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Abstract 

The role of classroom teachers in the development of a well-designed curriculum is paramount. For this reason, 
teachers were asked to participate in the use and evaluation of a remote learning environmental restoration 
curriculum. The purpose of the study was to determine whether the participating teachers increased their content 
knowledge of STEM concepts and content related to the environmental restoration, specifically in terms of New 
York Harbor and oyster restoration, by participating in a remote learning curriculum pilot. New York City public 
school teachers of grades 6 through 12 instructed their students in the remote learning computer science curriculum 
lessons for one semester. A reflective survey was administered to the teachers at the conclusion of the semester and 
the findings indicated that 89% of the participating teachers experienced an increase in their knowledge of STEM 
concepts and content related to harbor and oyster restoration. The study was limited by the element of time and the 
model can be augmented in future iterations by increasing the length of the study to a full year of school and across 
several grade levels. 

Keywords: digital literacy, environmental restoration science, educational inequality, remote learning curriculum, 
digital platform 

 
1. Introduction 

Inequity in education most assuredly did not begin in the 21st Century. Educators, parents and children have been 
grappling with the imbalance of resources, high-quality teachers and meaningful curriculum for centuries. As 
indicated in a study by Wright and Carrese (2002), findings indicate that high-quality teachers are enthusiastic, able 
to develop rapport with learners, committed to the growth of their students, and interested in learners as people. 
Students from low-income, minority communities attend schools with less qualified teachers than their counterparts 
in wealthier communities (Mangiante, 2011). In a study called Project Clarion (Kim, et al., 2011), results indicated 
that there was a positive achievement effect for low socio-economic students who were exposed to inquiry-based 
approach curriculum. High-quality curriculum is especially critical for low-income students and students of color 
whose schools often have low-quality learning materials (National Institute for Excellence in Teaching, 2021). 
Studies of educationally top-performing countries indicate that a shared characteristic is high-quality, content-rich 
curriculum (Steiner, 2018). Students in low-income communities continually experience deficits which impact the 
quality of education they receive and ultimately, the trajectory which will lead them from cradle to career. Studies 
have indicated that there has been a sharp increase in inequality in education since the onset of the pandemic which 
closed schools in the spring of 2020 (Haelermans, et al., 2022). Results indicate that the inequities in learning lose 
during the pandemic were directly correlated to parental education and income. In a study utilizing nationally 
representative datasets of cohorts born from 1908 through 1955, income inequality has progressively moved up the 
ranks of factors that predict educational inequality and is currently the primary factor in educational inequality 
(Jackson & Holzman, 2020).  

Coupled with this growing dilemma is the fact that the natural environment is an area of education that needs the 
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desperate attention of the next generation. The urgency of students to become stewards of the environment has never 
been greater. However, this cannot happen unless several factors are in place. Students, and especially students who 
have been marginalized due to gender or racial slights, often do not feel that they are welcome or capable in the areas 
of STEM education. This must change if these vital and capable voices feel a sense of agency when it comes to the 
natural environment. Descriptions of contributory citizen science projects emphasize four common characteristics: (a) 
members of the public are active participants; (b) following a specific citizen science protocol is critical to 
contributing to the value to science research; (c) professional scientists use citizen science data to generate 
knowledge about real-world problems; and (d) a virtual collaboration occurs where participants and scientists share 
data online (Bonney, Phillips, Enck, Shirk, & Trautmann, 2014).  

The United Nations (United Nations General Assembly, 2019) recently declared 2021 – 2030 as the “Decade of 
Ecosystem Restoration”. The resolution was adopted by the General Assembly on March 1, 2019. Coined as a global 
rallying cry to heal the planet, its mission is to prevent, halt and reverse the degradation of ecosystems on every 
continent and in every ocean. Ecological restoration has the potential to improve air quality, reverse forest clearance 
and desertification, slow biodiversity loss, enhance urban environments and perhaps improve human livelihoods and 
humanity’s relationship within nature (Perring, et al., 2015). Environmental restoration is crucial for the welfare of 
the planet and humanity. In a study conducted by the Yale Program on Climate Change, four generations of 
Americans were examined on global warming beliefs and engagement. Findings on the Climate Change in the 
American Mind surveys indicate that younger Americans see global warming as a personally important and express a 
willingness to engage in environmental activism (Ballew, et al., 2019). In addition, in a recent article in Greenbiz, 
studies show that generation Z and millennial members are more concerned with global challenges. Having been 
born in the digital age, these generations are seen as being more socially aware and environmentally responsible 
(Hassim, 2021).  

