Curricula for Educators to Access Authentic Data and Scientific Research Experiences

Rita Ciambra!, Thomas Rutherford*?, Olivia Kuper*>, Laura Orr®, Ace Schwarz’, David Strasburger®, Susan Kelly’, Vin Urbanowski'’, Donna Kaiser!,

Ethan Van Winkle!!, Luisa M. Rebull!?, James Newland'’, Joe Perry!*, Elizabeth Ramseyer'!, John Blackwell'”, Debbie French'®

'Peoples Academy High School (Morrisville, VT), *East Tennessee State University (Johnson City, TN).*King University (Bristol, TN), *North Greene High School (Greeneville, TN): Texas Tech University (Lubbock, TX), °Ukiah High School (Ukiah,

OR), "The Shipley School (Bryn Mawr, PA), ’Lawrence Academy (Groton, MA), °Blind Brook High School (Greenwich, CT), '’Academy of Information, Technology & Engineering (Stamford, CT), " NITARP (Pasadena, CA), ">Caltech (Pasadena, CA),
BTexas Advanced Computer Center, University of Texas (Austin, TX), '*Palmyra Macedon High School (Palmyra, NY), 1> Phillips Exeter Academy (Exeter, NH), !®Wake Forest University (Winston-Salem, NC)

ABSTRACT AND OVERVIEW

The NASA/IPAC Teacher Archive Research
Program (NITARP) allows educators (and their
students) to participate in authentic astronomy
research alongside professional astronomers.
Teams conduct a year-long research project, from
writing a proposal through presenting results at the
AAS. Educators are expected to integrate their
NITARP experiences into their classrooms. Some
participants need additional post-program support,
such as prepared curriculum elements, or a more
structured on-ramp to aid in conducting authentic
research-like projects with students. The Blg
NITARP Alumni Project (BINAP) was formed
with the goal of helping alumni with their ongoing
classroom work, as well as providing materials for
teachers who have not participated in the program.
Members of BINAP are developing curricula for
middle & high school students, as well as “Astro
1017, which can help educators bring pieces of
NITARP 1nto their own classrooms. We have
developed a modular set of lessons focusing on the
concepts, skills, and analytical tools necessary to
successfully complete a NITARP-like project. An
entry-level research project, supported by the
modular lessons, has also been created. It 1s the
goal of the BINAP program to continue to add to
the standalone lessons and develop additional
entry-level research projects that are accessible to
any interested educator.

LOCATION OF RESOURCES

The materials that have been developed have been
separated into two different categories: Standalone
Lessons and Entry-Level Research Projects. All
materials can be found within the NITARP
CoolWiki page:

https://coolwiki.ipac.caltech.edu/index.php/Main Page.
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STANDALONE LESSONS

The standalone lessons page provides educators
with a variety of resources. Nine slideshows and
four classroom activities were developed to give
educators and students an overview of the different
concepts one might need to understand, 1n order to
successfully complete a NITARP-type research
project. There are also videos embedded within the
slideshows as an additional resource. An open-
source textbook as well as a lab for classifying stars

have been included, though they were not developed
by the BINAP team.

The modular approach of the standalone lessons
provides flexibility to educators. We anticipate that
some educators, including NITARP alumni, will use
these materials as a review for themselves 1n
preparation for teaching their own students. Other
educators may use the standalone lessons to teach
one particular concept. Still others may apply the
full suite of materials to scaffold students’ approach
to an astronomy research project.

Examples of standalone lessons include slideshows,
some with embedded activities, such as:
e What 1s a Star and How Does a Star Form?
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Waves and the Electromagnetic Spectrum
Understanding Filters

What is a Young Stellar Object (YSO)?
What 1s a Color-Color Diagram?

Where Does the Data Come From?

IRSA - Uploading a Catalog and Image
Inspection
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e What 1s a Color-Magnitude Diagram?
e What are SEDs and How to Interpret Them
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Examples of standalone lessons also include

classroom activities, such as:

e (Creating a Color-Magnitude Diagram Using Gaia
Data and IRSA

e (Cracking the Color Code - a hands-on activity
about color 1n the form of a mystery about
Sharpie markers.

Students use the available data from IRSA to
develop their own three-color image. This image of

the Orion Nebula was developed using Spitzer data.
Red 1s IRAC 4 (8 um), green 1s IRAC3 (5.8 um) and
blue 1s IRAC 1 (3.6 um).

ENTRY-LEVEL RESEARCH
PROJECT

The entry-level research project 1s based on
research completed by multiple NITARP teams led
by Dr. Luisa Rebull. Students choose a number of
potential young stellar objects from IC 417 or
AFGL 490. Students engage 1n group collaboration,
analyzing the available data to determine 1f the
object 1s a likely Y SO.

Each source has a substantial amount of data the
students will have to analyze, such as:

e Image inspection using IRSA

e SED analysis

e (Color-color diagram analysis

e (Color-magnitude diagram analysis

e Light curves and variability (if applicable)

The final product 1s a poster presentation where
students work to convince their peers they have
correctly 1dentified their sources as YSOs or
rejects. They will face questions from the class and
should be able to defend their conclusions based
on the data.
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PAST AND FUTURE GOALS
The BINAP team has met at Caltech with Dr.
Rebull over the past two summers. The summer
of 2023 was spent coming up with 1ideas for how
to share the NITARP experience with the wider
educational community. The summer of 2024 was
spent developing the standalone lessons and the
entry-level research project based on YSO

research projects completed by Dr. Rebull’s past
NITARP teams.

In the future, the BINAP team 1s hoping to come
up with more standalone lessons and another
entry-level research project focused on the
1dentification of active galactic nucle1 (AGN).
The activities will be based on AGN research

projects completed by Dr. Varoujan Gorjian’s past
NITARP teams.

Ultimately the team would like to develop enough
resources that an educator could reproduce a
NITARP project with their students.
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