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Abstract

Background: Informal science education institutions (ISEls) are critical
partners in public science education, as they support the science efforts
of school systems by providing authentic opportunities for scientific inquiry.
This study reports findings from an evaluation of urban advantage (UA), a
collaboration between the New York City Department of Education and
eight ISEls designed to improve science education in New York City (NYC)
middle schools. Now in its 10th year, the program harnesses the resources
and expertise of NYC’s ISEls to (a) enhance the science content knowledge
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2 Evaluation Review

of middle school science teachers, (b) develop teachers’ skills at using
inquiry-based approaches in their classrooms, and (c) improve the science
achievement of middle school students. Objectives: We examine whether
the UA program has led to increased student achievement on the eighth-
grade New York State standardized science exam for students in participat-
ing schools; in supplemental analyses, we examine the effects on longer
term (ninth-grade) outcomes. Research Design: We use a difference-
in-differences framework with school fixed effects to estimate the impact
of attending a UA school in eighth grade on science achievement.
Measures: Our key outcome is performance on New York State’s
eighth-grade intermediate-level science assessment; longer term outcomes
include enrollment at specialized science, technology, engineering, and math
high schools as well as taking and passing the high school (Regents) science
exams. Results: We find that attending a UA school increases student per-
formance on the eighth-grade science exam by approximately 0.05 SD, and
there is some evidence of small effects on Regents taking and passing rates.

Keywords
science education, informal science education institutions, urban education,
professional development

Introduction

Concern about the United States’ competitiveness in an increasingly global
economy is fueled in part by U.S. students’ lackluster performance in math
and science. Science, technology, engineering, and math (STEM) fields
play a critical role in the nation’s economy and individuals’ career oppor-
tunities. The National Governor’s Association reports that “STEM occupa-
tions are among the highest paying, fastest growing, and most influential in
driving economic growth and innovation” (National Governors Associa-
tion, 2011). Indeed, according to the U.S. Department of Commerce’s Eco-
nomics and Statistics Association, STEM employment grew at a rate of
7.9% compared to just 2.6% in non-STEM fields from 2000 to 2009, and
STEM employment is projected to grow at a rate of 17.0% from 2009 to
2018 (Langdon, McKittrick, Beede, Khan, & Doms, 2011). Although
STEM skills are growing in importance, U.S. students show mediocre
achievement and little improvement in these subjects. For example, U.S.
students ranked 20th out of the 34 Organisation for Economic Co-operation
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and Development (OECD) countries on the Programme for International Stu-
dent Assessment science assessment in 2012 (OECD, 2014). On the nation-
ally representative National Assessment of Educational Progress (NAEP),
only 32% of eighth-grade students scored at or above proficient in science
in 2011, which reflects a slight increase from 30% in 2009 (NAEP, 2011).

Given disappointing performance in math and science, policy makers
and educators are increasingly worried about a mismatch in U.S. students’
skills and what will be required to be successful in the 21st-century job mar-
ket. One approach to improving U.S. performance is to focus on teaching
and learning through scientific inquiry and application. This is reflected
in the Next Generation Science Standards (NGSS), which are explicitly
designed to be taught in a real-world, applied context and are based on the
National Research Council’s (NRC) Framework for K—12 Science Educa-
tion (NRC, 2012; NGSS, 2013). This framework is designed for both formal
and informal science educators, in accordance with the NRC’s stance that
informal science education institutions (ISEIs) are an important contributor
to students’ scientific engagement and achievement. Although formal-
informal collaborations are still the exception rather than the rule, the NRC
is hardly alone in its support of school-ISEI partnerships; in fact, the
National Science Teachers Association, National Science Board, Institute
of Museum and Library Sciences, and the Center for Informal Learning and
Schools have all called for greater partnership with ISEIs to support science
education both in and out of school.

One such large-scale, formal-informal collaboration is New York City’s
(NYC’s) Urban Advantage (UA) program, which explicitly draws upon the
expertise and resources of the city’s ISEIs, bringing these institutions together
with NYC public middle schools to improve science teaching and learning.
UA differs fundamentally from traditional museum-school partnerships, as
it is a hybrid model of formal-informal collaboration where the resources
of ISEIs are selected, designed, and shaped specifically to align with the sci-
ence curriculum of NYC’s middle schools. This partnership is more intensive
than most programs that involve outside resources in schools, as there is a
deep relationship between the ISEIs, the NYC Department of Education
(NYCDOE), and the participating schools. Additionally, since the program
is designed specifically for NYC schools, it is more closely tied to the science
curriculum than typical programs that focus on general science enrichment.

The UA program operates on a large scale in NYC, and as of its 10th year
(2013-2014), it reached approximately 33,000 students and more than 500
teachers in one third of all NYC middle schools' (177 schools). In this arti-
cle, we use a difference-in-differences framework to estimate the impact of
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UA on middle school science test scores as well as on early high school out-
comes, such as taking and passing a science Regents exam in eighth or ninth
grade. Findings will be useful for program staff who seek to improve the
UA program in NYC or to develop programs in other cities, but the results
will be more broadly relevant for researchers, policy makers, and practi-
tioners interested in the role of formal-informal partnerships in improving
science education.

Background
ISEls and Formal-Informal Collaborations

Several large research, education, and science organizations (e.g., NRC,
National Science Teachers Association, National Science Board)
emphasize the importance of informal science learning, as ISEIs provide
a unique resource for students to engage in authentic scientific inquiry
and connect science content knowledge and the scientific process to
their daily lives. For example, the NRC has explicitly called for greater
integration of school-based instruction, learning in ISEIs, and interac-
tions with scientific concepts in daily life (NRC, 2009). Several studies
confirm positive outcomes associated with informal science education; for
example, exposure to informal science education can influence long-term
career choices by making STEM careers an appealing and viable career choice
(Darke, Clewell, & Sevo, 2002; Dorsen, Carlson, & Goodyear, 2006; Fadigan &
Hammrich, 2004).

