This collection of articles is excerpted from a new resource, STEM Ready
America: Inspiring and Preparing Students for Success with Afterschool
R E A DY and Summer Learning. In this volume, Executive Editor Ron Ottinger and
m Contributing Editors Cary Sneider and Ian Hickox have collected expert

perspectives on the state of the field of STEM learning—especially in

Inspiring and Preparing
Students for Success
With Afterschool and

Summer Learning

afterschool and summer learning opportunities.

Collectively, these writings from more than 40 thought leaders
highlight how young people are developing STEM knowledge and
skills that will prepare them to be successful in school today and the
workforce tomorrow.

The articles provide persuasive evidence and real-world examples to
inform effective partnerships, policies, and actions to bring quality STEM
learning to children and youth across the nation. This volume is focused
in three key sections:

B The Evidence for STEM
B Partnerships for STEM Learning
B Ensuring Access to Quality STEM Learning
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Developed by STEM Next with support from the Charles Stewart Mott
Foundation, STEM Ready America builds on the award-winning 2013
publication Expanding Minds and Opportunities: Leveraging the Power
of Afterschool and Summer Learning for Student Success edited by Terry
K. Peterson, Ph.D., which made the definitive case for the power and
effectiveness of afterschool programs and summer learning.

For more information about STEM Ready America and to download articles
visit: www.stemreadyamerica.org.
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Introduction

n an increasingly scientific and
technological world, the need for a citizenry
engaged in and appreciative of science, technology,
engineering, and mathematics (STEM) has never
been greater. Fueled largely by societal changes and
new digital technologies and media, information
about STEM has progressively become a part of the
daily lives of most citizens, and the role of STEM in
the workplace is at an all-time high and increasing
every year.! Historically, most of the attention related
to public STEM literacy has focused on school-based

efforts. However, it has become increasingly apparent

to a number of policymakers, investigators and
practitioners, that learning STEM neither starts nor
stops at the schoolyard gates.”? We live at the dawn
of the Knowledge Age, a time of relentless blurring
of the boundaries of where, when, and how people
learn STEM, as well as rapid changes in what aspects
of STEM are worth knowing.?
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The STEM research and education communities in
the U.S. have long pursued the goal of advancing
the American public’s understanding of science.
For over a generation, the vast majority of the
rhetoric, resources, and research on this issue has
focused on the perceived failure of U.S. school-
aged children to excel at mathematics and science,
particularly compared with children in other
countries. Most policy solutions for this problem
involve improving the practices of classroom
teachers, particularly during the pre-college years,
although there is increasing discussion about

the importance of STEM education in both early
childhood and the postsecondary years.* The
result has been an increasing focus on P-20 (pre-K
through advanced degrees) solutions.® That leaves
the emphasis squarely on schooling. This “school-
first paradigm”is so pervasive that few scientists,
mathematicians, engineers, technologists, business
leaders, educators, or policymakers question it,
even in the absence of significant evidence to
support the claim. In fact, there is a growing body
of research suggesting that schooling, though
important, is NOT necessarily the primary—and
certainly not the only—significant mechanism by
which the U.S. public learns STEM.6 Public STEM
education in America is far deeper and broader than
what happens in school. In fact, it can be seen as a
comprehensive “Learning SySTEM!



The True STEM Public
Education System

Although school is indeed an important setting

for the learning of STEM, it is only one of many
such settings. The actual time devoted to STEM
instruction in school represents a surprisingly small
percentage of even school-aged children’s time,
ranging, on average, from more than several hours
to as little as 10 minutes per week for elementary-
aged children.” Pre-K and kindergarten-aged
children may not receive any exposure to STEM.
Outside of school, most Americans, children and
adults alike, experience at least this much contact
with STEM-related topics on a daily basis through
the media and other discourse within the public
sphere? Irrefutable evidence indicates that children
and adults acquire significant STEM knowledge
and develop and sustain their STEM interests

as a consequence of informal experiences with
STEM, such as those that take place in afterschool
programs; during visits to community institutions
such as science centers, zoos, and nature preserves;
at home, through the use of the Internet and STEM-
related books, magazines, and games; through
hobbies and other special interest pursuits; and

in the workplace.? A recent study suggested that
out-of-school educational sources collectively
accounted for more of the public’s STEM literacy
than schooling by a wide margin.'® While schooling
is important for laying the foundation for STEM
literacy among some members of the public, its
importance may be far less than some suspect.
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Data Sources: Large
Scale Assessments and
Individual Studies

