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INTRODUCTION

A cheer was heard in San Marcos, Texas in the fall of 2019, when news reached the
community center of another NASA milestone having been reached. For the first
time in our history, two American astronauts had become the first to take part in
an all-female spacewalk! This news was relevant to this community who is deeply
attuned to NASA, thanks to a creative, seven-year effort that has provided early
and motivating NASA learning experiences in science, technology, engineering
and mathematics (STEM) while strengthening community connections and raising
awareness of STEM careers that might improve the lives of families.
The NASA Future Aerospace Engineers and Mathematicians
Academy (FAMA) was launched in 2013 as a hallmark program
of the LBJ Institute for STEM Education and Research at Texas
State University. FAMA was designed by principal investigator, Dr.
Araceli Martinez Ortiz - an engineering education researcher, as an
innovative model for STEM educational transformation, guided by educational learning
objectives and unique curricula that integrates culturally relevant STEM content and NASA
contexts. The FAMA team nurtured community connections and gained trust by listening
to the voice of the community-their needs and challenges. Over the past seven years,
the FAMA program has grown from a research pilot project that served 20 students in
one community to a NASA-funded program that has served more than 5,600 students.
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In its current form, FAMA is a partnership between Texas State University, a community
cultural center (Centro Cultural Hispano de San Marcos), and four regional school districts
in central Texas. FAMA takes the form of integrated year-round STEM programming that
serves a majority of economically disadvantaged student populations. A primary goal of
the project has been to increase the participation and retention of historically underserved
and underrepresented populations in STEM disciplines (females, minorities and students
from economically disadvantaged backgrounds). By working with the majority Latinx
communities in the surrounding cities around Texas State University, with a sustainable
plan and exciting space-based STEM learning experiences, FAMA has proven to be an
innovative program that has enacted research-based best instructional practices while
sharing unique curricula to reach the target audiences.

FOUNDATION PRINCIPLES

FAMA is grounded on three foundational principles that were actualized through
innovative program elements as described in the following ways:

Integrated & Culturally
Relevant STEM Content
Community
Collective Impact
Sustainable
Transformational Change

STEM content is most motivating and effective when it is culturally
relevant and integrated with design and engineering hands-on activities,
The power of collective impact can be best realized when genuine
community involvement is fostered.
Transformational change requires careful planning and commitment for
long-term program sustainability.

1. Integrated Culturally Relevant STEM Content
A curricular design approach was utilized that incorporated reading, mathematics, science
and social studies in a grade appropriate way - aligned to learning standards. NASA
activities and other engineering design resources were selected to motivate students and
their families in a manner that was respectful of the audiences’ cultural experiences and
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funds of knowledge. Educator professional development was offered in pedagogies for
integrated and cross-curricular content to prepare educators involved in delivering the
program and to share opportunities for adoption of the Saturday or Summer curriculum
into the regular classroom.
2. Community Collective Impact
More could be accomplished if a collective impact approach were to be established;
once funding was secured a broad FAMA team was formed. The FAMA team works with
selected community leaders, including the Centro Cultural Hispano de San Marcos and
family liaison representatives from the surrounding school districts. Family sessions
were designed to include topics that offered approaches for families to support math
and science coursework, addressing student interest in STEM careers and planning
for student college and career readiness. These efforts helped to promote learning as a
family for many. The NASA Spanish bilingual curricular elements were also gathered and
included in the programming in response to requests for Spanish translated materials to
connect classroom to home learning.
3. Sustainable Transformational Change
Program design and planning has been focused toward the goal of long-term program
sustainability. One of the expectations of the NASA funding agent was that this external
support be utilized as “seed money” with the ultimate goal of project institutionalization
and extension beyond the initial funding period. With this goal in mind, the project
approach with the school districts and the community center has been to share practices
and training to build toward independent leadership of program elements by the school
districts and community center. This has been accomplished, and various districts are
committed to continuing selected program elements that will continue to serve more than
500 students per year.
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CHALLENGES ADDRESSED

