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Abstract

The Billion Oyster Project and Curriculum and Community Enterprise for the Restoration of New York Harbor with
New York City Public Schools (BOP-CCERS) program is a National Science Foundation (NSF) supported initiative
and collaboration of multiple institutions and organizations led by Pace University. The NSF project, Innovative
Technology Experiences for Students and Teachers (ITEST), had generated a large amount of data through
engagement with teachers and students throughout New York City public schools. One purpose of this project is to
engage with middle and high school science teachers to assist them in using project-based learning and real-world data
collection in their classrooms with their students through harbor restoration initiatives. It was found that
Underrepresented Minority (URM) students reported having higher levels of interest in STEM and science than did the
non-URM students. While this is a success, it was found that the URM students had lower expectations for success in
STEM courses and interest in STEM careers. It was concluded that URM students may need additional support in order
to build their confidence and help them to become aware of opportunities in STEM education and careers.
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1. Introduction

The Billion Oyster Project and Curriculum and Community Enterprise for the Restoration of New York Harbor with
New York City Public Schools (BOP-CCERS) program is a National Science Foundation (NSF) supported initiative
and collaboration of multiple institutions and organizations led by Pace University. The NSF project, Innovative
Technology Experiences for Students and Teachers (ITEST), had generated a large amount of data through
engagement with teachers and students throughout New York City public schools. One purpose of this project is to
engage with middle and high school science teachers to assist them in using project-based learning and real-world data
collection in their classrooms with their students through harbor restoration initiatives. BOP-CCERS uses a model that
involves over 5600 of New York City’s 1.1 million public school students.

Literature has reported the impact generated by STEM summer programs on student participants. Numerous summer
programs for high school students offer research projects in different STEM fields which is an effective strategy of
showing real life relevance of STEM to increase recruitment of student in science related careers (Kitchen, Sonnert, &
Sadler, 2018; Roberts et al., 2018; Rohrbaugh & Corces, 2011; Salto et al., 2014). Many of these programs involve
informal learning, peer learning, linkage with university, targeted career development activities, and mentoring by
university students. The same results was also observed in a STEM summer program for middle school students where
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participants were exposed to informal learning and found the STEM content session to be fun and engaging to increase
their motivation and interests in STEM fields (Mohr-Schroeder et al., 2014). These types of STEM activities (i.e.,
research projects and informal learning experiences) are crucial for STEM education since they provide authentic
experience not only to the teachers but also to students. The activities involved in the BOP-CCERS (project-based
learning activities with real life application) offer an opportunity for students, especially underrepresented minority
(URM) students to be engaged in a community or citizen science project, and provide the opportunity to experience the
excitement of scientific discovery. Although great effort has been done to improve the pipelines of the URM in the
college level particularly in STEM degrees, more improvement can be done if the intervention starts earlier. It has been
reported that many students entering the eighth grade found many of the STEM subjects to be too challenging, boring,
and uninteresting (President’s Council of Advisors on Science and Technology, PCAST, 2010) .

2. Background and Context

BOP-CCERS is by design, a model of community-based restoration science education that requires not only parental
support of student learning, but direct large-scale participation by school community members in the practical, highly
localized applications of restoration science. Every school engaged in the BOP-CCERS model, relies on a dedicated
community of parents, volunteers and STEM+C professional working in concurrence on nearby reef restoration sites,
collecting and sharing BOP-CCERS standardized field data, and providing new opportunities for student technical
learning outside of the classroom. This broader community of parent-volunteers and STEM+C professionals involved
in BOP-CCERS is a prime factor in driving the growth and expansion of the model across New York City schools.
Over the past year alone, this broader community of restoration science practitioners has more than tripled in size,
establishing the necessary resources on the ground to support the Phase II expansion of BOP-CCERS. Currently,
BOP-CCERS curriculum and teacher training programs are being implemented in 78 Title I funded public schools and
afterschool programs in New York City. At this level, the model engages more than 5,600 students directly on a weekly
basis in hands-on restoration-based STEM activities in the classroom curriculum, through lab activities, and field
expeditions. Beyond the immediate sphere of impact, 870+ volunteers engage annually at STEM Hubs and reef
restoration sites in three low-income neighborhoods of coastal Brooklyn. More than 300 of these volunteers work
directly with BOP-CCERS students in monitoring Oyster Research Stations and community reefs.

The result of the BOP-CCERS ITEST (Phase II) project is to create an innovative STEM curriculum for teachers that
utilizes computational thinking and science; a meaningful, highly engaging basis of learning for students; and a
unifying platform around which to engage a diverse community of STEM professionals, graduate and postdoctoral
scientists, and educators in informal education settings in carrying out an array of complementary education and
restoration activities.

