move on to other endeavors or the grant funding 

runs out. To ensure the longevity and expansion of the AMTA's AME offerings, 

dedicated teams and personnel would need to be established. This would create 

redundancy and expand the program's reach, thereby reaching wider audiences and 

guarding against potential disruptions, such as founding members departing for other 

endeavors. Additionally, other programs utilizing Modeling Instruction pedagogy and 

other inquiry-based and project-based learning practices should be developed and 

implemented utilizing an AstroReMixEd model that connects university level 

astrophysics research with K-12 and community college level education.  

 

 
28 As of 2023, AMTA’s AME is $850 USD for a 15-week 45-hour distance learning graduate-level course with up to 3 credits 
available at $79/credit hour through the University of Pacific. Costs retrieved from https://www.eweblife.com/prm/AMTA/apply-
rsvp?rsvp=1713 | Accessed 7 September 2023.  

https://www.eweblife.com/prm/AMTA/apply-rsvp?rsvp=1713
https://www.eweblife.com/prm/AMTA/apply-rsvp?rsvp=1713
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CHAPTER 7: CONCLUSION 
“If you wanna fill your bottle up with lightning 

You're gonna have to stand in the rain.” 

-“Silver Lining” by Kacey Musgraves 

 

7.1 Broader Implications 
The vast and intricate landscape of exoplanetary research is reshaping our 

comprehension of the universe at a rapid pace. With thousands of confirmed transiting 

exoplanets and many more awaiting confirmation and characterization (e.g., with 

JWST, ARIEL, or PLATO space missions), the field has demonstrated a heightened 

need for sustained and meticulous follow-up observations. These observations serve 

to filter out false positives, maintain the precision of established planetary 

ephemerides, and to help to confirm and constrain orbital parameters. As the queue 

of exoplanetary candidates grows, the infrastructure for conducting these studies 

faces significant challenges. However, the democratization of astronomical tools and 

initiatives, combined with the emergence of citizen science programs such as the 

Unistellar citizen science network presents a new paradigm.  

The collaborative efforts of professional researchers and an engaged community of 

citizen astronomers, educators, and students represent a promising direction for 

exoplanetary science, combining inclusivity with thorough scientific inquiry. This 

AstroReMixEd alliance has the potential to decode the enigmas of planetary formation 

and evolution, such as those challenged by our discovery of warm and hot Jupiters 

and sub-Saturns, and perhaps even lead us to the discovery of extraterrestrial life. 

These and many other possible discoveries will enrich our understanding of our 

cosmic narrative and empower us as people, especially if we are making them 

together instead of apart. 

Five decades after the first Draw-a-Scientist Test was given, around 65% of middle 

and high school students who complete this brief exercise still draw a middle-aged 

white male (Ferguson & Lezotte, 2020; Hayes et al., 2020; Miller et al., 2018). Some 

modest increase in the representation of women has occurred over time, but by-and-

large, students do not draw someone who looks like themselves or their parents. 

Unfortunately, the lack of representation and diversity persists, especially in astronomy 

departments. Among astronomy department faculty, only 3% are Hispanic and only 

1% African American (National Academies of Sciences, 2021), which likely funnels 

down to influence draw-a-scientist tests. Representation matters.  
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At the student level, while interest and corresponding astronomy and astrophysics 

degrees have grown, the growth is still small, and this is especially true for 

underrepresented groups. For details on these statistics, see the Decadal Survey on 

Astronomy and Astrophysics 2020 (National Academies of Sciences, 2021). As one 

example, for indigenous populations, such as Native Americans, Indigenous, and 

Native Hawaiians, the results are worse than most other physical sciences with only 

~two undergraduates engaged in astronomy per year (National Academies of 

Sciences, 2021). Further, only 33% percent of people who have earned an astronomy 

bachelor’s degree were women in 2017, a trend that has been relatively consistent 

over 10 years (Porter & Ivie, 2019).  

Through the creation of a more democratized world for science, astronomy, and 

education, we can break the paradigms that have held us in the past for a more diverse 

and inclusive future. Inquiry and project-based work similar in nature to AME and 

AstroReMixEd have been reported to be engaging for both female and male students 

from various racial, ethnic, underserved, and urban environments (Geier et al., 2008; 

Harris et al., 2015). By creating more opportunities at all levels of society and 

education around the world for the public to participate in active citizen astronomy 

investigations, we are broadening our reach of our scientific faculty and increasing our 

yield of scientific data collection and results.  

Our galaxy, with its trillions of exoplanets yet to be discovered and characterized, 

presents an immense challenge for the limited cadre of professional astronomers. By 

crossing the streams of our professional research institutions with the general public, 

educators, and students, we can open the gates of discovery for all of humanity. This 

not only allows us to adopt more researchers from the pool of Earths’ 8+ billion 

population to probe the universe for exoplanets and other cosmic phenomena, but 

also greatly supports our society in the effort to close the achievement gap and expand 

and diversify the field of astronomy and astrophysics.  

7.2 Final Thoughts and the Potential of a Democratic Astronomy   
Given the integration of citizen science with advances in technology, the 

transformative potential of newly developed inquiry-based astrophysics education, 

and the symbiotic relationship between research and education, this PhD project 

highlights a pivotal shift in both exoplanet research and educational methodologies. It 

suggests that democratizing the tools and methods of research can not only support 

and enhance our scientific understanding—e.g., exoplanet ephemerides maintenance 
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and follow-up—but can also revolutionize educational outcomes, instilling greater 

confidence and competence in educators and students alike (e.g., Modeling 

Instruction Astronomy). This amalgamation of grassroots participation with traditional 

academic research paves the way for a more inclusive, collaborative, and dynamic 

future in astrophysics, emphasizing the profound impact of shared knowledge and 

collective endeavors. Such a venture between academia and the public (i.e., citizen 

science) has already shown to be successful with past initiatives, such as with the 

AAVSO, which has made vast contributions to the field since 1911 (Williams, 2001).  