In accordance with their mission, the vast majority of ISEIs provide
targeted educational services, such as teacher and student programs. In
the Centre for Informal Learning and Schools’ survey of 345 ISEIs,
73% reported providing “‘support in the way of programs, workshops,
materials, curricula, etc. for districts, schools, teachers, or students in
the broad area of science education besides a one-day field trip” (Phil-
lips, Finkelstein, & Wever-Frerichs, 2007, p. 1492). For teachers, ISEIs
frequently provide residency programs, research opportunities, and pro-
fessional development (PD). These programs vary in their intensity,
with some leading to official degrees or certification (Saxton, Gupta,
& Steinberg, 2010). For students, ISEIs typically feature family outreach
programs, camp-ins, activity Kits, science materials, and out-of-school time
programs (Astor-Jack, Balcerzak, & McCallie, 2010; Hein, 1998; Hofstein
& Rosenfeld, 1996; Inverness Research Associates, 1996; Kisiel, 2010;
Ramey-Gassert, Walberg, & Walberg 1994).
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Unfortunately, studies suggest that science museum resources are gener-
ally underused by the teachers and students they hope to serve, and most
interactions between schools and ISEIs are infrequent and primarily
dependent on the actions of individual teachers (Kisiel, 2010). For
example, 53% of the institutions responding to the Centre for Informal
Learning and Schools’ survey reported their programs could handle
more participants than they currently serve, while only 24% indicated
they turn away potential participants due to capacity constraints (Phil-
lips et al., 2007). Research suggests external factors such as rising costs
and accountability concerns likely influence teacher and school interac-
tions with ISEIs (Anderson, Kisiel, & Storksdieck, 2006; DeWitt &
Storksdieck, 2008). Structured collaborations between ISEIs and schools
are intended to integrate science education resources across contexts,
provide more cohesive educational experiences, and overcome some
of the barriers that make it difficult for schools to fully capitalize on the
wealth of resources available at ISEIs.

Professional Development

Contemporary efforts to improve science education in the United States
emphasize the importance of effective PD to help science teachers increase
content knowledge and improve pedagogy. PD is especially important for
secondary STEM teachers, as it has historically been difficult for schools
to attract and retain educators with strong STEM content knowledge. For
example, using data from the 2007-2008 Schools and Staffing Survey, the
National Center for Education Statistics (NCES) reports that approximately
10-20% of secondary math and science teachers are not certified to teach
their subjects, with teachers less qualified in schools that serve large popu-
lations of minority students (NCES, 2010). This issue gained national pro-
minence in the wake of President Obama’s 2011 State of the Union address,
in which he famously outlined plans to recruit and train 100,000 new high-
quality STEM teachers in the next 10 years (The White House, 2011).
Best practices in effective PD emphasize that high-quality experiences
use an inquiry-based approach, deepen teachers’ content knowledge, are
grounded in standards and research, are ongoing and intensive, and are rel-
evant for teachers’ curriculum and classroom contexts (e.g., Desimone,
Porter, Garet, Yoon, & Birman, 2002; Fishman, Marx, Best, & Tal,
2003; Loucks-Horsley & Matsumoto, 1999; Loucks-Horsley, Stiles,
Mundry, Love, & Hewson, 2009; NRC, 2000; Supovitz & Turner, 2000).
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The UA Program

UA was launched in September 2004 as a collaboration between eight NYC
ISEls (American Museum of Natural History, Brooklyn Botanic Garden,
New York Botanical Garden, New York Hall of Science, Queens Botanical
Garden, Staten Island Zoological Society, and the Wildlife Conservation
Society’s Bronx Zoo and New York Aquarium) and the NYCDOE to pro-
vide teachers and students with opportunities to engage in authentic science
practice. The ultimate goals of UA are broad, including improving middle
school science achievement, increasing success in high school science, and
improving college readiness, but UA has articulated proximal outcomes.
These outcomes, which we use in our empirical models, include perfor-
mance on the New York State eighth-grade intermediate-level science (ILS)
assessment, enrollment in STEM high schools, and success in high school
(Regents) science exams. Working with the first author, UA staff have
developed a logic model to articulate and link inputs, activities, outcomes,
and goals; a simplified version is shown in Figure 1

As shown in the logic model, the UA program includes several elements
(or “activities”) aimed toward improving outcomes and ultimately meeting
program goals. Notably, UA provides 48 hr of PD (across three cycles in the
same academic year) for teachers new to UA and 10 hr each year for teach-
ers continuing in the program. The PD model is designed by UA program
who represent the broader scientific community (e.g., geologists, astrono-
mers, biologists) and science educators, using an immersion-into-inquiry
strategy. This approach provides authentic hands-on learning experiences
for teachers, who focus on the nature of scientific work, specific science
content areas, and the essential features of inquiry in the form of long-
term investigations. As part of their training, teachers conduct their own
scientific investigations, experiencing firsthand what it means to “do sci-
ence,” which is consistent with the teacher-as-learner model of PD
(Loucks-Horsley et al., 2009; NRC, 2000; Thompson & Zeuli, 1999).

After choosing a UA partner institution to attend for targeted PD, teach-
ers learn how to plan effective field trips, embed resources in instruction,
and teach students the components of experimental design as well as how
to develop scientific explanations based on claims, evidence, and reasoning.
As a part of this PD, teachers are trained to use a variety of UA classroom
tools, such as the Investigation Design Diagram and the Developing a Sci-
entific Explanation Tool, which are intended to support teachers as they
implement UA principles in their classrooms. Teachers who are new to
UA attend three PD cycles throughout their first year in the program and
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progress in students' school designs

science learning

Figure 1. Urban Advantage program logic model.

may be unable to apply all UA principles until their second year in the pro-
gram (after they have completed all three cycles). Furthermore, with the
help of targeted PD from UA, teachers likely continue to develop over time,
potentially becoming more effective in implementing UA principles and
practices as they gain experience in the program.