The research question from the project was to determine the aspects of the BOP-CCERS project that had a positive
influence on underrepresented students’ motivation and preparation to pursue STEM careers, compared to other
students. A key outcome is to encourage students from underrepresented backgrounds to pursue STEM courses and
majors throughout their education, and hence pursue a STEM-based career. A major goal is to provide programming
and educational experiences that motivate student interest in STEM that helps to diversify STEM careers in the United
States.

3. Theoretical Framework and Literature Review

The theoretical framework for this study rests upon Bandura’s (1986, 1997) self-efficacy and social cognitive theory
through which students develop through their social interactions and the development of their self-efficacy. It is
possible that self-efficacy is one of the more important variables for academic success, which is related to student
engagement and persistence. Moreover, Vygotsky’s sociocultural theory of learning (Vygotsky, 1987) provides
grounding for this study in which teacher facilitators and students form a community of learners through their
collaboration and connections. Thirdly, Piaget’s constructivist theory of learning provides a foundation for
student-centered exploration and investigation (Piaget, 1971; Piaget & Inhelder, 1972), which is important for the
development of knowledge, skills, and understanding in STEM education.

In an effort to increase Underrepresented Minority (URM) student participation in STEM courses, majors, and careers,
it is important to provide students with real-world and engaging STEM activities. The BOP-CCERS project created
opportunities for students to engage in hands-on and real-world STEM learning in the way that STEM professionals
conduct their work. As indicated in the authors’ recent publication, “Students learn science and mathematics through
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‘doing’ in the way scientists and mathematicians conduct their own research, investigations, and practices (Brandt,
2016; Hoskins, 2019; Plank, 2017; Wilcox, Cruse, & Clough, 2015)” (Birney et al., 2021, p. 29). Moreover, “Not only
do these experiences reflect the way in which STEM professionals conduct their work, but also they can be some of the
most engaging and rewarding of a student’s academic career (Mokter Hossain & Robinson, 2012)” (Birney et al., 2021,
p- 29). In the present study, the authors investigated the impact of the BOP-CCERS STEM activities on student
engagement and motivation with focus on engaging Underrepresented Minority (URM) students.

Previous studies have found that students could potentially benefit from more active learning techniques and activities
in STEM courses (Freeman et al., 2014), and in particular, Underrepresented Minority students (URM), which was
found in a recent study at the University of Washington (Theobald et al., 2020). Moreover, Martin-Hansen (2018)
found a strong STEM identity is a predictor of future STEM career choice, which was also one of the measurements
used in this current study. Kennedy and Odell (2014) had emphasized interdisciplinary STEM connections for students,
particularly through the use of STEM academies that emphasize technology integration and problem solving, in order
to demonstrate the connections within the STEM disciplines.

Estrada et al. (2016) found the following five recommendations are helping to engage and diversity STEM: track and
increase diversity awareness, create creative STEM partnerships, use curriculum and active learning, provide resources,
and motivate creativity among students. Similarly, Preininger (2018) recommended the following four techniques: use
of role models, growth mindset particularly for women in STEM, connections for math in non-quantitative classes, and
project-based learning. These studies align closely to the strategies employed in the current ITEST study: scientific
identity, engagement with scientists in the project, and use of STEM projects and activities.

4. Methodology

The design of study was through survey research conducted by the National Science Foundation (NSF) grant-funded
research and evaluation firm, The Mark, which serves as consultant for the NSF project, Innovative Technology
Experiences for Students and Teachers (ITEST). Students were in two groups: Underrepresented Minority (URM)
students and non-URM. Survey questions measured motivation to pursue STEM careers (e.g., “I am interested in jobs
related to science”), scientific identity (e.g., “I have a sense of belonging in a community of scientists”), engagement
with scientists in the project, number of projects students on which students worked, and number of activities in which
students engaged.

Students surveyed participated in community-based oyster restoration STEM Hubs, peer mentoring, the Summer
STEM Institute, and curricular activities in STEM and computer science. Moreover, teachers engage in laboratory
experiential learning preparation including field science and research protocols along with science content related to
oyster habitat restoration and ecology of New York City waterways.

Middle and high school students are involved in field research, data science, and computer programming activities
related to oyster reef restoration in New York Harbor. Students travel to the STEM Hubs at various waterfront sites
throughout New York City to collect data on oyster growth and water quality. They have the opportunity to work with
scientists to collect and discuss real time data while they are in the field. The data is then analyzed in the classroom
setting and uploaded to a BOP-CCERS Digital Platform. The BOP-CCERS Digital Platform also serves as a place for
teachers to access inquiry-based curriculum on restoration science. Teachers have the opportunity to download and
provide feedback on lessons used.

