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ABSTRACT: Pre-college engineering education has gained traction in U.S. schools over the past twenty years. This
growth is evident with engineering emerging as a crosscutting discipline in the Next Generation Science Standards. How-
ever, the scarcity of professional development (PD) for K-12 teachers who want to teach engineering and the few PD op-
portunities with the characteristics shown to improve teacher learning, i.e., contact time, long-term support, and follow-up,
suggest a need for new and innovative PD offerings for K-12 teachers. We developed a 45-hour graduate course specifically
for K-12 teachers to incorporate engineering into their classrooms and evaluated the effect of this long-term PD on K-12
teaching engineering self-efficacy. Additionally, this study looked at how the participants translated the course into their
teaching practices. Forty-one in-service teachers participated either in a 2018 or 2019 semester-long course that combined
nanotechnology content and Project-Based Learning pedagogy. Pre-post measures using Teaching Engineering Self-Efficacy
Scale revealed significant gains in both cohort teachers’ self-efficacy. Teachers found the course effective in building their
technical skills and providing beneficial PD. This study’s significant positive outcomes indicate that the course analyzed

serves as a pre-college engineering education PD model.

INTRODUCTION

Approaches to teaching engineering in primary and sec-
ondary schools have been primarily ad hoc, according to the
National Academies of Science (2009). The lack of a sys-
tematic and proven approach hinders the intended goal of
ensuring K-12 students graduate with the ability to receive,
process, and share information using scientific communi-
cation, critical thinking, and team working skills (Padilla,
1990). Teachers must understand and develop their peda-
gogical skills to teach engineering design. This development
requires long-term professional development (PD) because
teacher PD’s duration and composition are tied to its effec-
tiveness. Impromptu PD leads to inconsistent training, thus
resulting in diminished and suboptimal student learning.
Not only are an increasing number of teachers improperly
trained to teach science, technology, engineering, and math
(STEM) subjects (Hailey et al., 2005), many mathematics
and science teachers are unaware of the benefits of integrat-
ed STEM learning as well as unfamiliar with engineering
content and pedagogy that also include authentic problems
(Valtorta and Berland, 2015).

Work from Desimone (2009) and others (Guskey, 2002;
Supovitz and Turner, 2000) guided long-term PD framework.
To enhance practical teaching abilities in engineering and
project-based learning (PBL), teachers need active PD
opportunities. For PD to be considered optimal, teachers
must have a chance to 1) learn about current educational
approaches to teaching science, 2) experience and question
the approaches amongst peers on multiple occasions, and 3)
attempt the pedagogical approaches within their teaching
environments (Lieberman, 1995). Short-term or single
PD offerings frequently are missing one or more of these
elements of effective PD. As noted by Desimone and others,
quality programs include 20 hours or more of direct contact
time and are sustained throughout the school year (Desimone,
2009). Traditionally, long-term or sustained PD in K-12
education is more likely to include making observations
and reflections of peer teaching practices than only building
teacher content and pedagogical knowledge. Observation-
focused PD is generally easier to facilitate and does not have
high operational or participant costs (Boyle et al., 2005).
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Capraro’s research shows that high-quality implementation
of PD has a direct impact on student learning when using
state assessment tests to measure effectiveness. On the other
hand, low-quality implementation or PD utilization harms
student outcomes (Capraro et al., 2016).

Another consideration in developing the 45-hour semes-
ter-long engineering graduate course for K-12 teachers was
adult learners’ need to possess the motivation and a connec-
tion to the learning environment (Wlodkowski, 1999). Ac-
cording to Felder et al. (2011), Wlodkowski’s five attributes
of successful adult motivation are also necessary factors
for engineering design PD programs. The design of the PD
course was aligned to all five “best practices” in professional
development as follows: 1) expertise of presenters: utilized
both content (research faculty and graduate student men-
tors) and pedagogy expertise (lead instructors with over ten
years of experiences in STEM within the K-12 setting) in the
course; 2) relevance of content: real-world case-studies were
evaluated each year for their relevance and were focused on
water sustainability which is currently a growing global is-
sue; 3) choice: PD participants were allowed the opportunity
to self-select the case-study they felt most connected to as
well as how they wanted to solve this issue; 4) Praxis (action
plus reflection): utilized both independent and team reflec-
tion throughout the course, completed both informally and
formally via the Comprehensive Assessment of Team Mem-
ber Effectiveness (CATME) system (Loignon, 2017); and 5)
group work: team collaboration skills were central to the PD
course. Participants were provided multiple opportunities to
work with their peers and collaborate throughout the course.
To prevent low implementation rates of the PD, teachers
must believe in what they learn in engineering courses to
translate it effectively to their students.