In addition to high-quality PD, participating teachers and schools receive
material and monetary support from the UA. For example, UA supplies
schools with science kits containing materials to be shared among UA
teachers, and it provides funds for individual teachers to purchase materials
of their choice for their classrooms. Additionally, UA provides vouchers
that give teachers, administrators, students, and families free admission to
any of the eight partner institutions (ISEIs), and schools also receive vou-
chers for transportation. These vouchers are intended both to strengthen the
quality of class field trips and to support science learning outside the class-
room. Schools use these resources in a variety of ways. For example, some
teachers use their individual vouchers to visit ISEIs and plan future field
trips, while others use them for personal development. Similarly, some
teachers integrate class field trips into their curriculum and exit projects,
while other teachers plan enrichment-based trips that are less directly
related to specific units or projects. Parent coordinators are encouraged to
organize family field trips on the weekends, although many schools simply
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distribute family vouchers to students and encourage them to take family
trips independent of the school.

The nature of the relationship between UA teachers and ISEI staff varies
across teachers based on individual preferences and constraints. Some
teachers report choosing partner institutions based on personal factors
(e.g., schedule, transportation, proximity), while others identify a partner
institution based on course curricula and the ability to integrate ISEI
resources into specific units. Some teachers engage with partner institutions
primarily at PD, while others develop this relationship more extensively.
For example, many teachers draw on the expertise of the staff at ISEIs to
help them plan field trips, and some invite ISEI-based educators to come
to their schools for specific class activities or to attend Family Science
Nights.

The UA program has evolved over time, both in terms of strategic expan-
sion and in terms of development of program elements. In its early years,
UA accepted teachers into the program on a volunteer basis; teachers
learned about the program from their principals or from other teachers, and
those who were interested self-selected into UA. Over time, the program
has developed a more rigorous protocol for accepting both teachers and
schools.” This is partly due to increased demand and partly due to budget
reductions, which reflect the fiscal constraints of the program’s funders (the
NYC Council and the NYCDOE). Rather than expand to provide the pro-
gram to more schools, the UA staff opted to grow within already-participat-
ing schools by opening the program to sixth-grade teachers and adding
additional teachers per grade.® This reflects the belief that UA is best imple-
mented in schools with a greater share of science teachers participating in
the program, as having a high concentration of UA teachers in a school may
provide opportunities for teacher collaboration within schools and give stu-
dents repeated exposure to UA concepts across different grades.

UA staff and partner institutions have also worked to develop program
resources” and PD over time. For example, as the balance of UA teachers
has shifted to teachers continuing in the program, UA staff have developed
more PD offerings tailored to the needs of continuing teachers.” These spe-
cially designed workshops are open only to teachers who have already par-
ticipated in the PD for first-year UA teachers, focus in greater depth on
specific content related to the science exit projects, and provide greater
opportunities for experienced teachers to examine student work and assess
students’ thinking. To help ensure ongoing participation in UA, attendance
at these workshops is required for teachers to continue to receive resources
and classroom materials from the program (Short, Elgendy, Roditi, &
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Holmes, 2012). UA also capitalizes on the expertise of more experienced
UA teachers by involving them in the PD of newer UA teachers; UA has
designated “‘lead teachers” who facilitate designated UA PD events and
support other UA teachers in their schools more informally.®

Method
Data and Measures

Our analysis draws on a rich student-level longitudinal database for NYC
public schools and students from 2003-2004 (hereafter, 2004) to 2009-
2010 (hereafter, 2010).” Every student record contains detailed demo-
graphic, program, and academic information, including nativity, race, gen-
der, language ability, poverty (free/reduced-price lunch status), attendance
rates, participation in special education and language programs, and stan-
dardized test scores. These data are combined with publicly available data
from the Annual School Reports and State Report Cards prepared annually
by the NYCDOE and the New York State Education Department. In addi-
tion to the rich detail and breadth of our data, unique student identification
numbers allow us to track students from their entrance in the NYC public
school system until their departure. Importantly for our analyses, we are
able to follow students from middle school to high school. Our sample
includes eighth graders from 2004 to 2010, for a total of more than
460,000 student-year observations.

We use UA’s logic model to guide our definition of relevant student out-
comes. In accordance with the logic model, we measure short-term out-
comes using the eighth-grade ILS exam. New York State requires that all
eighth-grade students take the ILS test, which consists of approximately
80 questions, including multiple choice, open response, and performance
tasks. The test covers three broad standards: scientific inquiry, living envi-
ronment, and physical setting. We measure student performance on the ILS
with a standardized score (z-score), a measure of relative performance stan-
dardized across students within a grade to have a mean of 0 and standard
deviation of 1. Students performing above (below) average relative to other
students in their grade, in that year, have positive (negative) z-scores.

Again in accordance with UA’s logic model, we use several different
measures for long-term outcomes. First, we examine students’ likelihood
of enrolling in an STEM high school. In NYC, students have substantial
choice in what high school they attend, and many high schools offer mul-
tiple specialized academies students can choose from, such as health
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professions, technology, law, journalism, computer science, humanities,
and performing arts.® Schools vary in terms of both how many specialized
tracks (if any) they offer and what types of curricula these programs pro-
vide. If UA fosters a greater appreciation for and understanding of science,
then it is possible that UA students will be more interested in STEM
schools, more qualified to enroll in them, or both.

For the purposes of this analysis, we define “all-STEM” schools as those
that offer only science-rich academies—that is, all students in the school are
in a science-specific program. We define “partial-STEM” schools as those
that offer both science-based academies and nonscience academies to stu-
dents. We operationalize enrollment at STEM schools in ninth grade with
dichotomous variables. All-STEM takes a value of 1 if a student is enrolled
in an all-STEM school, and partial-STEM takes a value of 1 if a student is
enrolled in a partial-STEM school.’