Achievement Gaps in STEM Content Areas
The demographics of the Texas student population has been shifting significantly
with a rapidly increasing percentage of Latinx students in K-12 schools. In 2018,
Texas schools served approximately 2.8 million Latinx students, compared to about
1.5 million White students. Additionally, approximately 59% of all Texas students are
from economically disadvantaged households.
However, women and members of minority groups (not only Latinx students) are not
equally represented in the group of students pursuing and completing undergraduate
STEM degrees. This underrepresented group is a large potential source of STEM
professionals. An increasingly diverse student population coupled with larger
percentages of economically disadvantaged students in Texas schools adds to the
challenges faced by families, Texas teachers, and universities. In central Texas, teachers
work in classrooms with increasingly diverse groups of students and their caregivers
(parents, legal guardians, grandparents, older siblings, and other extended family
members). Many underrepresented students of lower social economic levels, particularly
Latinx students, may have missed out on early STEM learning experiences and exposure
to hands-on problem solving and engineering design opportunities. This challenge is
often a result of a lack of funding and lack of trained educators with sufficient resources.
Additionally, many students working on developing their bilingual abilities, including
English language skills, may differ in their rates of attaining traditional grade-level
mastery of certain academic learning objectives, particularly in reading, science, and
mathematics. Therefore, the FAMA team considered these challenges along with the high
degree of demonstrated interest in low cost, accessible, and academically challenging
STEM programs for students and their families, teachers, community members and
school districts in central Texas.
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PROGRAM DESIGN

The FAMA program is designed to build the interest, skills and knowledge
necessary for K-12 students to pursue STEM careers by engaging them in authentic,
grade-appropriate STEM experiences.
Students explore science and mathematics concepts while engaging in engineering and
science practices that inspire and motivate them to pursue future STEM opportunities in the
student FAMA program elements. Each grade level curriculum is designed with embedded
NASA and other educational background information and activities that introduce science,
mathematics, engineering, technology, engineering design, and the field of engineering as
well as career exploration content. Each activity affords students the opportunity to practice
engineering design skills and the NGSS science engineering practices as an application of
their new mathematical skills and understanding of engineering concepts.
The FAMA project was initially launched in 2013 in collaboration with a local community
center and included family and STEM engagement sessions focused on the engineering
design process. After two years of piloting, the project was formally named the Future
Aerospace Engineers and Mathematicians Academy (FAMA) when the principal
investigator acquired external funding in 2015 from the NASA Minority University
Research and Education Project (NASA MUREP). At this time, the FAMA program was
expanded to serve more students with four main program elements described below,
aligned to the program goals and foundational principles.

FAMA STEM Saturdays & Summer Camps

NASA Backpack Program

Technology-Rich Environments & Experiences

Bilingual Family Community Outreach
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1. FAMA STEM Saturdays and Summer Camps
Intensive STEM engagement for students was achieved by defining program elements
such as summer camps and repeating Saturday programs. The summer program is
a no-cost, week-long day-camp organized by grade level for students from 3rd to 8th
grades. Each student participates in 36 hours of total instructional experiences including
engagement activities, teacher guidance sessions, small group exploration, and team
design challenges. The Saturday program is delivered as a series of 6-8 half-day sessions,
each session featuring 4-6 hours of varying NASA themes, science content, and STEM
career focus topics. Total STEM experience hours for students who participating in
all Saturdays is planned to be 36 hours. We utilize research-based recommendations
that indicate that even short but in-tensive experiences of more than 30 hours yield in
considerable content learning and motivation increases by elementary and middle school
aged students. Innovative approaches engage stu-dents in authentic STEM learning
experiences supported by technology-rich environments. Trained instructional staff and
certified teachers facilitate all learning activities. Instructional staff participate in ongoing
professional development on STEM content and pedagogical ap-proaches. Additionally,
the NASA FAMA program highlights local Latinx speakers and present-ers who are
professionals in STEM fields.
2. NASA Backpack Program
Connecting to the larger STEM ecosystem was achieved by developing the NASA
Backpack element of the project. This program has been very successful in introducing
NASA resources and activities that connect classroom to home learning experiences.
Spanish-translated NASA activities are used to bridge language barriers of participation.
In order to increase parental involvement, a backpack system has been created in which
a simple student backpack is filled with STEM activities for the student to complete
with their family members. Students show evidence of their learning experience by
documenting entries into a class/community STEM journal. Participating teachers at
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elementary schools with partner districts rotate the backpacks within their classrooms,
allowing for sharing of STEM home experiences in the classroom. These NASA-based
activities give families the flexibility to learn in their preferred language, time, and in the
comfort of their own home.
3. Technology-Rich Environments & Experiences
The NASA FAMA authentic STEM experiences are supported by the integration of
emergent technologies through the NASA FAMA mobile technology lab, the Community
Aerospace Engineering Lab (CAEL), and the LBJ Institute NASA Thinkshop. The FAMA
mobile technology lab brings emerging technologies to underserved students in their
community and schools addressing transportation barriers for participation in STEM
learning activities. The CAEL is a permanent technology lab installed in a community
center, and the LBJ Institute NASA Thinkshop at Texas State serves students and
teachers as a workshop space that sparks creativity, encourages invention, and increases
technology competencies.
4. Bilingual Family Community Outreach
Families, parents, and caregivers in this largely bilingual community were engaged by
developing and compiling Spanish bilingual activities and inviting families to become
involved in their child’s education in a comfortable and familiar setting. Parental
involvement in education has been identified as a way to close demographic gaps in
achievement and maximize students’ potential. Recently immigrated families have
sometimes experienced barriers when it comes to participating in traditional educational
opportunities in school settings and sometimes appearing to be uninterested and
uninvolved with their child’s school. The underlying barriers to their involvement,
including not having the ability to communicate with educators because of a difference of
language or not having the understanding of the educational system, needed to be better
understood.In order to facilitate involvement of families in their children’s education,
the FAMA team works closely with selected communities and school district partners to
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support their separately planned family nights, specifically their already well-established
and well-attended English Language Learners (ELL) family events, district-wide science
fairs, and STEM content family nights. This model has proven successful in the partner
school districts and contributes to the sustainability goals of the program.
Successful implementation of the four program elements necessitates ongoing professional
development and support for teachers and instructional staff involved in the delivery of
project services. Each of these key individuals receives background content and instruction
regarding the selected focus areas for these sessions and they receive guidance in the
facilitation of each activity as well as in the science and mathematics learning objectives.
These PD events are delivered through different types of modes such as face-to-face
workshops, online badges, and in-situ PD events such as within the summer camps (with
orientation prior and post the student times in session). The NASA FAMA PD program has
also featured workshops on culturally responsive teaching with unique input from district
teachers, making the PD workshops a truly collaborative learning experience.