Studies show that teachers’ self-efficacy can have a strong
influence on the classroom environment and, ultimately, stu-
dent outcomes (Tschannen-Moran et al., 1998; Thoonen et
al., 2011). Self-efficacy, defined by Bandura (1997), is the
core belief or foundation for enthusiasm, stimulus, perfor-
mance, and emotional security. In education, teachers’ feel-
ings of self-efficacy, or their beliefs about their ability to
impact specific learning outcomes, is associated with teach-
ers’ job satisfaction, teacher retention, along with students’
academic success and self-esteem (Ashton and Webb, 1986;
Bandura, 1997; Caprara et al., 2006; Skaalvik and Skaalvik,
2007). Having confidence in their teaching ability allows
teachers to overcome classroom management challenges
and take chances with innovative teaching strategies. Ex-
perts in educational psychology such as Anita Woolfolk Hoy
“suggest that among the many beliefs teachers might hold,
few are as powerful as their self-efficacy for teaching” (Hoy
et al., 2009).

While numerous studies explore science teachers’ self-ef-
ficacy, few studies address teaching engineering content or

processes. With engineering concepts being introduced into
more classrooms across K-12 grade levels, the Teaching En-
gineering Self-efficacy Scale (TESS) instrument (Yoon et
al., 2014) was developed and validated to measure teachers’
readiness to teach engineering in their K-12 classes. Because
the TESS is a relatively new instrument, it has not been used
in a large number of studies. However, Perkins Coppola
(2019) found that pre-service elementary teachers increased
in three subscales (KS, ES, and DS) but not in the Outcome
Expectancy domain.

Purpose of the Study. This study evaluates the outcomes
from an intervention focusing on the teachers’ self-efficacy
in teaching engineering. The paper intends to inform pre-col-
lege engineering educators how effective long-term in-ser-
vice programs may affect K-12 teacher self-efficacy, leading
to increasing engineering teaching in the pre-college space.
We hypothesized that implementing a long-term PD course
would enhance the self-efficacy to teach K-12 engineering,
leading to the enactment of engineering within their class-
rooms. The following research questions were investigated:

1. When provided a semester-long PD course in engineer-
ing combining content and pedagogy, how will the K-12
teachers’ self-efficacy be affected?

2. Do teachers believe they can directly affect student-en-
gineering engagement?

METHODS

Participants. Course participants were recruited and select-
ed from urban and suburban school districts in the greater
metropolitan area. A mixture of recruitment methods were
utilized to solicit the program to potential applicants. Initial-
ly, emails were sent to both principals and science teachers
whose school population is comprised of over 40% econom-
ically disadvantaged students. Next, staff members conduct-
ed school visits to address specific programmatic questions
and concerns. Participants were offered a stipend of $600 for
full participation in the program and $300 worth of materials
to lower barriers and allow teachers to use the course curric-
ulum in their classrooms.

Selection Criteria. In 2018, 78 applications were received
for the 25 positions in the course, and in 2019, 33 appli-
cants were received for the 16 positions in the course. The
2019 course enrollment was capped at 16 due to funding
constraints. Due to more applications being received than
spots available, participants were selected based on the fol-
lowing criteria: 1) teaching in a high-need school district,
2) teaching students in Advanced Placement (AP) Environ-
mental Science, Environmental Science, or Biology courses,
or 3) teaching students at the secondary level. Participants
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Table 1. Course Participant Demographics.

Table 3. 2018 and 2019 Course Attendees’ Teaching Loads at Their
Schools.

