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Deploying Engineering-Based Learning in High
School Students STEM Learning

By Abe Zeid"

Teaching STEM concepts to today’s high school students has been challenging.
Span of attention is short. Students are glued to their electronic devices. They
cannot appreciate the abstract method of teaching, meaning covering concepts
followed by solving problems from a textbook. Research has shown that
students become excited and motivated to learn STEM abstract concepts when
they are related to their daily lives as applied to products and devices.
Acknowledging this research finding, the question is how to change the
traditional high school teaching approach to incorporate hands-on problem
solving? Before we answer this question, we must bear in mind the many
academic school year challenges and constraints. First, the curriculum is
jammed. There is no room to add new courses. Second, it is hard to add new
content to courses. Teachers must prepare students to take mandated
standardized tests. Third, schools operate on tight budgets, making it hard to buy
materials and supplies for student projects. One common teaching method that
overcome these challenges and allow students hands-on experience is problem-
based learning (PBL). A teacher using PBL assigns the students in class an
open-ended problem that focuses on some STEM concepts. Students research
the problem and solve it. The main advantage of PBL is that it helps students
solve open-ended problems. It allows a teacher to assign a class an ill-defined
problem to solve using STEM concepts. Typically, there is no one solution to
such kind of a problem, unlike a science-based problem that has only one
closed-form solution. The author has conceived, implemented, and tested an
alternative method for PBL.. It is EBL; engineering-based learning. EBL has the
same spirit as PBL but it has its roots in engineering design. It is the structural
nature of EBL that makes it easy and systematic to use in STEM classrooms.
The structure is based on the well-known engineering design process. The paper
discusses EBL in more details.

Keywords: Engineering-based Learning (EBL), Engineering Design Process
(EDP), Open-ended problems, STEM.

Introduction

STEM (Science, technology, Engineering, Mathematics) subjects have been
traditionally hard to teach to school students in all grades. The traditional method
of instructions is as follows. Teachers develop their lesson plans. They use a
textbook. They deliver the lecture in class to students. They solve examples in the
classroom and assign problems from the back of the textbook.

This model of teaching has eroded over time and is very much ineffective in
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todays learning, due to many reasons. Today’s students grow in different
environments and use different daily tools and technologies that were not available
decades ago. Electronic tools from computers to cell phones have forged students
to use the tools more than thinking about them. Thus, we need to develop new
pedagogical methods that fit the learning styles of the students to entice them to
pursue STEM careers.

Current STEM teaching methodologies are shown to be ineffective in
sustaining long-term interest among school students since they focus on
memorizing the theory without providing enough technical integration with real-
world applications. A possible solution to alleviate traditional lecture-based
approaches is through real-world design challenges.

One method that gained popularity for STEM teaching is PBL. PBL is
defined as group learning method to solve challenging problems and had emerged
as an incremental innovation in teaching pedagogy that past research has
extensively documented its corresponding benefits. Further, PBL has shown the
benefits of more experiential learning in school classrooms. A similar method is
challenge-based learning (Ktoridou & Doukanari, 2016, p. 61 — 71; YESICT EU
project, 2018). It is almost identical to PBL, but a different name.

An alternative method to PBL is EBL. EBL has its roots in engineering
design courses taught at college level. The core of these courses are capstone
design projects. Capstone design projects present a culmination experience for
college engineering students in ABET accredited engineering programs in the US
(Dym, Agogino, Eris, Frey, & Leifer, 2005, p. 103 — 120). Students work on open
ended projects sponsored by faculty advisors and/or industry. These projects are
open ended and could result in patents as well as start-ups. Students work in
groups, typically of 4 students for one semester. They present their designs and
prototypes to a panel of judges who select the best projects for certificate awards.

What makes these projects successful is the structured engineering design
process, shown in Figure 1, that students follow. All students follow the 8 steps
shown in Figure 1 regardless of the details of their project. These steps are very
important as they focus the students activities in their quest to solve the design
problem at hand.
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As more engineering faculty take on STEM research, they began to use their
design thinking in helping high school students and teachers to learn and deploy
EDP in their STEM courses.