All indications are that an inclusive younger generation is poised to take up the gauntlet to continue the restoration 
work that has begun and to enhance and expand on these beginnings. Education is the critical component in giving 
these students a sense of empowerment and agency. The ultimate purpose of education is to empower learners to 
think, to feel and to ask. Experiential education in particular in particular can be a very effective means through 
which these and other skills can be developed (Shellman, 2014). Combined with their drive for environmental 
restoration is the fact that the current generation of students are digital natives, coming of age in tandem with the 
advancements of the growing force of technology. The recovery of nature aided by digital technology could steer 
humanity and the biosphere towards a better future. By utilizing the talents, skills and education of the younger 
generation, environmental restoration and redevelopment can become realities. It is time to act and empower them 
(Jepson, 2022). 

Many studies have been conducted discussing the need for environmental restoration (Turner, et al., 2010), the use of 
digital technology in environmental education (Lai, Chang, Li, Fan, & Wu, 2013); (Janis, Birney & Newton, 2016) 
and the importance of teacher effectiveness in making students, especially those who feel disenfranchised, become 
actively engaged in STEM learning, advocates for environmental restoration and see themselves as agents of change 
and stewards of the environment (Sutradhar & Naraginti, 2022; Han, Kelley, & Knowles, 2021). Effective teachers 
generally use appropriate and varied educational resources in their preparation, articulate clear goals to the students 
with the expectation that their students can achieve (Cohen, Loeb, Miller, & Wyckoff, 2020). Previous research has 
concluded that teaching an integrated STEM curriculum that employs the application of several STEM skills and 
content engages students more than discrete subject content (Wang, Moore, Roehrig & Park, 2011). Students 
participate in real-world, project-based activities, embedded in environmental science and mathematics content 
framed by computer science applications. Since an integrated learning situation can complement and even enhance 
an existing curriculum, it is also favored by teachers (Yang, et al., 2021).  

The curriculum is at the heart of these efforts. A well-designed, high-quality curriculum charts a course for student 
learning by setting in motion a sequence of experiences that build knowledge and skills and create strong critical 
thinkers. A high-quality curriculum and well-chosen instructional materials can also do the same for teachers (Short 
& Hirsh, 2020). During the past two years, Teachers had to shift much of their face-to-face pedagogy to that of the 
virtual world with varying measures of success. A sense of urgency for the reliance on computer science and digital 
technologies was felt by all members of the educational community. However, even before the pandemic, digital 
technology was increasingly utilized in education (Li & Lalani, 2020). The success of digital technology in education 
relies on its ability to be meaningful and interoperable for teachers and their students. The technology must give 
students, families and communities agency, not only with the technology but also with the content in the curriculum. 
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Some areas of education had already incorporated digital technology and computer science into their existing 
curriculum. For example, in 2015, the New York City Department of Education launched the Computer Science for 
All (CS4All), promising to provide all 1.1 Million New York City public school students – including those who are 
under-represented in technology-related higher education programs and careers – with meaningful, high-quality 
digital technology (NYCDOE, 2015). Promising to increase rigor and equity, a number of projects and programs 
became integral to the expansion and success of CS4All. A key project from the onset of CS4All is the Curriculum 
and Community Enterprise for Restoration Science in New York Harbor STEM + C Project (CCERS STEM + C).  

The use of digital technologies to improve environmental education and activism can take several forms. In the 
Curriculum and Community Enterprise for Restoration Science in New York Harbor STEM + C Project, (CCERS 
STEM + C), digital technology is centered on the Billion Oyster Project Digital Platform that was established at the 
onset of the project in 2014. The function of the digital platform is to act as a dynamic repository for educational and 
restoration resources and materials. Capable of several and varied functions, the platform supports the following:  

 Environmental Restoration Education Resources – Teachers, students, and administrators have access to 
the curriculum units of study and the STEM lab materials. Teachers can upload, download and create 
lesson plans and educational resources to be used by the NYC K-12 students. The lessons and units are 
dynamic and fluid and teachers are encouraged to teach the lessons and make edits and adjustments to 
augment the materials for all educators and their students.  

 Oyster Restoration Station (ORS) Field Data – Students, teachers, community advocates and citizen 
scientists can collect and upload data as well as download and analyze data sets taken from around New 
York Harbor by other participating groups. These data sets create rich research opportunities for the 
students and have the ability to connect the individual efforts of school groups into the larger NYC Harbor 
community.  

 Symposium – Each year a student symposium is held at the end of the school year. The symposium is open 
to all 6-12 student in the New York City public school system and includes projects focused on NYC 
harbor restoration in the areas of engineering, scientific research, environmental justice, advocacy. 
Students have the opportunity to showcase their particular areas of interest and concern through authentic 
research.  

