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Abstract
The Double STARS (STEM Through Astronomy Research for Students) seminar is a hybrid
online/in-person research experience aiming to encourage critical thinking and data analysis
through observational astronomy via robotic telescopes. Presented here is a program analysis
from the perspective of the authors, two undergraduate students who have previously partici-
pated in the program, who are now mentoring students in both California and New Mexico.
Data collected from 57 past students, both online and in-person, are presented in order to
give a broader understanding of the successes and challenges the program has faced. This
paper provides the education community with valuable knowledge of how similar programs
can be adapted to best suit the needs of students as well as the ways in which programs such
as these may help students in the areas of professional development, research, and overall
scientific understanding.
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Introduction
The authors both started out as students of the Dou-
ble STARS (STEM Through Astronomy Research
for Students) seminar (Boyce and Boyce 2017) dur-
ing the Fall of 2016 and Spring of 2017, respec-
tively, at community colleges in San Diego, Cali-
fornia, and have subsequently moved on to mentor
their peers at San Diego Mesa College and the New
Mexico Institute of Mining and Technology. After
publishing multiple papers dealing with the astrom-
etry of double star systems (see Korat et al. 2017;
White et al. 2018) on the authors became interested
in the questions of exactly how effective these pro-

grams were in developing an understanding of the
scientific process, and how the Double STARS sem-
inar could be shaped to maximally affect the stu-
dents involved with it.

This paper aims to provide the education com-
munity with the perspective of the students involved
in the Double STARS seminar (hereafter, the semi-
nar), as well as the ways in which the program has
helped students in the areas of professional develop-
ment and overall scientific understanding. Section
2 will briefly describe the background of the semi-
nar. Section 3 will give an overview of the survey
conducted, and how it was implemented. Section 4
will take an in depth look at the methodologies of
the seminar, and discuss the positive and negative
short-term affects for the students involved, utiliz-
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ing the results from the survey. While no long term
effects are yet measured, we believe the survey and
anecdotal evidence provided will be of value to the
educational community.

Background of the DoubleSTARS
Seminar

The first iteration of the seminar—implemented by
Boyce-Astro, the observational astronomy program
within BRIEF (Boyce Research Initiatives and Ed-
ucation Foundation)—came to fruition in the Fall
of 2016 after Pat and Grady Boyce spent two years
alongside Russ Genet ( e.g. Johnson et al. 2015)
developing the structure and curriculum of the pro-
gram (Boyce and Boyce 2017). The seminar would
eventually evolve into a hybrid online/in-person
program allowing its reach to become far greater
than if it were limited to only formal classrooms.
Following the first successful semester in the Fall
of 2016, two more seminars were added to the pro-
gram to encompass a wider breadth of the field, and
to allow the students who successfully completed
the first semester to continue on to more advanced
and independent research.

The STARS (STEM Through Astronomy Re-
search for Students) seminars, as they became known,
are divided into three separate portions as follows:

• Double STARS: a first semester seminar based
around the astrometry of double star systems

• Variable STARS: a second semester seminar
based around both single-image and time se-
ries photometry

• Advanced STARS: guided independent re-
search in stellar astronomy, exoplanets, and
asteroids.

The Survey
Google Forms was utilized in order to conduct the
survey, and consisted of multiple-choice, Likert
scale and open-ended questions. Some typical ques-
tions are provided in Figure 1. This survey was sent
to every single student that had taken part in the

seminar from the Spring 2016 to the Spring 2018.
A fairly even distribution of respondents from each
of the last 4 semesters was received; with exception
of the first semester the program was offered. The
distribution is shown in Figure 2. Approximately
31%, or 57, of those participants responded over
the course of about 5 weeks.

The first section of the survey aimed to gain
a better understanding of the demographics of the
respondents. The broad results are presented in Fig-
ure 3. As was expected, most students who had
decided on a major were focusing on the STEM
fields. The undecided 23% is composed of mostly
high school students for which no major has been
declared. There were 10 different fields represented
by the respondents. It is notable that a program with-
out specific recruiting guidelines represents such a
diverse population of students.