Literature Review

The research reported in this paper is motivated by national and local needs
for STEM/IT workforce and professional development for teachers. The Bureau of
Labor Statistics identified IT as the U.S. economy’s fastest growing industry
(Berman, 2001) for the 2000-10 period. The US Labor Department echoes similar
needs (1991, 2000). In Massachusetts, similar observations are made by Boston
Redevelopment Agency (BRA, 2001). Regarding professional development of
teachers, the National Research Council’s (NRC, 2001) reports that "... most
teachers lack the professional development and support (e.g., training and release
time) needed to incorporate information technology into daily instruction, and as a
result, significant numbers of such teachers either ignore the pedagogical uses of
technology or use technology ineffectively." Gatta (2001) and Winschitl (2002)
have documented the need for allocating more resources for professional
development of teachers rather than for just acquiring more computer soft-ware
and hardware.

When it comes to the state, Massachusetts Science and Technology/
Engineering Curriculum Framework (Massachusetts, 2003) requires school
districts to follow and implement statewide guidelines for teaching, learning, and
assessment in science and technology/engineering. All Massachusetts school
districts face the challenge of meeting these framework requirements.

Reporting on underrepresented groups for STEM career, the National
Research Council (NRC, 2001) characterized the current IT workforce as
"predominantly white, male, young, educated, and U.S. born." Gatta (2001; Gatta
& Trigg, 2001) has documented the reasons for such imbalance and traces it back
to loss of interest in STEM courses among school girls and underrepresented
students. Without a core group of girls in STEM classes, female students are at
risk of social isolation in the classroom (American Association of University
Women, 2000) and not participating in the IT workforce (CIO Insight, 2007;
Daley, 1998).

Both girl and African-American and Hispanic-American are most likely to
find project-based learning model quite appealing (Hale-Benson, 1986).
According to the report "New Formulas for Ameri-ca’s Workforce: Girls in
Science and Engineering," girls respond positively to hands-on activities (NSF,
2003). Girls of all ages like their math and science to be useful and relevant to
their everyday lives. Furthermore, girls prefer clubs, communities, and face-to-
face interactions to independent study. Research has shown that traditional
classroom instruction methods likewise may fail to engage African-American and
Hispanic-American students (Guild, 2001). To a greater degree than their
classmates, underrepresented students respond to learning experiences that
emphasize oral skills, physical activity, and strong personal relationships (Shade,
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1989; Hilliard, 1989). As a result, collaboration, discussion, and active projects in
the classroom tend to be more engaging for minority students than work involving
independent study and competition (Guild, 2001).

Methodology

The Engineering Based Learning (EBL) methodology is summarized as
follows. Engineering faculty and high school teachers work together during
summer when teachers are off. The engineering faculty educates and introduces
the teachers to EBL. EBL is contrasted against PBL so teachers can understand it
quickly. Teachers are then introduced to sample engineering projects. Finally,
teachers are requested to map EBL to their classroom teaching by modifying their
lesson plans for one course to incorporate EBL and define an open ended design
project for the class students. The details of EBL follows.

We use the engineering design process (EDP) commonly used at universities
and delineated in the Massachusetts Framework (Massachusetts, 2003) as the basis
for teachers’ professional development and for formulating students’ capstone
projects. Working on their project in accordance with EDP steps, students will
deliver the problem solution in the form of prototypes, reports, and presentations.

The pedagogical framework to implement project design principles and
deliver instructions for both teachers and students are based on the following
research on learning in two areas:

Table 1. Learning Pedagogy

Area Pedagogy

Professional The project team will use the T4E (Teaching Teachers to Teach
development models Engineering) teaching model developed and conducted by the
(Conley, Ressler, US Military Academy (West Point) during 1996-1998. Its
Lenox, & Samples, successors EXCEEd (Excellence in Civil Engineering
2000, p. 31-38, Dennis, | Education) and ExcEEd (Excellence in Engineering Education)
2001, p. 24-27) were offered during 1999-2004. The key features of T4E

model include active learning, learning objectives, content
organization, clear expectations, lesson planning, effective
delivery, and teaching styles variation.

