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Abstract

Increasing students’ confidence in their technological ability has been found to have a broader impact on their
content knowledge in several subject areas, but most strikingly, in STEM (science, technology, engineering, and
mathematics). A sample of 513 students in grades 6 through 12 in the New York City public school system were
questioned on their perceived technological ability after participating in The Curriculum and Community
Environmental Restoration Science (STEM + Computer Science) Project, hereafter referred to as the CCERS STEM
+ C Project. Also explored was the students’ access to technology to determine if this would be a factor in student
self-efficacy in technology ability. Analysis revealed that science self-efficacy and technology ability were both
strengthened through participation in the project. Additionally, the study found that working alongside STEM
professionals and exposure to STEM careers were also contributing factors. The study aims to determine if increased
access to technology would, in turn, increase students’ self-efficacy in their technology knowledge and skills and
have a positive effect on their self-confidence in STEM content. The results of the study contribute to the body of
research that suggests greater access to technology may be an important factor in students’ self-agency and academic
achievement.

Keywords: STEM literacy, technological ability, critical thinking, STEM career awareness, community
environmental restoration

1. Introduction
1.1 Introduced the Problem

Constant and dramatic advances in information and communication technology continue to affect each aspect of
society and have important implications in the field of education. Countries are focusing on STEM education and
careers to be competitive in the global economy as well as in human capital. For this reason, to remain at the
forefront of the technological race, they have adopted the basic aim of raising individuals who understand science
and mathematics conceptually well thus raising both economic and human capital for their countries. These students
can associate these concepts with daily events through computational thinking and can solve the problems they face
in daily life with the information transferred in schools (Hurt, et al., 2023). Individuals having the ability to
produce knowledge and communicate this information, provide the backbone of the economy. Consequently, it is of
great importance to educate each successive generation with analytical, creative, and critical thinking skills, which
are called 21%-century skills. Development of these skills can be attained through STEM, the acronym for science,
technology, engineering, and mathematics which is the basis of today’s and all future science and technological
developments. A workforce of individuals who are knowledgeable in STEM literacy, and advance their current work
in the STEM field, produces innovations that will increase the business and economic stability of their countries. An
increase in STEM occupations has a substantial impact on a country’s ability to compete in the global digital
economy (Idris, et al., 2023). People who are interested in STEM tend to take pleasure in working with ideas and
hands-on problem-solving (Chiu, T.K., 2023). Early and continued experience with these realistic and investigative
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interests is extremely advantageous in maintaining interest in STEM fields (Zhang, Ng & Leung, 2023). To put it
more succinctly, an optimum workforce is truly representative of the society in which it exists. For underrepresented
portions of this workforce to become involved, they must first become aware of the opportunity, receive equitable
education and skills associated with the STEM career pathway, and have a sense of truly belonging as equal
members. The synergy created through this holistic approach to STEM fields is contingent on the fact that all
members are fluent in STEM literacy and technological abilities.

1.2 Why is the Problem Important?

Educational technology can increase students’ understanding of subject content. Improvements in educational
technology have provided a plethora of opportunities to support student learning and enhance the technological
ability of the learner. Students who were drawn to STEM at an early age and continued to be interested throughout
high school were more likely to declare a STEM major. In addition, studies found that students who planned to major
in STEM before high school graduation were more likely to persist in STEM. Higher levels of STEM engagement
are found in students who report higher levels of belonging, and connections to STEM in their community (Mulvey,
etal., 2023).

The International Society for Technology Education (ISTE) is at the forefront of the educational technology
movement. ISTE believes that the transformation of teaching and learning, through innovation and problem-solving
is dependent on the power of technology (ISTE, 2020). Teachers must develop pedagogy-oriented technology or
technology-supported pedagogy to be effective in integrating technology into their instruction (Li, et al., 2019).
Classroom technology that allows students to investigate problems and gather information about a topic being
researched should be provided as a resource by the classroom teacher.