The seminar works with people from many dif-
ferent levels of education. As seen in Figure 4, most
of the participants of the program were either High
School students, or in some sort of higher education.
It was only in the last semester surveyed that the pro-
gram was first trialled at a four-year college, New
Mexico Tech, where one the authors (SW) took the
program after transferring from San Diego Mesa
College. While the students here were very capable
of completing the project, there was some difficulty
keeping the interest of the junior level participants
because the author was already knowledgeable in
the aspects the seminar covered. It may be best for
entry-level programs similar to the Double STARS
seminar to focus on high schools and community
colleges because of the difficulty in keeping higher
education level participants interested and engaged
in all aspects of the program while utilizing one
core curriculum for all students involved.

Finally, the gender breakdown of the survey
participants was analyzed. Out of the 57 total re-
spondents, 49% were female and 51% were male.
The demographic of the survey respondents broadly
mirrored the breakdown of students who have taken
the seminar, which is 52% male and 48% female.
The seminar has been adopted by other educational
programs in the San Diego area, such as the Better
Education for Women in Science and Engineering
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Figure 1. An example of the survey distributed to participants of the seminar.

— better known as BeWise — contributed slightly to the demographics of the survey respondents and
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Figure 2. Semester that survey respondents took
the seminar.

Figure 3. Major or subject of interest of survey
participants.

Figure 4. Education level of the survey participant
when taking the seminar.

to the program as a whole.

Methodologies and Their Effects
The seminar takes place over 16 weeks, and co-
incides with the Spring or Fall semester for most
students. This time period allows for the students
to have enough time to: learn the material, develop
and present a proposal presentation, acquire test
and final images, analyze their images, present what
they found at a final presentation with their fellow
researchers, and draft their final paper.

The students are provided a syllabus which lists
assignments and deliverables for each week at the
beginning of the semester, and links to online web
content. An example of a typical weekly tasks is
shown in Figure 5. For students taking the online
version of the seminar, weekly Zoom meetings are
held to review assigned materials and cover any
other concerns brought up by students. The on-
line meetings, typically an hour long, are open to
all students taking the course during the semester,
and any participants with questions or concerns are
encouraged to join in.

Figure 5. Example week from the DoubleSTARS
Seminar syllabus

The syllabus lists out all of the required readings
from Russ Genet’s Small Telescope Astronomical
Research (STAR) Handbook (Genet et al. 2015),
shown in Figure 6, as well as the Edpuzzle videos
created by Grady Boyce. The STAR Handbook
is provided to the students as a PDF, and is an in-
valuable tool for learning the intricacies required
in portions of the research. Edpuzzle is utilized to
distribute self-paced video lectures, and uniquely
allows questions during playback to ensure compre-
hension of the subject at hand. Students have access
to a library of video content that covers every aspect
of the course.
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Figure 6. Russ Genet’s STAR Handbook (left),
and an example of the EdPuzzle webpage (right).

The seminar can be broken down into 7 main
milestone points:

• Week 1-2: Team selection and role assign-
ment

• Week 3-5: System selection and historical
research

• Week 6: Proposal presentation and test im-
ages

• Week 7: Order final observations

• Week 7-15: Data analysis, initial drafts, final
presentation preparation

• Week 15: Final presentation

• Week 16: Final draft (expected) due date

These milestone points were utilized as the method-
ologies of the seminar, and each one will be consid-
ered individually along with supporting data from
the survey, where available, to express the effects
they have on the students involved.

Week 1-2: Team Selection and Role Assign-
ment
During the first week students are provided with
the course materials, introduced to their teammates,
and role assignments are chosen. Team selection
processes vary depending on who is teaching the
program. For example, at Mesa College where the
program is taught by astronomy professor Dr. Irena
Stojimirovic, students are split into teams based on
their skills, strengths, and willingness to take on the

position. Team leadership is chosen among teams
and is not always decided during these first two
weeks. Regardless of the roles taken on, all students
are required to learn the same material in order to
communicate effectively amongst themselves, and
in order to provide a failsafe in the case of a student
being unable to complete their assigned task or in
the event of an unexpected life circumstance arising.

