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FIRST Theory of Change

FIRST LEGO
League
Discover

Hands on learning

Teamwork focusing

FIRST LEGO on a challenge

League Explore

Relevant and real

FIRST LEGO world
League

Challenge
Career exposure

FIRST Tech

Challenge Caring

adults/mentors
FIRST

Robotics
Competition

Celebration

Increase in STEM

Awareness
Engagement
Interest
Intent
+

Sustained STEM
Interest
Attitudes
Actions
Post High School

Holistic Skill
Development:
Cognitive
Physical
Social
Emotional
Creative

FIRST FIRST FIRST
LEGO TECH ROBOTICS
LEAGUE CHALLENGE COMPETITION



Assessing Impact: Longitudinal Study

Started in 2011 with a year of planning

3 stakeholder groups informed the evaluation plan: sampling, data
collection, analysis, and dissemination of findings

Annual data collection started in the fall 2012 with a pre-participation survey,
followed by 10 years of annual follow-up data

Guiding Research Questions
o What are the short- and long-term impacts on participants?
o How does program experience influence impact?
o Are outcomes consistent across demographic groups?
o What are the longer- term impacts on post-high school participants?

» In other words, are FIRST programs effective in achieving the
anticipated outcomes (theory of change), and are we reaching our

goals?
FIRST FIRST FIRST
LEGO TECH ROBOTICS
M F’RST LEAGUE CHALLENGE COMPETITION




10 Years of Follow-up Data in
the FIRST Longitudinal Study
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Survey responses continue to be strong

Overall, 72% of participants remain in the study.

Baseline Follow-ups >

FIRST
Participants

Comparison
Group
2012/13 2023
Center for Youth and Communities, Brandeis University 6

=
—
=
=
=
=
=
=
=
-
3
—
]
-
—
==
e
-
e
- p—
& B
-
=
q )
-
& —
'y
e
S —
J ~
p—
'y
P—
!
o
-
—



\Y Participant Characteristics at the 10 Year Follow-up

34%

Female

25%

. 68%
Wit g
: 19%
, : 35%
Underrepresented Racial/Ethnic Groups m ’

59%**

n

Rural
Urban
®m FIRST (N=551) = Comparison Group (N=371) *p<.05, * p<.01, ** p<.001
Center for Youth and Communities 9
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Participant Characteristics: The majoritx of study participants are out of
high school and in college, graduate school, or employed

At 8 Years

' 12% in
High

School

44% in
College

1% in
Graduate
School

28%
Employed

Center for Youth and Communities

At 9 Years

’ 4% in
High

School

. 29% in
College
' 14% in

Graduate
School

42%
Employed

10

At 10 Years

P

P

18% in
College

17% in
Graduate
School

60%
Employed



STEM-Related Interest and Attitude Scales Behavioral Measures

e STEM Interest (interest in science, technology, e STEM Course-Taking (High School) — (No longer
engineering and mathematics) analyzed due to no one at this level)

e STEM Activity (involvement in non-school STEM | e Interest in STEM Majors in College/Declared
activities) Majors

e STEM Careers (interest in STEM-related careers) |e STEM-Related College Course-taking

e STEM Identity (extent to which students see e Involvement in College STEM-Activities (Clubs,
themselves as science, math or technology people) competitions, internships, summer jobs)

e STEM Knowledge/ Understanding (awareness of |e STEM-related College Grants and Scholarships
applications of STEM in real world, interest in

learning more about STEM) e Early Career Outcomes

Center for Youth and Communities, Brandeis University 9
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STEM-Related Interest and Attitude Scales

Center for Youth and Communities 13

—
=
=
=
]
-
=
=
—
N
=
“::‘
=
55
=
]
—
=
—
.
-
~p—
- p—
o ]
s,
d !
[
-
& —
|
J
. p—
q '
L—
p—
Pl
o o
-
P



Analytic Methods STEM Attitudes

Two Approaches

1. Mixed Methods Analysis: provide average estimates for FIRST
members and comparison students controlling for differences
at baseline. The estimates provide a measure of differences in
the gains (or declines) for FIRST team members versus
comparison students.

2. Logistic Regression Analysis: measures whether FIRST
participants are significantly more (or less) likely than
comparison students to show an increase from baseline to the
10 year follow-up on the various scale score measures.