2018 2019
Gender Gender 1 Credit Course Title 2018 2019
Male 5 Male 6 8th Grade Science 1 0
Female 20 Female 10 Pre-AP Biology 3 2
Prefer not to provide 0  Prefer not to provide 0 AP Biology 4 3
Race/Ethnicity” Race/Ethnicity” AP Environmental Science 4 5
Black or African American 8 Black or African American 4 Aquatic Science 3 3
America Indian or Alaska 1 America Indian or Alaska Elementary Science 2 1
Native Native Environmental Science/Systems 6 3
Asian 3 Asian Biology 3 3
Native Hawaiian or Other 1 Native Hawaiian or Other 0 Physics ) 3
Pacific Islander Pacific Islander .
. . Other” — High School 14 7
White 12 White 8 p— - — 5
) ) ) ) ) ) ‘High School courses with two or fewer participants were categorized as Other.
Hispanic or Latino 3 Hispanic or Latino Note: Participants at the secondary level may teach multiple courses per year.
Prefer not to provide 3 Prefer not to provide O anda pilot course in 2017 as described in (Nichol et al.,
Grade Level Grade Level June 2018) by faculty and staff in Rice University Office of
Elementary Elementary ' STEM Engagement. This PD program’s goal was to support
Middle School Middle School 0 teachers’ pedagogical knowledge to be effective facilitators
High School 19 High School 15 of student engineering design teams using water sustainabil-

“Participants have the option to select multiple categories for Race and Ethnicity

accepted into the program, outside of these criteria, were on
a first-come basis until all spots were filled. All participants
self-selected to apply to participate in the course. Table 1
shows the teacher demographics by gender, race/ethnicity,
and teaching grade for the 2018 and 2019 cohorts. Table 2
shows the 2018 and 2019 program participants’ Public Ed-
ucation Information Management System (PEIMS) (Texas
Education Agency Snapshot, 2018) data, including the total
number of students in the district or charter school system
and the percentage of economically disadvantaged students.
Table 3 details the course participants’ teaching load while
enrolled in the 2018 and 2019 graduate courses.

Long-Term Professional Development Program
Description.

Program Goal. To provide teachers with long term sus-
tained PD, a three-credit graduate course with 45 hours of
contact hours, NanoEnvironmental Engineering for Teach-
ers (NEET) was designed through brainstorming sessions

Table 2. 2018-2019 Student Demographics of by Cohort Attendees’
School Districts.

School Districts’ In-Service Teacher Participants
% Economically Spring 2018 Spring 2019
Disadvantaged
N % N %
<39 4 19.0 5 31.3
>40 21 81.0 9 56.3
Unknown” 0 0.0 2 12.4

"Private school demographics are not listed in the State data system and are listed
as unknown (Texas Education Agency Snapshot 2018, 2019).

ity issues and new developments in nanotechnology to drive
the design solutions. For K-12 teachers to be effective engi-
neering teachers, they must be placed in the student role, im-
mersed in the full engineering design process, and build their
confidence and self-efficacy to bring engineering design into
their classrooms effectively.

Engineering Design PD. The 2018 and 2019 NEET spring
courses introduced K-12 teachers to current research on en-
vironmental nanotechnology along with grade-level appro-
priate learning activities, which incorporated components of
engineering design from both an instructional methodology
perspective, how to teach the strategy to students, as well
as a guide to developing a prototype for their designs. The
instruction was led by the Rice University faculty and staff,
who have expertise in engineering instruction and curricu-
lum development. Even though participants self-select to
participate in NEET, there is no expectation of prior under-
standing of the background content or pedagogical knowl-
edge before the course begins. Because of NEET’s “come
as you are” model, each participant is innately instructed
differently based on getting to know each person individ-
ually. At school-levels, elementary, middle, and high, there
is a mixture of content deficits from Biology to Physics that
the course is designed to incorporate. NEET facilitators en-
gaged the class in model activities and case studies but also
provided the teachers time to reflect and share with peers
strategies and challenges for classroom implementation. The
curriculum was presented at different instruction levels to
demonstrate how to scaffold content for various students’
levels. NEET was listed as a Civil and Engineering graduate
course, and tuition waivers for the course were secured for
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the National Science Foundation (NSF) center funding dura-
tion. The course focused on PBL to engage the participants
in content enrichment, engineering design, and reflective
practices. The use of real-world contexts was essential for
providing relevance to the participants for facilitating PBL.
The course introduced participants to the need for new de-
signs for water sustainability during the first week of class.
Groups were assigned different water-related issues (high
salinity, low pH, or high algae content) and tasked to design
a mini device to fix it using any prior knowledge they may
have. After modeling the developed devices to the class,
participants discussed the models’ limitations, consider how
they believe the devices relate to practices currently in place
in water treatment facilities worldwide, and predicted how
they believe nanotechnology may help upgrade the process.