Project-based learning | This approach offers many benefits to students. They gain
model (Shade, 1989, p. | deeper knowledge of subject matter, show increased self-
137-155; AAUW, 2000) | direction and motivation, and acquire improved research and
problem-solving skills. They feel of more responsibility for and
control over their own learning.

The EBL curriculum adopts and adapts an existing innovative STEM/IT
course curriculum entitled as "Engineering the future (EtF): Designing the World
of the 21% Century." This course has been developed by NCTL (National Center
for Technological Literacy) at Boston MoS. NCTL has successfully led
professional development.
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Table 2. EBL Course Material

Course Description
Material

The notebook guides students in the laboratory studies. It mimics the
The Engineer’s | way engineers undertake projects in practice: learn the concepts and
Notebook acquire the skills required to successfully complete the projects, and
report their research, testing, and final solutions.

The book is written by practicing engineers. Men and women, from
The Textbook | various ethnic and cultural backgrounds, tell what it is like to practice
their profession and how they came to do what they do.

The guide provides detailed recommendations for presenting project-
based learning pedagogy and laboratory activities to students and for
leading classroom discussions. The Guide also provides connections to
educational standards, a list of laboratory supplies, and background
science reading.

The Teacher’s
Guide

The EBL methodology does not necessarily require the introduction of an
additional new course in high schools. Instead, EBL can be incorporated into an
existing courses or after-school program. School districts have the flexibility to
adapt EBL material to fit their specific needs by selecting the modules and projects
that fits their students’ the best.

The teachers training provides an intensive, two-week workshop for 20
teachers every summer. It provides 80 hours of professional development for each
participating teacher. At these workshops, teachers will learn to implement the
EBL model. Further, each teacher gets 40 hours of contact time in follow-up
sessions through the school year.

e Week 1 Teacher Training: In week 1, teachers will learn the fundamentals
of technology, EDP, project-based learning pedagogy, and teamwork. The
instruction is divided as follows:

Table 3. Week 1 Training Themes

Day Theme and Brief Description

STEM workforce Overview: We engage guest speakers to share with teachers
how engineering and STEM is put into practice. We invite industry partners to
provide overview of selected products from nanotechnology and sensing
technology.

Day 1

Engineering Design Process (EDP): We cover the steps of EDP, its
Day 2 application to engineering problems solving, and illustrate the process by
designing a cell phone holder

CAD (Computer Aided Design) Modeling: We cover basic concepts to sketch

Day 3 design models, create drawings, and render 3D design models

Day 4 Nanotechnology: We cover the basic concepts of nanotechnology

Day 5 Sensing technology: We cover the basic concepts of sensing technology

The activities for each day consist of a mix of presentations, hands-on
activities, and discussions. For example, Table 4 shows the schedule for Day 2:
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Table 4 Schedule for Day 2
9:00-9:15 | Comment cards from Day 1
2>~ | introduction to the EDP: + IDEO Video. » Quick-build cell phone holder
ﬂég Break
11:00- Compare Design and Inquiry: *Reflections on activity. *Design and Inquiry
11:30 side-by-side
11:30- Reflect on EDP: «Outline the cell phone holder designs created by each team.
12:00 * Explain the EDP steps. ¢ [llustrate the EDP steps using the holder design
12:00- Lunch
12:45
12:45- Teamwork: «Personal experience of a teacher. * Importance of teamwork.
1:15 Forming teams for organizer project. * Organizer challenge
1:15-2:30 Organizer Activity: » Teams identify projects. * Build mock-up. ¢ Report
U results.
2:30-2:45 | Break
9-45-3:15 Project Based Learning Resources: * Course Modules. * TEC Reviews —
' ' online. * ERC in the Museum’s Library.
3:15-3:45 | Engineering Scheduling & Tracking
3:45-4:00 | Comment Cards for Day 2 feedback

o Week 2 Teacher Practicum: Week 2 serves as a practicum for teachers. It
gives them the opportunity to put into action the EBL learning concepts
that they have learned in week 1. Each teacher is required to select a
course they will teach in the Fall semester, conceive an open-ended design
project, and develop a lesson plan. At end of week 2, each teacher delivers
a poster and a presentation to all teachers attending the summer course.
Follow-ups during the following academic year are conducted to hear
teachers experience and provide further help.