We also explore students’ likelihood of taking and passing science
Regents exams in the eighth or ninth grade. In New York State, students
have some choice about what Regents exams they take and when to take
them, but they are required to pass at least one science Regents exam in
order to graduate. Students often take either the Earth Science Regents
exam or the Living Environment (biology) Regents exam in eighth or ninth
grade, which then allows them to take higher-level science courses, such as
chemistry and physics, later in high school. In some ways, taking and pass-
ing a science Regents exam in eighth or ninth grade is a proxy for interest in
science as well as a reflection of future opportunities to take higher-level
science courses.

In our sample, 44% of students take either the Earth Science or the Liv-
ing Environment Regents exam in eighth or ninth grade, although test-
taking behavior varies considerably by grade and increases over time. In our
analysis, we explore students’ taking and passing behavior on these two sci-
ence Regents exams, as they are the two most commonly taken by all NYC
high school students. Here again, we use dichotomous variables reflecting
whether or not a student (a) took and (b) passed the exam. There are three
different passing rates for which we show results (passing at the 55, 65, and
85 cut-points), which reflect different degrees of proficiency and qualify
students for different types of diplomas.'’

We measure UA program participation at the school level, and our
results can be interpreted as intent-to-treat (not treatment-on-the-treated)
estimates. This is because we are unable to match students to their specific
teachers, and thus we must estimate the impact of attending a UA school—
not the impact of having a UA teacher.!' Furthermore, it is possible that
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elements of the UA program treatment “spill over” from UA teachers to
non-UA teachers in their schools. Although spillover across teachers within
schools is a potential source of unobserved heterogeneity, defining the treat-
ment at the school level means we have “captured” this spillover with our
treatment variable. To be clear, we classify a school as a UA school if at
least one teacher in the school is participating in the UA program; thus,
schools vary in their concentration of UA teachers.'?

In any given year, the comparison group includes all NYC public schools
that both (a) have an eighth grade and (b) are not participating in UA.
Because schools join UA in different years (treatment is rolled out across
schools over time), UA schools will be in the comparison group in the years
prior to joining UA and then be in the treatment group once they join UA.
Thus, our analysis exploits variation in program participation across schools
over time.

Models

We estimate a series of models to assess the impact of attending a UA
school on student outcomes. When we use the short-term outcome (standar-
dized science test scores), these models are standard fixed effects models.
For the long-term (dichotomous) outcomes, though, we use linear probabil-
ity models. Our baseline specification models student outcomes as a func-
tion of attending a UA school in the current year, and we include student
covariates (S7},), a year trend (#), and school effects (o). This model is as
follows:

Yiir = Bo + By UAjs + BpSTy + t + o + &

In this model, Y is the outcome of interest for student 7 in school j in year
t, and UA is an indicator variable that takes a value of 1 if school j was par-
ticipating in UA in year . In this specification, 3; represents the impact of
attending a UA school (in the current year) on student achievement, control-
ling for student characteristics. By including school fixed effects, we com-
pare students in the same schools in the years before and after the school
joins UA. By looking within schools over time, we guard against the pos-
sibility that our estimates reflect unobserved differences in the schools that
join UA, compared to the schools that do not join UA.

School effects are also useful in controlling for differential selection into
UA. If UA schools are fundamentally different than other schools in unob-
servable and time-invariant ways (e.g., higher performing, better managed),
this will be captured by school effects. Of course, it is also possible that
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schools select into UA based on time-varying school factors. For example,
schools may choose to join UA after a year of particularly high or low sci-
ence test scores. To assess and control for potential differential selection
based on performance in the year before joining UA, the second specifica-
tion includes an indicator variable (PreUA) that takes a value of 1 in the year
before a school joins UA. This model is as follows:

Yiie = By + BiPreUd), + ByUA; + B3 ST + ¢ + o + &

Here, B, represents the difference between UA schools and non-UA schools
in the year prior to joining the program, and B, is the impact of UA on stu-
dent outcomes.

Finally, the third specification distinguishes between the first year a
school joins UA and all subsequent years (the second year in the pro-
gram and beyond). This takes into account the fact that the UA pro-
gram is not likely to be fully implemented in the first year, as
described previously. The specification we use to model this relation-
ship is as follows:

Yiir = By + B, PreUA;; + B,BaseYrj; + PsPostYrs; + BySTi + ¢ + o + €5

In this model, BaseYr is an indicator variable that takes a value of 1 if,
in year ¢, school j is in its first year of participating in UA. PostYrs is an
indicator variable that takes a value of 1 if the school is in at least its
second year of UA implementation. In this model, B, represents the dif-
ference between UA schools and non-UA schools in the year prior to
joining the program, B, is the impact of UA during the first year a
school is in UA, and B3 is the impact of UA in all other years after a
school joins UA. Note that we do not ever “turn off” the PostYrs indi-
cator variable. That is, PostYrs will equal 1 for all years after the base
year, even if the school withdraws from the program. We do not ““turn
off” this treatment because after teachers go through UA PD and
schools receive UA resources, it is impossible to fully retract the treat-
ment from a school. Thus, these impact estimates will likely be lower
bounds for the true program effect.