 Reports – This area of the platform focuses on the research and evaluation reports for the CCERS STEM + 
C Billion Oyster Project. It is here that the development of the project, its current findings and its projected 
implementation can be found.  

 Events – To meaningfully engage schools, restaurants, corporations, nonprofits and individuals to the 
waterways of New York City, the project hosted a series of events throughout the year. By connecting the 
community in this ongoing basis, the restoration-based education program benefits from the diverse 
backgrounds of its supporters. 

The digital platform is an open-source arena allowing for all members of the community to use the resources as they 
are needed. High quality curriculum that is available as an open educational resource levels the playing field by 
offering free resources. Resource-based learning creates a better platform to transform a culture of open learning and 
teaching across many educational systems to offer a better quality to the significant number of learners (Sandanayake, 
T.C. (2019). This collaborative approach not only allows for more diversified ideas and innovations but contribute to 
the social justice ideal of STEM education for all. Flagg (2016) found the strongest learning outcomes for minority 
students who engage with digital learning tools. The project’s use of a STEM focused “restoration through education” 
digital platform supports the activities of teachers and students in placed-based learning in educational data science. 
Digital platforms provide a context for motivational student-driven problem or project-based learning approaches, 
facilitating citizen science projects through learning participation and agency and real-world benefits (Cooper, 2016). 
Community restoration projects envision local people as the solution to habitat degradation and involve them at all 
stages of project development. These projects appear to perform better than large-scale integrated conservation and 
development projects (Horwich & Lyon, 2007).  

An addition to the digital platform is the newly developed BOP CCERS (STEM + Computer Science) remote 
learning computer science curriculum. From January through June 2021New York City public school teachers 
participated in a program to pilot BOP CCERS (STEM + Computer Science) remote learning computer science 
curriculum with their students. Piloting is an important tool that increases the validity and reliability of the research. 
It helps to focus and adapt the research to the local situation (Gudmunddsdottir, & Brock-Utne, 2010). The CCERS 
(STEM + Computer Science) remote learning computer science curriculum consisted of several problem-based 
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learning lessons that include topic, overview, driving questions, and supplemental resources. Teachers met monthly 
to discuss lessons and activities and to provide feedback on the curriculum. By sharing their experiences with the 
curriculum and students, the curriculum was used as a guide that helped to bring the students’ experiences with the 
environmental remote learning computer science curriculum to the forefront. Teachers and students are currently 
experiencing many challenges as they adapt to remote learning instructional platforms. Their successful adaptation is 
essential. The process of sharing experiences facilitated teachers to come together as a community (Green, Burrow & 
Carvalho, 2020). At the end of their pilot program participation, teachers took a survey reflecting on their experience 
in the workshop sessions and in using the curriculum with students.  

The primary hypothesis of this study is that after participation in the BOP CCERS (STEM + Computer Science) 
remote learning computer science curriculum pilot program, teachers will have increased their knowledge of STEM 
concepts and content related to oyster and harbor restoration. The secondary objective of the study is that after 
participation in the BOP CCERS (STEM + Computer Science) remote learning computer science curriculum pilot, 
the teachers will believe that the curriculum engages students and promotes interest in oyster restoration and research. 
In addition, the teachers will feel that the BOP CCERS (STEM + Computer Science) remote learning computer 
science curriculum facilitates high quality instructional practices. 

 
2. Method 

The study was conducted during a six month trial period with participants piloting the environmental science remote 
learning curriculum. Participants were recruited as a sub-set of participating teachers in the CCERS (STEM + 
Computer Science) project. The study was designed to investigate the efficacy of the remote learning curriculum, 
specifically for increasing participants’ content and skills in the environmental restoration science project. The 
participating teachers were asked to complete the Curriculum Pilot Program Participant Survey to detect to what 
extent the remote curriculum transformed teachers’ perceptions in their own environmental restoration content 
knowledge and skills and their perceptions of this effect on the students STEM careers awareness. Surveys that are 
similar in nature have been applied in educational research (Caruana, Woodrow & Pérez, 2010). Evaluation was 
based on the participating teachers’ perception of the value of the environmental restoration science (STEM + 
Computer Science) remote learning curriculum in providing opportunities for participants to increase their skills and 
content and raise student awareness of oyster restoration research and STEM career opportunities.  

2.1 Participants  

New York City public school teachers of grades 6 through 12 were selected to participate in the CCERS STEM + 
Computer Science Remote Learning Curriculum Pilot. Teachers shared the remote learning computer science 
curriculum lessons with their students from January 2021 through June 2021 (one semester). Monthly meetings 
(workshops) were conducted with the teachers and the external evaluator to discuss the lessons and activities and to 
provide feedback on the curriculum and its intended impact. At the conclusion of the pilot, the teachers were given a 
survey asking them to reflect on their experience in the workshop sessions and in using the curriculum with their 
students.  