Center for Youth and Communities 14
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STEM-Related Interests and Attitudes at 120 Months

(Averages in Scale Scores, Mixed Methods)

STEM Interest 3.84

3.12

STEM Activity 3.01

STEM Careers 4.18

3.02

STEM Identity A

v

STEM Knowledge >01

|

4.7

m FIRST wmComparison Group

All results are statistically significant at p<.005. Estimated impacts are based on the difference between STEM scale scores at baseline and
through the 120 months of follow-up data. Controlling for Gender, Race, Honors Courses, Family Income, and Parental Support for STEM.

Center for Youth and Communities, Brandeis University 12
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Differences on STEM-Related Outcomes by Gender

I II II I014 014

STEM Knowledge  STEM Careers STEM Interest STEM Activity STEM Identity
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niversity

U

m Difference FIRST and Comparison Females m Difference FIRST and Comparison Males

1S

y

All results are statistically significant at p<.005. Estimated impacts are based on the difference between STEM scale scores at baseline and 120
months. Controlling for Gender, Race, Honors Courses, Family Income, and Parental Support for STEM.

Center for Youth and Communities, Brandeis University 13
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The Heller School for Social Policy and Management
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Outcomes

Economically

Disadvantaged

Underrepresented
Racial/Ethnic
Groups

Urban

\Y Positive significant differences for underrepresented communities in STEM

STEM Interest + + + +
STEM Activity + +* + +
STEM Careers + + + +
STEM Identity + (+) + +
STEM Knowledge + +* + +

Note: Plus mark “+” indicates a positive, significant impact at p< .05. With asterisk “+*” indicates a positive, significant impact at p< .10. (+) indicates a positive but not statistically

significant impact.

Impacts are relative to comparable subgroups in the comparison population. Low income is defined as those whose family income is below $50,000. Underrepresented racial groups

includes Black or African-American, Native American, Hawaiian/Pacific Islander, multi-racial, and Latinx.

Controlling for Honors Courses, Family Income, and Parental Support for STEM, and Gender, Race where appropriate.

Center for Youth and Communities, Brandeis University
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In the logistic regression analyses, FIRST participants continue to be
1.5 to 2 times more likely to report higher scores in STEM-related
attitudes than comparison group students (logistic regressions)

STEM Interest 2.1x

STEM Identity 1.8X

STEM Activity 1.5 x

STEM Careers 1.4 X

STEM Knowledge (ns) 1.7 X

All results except STEM Knowledge are statistically significant at p<.05, (ns)=not significant. Estimated impacts are based on the difference between STEM
scale scores at baseline and 120 months. Controlling for Gender, Race, Honors Courses, Family Income, and Parental Support for STEM.

Center for Youth and Communities, Brandeis University 15
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Except for FIRST males scores on STEM Knowledge, all comparisons
are statistically significant. Other than for STEM careers, we find
stronger differences on all STEM attitudes measures for FIRST female
participants than for FIRST male participants.

STEM Interest

STEM Identity

STEM Careers

STEM Activity

STEM Knowledge

Males

(p<.10) 1.3

(ns) 1.5

Females

2.2

2.0

1.2

-
oo

2.0

All results are statistically significant at p<.05, apart from STEM Knowledge and Activity for males, (ns)=not significant. Estimated impacts are based on the difference
between STEM scale scores at baseline and 120 months. Controlling for Race, Honors Courses, Family Income, and Parental Support for STEM.

Center for Youth and Communities, Brandeis University
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Behavioral Outcome Measures in College:

Taking STEM Classes and
Majoring In STEM
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By the end of Year 4 in college, of the FIRST alumni who
had declared a major, most chose a STEM field. Nearly two
thirds selected computer science or engineering.

83%
Any STEM Major?

61%
Computer Science &
Engineering Majors
EFIRST mComparison
1STEM fields include: Biology, Computer Science,
Engineering, Health Professions, Mathematics, Physical All differences statistically significant, p <.05.
Sciences, Vocational/ Technical fields, and Robotics. Controlling for Gender, Race, Honors Courses, Family

Income, and Parental Support for STEM.
Center for Youth and Communities, Brandeis University 18
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Both FIRST male and female alumni declared any STEM
Major? at greater rates than the any time
during college, with greater differences for female alumni

18%

Comparison difference
Group

25%

Comparison
Group

difference

'STEM fields include: Biology, Computer Science,
Engineering, Health Professions, Mathematics, Physical

Sciences, Vocational/Technical fields, and Robotics. Data represents those who declared a major years 1-4 of college.