Note that in some specifications we include a control for a student’s
lagged math or English language arts (ELA) score. This is not a true
value-added model, as we do not have a lagged science test score (no
science test is given in seventh grade). Because math and science test
scores are highly correlated, however, the lagged math score proxies for
prior STEM performance.
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Table I. Mean Characteristics of UA and Non-UA Schools, 2010."3

Student Body UA Not UA  School Location UA  Not UA
Total enrollment 720 593 % Manhattan 20.7 21.0
(425) (350) (40.6) (40.8)
% Black 33.4 39.3 % Brooklyn 30.0 34.8
(29.1) (29.49) (46.0) (47.7)
% Hispanic 41.8 41.1 % Bronx 247 24.6
(26.3) (26.5) (43.3) (43.1)
% Asian 1.7 9.2 % Queens 20.0 18.4
(15.9) (14.1) (40.1) (388)
% White 12.9 10.3 % Staten Island 47 1.3
(19.3) (17.7) 21.2)  (11.4)
% LEP 12.1 1.8 N 150 305
(10.4) (12.8)
% Free lunch 70.3 70.9
(20.0) (20.0)
% Reduced lunch 8.7 82
(5.0) 4.9)
% Passing reading exam  37.8 36.6
(20.0) (21.6)
% Passing math exam 49.7 49.5
(21.9) (22.8)
% Passing science exam  53.0 514
(22.4) (23.5)
N 150 305

Note. UA = Urban Advantage. Standard deviation in parentheses. Boldface indicates differ-
ences are statistically significant at .05 level or less. Percentage passing is the percentage scor-
ing in level 3 or 4 out of 4.

Results

Table 1 provides descriptive statistics for UA and non-UA schools in 2010.
UA schools are in many respects quite similar to other NYC public schools
serving eighth graders. For example, the distribution of UA schools across
NYC’s boroughs is consistent with the distribution of non-UA schools, and
both UA and non-UA schools have a similar mix of students in terms of
demographic characteristics, educational needs, and test scores.'* Across
UA schools, as with city schools as a whole, there is substantial variation
in school characteristics. As the large standard deviations (SDs) show, UA
serves both quite large and very small schools, schools where all students are
eligible for free or reduced-price lunch and those where only a small
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proportion are eligible, and schools where the majority of students are Black
or Hispanic as well as those with a more balanced mix of student ethnicities.

The only consistent difference between UA and non-UA schools across
all years is size. In the 2010 academic year, the average enrollment at UA
schools was more than 700, compared to less than 600 at non-UA schools.
Across all years in the sample, the average size of a UA school ranges from
about 650 students to more than 1,000 students, compared to between 400
and 800 for non-UA schools. Other small differences in terms of student
demographics and academic characteristics emerge in some years, but there
are no other consistent differences between UA and non-UA schools across
the sample period.

Before turning to our empirical models, we first show descriptive evi-
dence that, on average, UA schools outperform non-UA schools on the
eighth-grade ILS exam. Figure 2 shows average passing rates'> on the ILS
test from years 2004 (1 year prior to the inception of UA) through 2010. In
this figure, we allow the sample of UA schools to change over time, as
schools enter and exit the program. Note that in 2004, approximately
43% of NYC eighth graders were proficient in science, which is consider-
ably less than the New York State public school average of 70% (University
of the State of New York, 2005).

In the first 2 years of UA, there are no significant differences in student per-
formance between UA and non-UA schools. However, in the third year, differ-
ences begin to emerge, with students at UA schools outperforming students at
non-UA schools. In 2007, 43.4% of eighth graders at UA schools passed the sci-
ence exam compared to 41.2% at non-UA schools. By 2010, the passing rates in
UA and non-UA schools had improved significantly, although UA schools
were still outperforming non-UA schools (passing rates of 61.2% vs. 56.2%).

This finding is consistent with the school improvement literature that argues
3 years is the minimum amount of time needed to see results from interventions
(Fullan & Stiegelbauer, 1991). It is reasonable to expect UA to take several
years to develop into an effective program. For example, by its third year of
implementation, UA had a more developed and stronger program that included
a more comprehensive set of materials and resources for teachers to use in the
classroom. As previously described, it may also take individual schools and
teachers several years to implement the program effectively.

Short-Term Outcome: Eighth-Grade ILS Performance

Although Figure 2 provides descriptive evidence that UA schools, on average,
have higher passing rates on the eighth-grade ILS exam, it does not speak to
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Figure 2. Student-weighted passing rates on the New York State eighth-grade
intermediate-level science (ILS) exam, Urban Advantage (UA) and non-UA schools.
Note. This figure uses school-level passing rates, weighted by the number of eighth
graders in the school. In each year, there will be a different mix of schools in UA, as
schools enter and exit the program.

causality. We now turn to our empirical models to estimate the impact of UA on
student outcomes. We first estimate the short-term impact of UA on eighth-
grade ILS test scores. For these models, our analytic sample includes all eighth
graders who have science test scores in our sample period (2004—2010).

As seen in Table 2, the coefficient on the UA variable is statistically signif-
icant in the most basic model, which includes only a year trend (Model 1); thus,
schools participating in UA outperform non-UA schools on average. After
accounting for differences in student characteristics, however, the estimated
coefficient decreases substantially and becomes insignificant (Model 2). Next,
we turn to school fixed effects models to examine changes within schools over
time. When we add school fixed effects (Model 3), we find a positive and sta-
tistically significant impact of UA; specifically, when we compare students in
the same school (in years before and after a school joins UA), we see a positive
impact of program participation of 0.039 SDs. This result is robust to control-
ling for performance in the year before joining UA (Model 4), and as the coef-
ficient on the PreYr variable is essentially zero and statistically insignificant,
we do not see evidence of either positive or negative selection into UA based
on performance on the eighth-grade ILS in the prior year.

As described previously, UA is not likely to be fully implemented in a
school until at least the second year in which a school has been participat-
ing. To model this appropriately, we distinguish between the first year a
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school is in UA and all subsequent years (Model 5). We find that UA does
have a statistically significant impact on ILS scores during the first year of
implementation (0.043) and that the impact of UA in subsequent years is
slightly larger (0.051) although not statistically different from the estimated
coefficient for the first year. Thus, we see a positive effect of joining UA on
students’ science test scores, and there is evidence that the effect persists
and potentially grows over time.