1.3 Primary and Secondary Hypotheses

1. Participants in the CCERS STEM + C Project will have a higher technological ability than non-CCERS
participants

2. Participants in the CCERS STEM + C Project will have greater access to technology than non-CCERS participants
1.4 Explore the Importance of the Problem
For this study, technology can be nuanced into four distinctive categories:

1. Technology as a product of engineering where technological tools are designed to meet specific needs to support
investigations in STEM. An example would be the use of probes.

2. Technology as educational or instructional where technology is integrated into pedagogical instruction or
technology that facilitates instruction. Examples include laptops and digital notebooks.

3. Technology as Computational Thinking where technology is used in the development of computing competencies.
Higher-order thinking skills such as data collecting, analyzing, problem-solving, designing, evaluating, and
communicating are all elements of computational thinking. An example would be LEGO Robotics

4. Technology as Tools and Procedures used by scientists, mathematicians, and engineers. The importance of
real-world, authentic problem-solving through hands-on, inquiry-based activities is the focus of this definition of
technology. The work of real-life STEM professionals is dependent on STEM-specific tools and technologies.
Exposing students to the authentic practices of STEM professionals enhances their understanding of the use of
technology in real-world settings and promotes literacy and career awareness opportunities.

Educational attainment and academic achievement in STEM are continually being highlighted in the 21% Century.
The demand for STEM professionals is projected to grow faster than other occupations (U.S. Bureau of Labor
Statistics, 2021) and will contribute not only to the collective economy but will also benefit the individuals who
chose this career pathway. Fifty-five percent of Black female students and 61% of Hispanic female students reported
never taking an engineering or technology course, compared to only 41% of their White male peers (Change the
Equation, 2016). This means that the most underrepresented group of students (women of color) in the field of
STEM only learn about engineering and technology through their science coursework. This accentuates the
importance of student engagement in STEM activities and technological integration in the science classroom (Ellis,
et al., 2020). Students’ acquisition of high-level technological skills and abilities is considered a basic part of the
21%-century curriculum, equivalent in importance to reading and writing (Unesco, 2000). Thus, current educators are
obligated to use technology as a teaching tool (Haleem, et al., 2022). Across the United States school districts are
making technology integration a priority and, as a result, investing significantly in both equipment and professional
development for instructional technology (Gomez, et al., 2022). In the New York City Department of Education, one
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of the largest preK-12 public education systems in the world, Computer Science for All (CS4All) was initiated in the
year 2015. The goal of the initiative is to ensure that every New York City student receives a meaningful unit of
computer science education by the year 2025 (https://blueprint.cs4all.nyc/). Extensive professional development for
the teachers in the NYCDOE has been provided by several institutions, none more significantly than the Curriculum
and Community Environmental Restoration Project.

Arguably, no area of education has benefited more than integrated STEM learning environments. The Curriculum
and Community Environmental Restoration STEM + C Project continues to work tirelessly to ensure a seamless
integration of technology with the environmental restoration of New York Harbor. During its initial iteration, the five
pillars of the CCERS STEM + C Project — (I) Teacher Training Curriculum, (II) — Student Learning Curriculum, (III)
— Digital Platform, (IV) — Afterschool and Summer Mentoring & (V) — Community Restoration-Based Exhibits,
offered the fundamentals of a multifaceted program that emphasized a long term problem-based environmental
restoration project to middle school students in the New York City public schools. Many of these students live in
high-poverty communities and represent underserved and underrepresented populations. The success of the initial
program and some of the challenges prompted the expansion of the program, both in depth and in breadth. Since
this project is dynamic, each of the pillars has been greatly expanded throughout the project, as can be seen in Figure
1. The CCERS STEM + C Project continues to offer an environmental restoration learning setting supported by
technology and integrating STEM content. Students are equipped with web-based databases, an extensive STEM
curriculum, and interactive and immersive technology to address real-world problem-solving and environmental
justice issues that are prevalent throughout the city. It motivates students to challenge social issues, have a voice in
environmental decisions, and become stewards of New York Harbor and its surrounding waterways. Learning
technologies have been demonstrated to enhance student learning, engagement, and interest in mathematics and
science (Hillmayr, et al., 2020)
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Figure 1. The Five Pillars of the CCERS Project Including All Expansions of the Program