 

Figure 1. Curriculum Pilot Participants 
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Thirteen New York City public school teachers were selected to participate in the pilot program with nine of the 
participants completing the survey (As referenced in Figure 1). 89% of the respondents are high school teachers 
(Grades 9-12) and 11% are middle school teachers (Grades 6-8). Approximately 440 students participated in lessons 
from the pilot remote learning computer science curriculum program. 

2.2 Research Design 

This is a qualitative study with results based on a reflective survey given to the teachers at the conclusion of the pilot 
program. The survey consisted of two types of questions. One consisted of questions followed by statements from 
which the teachers could choose. The second was composed of statements followed by a Likert Scale from 1 
(Strongly Disagree) to 6 (Strongly Agree). A data analysis was used to codify the responses and communicate the 
results. The Likert-type items were combined into a composite score/variable in the data analysis process. The 
survey focused on selections based on the teachers’: 

1. Reasons for participating in the remote learning computer science curriculum pilot. 

2. Teachers’ perceived gains from participating in the pilot program.  

3. Teachers’ perceptions of the CCERS STEM + C Remote Learning Computer Science curriculum.  

4. Teachers’ perceptions of their students’ interest in pursuing a STEM marine career after being taught with the 
CCERS STEM + C Remote Learning Computer Science curriculum. 

 
3. Results 

Teachers were asked why they participated in the curriculum pilot program (as referenced in Figure 2). Teachers 
could choose multiple responses to this question. 

 

Figure 2. Reasons for Participating in the Pilot Program 

 
The most frequent reason teachers cited for program participation was general interest in the topic, with 89 percent of 
respondents. An increase my content knowledge for teaching oyster restoration lessons was also frequently cited, 
with 78 percent of respondents. 

Teachers responded to a series of statements about what they gained from their participation in the pilot program. 
Each statement was evaluated on a scale from 1 (Strongly Disagree) to 6 (Strongly Agree), the results of which can 
be seen in Figure 3). 
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Figure 3. Level of Agreement with Participation Statements 

 
Teachers’ responses to all statements were positive with all average responses between 5.00 (Agree) and 6.00 
(Strongly Agree). The highest average response was to the statement, I feel more prepared to teach the BOP CCERS 
(STEM + Computer Science) curriculum and support students’ learning and research in this content with an average 
of 5.67 (standard deviation=0.71). The lowest average response was to the statement, I increased my knowledge of 
STEM careers that I can share with my students with an average of 5.00 (standard deviation=0.71). The low value of 
the standard deviation indicates that the responses were clustered closer to the mean value. The consistency of the 
responses indicates the reliability of the treatment. 

Teachers also provided feedback on the sessions in which they met monthly with colleagues and BOP CCERS 
(STEM + Computer Science) staff to discuss the curriculum and engage in some of the activities. Teachers 
particularly liked being able to discuss different parts of the lessons with other teachers and having access to “real” 
data. Specific feedback on helpful aspects of the program included:  

 Having real data that was collected by students and community members. 

 I really appreciated hearing how other teachers modified the curriculum for students with disabilities. I 
also liked meeting before the Symposium to get feedback on my students' work. 

 Reviewing the curriculum and sharing our work - it forced a deep dive into the lessons.  

 Getting kids using Google sheets for data analysis because it helped them navigate data sets and figure out 
ways of analyze and graphically representing trends they found in the data. This feel more like "real 
science" compared to more cookbook lab type curricula. 

More specific questions can be seen in Figure 4. Teachers responded to questions that focused on the piloted 
curriculum in more depth.  
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Figure 4. Answers to Questions Concerning the Curriculum 

 
All of the respondents thought that the BOP CCERS (STEM + Computer Science) curriculum facilitates high quality 
instructional practices. Eighty-nine percent said the curriculum meets teachers’ needs for instruction to teach oyster 
restoration and research. Promoting students’ awareness of marine STEM careers received the lowest percentage in 
terms of response was lowest response with 56 percent responding. An additional response stated that the 
environmental science pilot curriculum required a lot of custom modification based on the time and space due to the 
fact that the teacher could not teach the entire lesson sequences in their original form. 

Teachers rated the BOP CCERS (STEM + Computer Science) curriculum lessons on a scale of 1 (Useless) to 5 
(Excellent). 