Almost half of the survey respondents had in-
terdisciplinary skills that supported their team and
the requirements of the project. The broad distri-
bution of reported unique talents is presented in
Figure 7. Some students indicated that they did not
have any applicable skills, and that they wished that
they had a unique talent that helped out the team.
In these students’ specific survey responses, they
said that, despite lacking what they considered to
be relevant skills, the program motivated them to
continue within the STEM field, and that this was
an experience different from any other they have
had in a school class. It is anecdotally reported by
project personnel it is often the students who feel
the most under-prepared for this type of research
that come up with unique, inventive methodologies
and solutions to the problems faced within the sem-
inar.

Figure 7. Survey question regarding individual
talents of the respondent that helped them
contribute to their team.

This question allowed “other” responses, and
some of these responses were:

• “I am good with computers so was able to
contribute in technical areas; I wish I could’ve
helped more. . . “
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• “I am able to pick up the pace where others
left off “

Like with any team-based project, there are
varying levels of participation, as shown in Fig-
ure 8. A majority of the respondents noted that
there was some lack of involvement by at least one
of their teammates. Roughly half of that majority
said that this was not an issue for them; while the
others stated that this was a concern, and that they
should not have been included as coauthors. This
lack of participation from select students has been
observed while involved with this program as men-
tors, and it is often an issue that there seems to be
no clear answers for. The issue lies in that it has
not been possible to properly motivate all of the
students who are not passionate about conducting
the research.

Figure 8. Survey question regarding the
participation of team members.

Week 3-5: System Selection and Historical
Research
During weeks 3-5, the students are asked to explore
the Washington Double Star Catalog (Mason et al.
2010) in order to find a system that both lies inside
of certain pre-set parameters and that they find in-
teresting and worthy of research. This is often a
part of the seminar that is reported as most daunt-
ing for students, as they have only just figured out
what double stars are, and yet they are asked to look
at massive lists of data in an attempt to find their
systems using qualitative analysis as opposed to
using strict quantitative guidelines. As of the Fall

2018 semester of the program, the ways in which
students look for potential double star systems to
study has been updated. The students now utilize a
spreadsheet of in depth astrometric data (Harshaw
2018) from the Gaia data release 1 and data release
2 (Gaia et al. 2018).

After selecting a small number of potential sys-
tems, historical data is requested from the US Naval
Observatory, and the students look at multiple on-
line resources while waiting for that data to be re-
turned to them. Typically, students utilize resources
such as StelleDoppie, Simbad, and now the Gaia
data release 1 and 2 in order to find existing data
about the system. The students are also encouraged
to dig into old publications about their systems, and
begin to form the introduction to their own papers
at this time. The students’ introductions typically
involve a brief outlining of what the different types
of double star systems are, the historical data found
on their system, and the initial discoverer of the
double star system—all of which will also be used
in their upcoming proposal presentations.

Week 6: Proposal Presentation and Test
Images
The proposal presentation in the seminar provides
students with a few different opportunities rolled
into one single event. The purpose of the presenta-
tion is for the students to have a venue to demon-
strate what they have learned, the historical research
they have performed, and the candidate systems
they have chosen for their project. The students are
required to show, at minimum, basic information
about the stars, what telescope system and possible
filters they will use to image with, a Gantt chart
with their timeline for the semester, and why they
find this system interesting for observations. All of
that information is necessary when writing up their
paper towards the end of the semester. This experi-
ence also gives students a chance to speak in front
of a large group, sometimes for the first time, and
provides them with valuable feedback concerning
the systems they chose.

While some students might find talking in front
of a large group to be stressful, the proposal presen-
tation greatly assisted them in the development of
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their project. The general distributions of answers
to this question are presented in Figure 9. Only
one student said that this process provided no ben-
efit to them. In a previous semester, students were
required to not only present this information, but
write it out similar to how scientists would write a
grant proposal. They were required to apply for tele-
scope time, and the groups with the best proposals
were given extra time for their observations. This
system could be utilized for all semesters, as it is
nearest to the reality of scientific research, and stu-
dents would potentially take the observation period
more seriously.

Figure 9. Survey question regarding the usefulness
of the seminar proposal presentation.