For this study, particular emphasis is being given to Pillar III - The digital platform. This web-based, open-access
platform serves a multitude of purposes and is an integral part of the CCERS STEM + C Project. The digital
repository was created for sharing materials and data among teachers, students, and citizen scientists and promotes
cross-institutional learning and student engagement. This platform provides students access to learning resources
they wouldn’t otherwise have and brings to students the collaborative nature of science. Measurements and
observations from restoration stations are uploaded from the field or when students return to their classrooms (See
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Figure 2). This database is used to make comparisons across school sites and time points which allow participants to
understand similarities or differences in observations at different points in time to enhance experiential learning.

Student collaborations as demonstrated in this project involve problem identification, data analysis, and
problem-solving activities using computer software which according to research sources contributes to developing
data collection and analysis skills (Reid-Griffin & Carter, 2008). Educators use the materials and data accessed
through the digital platform to inform curricula design, by learning from other educators and participants in the
process. Digital technologies can provide new ways of engaging students in environmental stewardship and can
pique student interest while enabling them to capture experiences of local environments, collect data, and share their
findings with broader audiences (Buchanan, Pressick-Kilborn & Maher, 2018).

As with all of the pillars, this is an evolving and dynamic component. General access to the site is open to all of the
stakeholders as well as the public. Selected sections such as curriculum access are reserved for the educators in the
program. Many of the research topics presented at the Annual Science Symposium are gleaned from this resource.
Web-based learning is a vital tool in education, providing information, enhancing communication, providing an
environment for creativity, and delivering instruction (Dinc, 2017). Students’ understanding of subject content can be
increased with the use of technology (U.S. Department of Education, 2017). Inquiry-based learning involves making
predictions, investigating, evaluating, and developing explanations (Spektor-Levy, et al., 2017). A web-based
platform can be used to support student inquiry and provide a means for practice investigation and explanations of
phenomena while developing an understanding of instructional technology.
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Figure 2. Sample Metric Section from the BOP Platform
https://bopuiprod.azurewebsites.net/data/download-measurement

The use of technology and subject content mutually influence one another (Dong, et al., 2019). In a
technology-supported, integrated STEM learning environment, technology, content learning, and professional career
training often become intertwined and inseparable (Yang & Baldwin, 2020).

2. Method
2.1 Research Design

This study used a post-test-only comparison group design. Students who attended events that included the CCERS
curriculum were defined as the experimental group and students who attended events but did not participate in the
CCERS curriculum were considered the comparison group. At first, participants were randomly assigned to be in the
experimental or comparison group, but as of 2020, the control group is no longer in use, meaning all new participants
since 2020 are in the experimental group.
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2.2 Sampling Procedure and Participants

This report includes survey responses from participants who provided both student assent and parental consent per
the IRB requirements. A total of 513 students with parental consent and student assent completed the research and
evaluation surveys. Student demographic breakdowns are as follows: 29% of students identified as female, with 27%
identifying with a URM,(Note 1) 17% identified as first-generation American, and grade levels ranged from 6%
through 12" grade. Almost all students were from New York, however, three students were from New Jersey, three
were from Pennsylvania, and one was from Nevada. The respondent demographics can be seen in Table 1.