Model 6 augments the model by including lagged math achievement; as
described previously, this is not a pure value-added model, as we do not
have lagged science test scores. Including lagged math scores, however,
allows us to control for some measure of students’ academic ability/prior
performance. In this specification, the impact of UA is still positive and sta-
tistically significant, although point estimates are smaller. Specifically, we
find a positive effect of 0.025 SDs in a school’s first year in UA and 0.036
SDs in subsequent years. We also estimate a specification that controls for
lagged ELA performance, and results (not shown) are qualitatively simi-
lar.'® In separate models that estimate the impact of attending a UA school
on a student’s probability of passing the science exam, we do not find any
significant effect.'”

Next, in Table 3, we provide subgroup results in which we estimate our
preferred specification (Model 5) on subsamples of the population; note,
however, that these results are also robust to including controls for prior test
scores (Model 6).'® Specifically, we estimate the impact of attending a UA
school on subgroups by race, gender, educational needs, and poverty status.
When we split the sample in this way, we see particularly large effects for
Black students, male students, and those in special education; results for
other subgroups suggest a positive although not always statistically signif-
icant relationship between attending a UA school and science achievement
(e.g., White, female, and poor students).

For Black students, attending a UA school in its first year of implemen-
tation improves science test scores by 0.080 SDs, and the effect in subse-
quent years is slightly larger (0.086). Male students score 0.052 SDs
higher in a school’s first year in UA and 0.072 SDs higher in subsequent
years, compared to male students at non-UA schools. For students in special
education, the effect of attending a UA school in its first year of implemen-
tation is 0.071 SDs, with a larger effect in subsequent years (0.094). These
results are encouraging, as on average, Black students and those in special
education have relatively low performance on the science exam (see Table
2). The strong effect of UA on students in special education may be partially
explained by special education teachers’ participation in UA. Both science
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Table 4. Impact of Attending a UA School on Eighth-Grade Math and English Lan-
guage Arts (ELA) z-Scores, 2004-2010.

Variables (N 2) 3) 4
Pre-year 0.018 0.009 0.008 —0.002
(0.018) (0.014) (0.015) (0.014)
Yr entered UA 0.044** 0.024 0.033** 0.033**
(0.018) (0.015) (0.016) (0.014)
Post-UA years 0.019 0.004 0.021 0014
(0.020) (0.017) (0.016) (0.015)
Lagged Z-score 0.679%+* 0.585%+*
(0.004) (0.004)
Black —0.4] |#ex —0.138%*** —0.377%%¢ —0.165%F*
(0.011) (0.006) 0.011) (0.007)
Hispanic —0.274++ —0.100%#* —0.277%% —0.1 |9+
(0.010) (0.005) (0.0 10) (0.006)
Asian 0.404%+* 0.225%#* 0.064%+* 0.062%%*
(0.012) (0.007) 0.011) (0.007)
Female 0.025%+* 0.0627%#* 0.192%#* 0.13 |##k
(0.003) (0.002) (0.003) (0.002)
LEP —0.598%** —0.072%k* —1.073%0* —0.529%*
(0.011) (0.008) (0.015) (0.012)
SPED —0.635%% —0.249%k* —0.583%** —0.262%FF
(0.007) (0.005) (0.007) (0.005)
Poor —0.062%** —0.016%F* —0. | 5% —0.055%#*
(0.006) (0.004) (0.006) (0.004)
Constant 23.450%%* 12.099%#* 6.862 4.161
(5.519) (4.309) (4.745) (4.195)
Year trend Y Y Y Y
School effects Y Y Y Y
Observations 421,956 421,956 405,568 405,568
R? 327 605 324 544

Note. UA = Urban Advantage; ILS = intermediate-level science; Y = yes; LEP = limited English
proficient; SPED = special education. Robust clustered (school-year) standard errors in parenth-
eses. Columns | and 3 are consistent with Table 2, Specification 5; columns 2 and 4 are consis-
tent with Table 2, Specification 6. Models include controls for missing demographic variables,
educational needs, and lagged test scores (columns 2 and 4).

*Ep < .01, *p < .05, *p < .I.

teachers and special education teachers supporting science can participate
in UA, and for many special education teachers, this is the only science-
specific support they receive.
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Although we see no evidence of positive selection into UA based on ILS
test scores in the year prior to joining UA, it is possible that schools on a
trajectory of improvement are more likely to choose to participate in UA.
If this is the case, there may be reverse causality, with test score improve-
ments predicting UA participation. If UA schools are improving overall
(potentially as a result of whole-school reforms, other programs, or
increased teacher effectiveness), we would expect to see similar positive
“impacts” of UA on math and ELA test scores. As a falsification test,
we perform the analyses from Models 5 and 6 using math and ELA test
scores (z-scores) as dependent variables (Table 4), and results suggest that
UA has no systematic effect on eighth-grade math or ELA performance. In
some specifications, we estimate a positive and statistically significant
effect of UA in the schools’ first year of UA, but this does not persist in sub-
sequent years. This suggests that UA participation is not simply a proxy for
overall school improvement and provides further support for our estimates
of the impact of UA on science achievement.

Long-Term Outcomes: High School Outcomes

The results from the linear probability models are presented in Tables 5 and
6. As with our previous models, the sample includes students in eighth
grade between 2004 and 2010, and we follow these students to their
ninth-grade schools to measure ninth-grade outcomes (enrolling in an
STEM school, Regents taking, and Regents performance). Thus, the long-
term outcomes for students who were eighth graders in 2010 are measured
in 2011. Because these models require ninth-grade outcomes, we exclude
students who exit the NYC public schools after eighth grade.

Table 5 provides results for models estimating the impact of attending a
UA school on the probability of enrolling in an STEM high school. The
table reports results from four specifications, which are the same as
described previously (Models 1 through 4). Overall, there does not seem
to be a systematic impact of attending a UA school on the probability of
enrolling in either an all-STEM or a partial-STEM high school."’