Another component is the peer mentoring program. Younger students were paired with older students for oyster
research mentoring and waterfront restoration activities at the STEM Hub sites. During the initial phase of the program,
11th grade students participating in an afterschool program shared their experiences and knowledge with 9th graders as
they explored maritime career options together. Prior to the school closures due to the COVID-19 pandemic, plans
included students across the elementary, middle and high school levels. Once restrictions are lifted, it is hopeful that
the current working model may be expanded to coordinate activities among more students.

High School students from the New York Metro Area participating in the Summer STEM Institute learn to analyze the
BOP-CCERS data collected over time using Python programming. They work in teams to make use of BOP-CCERS
data and gain real-world hands-on learning applications of technology and field research. Students created data models
and used design thinking methodologies while learning about the Billion Oyster Project to restore a sustainable oyster
population. During the Summer STEM Institute, students are also exposed to career-oriented panels and have
opportunities to network with STEM undergraduate and graduate students along with industry professionals.
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5. Results

The measurements for the results and outcomes for the project were conducted by the National Science Foundation
(NSF) grant-funded research and evaluation firm, The Mark, which serves as a research consultant for the NSF project,
Innovative Technology Experiences for Students and Teachers (ITEST). The overarching question driving the research
project is the following: What aspects of the BOP-CCERS project have a positive influence on underrepresented
students’ motivation and preparation to pursue STEM careers, compared to other students? This question was
answered through survey data collection conducted with participants of the study.

The evaluation team surveyed 500 students who participated in the project for over two years and received 111
responses in return to have a response rate of approximately 22%, which was considered to be an acceptable response
rate. It was found that Underrepresented Minority (URM) students reported having higher levels of interest in STEM
and science than did the non-URM students (see Figure 1). Students responded to survey questions on a Likert scale
with ratings from 1 = strongly disagree to 5 = strongly agree, such as “I want to understand science” and “I like to see
how things are made”. The URM students had higher average interest (M=4.21, SD=0.64) compared to the non-URM
group (=3.79, SD=1.05) and students who did not report their URM status (M=3.97, SD=0.92). While this is a success,
it was found that the URM students had lower expectations for success in STEM courses and interest in STEM careers.
It was concluded that URM students may need additional support in order to build their confidence and help them to
become aware of opportunities in STEM education and careers.

Strongly agree (5)

421, sd=0.64
40 3.97, 5d=0.92 3.79, sd=1.05
3.0
.0
Strongly disagree (|
(n=48) Mo Data (n=29) MNon-URM (n=7)

Figure 1. STEM Career Interest

URM students were found to have engaged in a greater number of STEM activities compared to non-URM students,
but with less time in the activities. Participating in the project specific activities may help to close this gap and will
require further study. Since URM students in the study had fewer family members or acquaintances who are scientists
(see Figure 2), direct engagement with scientists in different activities can overcome the limited exposure or
knowledge that they have about STEM careers (see Figure 3). URM students (26%) reported they engaged in direct
projects with scientists compared to non-URM students (29%) and students who did not report their URM status (25%).
These findings indicate there is great potential this project may have on positively influencing URM students’
motivation and preparation for STEM careers.

Overall, findings from the study were encouraging. URM students in the project have a lower expectation of success
and interest in STEM careers. Thus, the BOP-CCERS project has the potential to improve URM student engagement
and motivation in STEM. Moreover, the curricula and innovations designed by the project demonstrated that it will
provide additional opportunities for students to learn about STEM through participating in STEM activities, engaging
with scientists, and receiving guidance from mentors, which can help URM students and further enhance student
engagement and motivation in STEM. As evidenced here on the BOP-CCERS Digital Platform, even in the time of the
COVID-19 pandemic, students were able to engage in all activities in a remote/virtual environment which is now
slowly returning to in person practices and events.
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Figure 2. Family Members as Scientists
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Figure 3. Direct Projects with Scientists

6. Discussion and Conclusion

BOP-CCERS is by design, a model of community-based restoration science education that requires not only parental
support of student learning, but direct large-scale participation by school community members in the practical, highly
localized applications of restoration science. Every school engaged in the BOP-CCERS model, relies on a dedicated
community of parents, volunteers, and STEM+C professional working in concurrence on nearby reef restoration sites,
collecting and sharing BOP-CCERS standardized field data, and providing new opportunities for student technical
learning outside of the classroom. This broader community of parent-volunteers and STEM+C professionals involved
in BOP-CCERS is a prime factor in driving the growth and expansion of the model across New York City schools.
Over the past year alone, this broader community of restoration science practitioners has more than tripled in size,
establishing the necessary resources on the ground to support the Phase II expansion of BOP-CCERS.