Table 1. Demographics of Survey Participants

Demographics Comparison CCERS Group Total
Group (N=90) (N=423) (N=513)
Gender
Male 40 (44.4%) 113 (26.7%) 153 (29.8%)
Female 24 (26.7%) 125 (29.6%) 149(29.2%)
Do not wish to specify - 24 (5.7%) 24 (4.7%)
No response 26 (28.9%) 161 (28.1%) 187 (36.4%)
Ethnicity/Race
American Indian or Alaska Native 3 (3.3%) 5 (1.2%) 8 (1.6%)
Asian 7 (7.8%) 37 (8.8%) 44 (8.6%)
Black or African-American 10 (11.1%) 32 (7.6%) 42 (8.2%)
Hispanic/Latino 15 (16.7%) 74 (17.5%) 89 (17.3%)
White (non-Hispanic or Latino) 26 (28.9%) 75 (17.7%) 101 (19.7%)
Other 3(3.3%) 13 (3.1%) 17 (3.3%)
Do not wish to specify - 30 (7.1%) 30 (5.8%)
No response 26 (28.9%) 157 (37.1%) 183 (35.6%)

2.3 Measures

Unless otherwise stated, composite scores are the mean scores with missing variables removed. For each of the
research questions, indices were created by averaging items on the survey's subscales. Where appropriate, the
research team calculated Cronbach’s alpha,(Note 2) a measure of internal consistency, to show that seemingly
disparate questions do go together.

Technological ability

Technological ability was a self-reported measure of participants’ agreement with the following statements:
e [ feel comfortable using software programs
e T use software programs in school that allow me to collect data

e [ feel comfortable using the Internet for research, to find primary sources, or to look up sources to use for
papers or projects
e My teachers expect me to use websites to do my schoolwork

e For part of my school day, I use a computer or tablet, or I go online to do work in class

2 ER I3 bl

The response options were “strongly disagree,” “disagree,” “maybe,” “agree,” and “strongly agree,” which were
coded as 1-5, respectively. Lower scores represent lower perceived ability in technology and higher scores represent
higher perceived ability in technology. Internal consistency reliability was acceptable with Cronbach’s alpha of 0.79.

Access to technology

Access to technology was a self-reported measure of how much access students had to computers, tablets, and
smartphones. They were presented with the following statements:

e [ have access to a computer that I can use at home

e ] have access to a tablet that I can use at home
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e [ have access to a smartphone

Response options were “less than once a month” (1), “once a month” (2), “once a week” (3), "once a day” (4), and
"multiple times a day” (5). The values were added together so that lower scores represent less access to technology
while higher values represent more access to technology. Because this was simply a measure of whether students had
access to technology, internal consistency wasn’t calculated.

2.4 Data Collection Procedure

Data were collected via a survey on Alchemer, (https://www.alchemer.com/), a survey design and distribution
website. The research team provided partners with a general survey link that any activity participant could access.
The survey procedure included screening questions to ensure students met participation requirements, parental
consent form, student assent form, program evaluation survey, and the research survey for the current study. The
research survey took participants an average of 8 minutes to complete.

2.5 Analysis

Advanced statistical analysis techniques including linear regression models, logistic regression, and mediation
models were used. Bootstrapping was applied to deal with outliers, non-normal distribution of the data, and large
amounts of missing data. Significant results are denoted with an (*).

Each type of analysis was conducted twice: once for the overall dataset, which has all students; and again, with only
students who identified with an underrepresented minority (URM). This was done to see if results from the overall
dataset applied equally to students who may have historically been overlooked.

3. Results
3.1 Impact on access to Technology and Technological Ability

Analysis indicated that students who participated in the CCERS curriculum had significantly higher scores in
technological ability than non-CCERS students [CCERS M = 4.2 (SD = 0.6) vs non-CCERS M = 2.3 (SD = 1.2)]*.
When breaking down the technological ability score to look at each statement, analyses showed CCERS students
agreed more with each statement (described above under Measures) when compared to non-CCERS students.

Average technological ability scores among CCERS (n=260) and non-CCERS (n= 3) students
Mean (SD)

1 = Strongly disagree 5 = Strongly agree

These results seem to apply consistently to subgroups. URM students who participated in CCERS curriculum had
higher scores in technological ability than non-CCERS URM students [CCERS M = 4.1 (SD = 0.7) vs non-CCERS
M=2.0(SD=14)]*

Average technological ability scores among CCERS URM (n= 103) and non-CCERS URM (n= 2) students

Mean (SD)

1 = Strongly disagree 5 = Strongly agree

CCERS

Non- CCERS
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Students who participated in CCERS also reported having greater access to technology than non-CCERS students
[CCERS M = 4.2 (SD = 0.6) vs non-CCERS M = 2.3 (SD = 1.2)] *. Because these two conceptually seem to be
related, a mediation model was created and tested.