The students take test images to confirm that the
exposure lengths and filters they chose are ideal for
imaging their selected system. During the first two
semesters, Grady Boyce was responsible for order-
ing images through iTelescope (Boyce et al. 2016),
with that responsibility being passed onto the stu-
dent mentors in the Fall of 2017. In the Spring 2018
semester, BRIEF began working with the Las Cum-
bres Observatory (LCO) (Brown et al. 2013), and
students were then trained on how to request data
using that system. Utilizing the LCO telescopes
and the Our Solar Siblings (OSS) pipeline (Fitzger-
ald 2018) freed up students to concentrate more on
analyzing their data and writing their papers. This
is because of the ease with which the images can
be ordered through LCO, with the images being
platesolved and “ready-to-use” once they receive
them from the OSS pipeline.

This final week of preparation for the proposal
and test imaging before going into the “real” data
collection helps students by allowing them to plan,

test, and receive back their images before submit-
ting their final observation requests. The test image
process allows them to adjust for any issues in their
original plans before moving on to taking the sci-
ence images.

Week 7: Ordering Final Observations
After taking their test images and reviewing them to
make sure the exposure times and filter selections
they chose will work, the students then move on
to taking their final images. This process typically
takes around 1-2 weeks from the time they take their
images until they are available for students to begin
analysis on. During this time period, students are
encouraged to begin planning out the latter portions
of their paper, and to prepare for image analysis
and data collection. The distribution of responses,
presented in Figure 10, shows that over three quar-
ters of the respondents found the amount of time for
imaging to be sufficient. We believe this is largely
in part to the implementation of taking test images
before simply jumping in and taking images for
science purposes.

Figure 10. Survey question regarding the time
allotment for observations during the seminar. No
respondents thought there should be less time
allocated for observations.

Week 7-15: Data Analysis, Initial Drafts, and
Final Presentation Preparation
Over the next eight weeks students move on to data
collection and analysis, start to form their initial
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drafts based off the work done so far and begin
preparing for their final presentation. Over this time
period, there are still scheduled group meetings, but
they are now more focused on specific issues that
might arise within each team.

When asked whether there should be prerequi-
sites in order to take the seminar, the overwhelming
response was no. The distribution of responses is
shown in Figure 11. One respondent stated that,
“I don’t think the prerequisites were necessary be-
cause the instructors did a very good job of ex-
plaining everything we needed to know to complete
this project.” The one prerequisite that is asked by
Boyce-Astro is a desire to contribute and partici-
pate in the process. Students have come into this
program with next to no practical experience in as-
tronomy, and walked away with a new insight into
what interests them and what their capabilities as a
student are.

Figure 11. Survey question regarding whether or
not the program should have math and/or science
prerequisites.

This question allowed “other” responses, and
some of these responses were:

• “The prerequisites should focus on character,
work ethic, and analytical ability.”

• “Prerequisites should not be required but should
be suggested.”

• “People with very little science pre-requisites
should be vetted to ensure their motivations
are in-line with the seminar.”

As mentioned previously, the seminar requires
students to develop a Gantt chart in order to keep
their project on schedule. Having students develop
this chart helps them maintain a rough timeline of
events and deliverables, and also helps them learn
how to properly allocate their time. The data around
students’ input on whether they were given enough
time to form a well-written paper is presented in
Figure 12. Overwhelmingly, the students believed
they were given enough time to at least write a basic
scientific paper, with only one student responding
that there was not enough time to do a good job
writing the paper.

Figure 12. Survey question regarding the amount
of time allotted to writing their paper.

One of the greatest benefits of a program being
designed specifically for those new to the field is
these students being able to collaborate with pro-
fessional astronomers in undertaking their projects.
When asked if they felt like they were immersed
within a supportive professional-amateur commu-
nity, 49% of the students indicated that they felt
only somewhat immersed, with a single response
stating that there was no immersion. The results for
this question are represented in Figure 13. An as yet
unanswered question for future research could be
“What could make more students feel as if they were
being supported more than they are currently?”

Students, be it in a program like this or in any
other class situation, often feel a level of intimida-
tion from their instructors. While some students
feel comfortable engaging with their teachers, oth-
ers might not, and as a result, will not communicate
as much as others. The introduction of Peer Advi-
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Figure 13. Survey question regarding the feeling
of immersion within a professional-amateur
community.

sors into the DoubleSTARS seminar allows students
to reach out to someone who may not be as intimi-
dating and busy as their instructor.

