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Abstract
In this paper we evaluate a summer college preparatory program for New York City high school
students housed at Bronx Community College. The program was titled “Introduction to Energy
Technology” and it focused on teaching chemistry and engineering skills in the context of
traditional and alternative energy applications. The program has run for two summers, in 2017
and 2018, and has had 35 students participate. During the full day, six-week program, students
attended chemistry and engineering lectures, Excel sessions, math tutoring, and a daily afternoon
laboratory. The calendar also included a college panel and an energy plant tour. In addition to the
learning objectives of the course, a set of 30 specific skills were targeted and students selfevaluated their confidence in these skills at the beginning and end of the program. Students were
also surveyed on their interest in STEM, their confidence in different subjects, and their career
goals. Results of these surveys found that students’ confidence in chemistry, engineering and
computer skills increased as a result of the course. The most significant increases were observed
in engineering skills because initial confidence levels in this area were low. A majority of
students reported increased interest in STEM fields and 100% of students (during the 2018
cohort) reported that increasing their confidence in science, math and engineering contributed to
this intensified interest. This program evaluation reviews the program’s objectives, format,
teaching tools, student feedback and plans for future programming and assessment.
Introduction
The need for STEM-educated workers is long-standing and well-established [1, 2]. The US
government has responded by encouraging the development of a STEM pipeline to build
capacity from primary school through graduate school [3, 4]. Minorities and women, in
particular, are underrepresented in STEM fields [1, 2]. The underrepresentation of minorities and
women in STEM fields is affected by students’ choice of major, which is, in turn, affected by
factors like the students’ mathematics or science grades in high school and their parents’ level of
education [5, 6] and students’ confidence in their academic and mathematical skills [7].
Institutionalized economic, academic, and cultural barriers also contribute to underrepresentation
[8, 9, 10, 11]. Students’ success in STEM has been shown to be linked to their self-confidence in
the topics [12, 13, 14]. Further, beginning engineering students have been found to lack an
understanding of what an engineering career entails [14, 15]. Thus, to increase the number and
diversity of students choosing STEM careers, it is important to develop pipelines for students to
introduce them to STEM careers before college and to increase their confidence in STEM-related
skills.
Programs to address STEM skills, self-confidence, or understanding of STEM careers have
targeted various time frames throughout the STEM pipeline, including high school [16, 17],
summer bridge programs for high school to college [14, 18, 19], co-curricular support in college
[20, 21], and 2-year to 4-year college bridge programs [13]. The majority of summer bridge
programs target students already accepted to a college for an intensive summer program that
aims to improve student skill levels and confidence [14], often for credit [14, 22]; these programs

have been shown to be effective in improving students’ mathematics skills [14, 19, 22] and their
understanding of the field of engineering [14].
The summer bridge program evaluated in this paper was offered as part of an existing
collaborative program between the City University of New York and the New York City public
high school system called College Now [23]. College Now is a free, non-residential, college
transition program that serves public high school juniors and seniors from across the five
boroughs of New York City; students take pre-college and credit-bearing college courses but,
unlike most existing summer bridge programs, are not required to be enrolled in a CUNY school
[23]. Over 80% of the students in the CUNY-wide College Now program self-identify as
minority students and approximately 60% are female [24].
Background
The 2-credit, college-level, College Now course, EST 11: Introduction to Energy Technology,
ran Monday-Thursday, 9:00am-3:00pm for approximately 6 weeks during the summer of 2017
and the summer of 2018. The course had one primary instructor (a visiting professor from a local
private college) and teaching assistants that were engineering undergraduate students. The course
had an enrollment of 16 students (Summer 2017) and 19 students (Summer 2018) who attended
local NYC public high schools.
The students who participated in the College Now EST 11 course had similar demographics to
the entire Bronx Community College (BCC) College Now portion of the CUNY-wide program.
At BCC, the College Now student population was composed of 54.7% Hispanic, 34.7% Black,
5.2% Asian or Pacific Islander, 2.1% White, 0.5% American Indian or Alaskan Native and 2.8%
unknown. The program at BCC was 62.5% females and 37.5% males.
Of students surveyed in the 2018 cohort of EST 11, a majority were high school seniors (71%)
and had already taken Chemistry (86%), but not yet taken Physics (21%). The majority of
students said they intended to apply to four-year programs after high school, and all students
surveyed intended to ultimately get a four-year degree. A majority of students (62%) had not
taken an Advance Placement course.
The course was designed as part of larger project that aims to increase the percentage of
minorities and women that work in sustainable chemical and bioenergy technologies. The project
also included the design of two college-level classes. This summer bridge course, EST 11,
piloted portions of one of these 4-credit courses designed for students at Bronx Community
College. EST 11 was funded through both the College Now program and NSF ATE Project
#1601636 - Chemical and BioEnergy Technology for Sustainability (CBETS).
Curricular Design
The program focused on introducing high school students to the fields of Chemistry, Chemical
Engineering and Energy Technology while improving their computer skills, math skills, and
preparing them for college life. The goal was to increase student engagement with STEM fields,
but also to give them the skills to succeed in an engineering program in college. The course was