 

 
Figure 5. Ratings on Piloted BOP CCERS (STEM + Computer Science) Curriculum Lessons 

 
As indicated in Figure 5, the average rating of the lessons in the curriculum pilot was 4.33 (standard deviation=0.50). 
This falls between 4 (Good) and 5 (Excellent). 
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Figure 6. Student Interest in STEM Marine Career 

 
When asked if students’ participation in the lessons increase their interest in STEM careers, (See Figure 6), 33 
percent of respondents said yes. Sixty-seven percent did not know if participation increased student interest in STEM 
careers. This response is in line with other responses from teachers related to STEM careers. Teachers reported less 
interest in career content and less awareness of student interest overall. 

 
4. Discussion 

The focus of this study was to determine whether teachers have increased their knowledge of STEM concepts and 
content related to BOP CCERS (STEM + Computer Science) oyster and harbor restoration after participation in the 
remote learning computer science curriculum pilot program. The response to the statement, I increased my 
knowledge of STEM concepts and content related to BOP CCERS (STEM + Computer Science) oyster and harbor 
restoration, averaged 5.44 (standard deviation=0.71). The relatively low value of the standard deviation indicates a 
clustering of the responses closer to the mean.  

The secondary objective of the study was related to post-participation in the BOP CCERS (STEM + Computer 
Science) remote learning computer science curriculum pilot. The teachers believe that the curriculum engages 
students and promotes interest in oyster restoration and research at the conclusion of the pilot. 78% of the 
participants responded that the remote learning computer science curriculum does engages their students and that the 
students have a greater interest in oyster restoration and research after their experience with the BOP CCERS (STEM 
+ Computer Science) remote learning computer science lessons. The results of this study indicate that both the 
primary and secondary objectives of the study were successful. The majority of the participating teachers in the study 
conveyed that their knowledge of STEM concepts and content related to BOP CCERS (STEM + Computer Science) 
oyster and harbor restoration increased after their participation in the remote computer science curriculum pilot 
program. Additionally, 100% of the participating teachers feel that the remote computer science curriculum engages 
students and promotes interest in oyster restoration and research and that the remote computer science curriculum 
facilitates high quality instructional practices. 

Overall, participants rated the remote learning curriculum and associated workshops highly and had a positive 
experience in the program. Areas for possible improvement that were cited by the participants were (1) making the 
curriculum more flexible to meet a range of needs for teachers and (2) placing greater emphasis on STEM marine 
careers. Even with these areas of improvement, teachers’ perceptions of the program and curriculum support this 
being a high-quality program. 

To develop critical thinking and communication skills as well as allocate rigorous content, an exceptional curriculum 
is needed. The key positioning of the school curriculum should be to enhance children’s capacity to utilize their 
agency, both with respect to their own life courses and within a society. A focus on agency is crucial for personal 
empowerment and for the wider social, political and economic outcomes. (Manyukhina & Wyse, 2019). To advance 
large scale educational equity, a curriculum must be widely circulated, especially to schools in communities that are 
marginalized. Professional learning opportunities in the curriculum must also be strengthened to ensure that students 
feel a sense of agency and acceptance of the materials. Embedded in the BOP (STEM + Computer Science) remote 
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learning computer science curriculum is the universality of the environmental restoration content and the 
inclusiveness of the free access digital resources. Greenhow and Lewin (2016) speak of “participatory digital 
cultures” in regard to a sense of student agency and hope of affecting a positive impact on environmental 
sustainability. The environmental restoration computer science remote learning curriculum provides a greater 
opportunity for teachers and students to participate in real-world engagement, the practice of self-direction, 
advancement of science and engineering skills, critical research, extensive collaboration, and beneficial 
communication. 

In a recent online panel discussion entitled, The Role of Media & Technology in the Future of Education (WNET 
Events, April 28, 2022), https://wnet.zoom.us/j/85090182035, many of the distinguished panel members expressed 
equanimity during all of the current educational uncertainties all students and teachers are experiencing. For example, 
a panel member stated that the current digital divide that disproportionately adversely affects African-American and 
Hispanic students, found that parents have a greater level of comfort with their children’s teachers (though zoom 
lessons) and feel that the boundaries between the school and parents were bridged. Another felt that though the use 
of a more meaningful and dynamic digital curriculum, agency is given to students, parents and teachers. A third 
panel member stated that education has changed forever because of the positive aspects of technology and the 
involvement of community-based partners in providing free access to educational resources. Finally, a fourth stated 
that the increase dependence of digital technology has helped to bring communities together, showing students’ that 
they are part of one large educational and societal community.  