Over the last 20 years, domestic and international
tests of student performance in a variety of school
subjects, including science, engineering and

math, have provided a wealth of data and results
that can be mined for understanding the factors
that contribute to positive scores. In the US,, the
National Assessment of Educational Progress
(NAEP) is administered to a representative sampling
of youth throughout the country." For the past

25 years, NAEP reports have provided data on
children and youth's performance in mathematics
and reading. Other subjects have been added
gradually. In 2015 and 2016, NAEP reported the
results of assessments in science (tested 2016), and
in technology and engineering literacy (tested in
2014) in addition to the standard assessment in
mathematics—all four STEM fields at the eighth-
grade level. Although NAEP is designed to cover a
range of topics considered relevant to broad STEM
literacy, including abilities to interpret existing

data rather than share factual knowledge, it tends
to focus on topics assumed to be covered by

the school curriculum. An exception is the 2014
NAEP Technology and Engineering Literacy (TEL)
Assessment, which concerns topics that are not
taught at all in half the schools sampled, but which
the National Assessment Governing Board that
sets policy for NAEP determined as important

for everyone to learn in today’s increasingly
technological world."



In addition to the basic test questions, NAEP
includes so-called background questionnaires,
which differ between tests and years but generally
ask participating students a variety of questions
about their interests and motivation, their activities
outside of school, and their families educational
status. Correlated against test performance, these
background data provide, at a large scale, some
indication of the types and scale of interactions
that occur across settings. These results can and
need to be supplemented by more focused, in-
depth studies.

The Role of Family

All tests show that significant learning happens

at home. For example, the 2014 TEL Assessment

of eighth graders found that while 52% reported
taking a course in technology or engineering in
school, 63% reported that their family members
taught them most of what they know about
building things, fixing things, or learning how things
work. In fact, nearly 90% reported that learning how
to figure out why something was not working in
order to fix it happened outside of school. These

are not surprising findings given that year in and
year out, despite repeated efforts to improve school
performance, home experiences and background

consistently emerge as the single greatest correlate
of in-school performance.’ For example, 3-year-olds
whose mothers nurtured their math skills through
play, performed significantly better on preschool
and first-grade math skills tests than those whose
mothers did not engage in these activities.'

The NAEP Mathematics assessment was given

to 139,500 eighth graders in 2015. Correlations
between performance and opportunities to learn
outside of school were striking. As shown in Figure
1,42% of the students who took the assessment
discussed what they did in school with their families
either every day or 2-3 times a week. These students
did significantly better than their peers who did not
talk with their families about schoolwork.'®

Figure 1: Average eighth-grade 2015 NAEP
Mathematics performance scores by frequency of
student-parent conversations about school work. The
graph shows students’ responses to the question: “How
often do you talk about things you have studied in school

with someone in your family?”

Every day (20%) |
2-3 times a week (22%) ]
About once a week (18%) [IIIININEGEGGGGE
Every few weeks (19%) ]
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Figure 2: Average eighth grade 2015 NAEP Science performance scores by frequency of student-parent conversations

about school work. The graph shows students’ responses to the question: “How often do you talk about things you have

studied in school with someone in your family?”
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In 2015, the NAEP Science assessment was given

to 112,700 eighth graders. A similar percentage,
about 43%, talked about their schoolwork with their
families either every day or 2-3 times per week.

The results were similar. Students who talked about
what they did in school with their families also
scored significantly higher than those who did not
(Figure 2).

Some of these differences correlate with
socioeconomic variables like parental education and
income. Children of parents with higher education
and better financial means score considerably
higher than those of parents with lower levels of
education and income. For example, results from the
2015 NAEP Science test showed that fourth-grade
children who were eligible for free or reduced lunch
(an indication of low household income) scored on
average 29 points lower (140 vs. 169 points on a

300 point scale) than all other children. This strong
difference persisted at the 8th grade level (27 points,
140 vs. 167 points). In the U.S., socioeconomic status
(SES) and education background are often related to
race and ethnicity, but NAEP data also suggest that
students’ performance on tests vary as a function

of racial/ethnic background, independent of SES.
For instance, the performance gap in 2015 science
between 12th grade white and black children was
36 points (160 vs. 125). Again, this suggests that
schools are not able to compensate for certain
societal and home-related factors.