SUSTAINING THE EFFORT

Formal partnerships have been created with local university and community
organizations as well as school districts in support of the sustainability plan for this
program. Centro Cultural Hispano de San Marcos (Centro) and San Marcos Consolidated
School District (SMCISD) have adopted and funded the summer program for students in
their district as part of their Title 1 academic enrichment summer programming for 3rd-8th
grades. The Texas State University FAMA team will continue to provide curriculum and
training support for the new SMCISD camp coordinators and their program. Additionally,
the Texas State University FAMA team provides continuing training and support for the
NASA Backpack project, which has been implemented and sustained in several schools
for the past 4 years. School districts continue to encourage teacher participation in FAMA
professional development, and promote the program to teachers, students, and families.
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The Texas State University FAMA team at the LBJ Institute for STEM Education and
Research supports and assists efforts of the other three partner school districts to seek
and apply for project funding and educator training to support the FAMA project as a
long-term endeavor.

COLLABORATIVE INNOVATION YIELDS RESULTS

The FAMA program is a thoroughly evaluated and well-document project that includes
the on-going collection of data consisting of participant demographics, quantitative
evaluation surveys, and qualitative observations and interviews. One of the most
significant indicators of project success is the fact that the program has become
sustainable and will be institutionalized beyond the external funding period through
partnerships in the four area school districts. Other indicators of project success include
the large participant numbers and the diversity of the students and family members who
have been served by the project (see exhibits in supplemental data section).
The ethnic breakdown of FAMA participants consists of 56.68% Hispanic or Latino; 3.59%
Black/African American; 25.94% White; 25% Asian, and 13.77% other.
Finally, we have also collected qualitative and quantitative data that serves as early
indicators of positive contribution to student learning in science and mathematics. As
exhibit 5 indicates, FAMA served an equitable distribution of students of both genders in
every grade level from grades 3-8 (see FAMA videos and photos from STEM engagement
events). Over the seven-year history of the project, the project has grown from serving
20 students in one community center to serving more than 5,600 students in four school
districts. Data have been collected from each role group of project stakeholders (students,
parents, educators).
Examples of student, family member, and educator responses to interview questions
are shown in the Research Questions and Responses section within the supplemental
data. Longitudinal data analysis indicates that FAMA has been a positive experience for
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all participants and partners as described by the participants. It is truly a great honor
to have been selected as one of the semi-finalists for the Phi Kappa Phi Excellence in
Innovation Award.
The immediate and very meaningful rewards of the program include the smiles and
comments of the participants and family members and the creative and innovative work
they produce through their STEM engagement experiences. The long-term payoffs of the
project will be years in the future as participants are inspired to pursue STEM studies in
their high school and college years, and ultimately as they enter successful STEM careers.
Not only will the future of the students, their families, and communities be enhanced as
a result of these increased educational opportunities, but society will ultimately benefit
from the diversification and contributions that these promising young people bring to the
United States STEM workforce.
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FAMA STUDENT PARTICIPATION