It is incumbent on future researchers to look at pedagogy, with technology as the tool to deliver instruction. 
Technology needs to be the bridge to an effective, progressive curriculum (Coker, 2020). Digital technologies 
emphasize learner engagement and connection to the hands-on, real-world activities. Digital technologies can 
support student inquiry through pedagogical approaches such as project-based learning. Remote learning enables 
communication amongst students at any number of schools, with experts in the field and community members 
(Buchanan, Pressick-Kilborn & Maher, 2019). As the fields of data-intensive environmental research and education 
continue to intersect, employment in data science for underrepresented populations is conceivable, such that the field 
can become both more gender balanced and representative of society at large in terms of ethnicity and other 
demographics (Hampton, et al., 2017). 

 
5. Conclusion 

The global pandemic that began in 2020 has inadvertently ushered in a prodigious development in the pedagogical 
world. Remote learning enabled students to continue with their education at a time when in-person learning was not 
an option. By ameliorating the educational dilemma, remote learning allowed educators to see the benefits of virtual 
education. Snow days, sickness, and even pandemics would no longer be an obstruction to learning. Currently, 
school districts across the country are developing remote learning options at an astounding rate. An analysis of the 
nation’s 20 largest school districts (Belsha & Barnum, 2022) found that almost all of them will offer remote classes this 
fall — and at least half are offering more full-time virtual options than offered pre-pandemic. Some of the cities 
included in the study were Los Angeles, Chicago, New York, Dallas, San Diego, and Philadelphia. The New York City 
Department of Education (NYCDOE, 2022) has already announced plans to launch two virtual schools in the fall, 
which is seen as a necessary improvement to the existing infrastructure. Dubbed, “A School without Walls”, one 
school will have a significant career and internship focus and the other will be completely remote (McDonough, 
2022). The Curriculum and Community Environmental Restoration Science (STEM + Computer Science) Remote 
Learning Curriculum lends itself to the school favoring the career and internship focus. Being ahead of its time, it has 
already been vetted in several schools and because of innovative foresight, the curriculum spans several grade levels 
and meets the standards that have been set for science, mathematics, and computer science. As educators strive 
toward creating a more inclusive and holistic learning environment for students, it is critical to open the space for 
exploring alternative learning models (Rizvi, 2021). It is suggested that the use and evaluation of the Curriculum and 
Community Environmental Restoration Science (STEM + Computer Science) Remote Learning Curriculum be used 
as a model for future remote curriculum development and evaluation. Given its environmental restoration theme, its 
long-term project-based components, and its attention to underrepresented populations, life-long learning, and career 
explorations, it can easily be adapted to suit the needs of other large school districts with challenges that mirror those 
in New York City. 

 
 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 11, No. 5; 2022 

Published by Sciedu Press                         261                         ISSN 1927-2677  E-ISSN 1927-2685 

References 

Ballew, M., Marlon, J., Rosenthal, S., Gustafson, A., Kotcher, J., Maibah, E., & Leiserowitz, A. (2019). Do Younger 
generations care more about global warming? Yale University and George Mason University, New Haven, CT. 
Yale Program of Climate Change Communications. Retrieved from 
https://climatecommunication.yale.edu/publications/do-younger-generations-care-more-about-global-warming/ 

Belsha, K., & Barnum, M. (2022). Sticking around: Most big districts will offer virtual learning this fall, a sign of 
pandemic’s effect. Chalkbeat. Retrieved 6 June, 2022 from 
https://www.chalkbeat.org/2022/6/6/23153483/big-school-districts-virtual-learning-fall-2022 

Bonney, R., Phillips, T. B., Enck, J., Shirk, J., & Trautmann, N. (2014). Citizen science and youth education, 
Commissioned paper for Committee on Successful Out-of-School STEM Learning. Washington, D.C. Board 
Science Retrieved from 
https://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_089993.pd 

Buchanan, J., Pressick-Kilborn, K., & Maher, D. (2019). Promoting Environmental Education for Primary 
School-aged Students Using Digital Technologies. EURASIA Journal of Mathematics, Science and Technology 
Education, 15(2). https://doi.org/10.29333/ejmste/100630  

Caruana, V., Woodrow, K., & Perez, L. (2010). Using the Learning Activities Survey to Examine Transformative 
Learning Experiences in Two Graduate Teacher Preparation Courses. InSight: A Journal of Scholarly Teaching, 
10, 25-34. http://doi.org/10.46504/10201502ca 

Cohen, J., Loeb, S., Miller, L. C., & Wyckoff, J. H. (2020) Policy Implementation, Principal Agency, and Strategic 
Action: Improving Teaching Effectiveness in New York City Middle Schools. Educational Evaluation and 
Policy Analysis, 42(1), 134-160. https://doi.org/10.3102/0162373719893338 

Coker, D. (2020). The Canary in the Mine Remote Learning. Journal of Curriculum and Teaching, 9(3), 76-87. 
https://doi.org/10.5430/jct.v9n3p76 