It is not entirely surprising that there are no significant effects of UA on
the type of school a student attends for high school, as many school-level
factors that are not likely to be correlated with UA participation may be
important to students’ high school placement. For example, school gui-
dance counselors, parent coordinators, and other supports to eighth-grade
students and parents can have great influence over the high school choice
and placement process. Also, many middle schools tend to send students
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to specific types of high schools, consequently acting as de facto feeder
schools. Thus, students may choose middle schools based in part on where
they want to enroll in high school, which makes the middle school to high
school transition endogenous. Additionally, we only observe the high
school students ultimately attend—not their preferences. In NYC’s compli-
cated high school choice system, many factors, including but not limited to
student preferences, are used to match students to high schools.

Table 6 shows the effect of attending a UA school on taking and passing
the Earth Science Regents exam in eighth or ninth grade, using Model 4 (as
previously described).”® In column 1, we see a positive effect (0.063) of
attending a UA school on the probability of taking the Earth Science
Regents exam. Columns 2 through 4 show that attending a UA school also
has a positive and statistically significant effect on the probability of pass-
ing the Earth Science Regents exam at all three cut points, although the
effect is larger for passing at the 55 and 65 cut points (0.048 and 0.043,
respectively) than for the 85 cut point (0.010). When we restrict the sample
to just those students who took the test, there is no statistically significant
impact of UA on passing the Earth Science Regents.

Taken together, these results suggest that UA induces more students to
take the exam, but by definition these are marginal students. When consid-
ering their absolute probability of passing, these students are more likely to
pass the exam, but this effect is driven by the increased likelihood of taking
the exam. Of students who take the exam, students who attended UA
schools in eighth grade do no better or worse than students who attended
non-UA schools.

Results are qualitatively similar but weaker for the effect of UA on tak-
ing and passing the Living Environment Regents exam. We find a small
positive effect of UA on taking the Learning Environments Regents exam
(0.024) but no consistent effect of UA on passing the exam. Thus, attending
a UA school slightly increases students’ probability of taking the exam
without affecting their probability of passing it.?' For all long-term outcome
models (enrolling at an STEM high school and science Regents outcomes),
subgroup analyses revealed similar results for students grouped by race,
gender, education needs, and poverty.>>

Although our results find some effect of attending a UA school on taking
science Regents exams in eighth or ninth grade, there are several important
factors that may influence Regents-taking behavior that are not included in
our models. First, because of the regulations around licensing and who is
eligible to teach a Regents-level course, not all middle schools can offer sci-
ence Regents exams to their students. This is a structural factor that is not
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likely to be influenced by UA participation.”* Additionally, the high school
attended has a role in Regents-taking and passing behavior, and this is unob-
served in these models.

Conclusion

Despite the growing consensus that collaboration between formal and infor-
mal education organizations is an important component of improving science
education in the United States, there are still relatively few examples of
ongoing, intensive collaborations between schools and ISEIs, and there has
been little research on the impact of such partnerships. This study provides
the first estimates of the impact of a formal/informal science program on aca-
demic achievement and finds that exploiting the “urban advantage” with col-
laborations between formal and informal education institutions can be an
effective way to improve science education in urban schools.

This study was made possible through an ongoing, productive collabora-
tion with staff at UA and the American Museum of Natural History
(AMNH). Together, we have developed a long-term research partnership
and established a multiyear research agenda that relies on rich program data
and the expertise of program staff. By talking extensively with program
staff and UA teachers, undertaking qualitative explorations of program
implementation, and analyzing both program and administrative data, we
have been able to develop a strong understanding of UA, which is critical
to our empirical analysis.

Through this collaboration, we have created a longitudinal data set that
allows for a stronger identification strategy to estimate effects than is typ-
ical in program evaluation. By combining UA program data with adminis-
trative data from the NYCDOE, we have created a data set with several
features that are rare for science program evaluations. We have a large sam-
ple size, the program itself operates on a large scale, we follow schools and
students over several years, and we have several measures of academic out-
comes, including science test scores in both middle and high schools.

In short, we find evidence that UA improves performance in science, as
students who attend UA schools in eighth grade have higher performance on
the New York State eighth-grade science exam. Our estimated impact of
approximately 0.05 SDs reflects small improvements in science achieve-
ment; for comparison, results from the Tennessee STAR (student—teacher
achievement ratio) experiment indicate that reducing class size from 22—
26 to 13—17 students increased third graders’ science test scores by 0.05
to 0.1 SDs (Konstantopoulos & Chung, 2009). The UA program, however,
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is substantially less costly to implement than these sizeable reductions in
class size or other intensive interventions. Furthermore, our estimated effect
likely underestimates the true program effect, as we have taken a conserva-
tive approach in defining the UA treatment. As described previously, data
constraints require that we define the treatment variable at the school level,
and so some students who do not have UA teachers will be in the treatment
group (they attend a UA school but do not necessarily have a teacher who
participates in UA).

We do not observe a consistent “effect” on math or ELA test scores,
suggesting our impact estimates reflect a true program effect and are not
merely reflecting coincident overall school improvement. Exploratory sub-
group analyses find that the impact is largest for Black students and those in
special education, which is particularly heartening, as these students often
struggle in science. Additionally, we find that UA has no significant impact
on whether a student enrolls in a STEM high school, but there is evidence
that students who attend UA schools are slightly more likely to take a sci-
ence Regents exam in eighth or ninth grade.

Although UA was initially designed for the NYC context, the program is
more broadly generalizable to other cities with at least one informal science
education institution, such as a zoo, garden, or science museum. The UA
model can be successfully replicated in other locations, and in fact several
other cities have implemented or are in the process of adapting a UA pro-
gram for their community. For example, with support from AMNH and the
National Science Foundation, Denver launched a UA program in the 2011
school year; this partnership brings together three Denver-area public
school districts with the Denver Museum of Nature and Science, the Denver
Zoo, and the Denver Botanic Gardens. Currently, there are discussions
about developing a UA program for Boston, and UA has also been con-
tacted by museums in Israel to learn more about the program.