Sorted By Component, Years 1 - 4
**CAEL -- Community Aerospace Engineering Lab Providing Technology-Rich Environments & Experiences
The FAMA program was piloted for 2 years reaching 300 students; after receiving external funding in 2015,
more robust data collection was performed (Years 1-4). Data collection for year 5 is still in progress.
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FAMA STUDENT PARTICIPATION

Sorted By Program, Years 1 - 4
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FAMA FAMILY MEMBER PARTICIPATION

Sorted By Program Element, Years 1 - 4
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FAMA SUMMER CAMP

Ethnicity Distribution, Years 1 - 4
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FAMA SUMMER CAMP

Sorted by Grade Level and Gender, Years 1 - 4
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FAMA PROFESSIONAL DEVELOPMENT PARTICIPATION

Teacher Participation, Years 1 - 4
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RESEARCH QUESTIONS & RESPONSES

Various stakeholders such as parents, teachers, science coordinators, college
student camp assistants, and administrators were personally interviewed and
asked to provide feedback throughout the Saturday outreach sessions.

Research Question 1:
To what extent does the NASA FAMA collaboration result in a valued experience by
the organization?
Stakeholder

Valued Experience by the Organization

Parent 1

The school district did an amazing job of contacting us about the program.
They advertised in the newspaper and this year they sent out flyers in
English and Spanish to our homes. I see my daughter more interested in
STEM activities.

Parent 2

She wakes up early every Saturday morning and she begs me to bring her.
My daughter can’t wait for it to be fall for the program to begin.

Parent 3

I didn’t know the program was going on until a friend of my son’s asked him
why he wasn’t coming to STEM Saturdays. Since then, he hasn’t stopped
coming to the program.

Parent 4

I hope that the school district has the means to keep supporting these types
of programs to make them available for people who otherwise wouldn’t be
able to afford a summer camp or wouldn’t have the resources to buy these
materials for their children. I think it’s great. It’s creative and my daughter
was excited to come here and I am going to bring her every weekend. My
kids are in elementary school and they get to come to the middle school and
they are excited about coming here and it makes it a less scary experience
for them once they do go into the middle school.

Parent 5

I think the kids are exposed to a lot of different technology, like is that a 3-D
printer? Is that an oven? I think there’s a lot of different things going on for
the kids to keep them interested in the learning.

Teacher 1

I teach special Ed and the materials we use in Saturday’s help me plan
my lessons for the classes I teach. I have been able to adapt the materials
and curriculum to fit the needs of my students. I find myself modifying my
lessons to fit the learners I have in my classroom.

Teacher 2

I am a technology teacher and I am happy to integrate more STEM into my
practice. I am the technology teacher in my campus and I am happy to be
able to think of new things that I can do with them.
Continues on following page »
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Continued from previous page

Stakeholder

Valued Experience by the Organization

College Student
Worker 1

I am very happy giving up my Saturday to come and help with the program.
I didn’t know about this opportunity to work with the grant until a friend
told me. It is definitely rewarding to get real-world experience because I am
planning to go into teaching. My major is elementary education.

College Student
Worker 2

I am very excited to be a part of something meaningful. For me as
engineering major, it is important to have young kids begin thinking about
engineering at an early age. They want to go to the solar ovens and the
S’mores!

High School Student
Robotics Team

We gave up our Saturday to be here. We are getting ready for our yearly
robotics competition in Austin and we usually practice on Saturdays but
today we came to volunteer with the activities. We really liked it and really
enjoy teaching the younger kids.

Research Question 2:
To what extent does the NASA FAMA collaboration result in a sustainable program by
the organizations?
Stakeholder

Sustainable Program by the Organization

Science Coordinator

This is the second year of the program in our campus and we are excited to be
able to host the NASA FAMA program for the second year. I am excited because
the activities are different this year and they rotate to stations and there’s more
staff and parents are asking me about the program months in advance.

Administrator

We had a lot of parents with the most phone calls I’ve ever received. Parents
were asking me, “When is STEM, can anybody go? And I gave them all the
information. I think we did a better job on advertising. Our PR person sent
out a robocall to all the parents that had 4th to 8th grade students and we
sent out an email and that was great! Last year we put the advertisement
of the program on the local newspaper, on Twitter, on Facebook, this year
we went a step ahead and send out a call. We are changing our method of
communication with the parents. We have several of the same teachers that
are excited about doing this again and we had to recruit several others but
you know they love it! They get to take it back to the classrooms.

School Board Member

I’m here because I saw the Twitter post and was curious to find out more
about what is going on during STEM Saturdays. I think this program is great
for the kids and the entire community. I wasn’t able to come here last year
but this year I made it a point to be here supporting the program. I am very
content with all the activities that are going on.
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Research Question 3:
To what extent does the NASA FAMA program meet the plan in delivering the planned
Saturday workshops?