The Unistellar citizen science network offers something unique and profound to our 

society that should be reflected upon. In 2007, Steve Jobs and Apple transformed the 

global landscape with the introduction of the first iPhone. Fast forward to today, nearly 

79% of the global population possesses a smartphone (Statista, 2023). The 

prevalence and effects of these devices on humanity are becoming increasing 

apparent to our societies. As highlighted in Chapter 1, excessive smartphone use has 

been linked to detrimental effects on mental health, particularly among the youth, and 

they potentially diminish genuine human connections. However, even though these 

devices are addictive and have negative side effects, they are also conduits to a vast 

reservoir of knowledge, serving as contemporary equivalents to the Library of 

Alexandria where the entire world’s knowledge is at our fingertips. Additionally, their 

ability to bridge distances and foster positive connections also cannot be ignored. 

Further, smartphones are equipped with an array of sensors, such as magnetometers, 

gyroscopes, and accelerometers, making them valuable tools for various citizen 

science endeavors. The challenge for our society lies in harnessing the immense 

potential of these devices while maintaining a balanced and healthy relationship with 

them. The prospects, especially in the realm of science, are vast. Envision a scenario 

with eight billion data collectors worldwide; it's a latent potential waiting to be explored. 

Even though we cannot currently use smartphones for exoplanet science, we can 

use them to control in-situ digital smart telescopes, such as with Unistellar eVscopes. 

Modern day astronomy at large telescopes like Keck are most often operated 

remotely. Even on site at Mauna Kea in Hawaii most operators are not physically at 

the telescope but are located down the mountain using computers to control them 

remotely. The process of physically pointing professional telescopes in-situ and 

squinting through an eyepiece is as outdated as keypunch cards are for computers. 

Astronomers enter their celestial coordinates in a computer interface not too different 
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than an eVscope app on a smartphone and after some image calibration (e.g., darks, 

flats, bias) science begins. The process for a Unistellar citizen scientist is not too 

different, but is streamlined in its native app. Now anyone in the world with very little 

training and practice can point and target a scientific object like an exoplanet with a 

couple presses on a smartphone and then upload their data for a professional science 

team to process. Why should using a telescope be more challenging, frustrating, and 

much less technological than what professional astronomers are using when the 

technology exists for simple to use instruments? Further, why not take advantage of 

tens of thousands (and growing numbers) of mobile digital telescopes capable of 

collecting data for scientific research projects, especially when it can produce valuable 

results and help to democratize both science and education? NASA’s Exoplanet 

Watch, ExoClock, and Unistellar have begun to show the value in such citizen science 

telescope networks, however, there is still a lot of room for growth for new technology 

and initiatives to help the field of exoplanets evolve even further.  

 Even though there exist many challenges to enact some of my visions in both 

exoplanet research and education in this thesis work, there also exists high potential. 

Further, my research has demonstrated the possibilities and has laid the groundwork 

for future work. Even if Unistellar were to stop operating, the telescopes would still 

operate, and the software could be maintained or made open source to keep the 

existing telescopes continuing to do science. Other telescope companies (e.g., 

Vaonis29) should continue to compete and new digital smart telescopes should be 

developed. Competition is good for evolution.  

The convergence of professional exoplanetary studies via transit photometry 

and RV spectroscopy, together with the transformative power of the Unistellar 

exoplanet citizen science network, holds immense promise to both advance exoplanet 

research and foster community engagement through AstroReMixEd. However, with 

such a network, there is much more potential for the field of astronomy and 

astrophysics and education in other research areas as well (Barbosa et al., 2022; 

Cazeneuve et al., 2023; Graykowski et al., 2023; Lambert et al., 2022; Popescu, 2023; 

Sibbernsen, 2022; Yoshida et al., 2022). Historically, the realm of astronomers was 

minuscule, spanning only a handful of individuals. Over the past half-century, while 

the field has expanded, it remains relatively niche. Yet now, with the advent of 

 
29 https://vaonis.com/ | Accessed 7 September 2023.  

https://vaonis.com/
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technologies like the Unistellar eVscope and the anticipated emergence of future 

digital smart telescopes, smartphone applications, and groundbreaking online 

platforms, we stand on the brink of an astronomical renaissance, one that has the 

potential to involve billions in cosmic exploration and discovery (Figure 14).  

 
Figure 14. The evolution and revolution of astronomy when you look at it through the AstroReMixEd lens that 
utilizes powerful new technology (e.g. Unistellar eVscopes) and education initiatives. Image courtesy Franck 
Marchis (SETI Institute, Unistellar).  

When we truly recognize that we share this planet, perhaps we'll embrace our 

cosmic origin and destiny. Such a cosmic perspective holds the power to redefine 

humanity, ushering us into a new era where we can leave behind our tumultuous past 

marred by war, hunger, and division. A new frontier awaits us in the stars, and 

potentially on the exoplanets that orbit them. Even when our world seems to be in 

turmoil, it's up to each of us to keep looking up. For even on the darkest and cloudiest 

of nights, stars continue to shine brightly, reminding us of hope beyond the clouds. 
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