Teachers are recruited from urban schools such as the greater Boston area
Public schools where the majority of students are underrepresented as shown

Table 2.
Table 5. Demographics of Greater Boston School District Students
Race/Gender % of School District Students

Boston | Cambridge | Everett | Framingham | Randolph | Revere | State
African 455 39.1 10.9 73 45.0 49 | 89
American
Hispanic 31.2 14.8 18.0 18.0 6.9 26.2 11.8
Native 0.4 0.6 0.2 0.3 0.3 03 03
American
Female 48.6 47.7 48.5 50 48.3 48.1 48.5
Total 57,742 6,183 5,347 8,065 3,628 5,613 | 975,911
Enrollment
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Findings/Results

The EBL concept was piloted to 90 teachers over three year period during the
NSF grant. Teachers have reported excellent results. We provide sample projects
and feedback.

The physics teachers in one high school embraced the idea of imbedding
project based learning into our daily activities. The teachers decided on a project
centered on the creation of a mouse trap powered car that could go 10 meters.
Teachers created project description, deliverables, required material, and a
timeline for the students to follow. The idea behind the project is for the students
to use physics principles and concepts and apply the related equation to drive the
powered car as far as possible. Teachers guided the students through the steps of
the EDP. Students build prototypes of their final design. Student teams show cased
their prototypes in a one-day competition. Figures 2 show different car designs.

Figure 2. Mouse Trap Powered Car Models

Other teachers in another school decided to create a robotics course, which
fully embedded EBL into the curriculum. The goal of this robotics course is two-
fold: 1) Combine engineering, math, science, and art/creativity into one course;
and 2) engineering-based learning can impact the way students learn STEAM
principles, retain STEAM theory, and apply them to real world, relevant
applications.

The initial implementation plans for the robotics course design along with a
course syllabus were presented to the school administration for approval.
Curriculum design was focused on designing a robotics course that would attract
students who were historically uninterested in math and science to this type of
course. The focus of this robotics course was to expose students to explore
circuitry with snap circuit ROVS. Students would further experience the true
design process through learning and using Solidworks™,
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In the Fall semester following course approval, teachers introduced two new
semester course electives to the STEAM program. Both were hybrid robotics and
EBL, engineering specific courses. The courses were an introduction to the
engineering design process and how engineering can lead to various careers in
math, science, and biotechnology. We had surveyed upcoming freshmen and
sophomores in the spring to gather where their interests lie concerning science and
engineering. The results of that survey indicated that students wanted a robotics
program and would be more open to trying EBL courses if we offered one. Figure
3 shows different robots designs.

Figure 3. Robot Models
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Evaluation

The project results were analyzed by an independent external evaluator as a
requirement of the funding agency, NSF. The University of Massachusetts
Donahue Institute served as the external evaluator of the project.

The evaluation design integrated a mixed-methods approach into an
objective-based evaluation, yielding quantitative and qualitative data that will
serve both formative and summative purposes. The evaluation is structured to
measure the effectiveness of: (1) summer professional development (PD) for
STEM teachers; and (2) EBL pedagogy in classroom STEM teaching. A
comprehensive evaluation of the research program and its activities occurred over
the three-year grant period. Both quantitative and qualitative methods were
employed to collect evaluation data and provide formative feedback and
summative evaluation of the grant’s goals and objectives.

To assess the effectiveness of the summer PD in achieving its goals, all
teachers participated in content-specific pre- and post-tests related to the materials
and activities they are presented with during week 1 (i.e. fundamentals of
technology, EDP, and project-based learning skills). These pre- and post-tests
were developed by the professional development instructor with the assistance of
the external evaluator. At the end of week 1 teachers will also be asked to
complete a survey related to their perceptions of the training and their levels of
preparedness for the following week.