\ CCERS \ Technological \ Access to

participation Ability Technology

Figure 3. Mediation Model for Access to Technology

The mediation model (see Figure 3) shows that CCERS participation may have given students more access to
technology, in part, by improving students’ technological ability. This model is even generalized to URM students,
showing how the program can equitably distribute benefits so that all students can prosper. What this means is that
CCERS may have provided students with more resources, as well as the means to utilize them. In the future, this is
important, as solely providing students with computers, smartphones, and tablets may not alone improve outcomes.
Students must also be given training to increase their technological ability so they can use these tools effectively.

However, separate analyses revealed that CCERS students had greater technological ability than non-CCERS
students, and students with higher technological ability were more likely to have higher science self-efficacy (See
Figure 4). This paints an image of a student who participated in CCERS: improved technological ability may have
helped them do things that made them feel more like a scientist, which made them feel more confident about STEM
activities and careers (i.e., their science self-efficacy).

This relationship holds for URM students, except that the strength of the relationship between CCERS participation,
technological ability, and science self-efficacy was stronger. This suggests that by changing the way students engage
with technology, CCERS was able to have an indirect impact on students’ perceptions of their ability to solve
problems and engage in STEM, including URM students.

\ Technological Science Self-
LCESS ability efficacy

Figure 4. Mediation Model for Science Self-Efficacy

3.2 Moderation Analysis

An exploratory moderation analysis was performed to identify areas for improvement and intervention for future
iterations of the program. There was a strong association between science self-efficacy and technological ability that
warranted further investigations. It was found that awareness of STEM careers moderated the relationship between
science self-efficacy and technology ability. This means that a higher awareness of STEM careers makes the
relationship between science self-efficacy and technology ability stronger, while less awareness of STEM careers can
lead to their relationship being weaker (See Figure 5).

/ Awarenes

Science self- \ [ sof ~ Technologic
efficacy STEM al ability
\ \ careers

Figure 5. Factors That Support Technological Ability
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4. Discussion

As CCERS STEM + C promotes technological ability in students, it seems that the increase in technological ability
helps build science self-efficacy. Studies have shown that technology helps to improve students’ science learning,
increasing their sense of competency (Reid-Griffin & Carter, 2008). This may improve students’ learning overall, as
incorporating new information technologies may lead to more efficient and effective education (Lopez-Perez, et al.,
2013). It is also possible that tools given to students to solve problems can help build their sense of competency
(Wang, et al., 2022). Given competency is a key to motivation, this may be one way to CCERS STEM + C program
gets students to become interested in STEM careers.

In addition, there is evidence that the CCERS STEM + C program impacts STEM career awareness. This seems to be
a direct result of Pillar 1: Teacher Training with Computer Science, Data Science, and STEM Career Exploration, as
one of the pillar’s goals, was for teachers to increase student engagement and learning in oyster restoration research,
and interest in STEM careers. Additionally, teachers predicted that students’ awareness of STEM careers would
increase as a result of participating in the BOP activities, as they were acting as scientists themselves and were
collecting and working with computer data, a prediction that is supported by the data.

Lastly, the moderation model showing awareness of STEM careers moderates the relationship between science
self-efficacy and technological ability and sheds light on a way to improve the program. It may be that when students
know the purpose of their activities, ideas can translate into action. This is consistent with self-determination theory
(Ryan & Deci, 2000). Specifically, students knowing they can make a career out of their skills may act as a catalyst
in motivating them to improve their technological abilities. STEM education is universal; and focuses on literacy
skills such as creative thinking, critical thinking, problem-solving, and collaborative work. These skills must be
acquired by the individual. STEM education paves the way for being creative, productive and thinking critically, and
analytically in the field of science, technology, engineering, and mathematics (Karasah-Cakici, Kol, & Yaman,
2021).