Stakeholder

Delivering the Planned Saturday Workshop

Teacher 1

This year we receive the curriculum and lesson plans by Thursday. We read
them and have 2 days to read through them and understand what is going
on. On Saturday morning we have everything in a package ready for us to
go. We have everything in a bin and we arrive at 7:30, set everything up and
then we’re good. It’s nice not to have to worry about gathering the materials
and having to worry about printouts and all the preparations that are
associated with putting together an activity.

Science Coordinator

These kids are excited about learning, they are excited by what is happening
today and that is how schools should be and that is what we are working
towards. I encourage risk-taking and failure does occur and that is ok. I
want to make sure teachers know that failure is ok and I want them to be ok
with that and encourage risk taking in the classroom and teachers need to
encourage their students to take risks as well and we can’t just do education
the way we’ve been doing it for 100 years-we are living in the digital age
and we are preparing kids for jobs that don’t even exist right now, so it is
important that we are no longer educating or preparing kids to go work in
an assembly line. This is what education needs to look like everyday in our
classrooms and I am excited about Seguin ISD and it is partnerships like
these that we will be able to prepare our kids for what is next whether it’s
middle school or high school and beyond.
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QUALITATIVE DATA

FAMA attendees at summer camps reported an increased awareness of STEM careers.
FAMA summer camp attendees’ responses to selected interview questions.
% “Good
Understanding”
of Topic

Construct
Assessed

Grade
Level

N

Interview Question

Student
participants’ level of
understanding of the
design process

6, 7, 8

16

Can you tell me about how and engineer goes about designing and/or
improving technology?

94%

4, 5

17

Do engineers follow a process?

88%

Student participants’
interest in STEM
careers

6, 7, 8

16

Can you tell me what kinds of careers allow you to work at places like NASA
to study and design experiments and to learn about robotics?

100%

6, 7, 8

16

Do you think you might be an engineer, mathematician, or scientist one day?

81%

4, 5

17

What kind of work does an engineer do?

81%

4, 5

17

Who can be an engineer?

100%

4, 5

17

Do you think you might be an engineer, mathematician, or scientist one day?

100%

Exhibit 7

Results from FAMA surveys following parent events indicate that parents value FAMA parent events.
Family member responses to FAMA parent events.
Year

N

Response from Family Members

% “Agree” or
“Strongly Agree”

2017

33

The materials provided at the event were helpful.

97%

2018

20

This event increased my awareness of possible career opportunities for my kids.

85%

This event provided important information for me and/or my family.

100%

The speakers at the event provided useful information about engineering/science/mathematics
careers.

100%

I enjoyed participating in the event activities with my family.

100%

Exhibit 8

Teacher attendees at FAMA professional development events completed surveys at the end of
their four-hour PD sessions. Responses demonstrate self-reported knowledge gains for teachers.
Teacher responses to value of FAMA professional development.
Year

N

Question

% “Agree” or
“Strongly Agree”

2017

16

The professional development enhanced my understanding of the STEM content that was addressed.

94%

2018

5

The professional development helped me gain new information regarding NASA resources.

80%

The professional development changed my understanding of how the STEM curriculum aligned
with the TEKS.

100%

The professional development has inspired me to bring NASA content into my educational setting.

80%

Will enable me to be more effective using instructional best practices.

80%

I learned about NASA online activities/lessons.

100%

Exhibit 9
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FLYER EXAMPLE

Materials for the FAMA program are provided in both English and Spanish
whenever possible.
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LEARNING IN ACTION

Middle school students learning how to build solar ovens as a
part of curriculum.

Dr. John Beck engaging students in earth science sessions
during STEM Saturday Outreach session.

Elementary students building battle bots for Sphero
robotics competition.

Local industry partners including Amazon participated in
outreach sessions to share about prospective STEM careers.

Elementary students designing lunar buggies from
NASA curriculum.

Middle school STEM Saturday participants working on scaling
the planets in the solar system.

Middle School students weighing nut shells while performing
activity on waste management. Educators and volunteers
support the overall goals of the program by working with
students in small groups.

Participants helping each other work through a car design
for their Sphero.
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OVERVIEW VIDEOS

NASA STEM Saturdays 2020
https://youtu.be/bVjdrD2Fnyk

NASA STEM Saturdays 2019
https://youtu.be/kwPS_4JuQsk

NASA FAMA Overview (English)
https://youtu.be/KFS71XkHHyw

NASA FAMA Overview (Spanish)
https://youtu.be/aKhwVwiqtQs
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