During week 2, each participating teacher practiced integrating the skills they
learned during week 1 to solve a specific STEM project problem, design and build
a prototype, and present their designs to an audience of STEM professionals. An
overall evaluation of the summer workshop experience was administered to all
teachers at the end of the two-week period to assess teachers’ understanding of
how to implement newly acquired knowledge, materials, and activities into their
classrooms.

In addition to pre- and post-surveys, focus groups of randomly selected group
of 10 teachers were conducted. The goal is to capture the qualitative value of the
research and concepts that are hard to articulate quantitatively in survey questions.

Data collection for the evaluation of the research project included teacher pre-
and post-surveys during the summer course; two focus groups, one at the end of
the summer course and one in April of the subsequent school year; a final survey
for all cohorts at the end the grant period; and a student survey. These data
collection activities for the evaluation are described below. All instruments were
designed collaboratively by UMass Donahue Institute researchers and the research
team.

The pre-survey, conducted on the first morning of the summer PD, asked
teachers to provide demographic and background information including sex,
ethnicity, subjects and grades taught, and full-time equivalent years as a certified
teacher. Teachers also rated their prior level of experience with the course's main
topics of the engineering design process, computer-aided design, capstone
projects, and the manufacturing process. Finally, it included multiple-choice
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assessment items as an objective measure of teachers' knowledge in these four
domains.

The post-survey, conducted on the last day of the summer PD, asked teachers
to rate the usefulness of several major course components, the course's success on
a range of intended outcomes, and the quality of aspects such as presenter
preparedness and time provided for collegial exchange. The post-survey also
included the same content knowledge items as the pre-survey, so that gains across
the 10 days of the PD could be assessed. Finally, three open-ended items asked
teachers to describe what aspects of the PD they found most valuable, what they
would recommend changing, and any other comments or suggestions they might
have.

On the final day of each PD, teachers participated in a one-hour focus group
with a UMass Donahue Institute researcher. Discussion focused on components of
the course they felt would most benefit their teaching practice, which aspects they
found most challenging or frustrating, how prepared they felt to implement
engineering capstone projects in their classrooms, supports they anticipated
needing during the school year, and advice for teachers who take the course in the
future. The transcripts of the focus groups were analyzed to identify common
themes and divergent views.

During the spring callback day, teachers participated in a focus group with a
UMass Donahue Institute researcher to discuss a range of topics related to the
implementation of EBL activities and capstone projects in their classrooms.

During spring of year 3 of the project, a final survey was administered to all
participants in the three-year program. This survey consisted of 28 multiple-choice
and open-ended questions to learn about teachers’ experiences implementing
EBL-based activities in their classrooms, such as: the perceived effectiveness of
the course in providing the knowledge needed to implement, implementation
experiences, barriers to implementation, effect on student learning and interest in
STEM, and activities/contact the participant would like to continue with
Northeastern University’s STEM Center.

Participant teachers were asked to administer two surveys to their students—
one pre-survey and one post-survey. The pre-survey collected data concerning
students’ interests in STEM fields, their attitudes toward certain processes, and
their awareness of multiple aspects of STEM. The survey also included an eight-
question content-based test of knowledge. The post-survey included all of pre-
survey questions, as well as four additional questions concerning capstone
experiences. A total of 721 surveys were collected: 64 from Cohort 1, 281 from
Cohort 2, and 426 from Cohort 3.

Survey responses were analyzed using descriptive statistics. To assess growth
across data points on attitude questions, chi square analyses the non-parametric
Wilcoxon signed ranks test were performed to determine whether there are a
statistically significant differences between pre- and post-test scores.

To assess growth on teacher and student pre—post content questions, paired-
samples t-tests were performed to determine if there were statistically significant
differences between the scores.
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Statistically significant differences in the distributions are indicated by a
probability level of significance (p) that is equal to or less than .05. Statistical
significance refers to the probability that differences between pre-survey and post-
survey distributions are not due to chance and may be attributable to the
intervention.

Open-ended responses were analyzed using a standard qualitative technique
that involved multiple readings of the data set and assignment of themes around
recurring ideas. Once themes were identified, each response was coded by its
appropriate theme. Coded responses were then analyzed in their thematic
groupings to identify patterns.