organized into four primary sections: Introduction to Physical Properties, Introduction to
Chemistry, Introduction to Chemical Engineering, and Applications to Energy Technologies.
The class consisted of a morning 75-minute lecture (with problem sets and activities) on these
topics and a 90-120-minute afternoon laboratory designed to use skills learned in the morning
section. Additionally, students spent 45 minutes learning Excel skills and 45 minutes in a math
tutoring session. The course was designed so that skills acquired in the math and computer
sections were also utilized shortly thereafter in both the primary Chemistry/Engineering lecture
and in the laboratory. The topics list for each portion of the program is shown in Table I.
The first portion of the course focused on skill building within chemistry, math and engineering
whereas the second portion of the course focused on using these skills for applications to energy
and electricity production. In the last two weeks of the course, topics included: sustainability, the
carbon cycle, electric power plants and steam, hydrocarbon fuels, and alternative energy
technologies. The students attended a field trip to the ConEdison steam plant in NYC and had
two laboratories focused on energy technology: calculating the energy content of biomass (nuts)
and creating biodiesel from waste bio-oil. Students also completed two projects: one on methods
to produce electricity and one on a commodity chemical. The laboratory units for the physical
property studies were modified from Vernier examples. The later laboratory experiments utilized
10L tank reactors and experiments modified from those developed at The City College of New
York [25] to give students a sense of scale in chemical engineering.
In addition to the topics in math, chemistry, and engineering, a set of learning objectives and
experiences were incorporated to prepare students to succeed in college. As shown in Table 1,
sections of the course were devoted to teaching study and test taking skills, presentation skills,
and note-taking. Students also participated in a college panel and a campus tour. Additionally,
students were exposed to common college practices like office hours, course syllabi, course
readings, and class discussions. In the 2018 course, specific time was set aside to allow students
to work on their own (with freedom to work anywhere on campus). These portions of time were
specifically designed to give students choices in how to manage their time.
The course, which drew juniors and seniors from various local high schools, did not have
specific prerequisites. Thus, a fundamental challenge of the course was to incorporate
differentiation into the curriculum delivery to meet the needs of a variety of skill levels. To
accommodate all students, each section of the course included peer-peer tutoring, office hours
during lunch, and optional assignments for students that were more advanced or for students that
required additional resources.
Future work in curriculum design will focus on scientific communication. Although short
laboratory reports and two presentations were required and graded, there was not explicit
instruction or feedback given on writing. Instead, a majority of the focus of technical
communication instruction was on developing clear and well formatted plots and tables.
Integrating an additional writing assignment explicitly designed with a revision process could
give students an idea of what college level scientific writing looks like.
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Table 1: Course Topics organized by section and week

Program Evaluation
We evaluated the course using two tools: a skills assessment performed at the beginning and end
of the course, and a student engagement survey performed at the end of the course. Both tools
were used for both the 2017 and 2018 cohorts. In some cases, slight modifications were made
between the 2017 and 2018 tools as noted in the assessment below. The student engagement
survey also asked students to reflect on what they learned in the course, and asked them to reflect
on how the course could be improved.
Skills assessment
Student performance was evaluated through a pre and post exam in mathematics, several quizzes
and a final exam in the course, and through assignments and presentations. In addition, students
self-evaluated themselves at the beginning and end of the course on a list of skills that were
covered. Students rated their confidence in each skill on a 4-point scale at the beginning and end
of the course. The average score for skills in each category is shown in Figure 1 for both the
2017 and 2018 cohort of students. At the beginning of the course, students felt the most
confident in chemistry skills and the least confident in their Excel skills and in their
understanding of applications of Chemistry and Engineering. A majority of students in both the
2017 and 2018 cohorts had never used Excel. However, at the beginning of the course, no more
than 25% of students rated any given skill a 4 (fully competent or advanced user), indicating that
for most students the entirety of material presented in the course was new material or material
that students had little confidence in. However, standard deviations between 0.7 and 1.7 (on a 4point scale) were measured for each category indicating strong variation in initial skill levels.
Thus, the pre-assessment indicated that the material was appropriate, but differentiation was
required to manage the variable foundational skills within the class.