Peer Communication. While working in teams, participants
were allowed to reflect on their communication practic-
es and group members’ practices once every two to three
weeks. The CATME Project is a system of online tools that
allows facilitators to support and manage project groups. The
NEET course utilized the Peer-Evaluation tool in CATME
to provide teammates a time-sensitive and structured way
to communicate strengths and weaknesses perceived during
the project (Loignon, 2017). All teammates and instructors
could access the peer-assessments feedback, which created
an opportunity for change in team practices and facilitator
intervention when needed. Average scores from each ques-
tion of the peer evaluation were emailed to each participant.
This feedback loop allowed each team member to compare
how they saw their contribution to how they perceived the
individual’s effort. The CATME online system’s use allowed
the course facilitator to collect and analyze student data re-
lated to team and interpersonal skills to instruct better proj-
ect groups (Loughry et al., 2014).

Classroom Support. After each cohort, participants re-
ceived material packages to support engineering design
projects and activities with their students. Participants are
encouraged to utilize either lessons directly from the PD or
create their engineering curriculum based on the engineering
principles and processes learned through the course. Partic-
ipants can utilize engineering within their classrooms in the
fall or following the spring semester; however, data is col-
lected at the end of each fall semester.

Evaluation. Because the PD course was designed to provide
teachers with authentic engineering design learning experi-
ences that participants could bring back to their students, we
wanted to know if the program improved teachers’ self-effica-
cy in teaching engineering K-12 classrooms. While there are
numerous instruments for science and mathematics teaching
self-efficacy, few validated instruments have been developed

to measure K-12 engineering teacher self-efficacy. These in-
struments include the Engineering Outreach Self-efficacy
Scale (EOSS) (Fogg-Rogers and Moss, 2019), The Design,
Engineering, and Technology (DET) Survey (Hon, 2011),
and the Teaching Engineering Self-efficacy Scale (TESS)
(Yoon et al., 2013; Yoon et al., 2014). The TESS was select-
ed for the 2018 and 2019 participants as it was more closely
aligned with our goal of preparing K-12 teachers to teach
engineering in their classes versus the EOSS goal of teach-
ing research scientists and engineers to teach engineering to
K-12 students or the DET, which focused on teachers’ per-
ceptions and beliefs about engineering.

The TESS instrument consists of 23 items with a 6-point
Likert scale ranging from strongly disagree to agree strong-
ly. The scale is comprised of four subscales with Cronbach’s
alpha ranging from 0.89 to 0.96: 1) engineering-pedagogical
content knowledge (KS) or a teacher’s personal belief in his/
her knowledge of engineering that will be useful in a teach-
ing context; 2) engineering engagement self-efficacy (ES) or
a teacher’s belief in his/her ability to engage students while
teaching engineering; 3) engineering disciplinary self-effi-
cacy (DS) or a teacher’s belief in his/her ability to handle
student behaviors during engineering activities; and 4) engi-
neering outcome expectancy (OE) or a teacher’s belief in the
effect of his/her teaching on students’ learning of engineer-
ing. A fifth construct is overall self-efficacy in engineering
teaching; this is measured by a Total Engineering Self-ef-
ficacy (TES), calculated by summing the subscore scores
(ranging from 4 to 24). In both 2018 and 2019, the TESS
was administered via paper on the first day of class, before
any instruction, and in the same format on the last day of the
course.

Also, there were two surveys administered to the teach-
ers: a feedback survey and an implementation survey. The
feedback survey was administered to teachers at the end of
the course electronically within the course webpage. The
survey consisted of qualitative items to evaluate the teachers’
perceptions of the course’s value and quality, their thoughts
on which skills were strengthened through the course, and
open-ended questions about what they valued and what
could be improved in the course. The feedback from the end
of course survey was used to inform the course developers
on instructional practices for future cohorts.