The participating teachers reported teaching included physics (43%),
engineering (40%), technology (30%), mathematics (25%), biology (19%),
chemistry (15%), environmental science (13%) and “other subjects™ (21%). Two
respondents reported teaching robotics, two anatomy and physiology, and another
two computer science. Each of the following was taught by one teacher: earth
science, forensic science, and oceanography. See Table 6.

Table 6. Subjects Taught by Participants

Table 2. Subjects Taught by Participants

| n | % n %
Physics 36 | 43% | Environmental Science 11 13%
Engineering 34 | 40% Anatomy and Physiclogy 2 2%
Technolegy 25 30% Computer Science 2 2%
Mathematics 22 26% Robotics 2 2%
Other subjects , 18 | 21% Earth Science 1 1%
Biology , 18 | 19% Forensic Science 1 1%
Chemistry |13 | 15% Oceanography 1 1%

n=84_Respondents could select more than one subject

Years of experience of teachers ranged from 1 to 35 years, with more than
half of them having 7 or more years of experience. The average number of years
was nine, and the modal number of years was three.

Grade levels taught by participants included 9™ (63%), 10" (58%), 11"
(74%), and 12" (76%), with many of the respondents teaching multiple grades
(Table 7).

Table 7. Grade Levels Taught by Participants

Table 3. Grade Levels Taught by Participants

n Yo
Grade 9 53 63%
Grade 10 49 58%
Grade 11 s2 7Ta4%
Grade 12 sS4 78%
; Other grades 13 T 15%

N=84 Respondents could salect mora than one grade.
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Figures 8-12 Show sample survey results of teachers.

Figure 8. Teachers Motivation due to Summer PD

The CAPSULE summer course significantly increased my ability to carry
out engineering capstone projects that students will find engaging and
meaningful

4% 4% 3o
0% 0% 0% 0% 0% 0%
— ——
Agree

Disagree Neutral Strongly Agree

mCohort1 mCohort2 mCohort3

Figure 9. Teachers Intention to Use EBL in STEM Classroom Teaching

The CAPSULE summer course significantly increased my intention to
carry out engineering capstone projects that students will find engaging
and meaningful

00“’ Ono 0" ;' ‘!B : I I|I

Strongly Disagree Neutral Agree Strongly Agree

Disagree

mCohort1 mCohort2 mCohort3
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Figure 10. Teachers View on EBL Effectiveness

Engaging in a capstone-ike learmnming experience
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Figure 11. Effectiveness of Summer Professional Development

Overall, this workshop was a successful training experience for me

63% 64%
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mCohort1 mCohort2 mCohort3

Figure 12. Effectiveness of Summer Professional Development

Overall, this workshop was a successful training experience for me

0% 0% 0% 0% 0% 0%

Strongly Disagreae Neutral

Disagree

mCohort1 mCohort2 mCohort3
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The results of the three focus groups over the project three years were mostly
positive. Here is the summary of the third year focus group. When asked for other
comments and suggestions, 18 respondents provided a variety of thoughts, though
many served to underline previous comments. Four of the 18 (22%) addressed the
need for more time, including one suggestion that the course be three weeks long
and two suggestions that more time be provided for engagement in a reflective
process. Another four respondents addressed issues of organization, with two
noting that the expectations were unclear and another commenting that it seemed
like the instructor “phoned it in." Positive remarks came from three respondents,
two noting that it was among the best PD in which they had participated and the
third stating that it was the "best educational experience of my 20+ years of
teaching." One participant noted liking that the professor adjusted his lectures in
response to participants’ comments, and one mentioned looking forward to call
back days.

Teachers were asked about the impact of EBL on their students STEM
learning experience. The majority of respondents across all cohorts agreed or
strongly agreed that students in their classes were more interested in STEM after
completing a capstone project (66%); 21% neither agreed nor disagreed, and 5%
disagreed; no teacher strongly disagreed. The majority of respondents across all
cohorts also agreed or strongly agreed that students are motivated to complete their
capstone projects (71%), with 18% neutral, and 3% in disagreement.