Figure 1: Self-assessed confidence levels in course objectives on 4-point scale before and after
taking the course. Only cumulative scores are shown for 2017 and 2018 cohort of students.
After the course, students reported gains in confidence in each individual skill (breakdown
within category of skills is not shown), and standard deviations for each category were smaller

(ranging from 0.3 to 1.1) indicating variation was reduced for end-of semester skill levels.
Student confidence increased most significantly in Excel skills for both the 2017 and 2018
cohorts, likely because these were skills students had not had exposure to and were able to
master in the period of the course. Excel skills were taught in the computer sessions, and then
reinforced in the laboratory. Thus, students were able to see the usefulness of the skills and apply
them in new ways, which may have reinforced their confidence in them. Specific topics that
students reported the lowest confidence levels for at the end of the course are shown in Table 2.
These are shown to demonstrate areas of the curriculum could be improved. Most of these skills
were ones that students had little initial experience (such as knowing the components of a
traditional power plant) and thus had significant learning gains. However, certain skills such
“Calculations involving concentrations of solutions” and several related to data analysis such as
“Identifying independent and dependent variables” may be harder for students to learn and
require additional time for future iterations of the course.
Table 2: Topics that students reported the lowest confidence in at the end of the course. Learning
gains shown as average increase on a 4-point scale in parenthesis.
Topic Area:
Applications of Chemistry and
Engineering
Chemistry
Engineering and Math
Excel

2017 Cohort – topics with lowest
learning gains
Describe the main component of a
traditional steam power plant (2.57)
Balancing a Chemical Reaction
(1.86)
Identifying independent and
dependent variables (0.79)
Using Absolute Addresses (2.64)

2018 Cohort - topics with lowest
learning gains
Describe the main component of a
traditional steam power plant (1.92)
Calculations involving
concentrations of solutions (0.57)
Analyzing sets of data and
developing lines of best fit (0.52)
Using slope and y-intercept to
predict outcomes (1.2)

College Experience and Soft Skills
Students were surveyed on their interest in acquiring different non-technical skills before and
after the course. This aspect of the survey was performed only for the 2018 cohort. As shown in
Figure 2, results before and after the course differed significantly. Students were more interested
in getting instruction in time management after taking the college level course. Additionally,
students were more interested in gaining instruction in “How to study” and “Test preparation and
test taking skills” and “career planning” after the course. These responses were surprising
because explicit instruction was given in time management, test taking skills, and career
planning (including decisions on choosing your major, finding internships, etc.). We hypothesize
that this result may be because students recognized the value of these topics after the course, and
therefore, despite having more understanding of these areas, placed more of a priority on gaining
more instruction in them.

Figure 2: Percent of students that said they would appreciate instruction or guidance in each of
the noted areas, before and after the course. Data shown for the 2018 cohort of students only.
Areas where students were less interested in additional instruction were “Technical Writing” and
“Critical Thinking.” We hypothesize that student’s felt more confident in their critical thinking
skills, because a majority of the questions in the course were open-ended and/or long-form or
project-based problems. However, a majority of the scientific communication required in the
course was short laboratory reports and presentations with a majority of associated teaching time
was spent on assessing tables, plots, and scientific content rather than writing. Future iterations
of the course will include further instruction and explicit feedback on writing.
STEM engagement study
In addition to assessing their competence in course material, students completed a questionnaire
at the end of the course designed to measure whether their attitudes towards STEM had changed.
Specifically, we were interested in whether students were more interested in STEM related
topics, and whether their career choices were impacted by taking the course. The results for the
questions on engagement for the 2018 cohort are shown in Figure 3. The 2017 cohort reported
responses on a 4-point scale, and 2018 students reported on a 10-point scale, however, results
from the 2017 cohort (not shown) mirrored the trends shown in Figure 3.