The implementation survey was emailed directly to the
teachers at the end of the fall semester following the spring
course. The delay in the survey’s administration allowed the
teachers time to test and practice what they learned in PD in
their classrooms the following school year. The survey con-
sisted of four open-ended questions regarding incorporat-
ing nanotechnology-enabled water treatment topics in their
classes, utilizing PBL instruction, including the engineering
design process, and how their participation in the PD has
influenced their students.
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Data Analysis. The TESS data was analyzed using two-
tailed paired t-tests to determine pre and post-instruction
gains by the entire instrument and each construct. Quotes
from the implementation survey were selected to present a
picture of the overall feedback received.

RESULTS

Self-Efficacy in Engineering Teaching. As shown in Table
4, for the 2018 cohort of teachers, the TESS survey pre-data
showed a total mean score of 4.49 and a standard deviation
of 1.05, and the post-data with a mean of 5.42 and a standard
deviation of 0.58. The paired sample t-test was performed
using Excel®, and results showed the difference to be signif-
icant and had a tremendous effect size t (23) =2.07, p<0.001
with a 21% relative gain from pre- to post-program. For each
subscale construct from pre- to post-survey, significant gains
were also observed. As shown in Table 5, for the 2019 class,
the TESS total pre-data was slightly lower at 3.93 with a
standard deviation of 0.79, and the post-data was slightly
higher than in 2018 at 5.56 with a standard deviation of 0.36
and a relative gain of 41%. As in the prior year, there were
significant gains on each subscale construct, as shown in Ta-
ble 6.

To answer the question “Do teachers believe they can
directly affect student engineering engagement?” we ana-
lyzed the Engineering Outcome Expectancy and found that
for both the 2018 and 2019 classes, there were statistically
significant gains in outcome expectancy from 4.42 to 5.08 in
2018 and from 3.92 to 5.16 in 2019. It is interesting to note
that even though the 2019 cohort had lower overall TESS
pre-data scores, their post-data scores were higher than the
2018 cohort.

To determine how teachers were using these new skills in
the classroom with their students since the class ended, par-

Table 4. Changes in Teaching Engineering Self-Efficacy of 2018 Partic-
ipants (N = 24).

Construct Pre Post
= = t daf )/
X SO X SD
Engineering 430 1.17 542 070 - - <0.001
Pedagogical
Content Knowledge
Self-Efficacy (KS)
Engineering 486 135 571 054 - - 0.005
Engagement
Self-Efficacy (ES)
Engineering 4.60 129 553 0.69 - - <0.001
Disciplinary
Self-Efficacy (DS)
Engineering 442 1.03 508 087 - - 0.003
Outcome Expectancy
(OE)
TESS Overall Score 4.49 1.05 542 0.58 2.07 23 <0.001

Table 5. Changes in Teaching Engineering Self-Efficacy for 2019 Par-
ticipants (N = 15).

Construct Pre Post
— — t df y
X SO X SD
Engineering 342 1.19 5.63 0.53 - - <0.001
Pedagogical
Content Knowledge
Self-Efficacy (KS)
Engineering 429 084 573 039 - - <0.001
Engagement
Self-Efficacy (ES)
Engineering 457 0.84 571 0.45 - - <0.001
Disciplinary
Self-Efficacy (DS)
Engineering 392 093 516 0.64 - - <0.001
Outcome Expectancy

(OE)

TESS Overall Score 3.93 0.79 5.56 0.36 2.14 14 <0.001

ticipants were asked to provide classroom update statements
over how has NEET influenced your students? Participants
provided the following statements:

e 2019 Participant: “NEET has influenced my students
due to the intricacies that were offered to me in the
spring class. My students are more involved and inter-
ested in science due to my deeper understanding of the
engineering design process and nanotechnology.”

e 2019 Participant: “Students love the opportunity to col-
laborate and bounce ideas off each other. Again, there
is much content to cover in AP-Biology; however, I try
whenever possible to have the students work in groups
and share out what they have done with the rest of the
class. This allows them to take ownership of the learning
and be more engaged.”

e 2019 Participant: “Honestly, my students took motiva-
tion from my team’s poster that I have in the classroom.
Just seeing it and the work that was accomplished push-
es them to do more in science class. They are more en-
gaged in our PBL and take the subject serious[ly].”

e 2018 Participant: “Through NEET I was able to prac-
tice my engineering design skills, which lead to better
implementation of project-based learning into the class.