Nearly half (47%) of respondents across all cohorts agreed or strongly agreed
that EBL training made their engagement with high needs students more effective.
Cohorts 1 and 2 tended to be more positive, with 64% and 62% respectively, while
only 21% of Cohort 3 agreed or strongly agreed. However, 36% of Cohort 3
respondents neither agreed nor disagreed, which may indicate their lack of
opportunity to engage with high needs students since they completed the EBL
program.

Student surveys included attitude questions about interest, enjoyment,
confidence, and awareness. Responses were analyzed by cohort to determine
whether there were any statistically significant differences between the pre- and
post-survey responses. For example, an analysis of Cohort 3 surveys indicates that
although there were mean gains on some items, only one was statistically
significant. Students enrolled in classes taught by Cohort 3 teachers were found to
have a statistically significant increase in their agreement with the item, "I know
what a capstone project/experience is" (29% to 59%, p<.01). Additionally, when
students were asked about their preferred mode for learning hard sciences
(engineering, math, physical sciences), approximately two-thirds of students
selected a combination rather than either lecture (teacher presents material in front
of class) or project-based (learning through hands-on projects and experiments).

Student surveys showed many increases in interest and awareness of STEM
subjects. Some indicated increased interest in learning about STEM subjects,
finding out how things work, working in teams to solve open-ended projects, and
learning how classroom concepts and theories are used in the real world. Many
reported that doing projects and designing experiments helps them to understand
STEM concepts and that classroom teaching and learning is more effective with
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capstone projects than without. Students also reported an increased understanding
of EDP and how it is used, what an open-ended problem is, and what a capstone
project is. Students were asked at post-survey about their capstone experience.
About three-quarters felt the capstone project was very positive and about two-
thirds felt the capstone experience helped them understand STEM subjects and
courses. About half agreed that the capstone projects made STEM more
interesting. Perhaps most interesting, nearly half of students reported that the
capstone experience and EDP made them think seriously about a STEM major in
college.

Discussion

Incorporation of EBL into high school STEM -curriculum works very
effectively. Student interest has encouraged teachers to inquire about EBL training
for cross curriculum lessons. Schools continue to collaborate and create
partnerships with other schools, industry, and postsecondary institutions to offer
other courses. High school teachers are working on incorporating EBL at the
middle school level as an introductory for our high school programs. Other schools
will be creating more engineering courses and integrating more engineering in
core classes in the future. A chemistry teacher is using EBL as part of their
chemistry class. EBL has inspired school administrations to budget for further
teacher professional development and the incorporation of some type of "maker
program” for their students.

What is more compelling to report is the lasting effect EBL has left on
teachers and students long after the research has concluded. Here are some quotes
from a teachers survey we have conducted

"They [students] are surprised to enjoy digital circuitry, and | even had a
student become a computer engineering major after he developed an interest
for it in my class."”

"We have many more students entering College with a STEM field in mind."

"Students feel challenged but also very proud when they make something"

"Most students enjoy making presentations and presenting what they have
learned."

"Students engage in real-world application of knowledge"

"Students like the independent nature of CAPSULE; it prepares them for
college."

"Because of the rigor of the projects students must be engaged in the lesson
taught. Also students develop strong problem solving skills as they design and
improve upon their designs."
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"I think a big impact on my students has been in their ownership of their
learning as they navigate the problem they are trying to solve."

Conclusions

Overall, the EBL project has been very successful in working with teachers to
integrate engineering concepts into their STEM classes. Both teachers and their
students report success through increased knowledge, tools, and extensive use of
new resources, EDP, and capstone projects in classes. Introducing engineering to
high school students has proven to be a valuable method to get them to appreciate
and understand the abstract STEM concepts that discourage them. EBL makes
implementing engineering in high school STEM courses that much easier due to
its well defined structure and steps. The key to successful implementation of EBL
in schools is to give schools the complete freedom to implement it. It could be one
week long in a course, one semester long, one year (2 semesters) long, or it could
be a full elective course. It all depends on the school specific needs and time
allocated for engineering in school curriculum.
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