All differences statistically significant, p < .05.

Center for Youth and Communities, Brandeis University 19



Both FIRST male and female alumni declared Majors in
Engineering or Computer Science at greater rates than the

at any time in college, with greater
differences for female alumni

FIRST males o

) difference
Comparison
group

FIRST females 51% 359%
Comparison difference
group

Data represents those who declared a major years 1-4 of college.
All differences statistically significant, p < .05.
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By their 4t" year of college, compared to the comparison
group, FIRST alumni are twice as likely or more:

2.0 x

to take Engineering and Computer

Science courses 2.7 x

2.0 x

to have declared a major in
Engineering or Computer Science

All differences statistically significant, p < .05. Controlling for
Center for Youth and Communities, Brandeis University 21 Gender, Race, Honors Courses, Family Income, and Parental Support for STEM.



FIRST Impacts are Consistently
Greater for Young Women in College
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\] By their 4t year of college, FIRST female and male alumni
are:

Females Males

More likely to take 1.5 x

Engineering and

2.9 x

More likely to have declared 1.6 X

a major in Engineering or
Computer Science

22X

_ 3.5 x
Computer Science 05
courses X
_ 3.1 x
- 1.9x

Center for Youth and Communities, Brandeis University 23
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Over the 4 years in college, the gap in Engineering Majors grew from
roughly 20% to 30% for males and from 17% to 36% for females

Males Females

53%
49% 48%

41% 42%

40%
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26% 25%
22%
S =
p—
2
’B) 5%
Ce=
R
- * * * * * * * *
- Year 1 Year 2 Year 3 Year 4 Year 1 Year 2 Year 3 Year 4
_q:,,' Comparison Group
-
o Asterisk (*) indicates statistically significant at p <.05. NS indicates not
e - ] o statistically significant. Controlling for Race, Honors Courses, Family Income,
— Center for Youth and Communities, Brandeis University 24 and Parental Support for STEM.



With more FIRST alumni majoring in Computer Science each year, the gap
between FIRST male and female respondents and their comparisons
was largest by year 4 in College

= Males
= Females
Ry 32%
= 30%
s 24%
E 22% 23%
= 17%
= ° 16% 16%
= 13%
S
o 7%
'__‘ 5%
;|
et
R
— Year1* Year2* Year3* Year4* Year1* Year2* Year3* Year4*
E Comparison Group
: Asterisk (¥) indicates statistically significant at p <.05. NS indicates not
"'_: statistically significant. Controlling for Gender, Race, Honors Courses,
P Center for Youth and Communities, Brandeis University 25 Family Income, and Parental Support for STEM.



STEM Related Activities in College

Center for Youth and Communities, Brandeis University 26
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&

\] Participation in clubs is consistently significantly higher
for FIRST alumni

Engineering Clubs Computer Clubs

30%

20%

T

Year 1* Year 2* Year 3* Year 4* Year 1* Year 2* Year 3* Year 4
= FIRST -—+—Comparison

* All differences (except Year 4 for computer clubs are statistically significant, p <.05.

Center for Youth and Communities, Brandeis University 27
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&

\] Participation in competitions is significantly greater for
FIRST alumni

Engineering Competitions Computer Science Competitions

15%

14%
12%

)

Year 1* Year 2* Year 3* Year 4 Year 1* Year 2* Year 3 Year 4*

= FIRST -—+—Comparison

* All differences (except Year 4 engineering and Year 3 computer science competitions) are statistically significant, p < .05.
Center for Youth and Communities, Brandeis University 28
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§ Receipt of STEM-related scholarships and jobs is significantly
greater for FIRST alumni in all 4 college years

STEM-Related Internships Engineering Grant STEM-Related Summer Jobs
or Scholarship

36%

14% 14%

T

10%

9%

Year 1* Year 2* Year 3* Year 4* Year 1* Year 2* Year 3 Year 4* Year 1* Year 2* Year 3* Year 4*

= FIRST -—+—Comparison

* All differences (except Year 3 grant/scholarships) statistically significant, p < .05.