Table 6. Teaching Engineering Self-Efficacy Scale Relative Gains by
Construct and Year.

Relative % Gain

2018 2019
Engineering Pedagogical Content Knowledge 26% 65%
Self-Efficacy (KS)
Engineering Engagement Self-Efficacy (ES) 17% 34%
Engineering Disciplinary Self-Efficacy (DS) 20% 25%
Engineering Outcome Expectancy (OE) 15% 32%
TESS Overall Score 21%  41%
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Students were also able to complete more labs, due to
the ability for collaboration and idea sharing between
teachers. Students were also given more up to date sci-
entific information about nanotechnology, water issues
in the Houston area, and they had more hands on ex-
perience in problem solving as a result of the lessons |
learned at NEET.”

e 2018 Participant: “NEET has opened students’ eyes to
practical application of engineering design and intro-
duced how real scientists are trying to solve today’s
problems.”

e 2018 Participant: “NEET has helped me to create an en-
vironment where students think outside the box. They
ask more questions and have become more inventive.”

DISCUSSION

This study aimed to determine if a long-term course in
engineering design focusing on water and nanotechnology
would increase in-service teachers’ self-efficacy and out-
come expectancy to teach engineering. As shown in the
TESS data analysis, this course significantly increases teach-
ers’ self-efficacy in all five constructs. While there were sub-
stantial percentage gains in each construct, the largest was in
Engineering Pedagogical Content Knowledge Self-efficacy
(KS) with 65% gain and the smallest, at 15% gain, in Out-
come Expectancy (OE). According to Tschannen-Moran et
al. (1998), “self-efficacy answers the question: Do | have
the ability to organize and execute the actions necessary to
accomplish a specific task at the desired level? The outcome
question is, if [ accomplish the task at that level, what are the
likely consequences?” It is common in teaching self-efficacy
studies to see gains in self-efficacy but no gain in outcome
expectancy. This lack of gain was the Coppola study case,
where they used TESS to study engineering coursework on
pre-service teachers’ self-efficacy.

Several facets of the NEET course are unique and may
contribute to the observed positive shifts in teacher self-ef-
ficacy and outcome expectancy. First is the program’s du-
ration, which takes place over a semester with 45 hours of
contact time. This was not a short workshop or intervention,
and the teachers had time to go through a full engineering
design course. This PD is different from most K-12 engi-
neering programs, which tend to be in the summer and range
from a week or longer, including Engineering is Elementa-
ry PD and Project Lead the Way (Capobianco et al., 2018;
Yoon, So Yoon et al., 2013). Cunningham (2009) showed
changes in elementary teachers’ reports about their content
knowledge, pedagogy, and student engagement as a result
of participating in the Engineering is Elementary (EiE) pro-
fessional development workshops (Nathan et al., 2011). For

example, Project Lead The Way (PLTW) offers four years of
curriculum that introduces high school students to engineer-
ing and technology principles in the high school setting and
has several teacher PD models from two-day, two-week, on-
line, or blended programs. While these studies had positive
qualitative and quantitative outcomes, there was no direct
analysis of the PD models’ impact on teacher self-efficacy
in engineering.

Another difference in the design of the NEET course is
the inclusion of authentic teacher teams. In the NEET course,
teachers in teams of two to four had to struggle over the
semester on novel ill-defined problems, like their students,
to collaborate and share responsibilities. The inclusion of
CATME in the course helped with teamwork. CATME also
lessened the load on the lead facilitator of the course since
the team could see the peer evaluations and issues to be re-
solved without intervention.

The NEET course was led by a diverse team of educators,
including a high school teacher who teaches AP Environ-
mental Science, graduate students who consulted on the de-
sign teams, faculty lectures on nanotechnology-enabled wa-
ter treatment topics, and a leader who has over a decade of
expertise as a full-time teacher educator. The NEET teaching
staff brought a diverse skill set to the course that included
expertise in inquiry science teaching, engineering design,
water purification technologies, K-12 education standards,
and understood the constraints of a K-12 classroom teacher
in school districts area.