Conference attendance, as experienced by the
authors and other participants, give students a valu-
able opportunity to interact with professionals in a
way that is currently not done in the DoubleSTARS
program. The students’ successes and accomplish-
ments in this field are largely due to their attendance,
participation, and networking opportunities at lo-
cal and international conferences. Attending these
conferences allows students to gain experience an-
swering tough questions that were posed by those
viewing their posters and presentations, and also to
see what kinds of research was being done outside
of the narrow field of view they currently have.

Week 15: Final Presentation
During the final two weeks, drafts are ready to
start going through peer review, if they have not
already started, and the teams prepare their final
presentation. The final presentation allows the stu-
dents to show off their research to the same group
of students and instructors as during the proposal
presentation, and gives students a chance for final
feedback regarding the methods they employed and
conclusions they have drawn.

What students were taking away from the pro-
gram after completion was explored in the survey,
and the results from those questioned, presented in
Figure 14, were quite encouraging. Out of the 57

people surveyed, 50 of them left this course feeling
like they better understood the double star field than
when they began, and not a single person reported
zero post-completion understanding.

Figure 14. Survey question regarding the students’
post research understanding of the field of double
stars.

As discussed earlier, when dealing with how
the authorship order is decided, the level of par-
ticipation is taken into consideration by the group.
The results from this aspect of the survey are pre-
sented in Figure 15. There are circumstances in
most semesters where a student stops attending the
program or participating with their team, and that
student will generally either be put further down on
the authorship order, or removed entirely and added
to the acknowledgments depending on the amount
of work contributed.

Figure 15. Survey question regarding the final
author order and degree of individual participation.
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Week 16: Final Draft (expected) Due Date
In the final week of the seminar, and after the stu-
dents have completed their final presentations, the
final draft of the paper the students have been work-
ing on is expected to be turned in for peer review.
Of course, peer review comes with more revisions,
and these are handled via email. Students were able
to come away from this class having learned more
about the field of double star astrometry.Of the stu-
dents 95%, or 54 of them, reported that they felt this
class was more than just an academic exercise, and
that they were able to contribute to the scientific
community at least in a minor way. The responses
to this question are presented in Figure 16.

Figure 16. Survey question regarding individual
contribution to the scientific community.

Conclusion
Students often feeling like the work they are do-
ing is not “real science,” or like they’re not truly
contributing to the scientific community. Admit-
tedly, the authors themselves had these thoughts
when we were on the student side of this program.
This “imposter syndrome” and/or the feeling that
students are “not doing real science” is an issue that
was brought up multiple times in discussions at the
RTSRE conferences, and is an issue that the educa-
tional community must face head on. The reality is
that programs such as the DoubleSTARS seminar
are not intended to be professional grade research
programs performing cutting edge research. What
these programs are intended to do is inspire early
students to continue on in STEM related fields, as

well as teaching them the basic skill sets that they
will utilize throughout their early careers in a mul-
titude of fields. More so now than ever before, the
acquisition and sharing of data is an essential part
of astronomy and the broader scientific community,
and teaching students the methods that are utilized
by scientists in every field across the board will al-
low them to make great leaps in their future careers.

Time and again, the work done with this seminar
leads students to continue pursuing research careers,
and accepting admission and scholarships to a mul-
titude of colleges where they utilize the skills they
obtained early on (e.g. Freed 2018, 2019a,b). This
is something that has been expressed by our stu-
dents, and is perfectly summarized by them when
they were asked if there were any statements about
the program they would like to make anonymously.

“The whole seminar was so phenom-
enal. It gave me a better apprecia-
tion for research and has since led to
a new career in the biotech industry
for myself as I am still pursuing my de-
gree. Thank you Boyce-Astro and Jae
[Calanog] for giving students a chance
to prove themselves and to work with
others who are working towards the
same goal!”

“I highly value the experience I gained
by participating in this project, includ-
ing skills such as analyzing data, work-
ing on a research team, and writing a
professional-level research paper.”
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