However, independent of race/ethnicity or even
socioeconomic means, what is clear is that children
of parents or caregivers who support their children’s
learning at home achieve better, both in school and
outside of school.’
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The Role of Outside
Activities

There is also strong evidence that what happens
outside the home influences STEM learning.
Children and youth who engage in various kinds
of science-related, free-choice activities outside of
school and outside of the home are more motivated
to pursue STEM-related activities in the future than
are those who do not engage in such activities."”
The NAEP 8th grade Science assessment asked
youth if they visited a museum, zoo, or agquarium to
learn about science that was not on a school trip.
About one third reported having done so. Their
scores were significantly higher than the two thirds
of students who had not (Figure 3).

Figure 3. 2015 Average eighth-grade NAEP Science
performance results for the question: “In this school
year, have you visited a museum, zoo, or aquarium to

learn about science that was not on a school trip?”

Yes (31%) I
No (69%) |
145 150 155 160 165

These results are consistent with a range of
emerging data from other sources suggesting

the critical role that institutions like science
centers, museums, zoos, and aquariums play in
public understanding of science. In the most
comprehensive study conducted to date, an
international investigation of the contributions

of science centers collected data from a random
sample of approximately 12,000 adults and youth
across 11 countries, including the U.S. Results
showed that significant correlations existed
between science center use and increased science
understanding, interest, and identity. These results
were significant independent of age, income,
education, or prior interest.'®



Beyond visits to informal science education
institutions, participation in activities beyond
school are supportive of science learning. Another
question on the NAEP Science assessment reveals a
relationship between students’ science capabilities
and what they do outside of school. Students who
agreed or strongly agreed with the statement that
they do science-related activities not required

for schoolwork performed significantly better, on

average, than those who said they do not (Figure 4).

In technology and engineering, out-of-school
activities emerge as particularly critical. The first
NAEP Technology and Engineering Literacy

(TEL) assessment was administered in 2014 to
21,500 eighth graders. This assessment asked four
questions about the youths'activities related to

technology and engineering outside of school time.

Their responses to all four questions turned out to
be significantly correlated with performance on the
assessment (Figures 5-8).

The magnitude of these differences should not be
ignored. “Basic” performance on the TEL is defined
as a score of 116 or above, while “proficient”is

158 or above. As indicated in Figures 5-8, youth
who have had little experience with technology
or engineering activities outside of school are,

on average, at a basic level, while students who
frequently engage in these activities perform, on
average, at or near the “proficient”level.

Corroborating evidence for the value of science
activities beyond the school day is available from
the Program of International Student Assessment
(PISA), which tests 540,000 students in 72 countries.
The 2015 assessment focused on science, and
revealed dramatic differences between the lowest
(332) and highest scoring (556) countries. An
accompanying background questionnaire asked
students about their activities outside of the
classroom. A recent summary report of PISA findings
concluded that:

“Extracurricular activities, such as science clubs
and competitions, help students understand
scientific concepts, raise interest in science

and even nurture future scientists. On average
across OECD countries, students in schools

that offer science competitions score 36 points
higher in science and are 55% more likely to
expect to work in a science-related occupation
than students in schools that do not offer

such activities; those in schools offering a
science club score 21 score points higher and
are 30% more likely to expect to pursue a
career in science [...] Across OECD countries,
students who attend schools that offer science-
related extracurricular activities, particularly
science competitions, hold stronger epistemic
beliefs, such as believing that scientific ideas
sometimes change or that evidence comes from
experiments (OECD, 2016)."°

Figure 4. 2015 NAEP Science performance results for the question: “Please indicate how much you disagree or agree with

the following statement about science: | do science-related activities that are not for schoolwork.”

Strongly Agree (4%)
Agree (27%)

Disagree (45%)
Strongly disagree (24%)

135 140 145 150 155
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Figure 5. Average eighth-grade 2014 NAEP TEL performance results for the question: “Outside of school, how often have

you ever used different tools, materials, or machines to see which are best for a given purpose?”

More than five times (25%) I
Three to five times (24%) I
Once or twice (32%) |

Never (19%) |
125 130 135 140 145 150 155 160 165

Figure 6. Average eighth-grade 2014 NAEP TEL performance results for the question: “Outside of school, how often have

you ever built or tested a model to check a solution?”