Currently, BOP-CCERS curriculum and teacher training programs are being implemented in 78 Title I funded public
schools and afterschool programs in New York City. At this level, the model engages more than 5,600 students directly
on a weekly basis in hands-on restoration-based STEM activities in the classroom curriculum, through lab activities,
and field expeditions.

Beyond the immediate sphere of impact, 870+ volunteers engage annually at STEM Hubs and reef restoration sites in
three low-income neighborhoods of coastal Brooklyn. More than 300 of these volunteers work directly with BOP
students in monitoring Oyster Research Stations and community reefs.

Teachers in the BOP-CCERS program reported that they are better prepared to teach scientific research, oyster biology
and ecological restoration. Students who engage in real-world science learning activities are more likely to see the
relevance of science and see themselves working toward a STEM career pathway (Birney et al., 2019).

In BOP-CCERS Phase III STEM+ Computing through environmental restoration, this enhanced model will be
implemented at an additional 10-14 Title I funded schools across New York City, including both middle school and
high school classrooms. Due to the variety of population sizes in the New York City Department of Education middle
and intermediate schools, this has the capacity to reach thousands of additional students who will be able to participate
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directly in the BOPS-CCERS field research-based curriculum as well as to enroll in long-term restoration science
career and technical education pathways. This will enable an additional 15 to 20 thousand students to participate
directly in the BOP-CCERS field research-based curriculum as well to enroll in long-term restoration STEM+C career
and technical education pathways. Ultimately, the BOP-CCERS Model seeks to serve as a STEM+C Learning and
Research Center whereby, local, global, and international scientists, researchers, academicians, teachers, students and
STEM+C industry professionals can actively engage, participate, conduct research and learn from the BOP-CCERS
Model. This uniquely created STEM+C Learning Ecosystem focused upon creating opportunities for underrepresented
in STEM +C education, has the capacity to continue to make a larger impact globally. Ultimately, creating and
establishing public and private sector partnerships will allow for this entity to ultimately be self-sustaining and serve as
a permanent STEM+C BOP-CCERS Learning Resource Ecosystem in New York City (see Figure 3).
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Figure 4. BOP-CCERS Pillars

There are two main limitations in this study. First, the disruptions from the COVID-19 pandemic created some
complications with implementation and data collection that the research team was able to resolve, but should be
mentioned as having a possible impact on the experiences and outcomes of the project. Secondly, the response rate of
22%, while acceptable, was lower than the research team would have preferred. Additional efforts to collect data
during the in-person activities and events are being implemented in the post-pandemic environment in order to get a
better sense on the outcomes from the project. This process will continue in the longer term implementation of the
project.

The findings in this study are important for supporting URM students in STEM courses, majors, and career pipelines.
A purpose of this project is to engage with middle and high school science teachers to assist them in using
project-based learning and real-world data collection in their classrooms with their students through harbor restoration
initiatives. The result of the project is to create an innovative STEM curriculum for teachers. The research question
from the project was to determine the aspects of the BOP-CCERS project that had a positive influence on
underrepresented students’ motivation and preparation to pursue STEM careers, compared to other students. A key
outcome is to encourage students from underrepresented backgrounds to pursue STEM courses and majors throughout
their education, and hence pursue a STEM-based career, which means providing programming and educational
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experiences that motivate student interest in STEM that helps to diversify STEM careers in the United States.

The study found that after engaging students and teachers in the project’s STEM activities, URM students had higher
levels of interest in STEM and science than did the non-URM students. This is in agreement with previous initiatives
reported in literature where exposure to STEM activities in high school provides interest for students to pursue STEM
careers (Kitchen, Sonnert, & Sadler, 2018; Mohr-Schroeder et al., 2014; Roberts et al., 2018; Rohrbaugh & Corces,
2011). This means that programs should aim to engage URM students with real-world science and mathematics
coupled with mentoring from STEM professionals who themselves come from diverse backgrounds. The authors
recommend projects, activities, and mentoring designed to build URM student confidence while providing
opportunities and guidance designed to help them become aware of their options in STEM education and within STEM
careers.

Providing the support services that underrepresented students require in STEM Education was also a key element in the
project work over the last seven years. Mentoring, Summer STEM Institutes in Coding, computational thinking,
software design, computer science and information systems, and other STEM programs have provided a year round
experience and afterschool programs that ultimately give students the necessary resources, tools, and training in STEM
education needed to be successful. Teacher professional learning seminars and teacher/scientists designed curriculum
also provided both in the field and in classroom experiences that ignite student interest in STEM Education. Providing
students with systems and structures that will contribute to their overall STEM framework, will assist to ensure student
success in the STEM fields.
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