Cooper, C. B. (2016). Citizen science: How ordinary people are changing the face of discovery. New York: 
Overlook Press. https://doi.org/10.4136/ambi-agua.1996 

Flagg, B. (2016). Contribution of multimedia to girls’ experience of citizen science. Citizen Science: Theory and 
Practice, 1(2), 1-13. https://doi.org/10.5334/cstp.51 

Green, J. K., Burrow, M. S., & Carvalho, L. (2020). Designing for Transition: Supporting Teachers and Students 
Cope with Emergency Remote Education. Postdigital Science and Education, 2, 906-922. 
https://doi.org/10.1007/s42438-020-00185-6 

Greenhow, C., & Lewin, C. (2016). Social media and education: Reconceptualizing the boundaries of formal and 
informal learning. Learning, Media and Technology, 41(1), 6-30. 
https://doi.org/10.1080/17439884.2015.1064954 

Gudmunddsdottir, G. B., & Brock-Utne, B. (2010). An exploration of the importance of piloting and access as action 
research. Educational Action Research, 18(3), 359-372. https://doi.org/10.1080/09650792.2010.499815 

Haelermans, C., Korthals, R., Jacobs, M., de Leeuw, S., Vermeulen, S., van Vugt, L., Aarts, B., Prokic-Breuer, T., 
van der Velden, R., van Wetten, S., & de Wolf, I. (2022). Sharp increase in inequity in education in times of the 
COVID-19 pandemic. PLoS ONE, 17(2). https://doi.org/10.1371/journal.pone.0261114 

Hampton, S. E., Jones, M. B., Wasser, L. A., Schildhauer, M. P., Supp, S. R., Brun, J., Hernandez, R. R., Boettiger, 
C., Collins, S. L., Gross, L. J., Fernandez, D. S., Budden, A., White, E. P., Teal, T. K., Labou, S. G., & Aukema, 
J. E. (2017). Skills and Knowledge for Data-Intensive Environmental Research. Bioscience, 67(6), 546-557.  

Han, J., Kelley, T., & Knowles, J. G. (2021). Factors Influencing Student STEM Learning: Self-Efficacy and 
Outcome Expectancy, 21st Century Skills, and Career Awareness. Journal for STEM Education Research, 4, 
117-137. https://doi.org/10.1007/s41979-021-00053-3 

Hassim, A. (2021). Why younger generations are more willing to change in the name of sustainability, Greenbiz. 
Retrieved 26 January, 2021 from 
https://www.greenbiz.com/article/why-younger-generations-are-more-willing-change-name-sustainability 

Horwich, R. H., & Lyon, L. (2007). Community conservation: practitioners’ answer to critics. Orxy, 41(3), 376-385.  
https://doi.org/10.1017/S0030605307001010 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 11, No. 5; 2022 

Published by Sciedu Press                         262                         ISSN 1927-2677  E-ISSN 1927-2685 

Jackson, M., & Holzman, B. (2020). A century of inequality in the United States. Proceedings of the National 
Academy of Sciences of the United States of America, 117(32), 19108-19115. 
https://doi.org/10.1073/pnas.1907258117 

Janis, S., Birney, L., & Newton, R. (2016). Billion Oyster Project: Linking public school teaching and learning to the 
ecological restoration of New York Harbor using innovative applications of environmental and digital 
technologies. International Journal of Digital Content Technology and its Applications, 10(1). Retrieved from 
https://par.nsf.gov/servlets/purl/10020749 

Jepson, P. R. (2022). To capitalize on the Decade of Ecosystem Restoration, we need institutional redesign to 
empower advances in restoration ecology and rewilding. People and Nature, 2022(00), 1-10.  
https://doi.org/10.1002/pan3.10320 

Kim, K. H., Van Tassel-Baska, J., Bracken, B. A., Feng, A., Stambaugh, T., & Bland, L. (2011). Project Clarion: 
Three Years of Science Instruction in Title I Schools among K-Third Grade Students, Research Science 
Education, online publication, 7/15/2022. https://doi.org/10.1007/s11165-011-9218-5 

Lai, H., Chang, C., Li, W., Fan, Y., & Wu, Y. (2013). The implementation of mobile learning in outdoor education: 
Application of QR codes. British Journal of Education Technology, 44(2). 
https://doi.org/10.1111/j.1467-8535.2012.01343.x  

Li, C., & Lalani, F. (2020). The COVID-19 pandemic has changed education forever, World Economic Forum. 
Retrieved from 
https://www.weforum.org/agenda/2020/04/coronavirus-education-global-covid19-online-digital-learning/  