More than five times (18%) I
Three to five times (20%) S
Once or twice (33%) |
Never (30%) |
125 130 135 140 145 150 155 160 165

Figure 7. Average eighth-grade 2014 NAEP TEL performance results for the question: “Outside of school, how often have

you ever figured out why something is not working in order to fix it?”

More than five times (37%) NG
Three to five times (25%) NG
Once or twice (25%) |
Never (13%) |
120 130 140 150 160 170

Figure 8. Average eighth-grade 2014 NAEP TEL performance results for the question: “Outside of school, how often have

you ever taken something apart to fix it or see how it works”

More than five times (30%) NG
Three to five times (19%) NG
Once or twice (28%) ]
Never (23%) /1
125 135 145 155 165
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These findings focus at the school level. But the
background questionnaire that accompanied

the PISA test also revealed that a considerable
percentage of 15-year olds engage relatively
strongly in free-choice learning: 23% of 15-year
olds regularly or very often watch science-related
TV, 19% regularly or very often visit science-related
websites, 16% read science articles in magazines
or newspapers regularly or very often, and 15%
regularly or very often follow science news on
blogs or micro-blogs like Twitter. And those who
engage in these kinds of science-related free-choice
activities are more motivated to pursue STEM-
related activities in the future.?°

Additional evidence of the important role that
experiences beyond the classroom play in children
and youth's STEM learning comes from multiple
sources. Both large-scale survey research and
in-depth case studies of youth have shown that
children and youth who engage in science and
technology-related free-choice activities are both
more STEM knowledgeable and more motivated to
pursue STEM-related activities in the future.'
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Conclusion: Toward a
Learning SySTEM

Despite this growing awareness that STEM
education is lifelong and that hundreds of types

of institutions and organizations contribute to

the public’s STEM understanding, interest, and
participation, government support continues to
focus almost exclusively on the formal education
system. Metrics like the NAEP results cited here are
beginning to tell a different story about how the
nation’s children and youth learn STEM—a story
that describes a broader, more extensive ecosystem-
level narrative that transcends schooling and other
metrics that currently take a disproportionately
school-first perspective.

As the data presented here show, STEM learning

is a continuous, multidimensional phenomenon
that extends across the entire breadth and depth
of a learner’s experience. Although in this article

we have only focused on a few settings in which
children and youth learn, learning happens as a
consequence of experiences within all the following
settings:

P Preschool

> K-12

P Higher education

P Affinity groups

» Workplace

» Home

P Community institutions
P Afterschool

» Public sphere



Ultimately, it is important to understand what
STEM learning looks like in the context of the
interplay of these various settings. For example,
how do experiences at home such as dinner-

time conversations, or a family sitting together

to watch a nature show on television, influence
what happens in school? Or, how do these home
experiences ultimately influence family behavior on
the weekends? Are they inspired to visit a science
center or go for a hike? How do youth development
experiences in a 4-H or Boys and Girls Club or an
afterschool or summer STEM program influence
motivation to learn STEM subjects in school and
pursue STEM careers? Does what an individual
learns while engaged with a hobby or as part of a
Citizen science project (in which everyday citizens
contribute data to scientific studies) build on
content learned at school? How does family social
and economic background influence the choices
of experiences that children are afforded both in
and outside of school? As the data presented here
strongly suggest, these types of interactions are
essential to children and youth'’s STEM learning.

But also apparent should be that current national
metrics alone are insufficient to the task of providing
sufficient depth and detail to these questions to
enable wise STEM learning policy decision making.

It is time to rethink and reimagine where, when, and
how the public learns STEM. The data presented
above indicate the importance of taking a
comprehensive, systemwide approach that places
equal value on the learning that happens both in
and out of school and that acknowledges the ways
that experiences beyond the classroom dramatically
influence lifelong STEM learning. In the 21st century,
America should actively strive to support and
connect STEM learning across the day and over a
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lifetime, and across varied settings and encounters.
We need to invest in creating a network of public
STEM education experiences that seamlessly
incorporate learning opportunities in and out

of school for all children, and which are framed
increasingly around STEM lessons that support each
individual learner’s desire to answer the questions
that are important to his or her life. In the future,
we must work toward re-envisioning STEM learning
so as to fully accommodate and interconnect all
available times, spaces, and ways to learn STEM. We
need to adopt a Learning SySTEM perspective in
policy, practice, and assessment.
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