The study found that students who participate in through technology-enhanced real-world STEM experiential
learning, have developed confidence in their technological ability as well as their STEM content knowledge. The
project provides student engagement in oyster restoration in the New York Harbor by building expertise in oysters
and oyster restoration, developing student technological and research skills through the oyster restoration activities,
and encourages students to hone and expand these new skills by seeing themselves as scientists (Birney, et al., 2023).
Through engagement with the embedded technology, students can to succeed in their STEM coursework which
enhances their awareness of further STEM educational and career opportunities. It opens the gateway for the STEM
pipeline to continue.

5. Conclusion

Education is one of the most important and difficult endeavors a society can pursue. The motivation and strategies
elicited by students, such as content knowledge and interest are crucial to students’ success and tenacity (Dinsmore
& Fryer, 2019). Academic success is contingent on many varied factors including engagement and incremental
successes (Harackiewicz, Smith, & Priniski, 2016). Some groups of students (marginalized/underrepresented),
benefit when the emphasis of the STEM topic is giving back to the community (Thoman, et al., 2015). Intrinsic
motivation is based on three psychological needs. Autonomy or internal self-approval, competence or self-efficacy
and a connection to others are critical for success (Szulawski, Kazmierczak, & Prisik, 2021).

The results of the study support the original hypotheses and have implications for further research. Students who
participated in the CCERS activities showed a higher level of confidence in their scientific observations, inquiries,
and communication compared to students who did not participate in the CCERS activities. Additionally, CCERS
students had higher technological ability scores than non-CCERS students, and this explained some of the project’s
influence on science self-efficacy. Lastly, the program’s influence on technological ability and science self-efficacy
is related to students’ career interests. The result of these analyses seems to hold for URM (Underrepresented
Minority) students when there is enough data to perform the analysis, meaning, the results may be equitably
distributed throughout the student population. As students develop their science self-efficacy and gain interest in
STEM careers, they may be more likely to pick a STEM major in college (Estrada, Hernandez, & Schultz, 2018).
The results show that the CCERS STEM + C program may be a part of the pipeline to bring students into STEM.

The data suggests several opportunities for the modification to CCERS program for further research. One approach
would be to target URM students with a low interest in STEM content and limited access to technology. Bolstering
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the amount of technology in the STEM content to be learned would enhance the learning environment with
implications for greater self-efficacy and success. Greater efforts can be made to increase access to mentorship from
scientists and to connect students with volunteer opportunities, both of which can further increase interest and
engagement in STEM. Career interest is associated with an increase in awareness of STEM careers, which is
associated with an increase in STEM engagement; therefore, increasing access to mentorship and volunteer
opportunities is a concrete intervention schools can implement that may directly benefit students. CCERS can also
ensure that students are made aware of the opportunities they have for STEM careers. Exposure of the students to
careers in the fields associated with STEM can pique their awareness of and interest in STEM careers (Blotnicky, et
al., 2018). This may help promote more learning among those who already see themselves as competent in science
and promote further growth in this area. Future research is needed to explore the relationship between interest,
self-efficacy, and success in pursuing postsecondary STEM education and careers.
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Notes

Note 1. Underrepresented minorities include those identifying as American Indian or Alaska Native, Black or
African American, and Hispanic/Latino.

Note 2. Cronbach’s alpha is a measure of how two or more questions fit together, expressed as a value between 0 and
1. Generally speaking, values below 0.7 mean internal consistency is too low, meaning the questions are measuring
different things rather than capturing one thing from multiple angles. On the other hand, values above 0.9 are
considered high, meaning the same questions are being asked over and over again without adding a lot of value.
What is generally accepted, therefore, is a value above 0.7 and below 0.9.
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