Center for Youth and Communities, Brandeis University 29

=
=
=
=
s
o
=
=
-
3
—
]
-
—
==
—
—
e
- p—
& B
-
=
q )
-
& —
-
P
S —
J ~
[ ,
-—
P—
jr—'
o
-
e



Early Career Outcomes

Center for Youth and Communities, Brandeis University 30
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Industry (Self-ldentified)

Administrative Support

Agriculture & Forestry s
Arts, Entertainment & Recreation "=
Construction ==
Education & Educational Services M
Finance & Insurance M

Food Services T
Government & Public Administration e

Nonprofit & Social Assistance ™=

Real Estate ™————
Retail ]

STE@
Utilities ™=
Transportation e

Warehousing e
Other M

0% 5% 10% 15% 20% 25%
B FIRST mComparison

STEM industries include Professional, Scientific, and Technical
Services (incl. engineering, accounting, computer systems, research).

Center for Youth and Communities, Brandeis University 31
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Employment in STEM: FIRST alumni are significantly more likely to
engage in STEM-related careers, and consider STEM jobs and pertinent
skills to be important

84%
71%
63% 63%
42%
I 35%
Currently work in a STEM field*** If not in STEM, want to use STEM Job in a STEM field is important**

skills*

B FIRST wComparison

Note: Asterisk (*) indicates statistically significant at p <.05. Asterisks (**) indicates statistically significant at p < .01. Asterisks (***) indicates statistically significant at p <.001

Center for Youth and Communities, Brandeis University 32

S
=
=
=
=
7~
:;"-.
s
=
=
—
=
—
)
- p—
& B
-
P
all]
e
& —
p—
P
. p—
‘]
[ >
i
Pl
o
-
-
ﬂ



Employment in STEM: FIRST males and females are significantly more
likely to engage in STEM-related careers, and consider STEM jobs and
pertinent skills to be important

Males Females

88%

74% 7%

69% 70%

58%

T

Currently If not in Jobina Currently If not in Jobina
workina STEM, want STEM field is workina STEM, want STEM field is
STEM field* to use STEM important* STEM field** to use STEM important*
skills* skills*

Comparison Group

Note: Asterisk (*) indicates statistically significant at p < .05. Asterisks (**) indicates statistically significantatp < .01.

Center for Youth and Communities, Brandeis University 33
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\| Median annual salaries are significantly higher
for FIRST female alumni

$62,000

$59,500

I $45’000
All

Center for Youth and Communities, Brandeis University

$56,500

$49,000

$43,000

Women* Men

* Statistically significant, p < .05.



Participant Experiences:

In what ways has your experience
in FIRST helped you in planning
for your career?
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Young women and men on how their FIRST

experience made lasting impacts on sKkills related to

their careers:

career

Helped me
envision women
in STEM

Developed
presentation skills

Developed
advocacy skills

Center for Youth and Communities, Brandeis University

Provided me with
clarity on what |
want for my future

Developed
research skills

Helped me
“get ahead”
to competitive
opportunities

Showed taking

Built technica
skills in STEM

Exposed me to

effective Provided smaller steps is
mentorship  leadership important for
_ skills achieving a larger
Provided goal
clarity on Provided
what’s tools to ‘ Showed the
important to pursue importance of
me in my STEM resiliency and
career being able to

adapt

Learned how to
communicate
effectively

Made me want
to invest in the

future of
STEM

36



Young women and men on how their FIRST experience
made lasting impacts on their interpersonal sKkills:

Led me fo a
career | have

i passion for Showed the
Created long-lasting |
friendships Built importance of
ul mentors
confidence in
my abilities

Developed a
professional

Learned how to network

communicate

Drove me to effectively

advocate for women
in STEM

Learned why
working in a team
is important

Developed
respect for
others

Center for Youth and Communities, Brandeis University 37
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Young women and men on how their FIRST
experience made lasting impacts on their identity:

Led me to

Built courage to wanting a
enter male career

dominated field that helps

others Formed my

personal identity

Made me more Developed
comfortable in my
STEM professional
identity

Center for Youth and Communities, Brandeis University 38
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Interviews with FIRST female alumni

FIRST female alumni discussed

e The skill sets they developed in FIRST that they still draw on,
ranging from technical skills, presentation and leadership skills, to
social emotional learning through FIRST's core approaches of
Gracious Professionalism and Coopertition.

e The challenges of being female in a male dominated field, from
participating in FIRST to the workplace, and the range of strategies
women developed to address these challenges.

e The importance of good mentors, including serving as role models
when successful or as negative examples when not.

e The influence of parental expectations on participating in FIRST and
careers.
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Linking FIRST Program Experiences with
STEM Interest and Attitudes and College
Majors