Mangiante, E. S. (2011). Teachers matter: Measure of teacher effectiveness in low-income minority schools. 
Educational Assessment Evaluation and Accountability, 23(1), 41-63. 
https://doi.org/10.1007/s11092-010-9107-x 

Manyukhina, Y., & Wyse, D. (2019). Learner Agency and the Curriculum: a Critical Realist Perspective. Curriculum 
Journal, 30(2), 1-21. https://doi.org/10.1080/09585176.2019.1599973 

McDonough, A. (2022). Davis Banks lays out vision for expanding remote learning. City and State. Retrieved 2 
March, 2022 from 
https://www.cityandstateny.com/policy/2022/03/david-banks-lays-out-vision-expanding-remote-learning/36269
2/ 

National Institute for Excellence in Teaching (2020). High-Quality Curriculum Implementation: Connecting What to 
Teach with How to Teach it. Retrieved 11 July, 2022 from 
https://www.niet.org/assets/1da4c1fbd6/high-quality-curriculum-implementation.pdf 

New York City Department of Education (2015). Computer Science for All. Retrieved from 
https://blueprint.cs4all.nyc/ 

New York City Department of Education (2022). A School without Walls. Retrieved from 
https://www.schools.nyc.gov/enrollment/enroll-grade-by-grade/high-school/a-school-without-walls 

Perring, M. P., Standish, R. J., Price, J. N., Craig, M. D., Erickson, T. E., Ruthrof, K. X., Whiteley, A. S., Valentine, 
L. E., & Hobbs, R. J. (2015). Advances in restoration ecology: rising to the challenge of the coming decades. 
Ecosphere, 6(8), 131. https://dx.doi.org/10.1890/ES15-00121.1 

Rizvi, S. (2021). A Case for Accelerated Education-Student Empowerment and Agency. International Journal for 
Cross-Disciplinary Subjects in Education, 12(2), 4455-4459. https://10.20533/ijcdse.2042.6364.2021.0544  

Sandanayake, T. C. (2019). Promoting open educational resource-based blended learning. International Journal of 
Educational Technology in Higher Education, 16(3). https://doi.org/10.1186/s41239-019-0133-6  

Shellman, A. (2014). Empowerment and Experiential Education: A State of Knowledge Paper. Journal of 
Experiential Education, 37(1), 18-33. https://doi.org/10.1177/1053825913518896  

Short, J., & Hirsh, S. (2020). The Elements: Transforming Teaching through Curriculum-Based Professional 
Learning. Challenge Paper, 1-64. The Carnegie Corporation of New York. Retrieved from 
https://www.carnegie.org/elements 

Steiner, D. (2018). Materials Matter. The Learning Professional, 39(6), 24-28. Retrieved from 
https://learningforward.org/wp-content/uploads/2018/12/materials-matter.pdf 



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 11, No. 5; 2022 

Published by Sciedu Press                         263                         ISSN 1927-2677  E-ISSN 1927-2685 

Sutradhar, P., & Naraginti, A. R. (2022). Teaching Effectiveness of Science, Technology, Engineering, and 
Mathematics (STEM) Teachers. SSRN, 1-11. http://dx.doi.org/10.2139/ssrn.4096832 

Turner, W., Bradley, B., Estes, L., Hole, D., Oppenheimer, M., & Wilcove, D. (2010). Climate Change: helping 
nature survive the human response. Conservation Letters, Volume 3(5), 304-312. 
https://doi.org/10.1111/j.1755-263xX.2010.00128x 

United Nations General Assembly (2019). United Nations Decade on Ecosystem Restoration (2021-2030). 
Seventy-3rd Session, Agenda Item 14. Retrieved 6 March, 2019 from 
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N19/060/16/PDF/N1906016.pdf?OpenElement 

Wang, H.-H., Moore, T. J., Roehrig, G. H., & Park, M. S. (2011). STEM integration: Teacher perceptions and 
practice. Journal of Pre-College Engineering Education, 1, 1-13. https://doi.org/10.5703/1288284314636 

WNET Events (April 28, 2022). The Role of Media & Technology in the Future of Education, Sreenivasan, Hari 
(moderator). Retrieved from https:/wnet.zoom.us/j/85090182035 

Wright, S. M., & Carrese, J. A. (2002). Excellence in role modeling: insight and perspectives from the pros. 
Canadian Medical Association Journal, 167(6), 638-43.  

Yang, D., Baek, Y., Ching, Y. H., Swanson, S., Chittoori, B., & Wang, S. (2021). Infusing Computational Thinking 
in an Integrated STEM Curriculum: User Reactions and Lessons Learned. European Journal of STEM 
Education, 6(1), 04. https://doi.org/10.20897/ejsteme/9560  

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 

  