Figure 3: Results from student surveys on STEM engagement reported on a 10-point scale
(Averages shown are for 2018 cohort only).
The most significant gains measured in the engagement survey were in “How likely are you to
seek out information about STEM.” The lowest gains were in “Interest in pursuing a degree in
STEM.” This may be because students, particularly those driven to seek out a college-credit
bearing summer course in their junior or senior year of high school, already have formed their
interests and ideas about their career. The 2017 cohort was also asked whether they were
interested in pursuing a graduate level degree in STEM and, for this question, significant gains
were measured. Thus, even if it didn’t change the students intended field of study, it may have
affected longer term ideas of what their career might look like. The results of the engagement
study show that after the course students had a better appreciation for the importance of STEM in
the world, but that this appreciation didn’t significantly impact their career plans, which were
likely already formed.
In addition to the questions shown in Figure 3, students also were asked which aspects of the
course contributed to their increased interest in STEM. This question was only asked for the
2018 cohort of students. The results are shown in Table 3. All surveyed students in the 2018
cohort said that feeling more confident in their abilities in science, math and engineering
increased their interest in STEM. Also, students said that learning about the applications of
science, math and engineering in class increased their interest in STEM more than the field trip
to the steam plant or laboratory work. We hypothesize that this is because the teaching of
applications of chemistry, engineering and math, specifically its relevance to topics like climate
change and energy, was more novel in their education than laboratory work or field trips.

Table 3: Responses to "Which of the following aspects of the course impacted your interest in
science/engineering?" Average responses for 2018 cohort only.
Decreased
Interest

No impact

Increased
Interest

Feeling better about my abilities in science, math
and engineering

0%

0%

100%

Learning about real-world applications of science,
math or engineering

0%

8%

92%

Getting exposure to laboratory work

0%

15%

85%

Field trip to the Steam Plant

0%

46%

54%

Learning more about career options in STEM

0%

15%

85%

After the questions on STEM engagement, the 2017 and 2018 cohort were asked for feedback on
how to improve the course. Students were asked to reflect on: 1) What things they would
recommend changing in future years 2) What things they would keep the same 3) How the
course was different from a traditional high school class and to 4) Reflect on the 1-3 most
important technical things they learned and to 5) Reflect on the 1-3 most important non-technical
things they learned. All of these questions were free response. A majority of students in both
cohorts noted aspects of the applications section of the course (i.e. “Learning where electricity
comes from”) as the most important technical skills they learned. A majority of both cohorts said
that the course was different from their high school classes because they had more independence
(several students reported “having more freedom” than in a high school class). The two cohorts
differed in their responses for what the students learned non-technically. The most common
responses for the 2018 cohort was time management and for the 2017 cohort the most common
responses included “office hours” or “networking.” These differences were likely because the
2017 cohort had several guest lectures (with whom to network) and the 2018 cohort were given
more independent time to manage. A majority of students in both cohorts did not have
recommendations for changes to the course. This may be because this was the first experience
for the students taking a college course; they had no reference to compare to.
One aspect of the course that students did not give feedback on that were explicitly built into the
curriculum were techniques of differentiation, specifically, peer tutoring, office hours, and
additional resources. Future assessment may ask for feedback on these techniques. Future
assessment may also ask students to reflect on the interdisciplinary design of the course and the
design of teaching and using specific skills in different sections simultaneously.
Retention in College Now Programs
College preparation of high school students was one aspect of the summer bridge program.
While during the study, many of the cohort have not graduated high school yet, a marker for
continued interest and investment by the students in attending college are their participation in
other College Now courses offered during the academic year. For the 2017 cohort (2018 cohort
is still enrolling in courses for spring, so the data is incomplete), 73% of the students participated

in continuing College Now semesters, covering different courses, 53% of the 2017 cohort
enrolled in one additional College Now semester course (Fall 2017 or Spring 2018) and 20% of
the 2017 cohort enrolled in two additional College Now semesters (both Fall 2017 and Spring
2018). One third of the 2017 cohort, or 45% of the students who continued to participate in the
College Now program, took a College Now version of ENG 11: Introduction to Engineering.
This illustrates their continued interest in STEM following the summer bridge program.
Conclusions
This paper evaluates a college program that covers material from chemistry, math, engineering,
and non-technical skills. Students improved significantly in using Excel, which they had little
experience with prior to the course. This may be because it was used throughout instruction in
laboratory and even in mathematics. Students felt more confident about their engineering and
math skills after the course and noted that this made them more interested in pursuing a degree in
math or science. Students’ reflections on the course show the giant step that students make in
moving from high school to college and demonstrate the importance of summer courses for high
school upperclassman that can fill this gap and prepare students for college both technically and
non-technically.
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