—
=
=
=
-
~
=
=
=
—
R~
=
=
“::‘
=
o5
=
-~
[
=
T
.
-
~p—
- —
o ]
il
[
—
& —
p—
Pl
J
o 9]
. p—
—
p—
Pl
!
o v
'i:—l

Center for Youth and Communities, Brandeis University 40



Relationship between FIRST Program Participation Components and STEM

Outcomes

Ef STEM STEM STEM STEM STEM

f All FIRST Participants Interest Activity  Careers Identity Knowledge

3 Building + + + + +

H Programming +

% Team Support + + + + +

. Quality Scale + + + + +
=

L Time in P 1 + +

5 ime in Program (>1 year)

=

= Mentor Scale + + + + +

+ + +

Participated in Competitions (7+)

Note: Controlling for gender, race, any honors course, parental income, and parental support for STEM,
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Relationship between FIRST Program Participation Components
and STEM Outcomes, by Gender

MALES STEM STEM STEM STEM STEM
Interest Activity Careers Identity Knowledge

Building + + + + +

Programming +

Team Support + + + + +

Quality Scale + + + + +

Time in Program (>1 year) +

Mentor Scale + + + + +

Participated in Competitions (7+)

FEMALES

Building + + + + +
Programming

Team Support
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Quality Scale + + + + +
Time in Program (>1 year) +

Mentor Scale + + +
Participated in Competitions (7+) +

B _ o Note: Controlling for race, any honors course, parental income, and parental support for STEM, +=statistically significant
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Relationship between FIRST Program Participation Components
and STEM Outcomes, by FIRST Program

* For all three programs (FLL, FTC, FRC), the results are close to
identical, underscoring the importance of
» being involved in building the robot,
» providing team support,
» experiencing a quality mentor relationship, and
» rating the program at high quality

in promoting higher STEM attitudes and interests.

* Time in Program was significantly correlated with higher STEM
|dentity for all three programs.
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Relationship between FIRST Program Participation Components and Declared
Majors

Declared Majors Year 4 in College

Computer
All Participants Science Engineering Robotics
Building + +
Programming + +

Team Support

Quality Scale + +
Time in Program (>1 year)

Mentor Scale

Participated in Competitions (7+) + +

Note: Controlling for gender, race, any honors course, parental income, and parental support for STEM, +=statistically significant
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i Relationship between FIRST Program Participation Components and Declared

\
\ Majors, by Gender
Declared Majors Year 4 in College

MALES Computer Science  Engineering Robotics
Building + +
Programming +

Team Support

Quality Scale + +
Time in Program (>1yr)

Mentor Scale

Participated in Competitions (7+) + +

FEMALES

Building *

Programming T

Team Support
Quality Scale +

Time in Program (>1yr)
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Mentor Scale

Participated in Competitions (7+) +
Note: Controlling for race, any honors course, parental income, and parental support for STEM, +=statistically significant
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FIRST Longitudinal Study
Next Steps
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™ End of Study Activities

* Analyses of full 10 year data linking FIRST participation to outcomes
(presented today)

« Comparison to national trends, using restricted data from the
National Center for Education Statistics (ongoing)

* Qualitative study with FIRST female participants (report completed)
« Taking the results on the road to share with different audiences
* FIRST Community Conference (June 2024)

+ Society for the Study of Social Problems (SSSP) and American
Sociological Society (ASA) (August 2024)

* Proposals out to:
+ Society for Research on Educational Effectiveness (SREE)
« American Evaluation Association (AEA)
 Association for Public Policy Analysis and Management (APPAM)
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Looking ahead

* Planning for the Longitudinal Study V2

» Broad FIRST stakeholder inputs
 Finalize goals/target groups

* Review/finalize measures

» Determine comparison group

» Explore/finalize implementation sites

 EXit survey launched seeking feedback on
strong participation in the 10 year study
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The Center for Youth and Communities

We are a research, policy, and program assistance center based at the Heller School for
Social Policy and Management, at Brandeis University.

We focus on: youth, education, workforce and community development.

Center for Youth and Communities
Heller School for Social Policy & Management, Brandeis University
415 South Street — MS035, Waltham, MA 02453-2728.

FIRST Longitudinal Study Project Team

Tatjana Meschede, meschede@brandeis.edu
Marjorie Erickson-Warfield, mew@brandeis.edu
Matt Hoover

Zora Haque

Center for Youth and Communities, Brandeis University
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