Although this study uses rigorous empirical methods to estimate the
impact of the UA program overall, it is important to note that we cannot
identify the causal mechanism through which UA affects student science
achievement. UA is a multifaceted program, and in this study, we cannot
identify the particular aspects of the UA program that are most important
for student outcomes. For example, UA may increase student science
achievement by building the human capital and content knowledge of sci-
ence teachers, by increasing the resources available for science education in
schools, or by exposing students to ISEIs. Likely, multiple components of
the program are important, and different schools utilize them in individua-
lized ways to meet the needs of their teachers and students. A recent mixed-
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methods study identified several school-level factors associated with suc-
cess in implementing UA, such as teacher collaboration, the concentration
of UA teachers in a school, and administrative support (Weinstein, White-
sell, & Leardo, 2013).

A key limitation of this study is the scope of the outcomes we are able to
measure. Although this study makes a significant and meaningful contribution
to the literature on science interventions and partnerships by estimating effects
on test scores, our academic outcomes present a somewhat limited picture of
UA’s impact. We are unable to provide evidence of UA’s effect on other
important student outcomes (e.g., interest in science, inquiry skills) or teacher
practices and beliefs (e.g., mindsets, satisfaction, pedagogical skills).

An additional empirical limitation of our analysis is the inability to
match students to teachers or to measure the percentage of science teach-
ers in a school who are participating in UA. Many students who do not
have UA teachers are included in the treatment group, as they attend a
school where at least one teacher participates in UA. If UA program
effects are stronger for students whose teachers participate in the program
(as compared to students in the same schools whose teachers are not in
UA), our estimates will understate the effect of having a UA teacher.
Ongoing research will build on this work by exploring the relationship
between program implementation (such as the concentration of UA teach-
ers within schools and the extent to which schools utilize vouchers to
ISEIs) and program effects.
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Notes

1. Middle schools are defined as all schools with an eighth grade.

2. Urban advantage (UA) does not accept all schools or teachers who apply to be
in the program. Current UA schools as well as schools that are hoping to join the
program submit applications to UA, and UA program staff consider factors such
as how many teachers in the program have been or are planning to participate in
UA and how frequently schools have been or anticipate being able to use vou-
chers to attend informal science education institutions.

3. Inits first year of operation (2005), UA was open to eighth-grade teachers. UA
expanded to include seventh-grade teachers in 2006 and sixth-grade teachers
in 2010.

4. For example, UA introduced the Investigation Design Diagram tool to teachers
in 2007-2008 and the Developing Science Exploration Tool in 2010.

5. The percentage of UA teachers who are continuing in the program has increased
over time: 2005 (0%), 2006 (32%), 2007 (45%), 2008 (50%), 2009 (76%), 2010
(53%), 2011 (77%), 2012 (82%), and 2013 (70%).

6. Lead teachers were introduced as a component of the UA program in 2005-2006;
a separate Leadership Institute was initiated in 2008—-2009. We are unable to mea-
sure the extent to which lead teachers (or experienced UA teachers more gener-
ally) provide support to other teachers in their schools; to the extent that some
lead teachers help support non-UA teachers in their schools, it is possible that
there is UA program spillover from UA teachers to their non-UA colleagues.

7. The database is housed at New York University’s Institute for Education and
Social Policy and is updated annually with data from the New York City
Department of Education (NYCDOE).

8. NYC does not assign students to high schools based on location, but rather stu-
dents are matched to high schools using a complicated ranking system that takes
into account student preferences and qualifications.

9. Although we are able to identify whether or not a student enrolls in a partial-
STEM school, we are not able to determine whether a student attends a
science-focused academy within a partial-STEM school.
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10.

11.

12.

13.

14.
15.

16.
17.
18.
19.

20.

21.

22.
23.

Prior to 2005, students were required to earn a score of 55 or higher to count a
Regents exam toward earning a local diploma, while 65 was the score needed
for a Regents diploma or an Advanced Regents diploma. Now, earning a
Regents diploma is the minimum requirement; this means that 65 is the lowest
passing score. Earning an 85 on a Regents exam is used as a cutoff for admis-
sion to certain selective colleges and universities.

We are not able to match students to their science teachers because of limita-
tions in the data collected by the NYCDOE. Over the time period in our anal-
ysis, there is only one year (2010) in which the DOE provided a reliable match
of students to science teachers.

Unfortunately, we do not have accurate data on the percentage of teachers in
each school who participate in UA. In the early years of UA, the program did
not systematically collect consistent program information on teachers and
schools, and neither teachers’ movements between schools nor teachers’ move-
ment in and out of program participation were accurately reflected in UA pro-
gram data. For more recent years, UA does have accurate information on UA
teachers and schools, and we are planning to use these data in future studies.
UA and non-UA schools also have similar exam-taking rates; for both groups of
schools, taking rates are high (about 95% for math, 93% for English-language
arts, and 90% for eighth-grade science).

Results for all years are similar and available from the authors.

A school’s passing rate is the percentage of eighth-grade students who scored a
3 or 4 out of 4 on the intermediate-level science exam.

Results are not shown but are available from the authors.

Results are not shown but are available from the authors.

Results are not shown but are available from the authors.

We do not find a statistically significant effect for either outcome when we used
our preferred specification (Model 4).

We do not estimate specifications distinguishing between the base year and
postyears, as we find small or null average effects of UA in less inclusive
specifications.

Results are not shown but are available from the authors.

Results are not shown but are available from the authors.

For a student to be eligible to take a specific science Regents exam, the teacher
must be certified in that content area. That is, only teachers certified in earth
science can teach an Earth Science Regents course; only teachers certified in
biology can teach a Living Environment Regents course. If a middle school sci-
ence teacher is only certified in general science or in general middle school
instruction, her students are not eligible to take the Earth Science or Living
Environment Regents exam.
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