With 16 participants in the 2019 cohort, the lower stu-
dent-to-teacher ratio provided more opportunities for indi-
vidualized formative assessments during course discussions.
With the addition of the graduate and postdoctoral mentors,
each project group had a reliable contact for a more pro-
found reflection of design ideas. Research shows that when
working with diverse students or students from low-so-
cioeconomic backgrounds, they are likely to have higher
achievement when the student-to-instructor ratio is reduced
(Copper, 1989).

Principals and STEM district leaders attended the NEET
engineering showcase, the end of the program presentation
session that provides an opportunity to disseminate their
project designs and ideas, bringing learned engineering
skills to the classroom. The teachers present research posters
and their built prototypes to K-12 leaders, research scien-
tists, and engineers at the showcase. The collection of vari-
ous stokeholds is purposely designed to generate excitement
about the program and to enhance motivation and lower bar-
riers for K-12 engineering potentially.

Limitations and Future Directions of the Study.

Self-Selection. Engineering is relatively new in the K-12
space, so the teachers who elected to spend three hours a
week for a full semester in an evening class after teaching the
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entire day were an incredibly motivated group. The self-se-
lection may also indicate that these teachers are early adopt-
ers of engineering practices and have strong self-confidence
in their teaching skills in general, and this program helped
them develop their self-confidence in engineering specifical-
ly. It would be interesting to see if similar outcomes would
be found in a non-self-selecting group, such as a mandated
engineering design course in a teacher preparation program.

Self-Efficacy. We noted that in 2018 and 2019, NEET course
teachers exhibited significant gains in teaching engineering
self-efficacy. In particular, we saw unusually large gains in
the 2019 TESS survey results. As shown in Table 2, 56.3%
of the teachers in the 2019 cohort taught in districts identi-
fied as high needs (over 40% economically disadvantaged),
whereas in 2018, over 80% of the teachers taught in these
high need schools. It is quite possible that teachers who teach
in schools with a high percentage of economically disadvan-
taged students may face more constraints and would have a
lower outcome expectancy than those who teach in wealthi-
er districts since student socioeconomic status, family back-
ground, or home environment can affect a teachers’ ability
to impact student achievement. This decrease in teachers
representing high-needs schools could partially explain the
difference between 2018 and 2019 TESS outcomes.

Implementation. Due to funding limitations, classroom ob-
servations were not performed, which is an essential tool
for understanding how teachers utilized the course’s aspects
with students. Instead, an electronic implementation survey
was sent to the teachers in the semester following their spring
course participation. Unfortunately, this survey’s response
rate was only 36% (9 out of 25) in 2018 and 44% (7 out of
16). At least 5 of the teachers in the 2018 cohort have left the
classroom through promotions to district administrators, are
pursuing advanced degrees as full-time students, have taken
family leave, or have left teaching for other careers. Several
teachers reported that environmental science classes were
not offered at their schools this year, that their administrators
changed their teaching assignments, or that there was resis-
tance from their peers or administrators. We learned some of
the constraints teachers face when implementing engineer-
ing design and PBLs in their classrooms from these surveys.
However, most (81%) reported introducing PBLs in their
classrooms despite these constraints.

Program Design. The NEET course design provides teach-
ers with 3-hour weekly classroom meetings to work with
their teammates and time between these weekly sessions
to read the assignments and think about the content while
they are teaching students. It is not clear if the program’s
outcomes would be as notable if offered during a summer
institute with the same number of content hours. However,

we plan to offer this course as a two week, 45-hour summer
session in the future to investigate if there is an effect on
teacher self-efficacy outcomes in shorter course design.

In general, we believe that access to clean water for ev-
eryone in the world is a compelling topic. This topic, com-
bined with the need to develop complex problem-solving
skills, creates a platform where teachers can learn how to
teach engineering design confidently.

CONCLUSION

This paper shares NEET’s program design, which fo-
cused on teachers introducing both PBL and the engineering
design process to K-12 STEM teachers and how the new
TESS instrument can be used to assess teacher change. By
providing the participants with a long-term PD course built
using Wlodkowski’s five attributes for adult motivation,
teachers had significant improvements in overall engineer-
ing self-efficacy and their belief indirectly affecting student
engineering engagement, outcome expectancy (Wlodkowski
and Ginsberg, 2017). This motivational shift suggests that
leading similar professional development opportunities to
NEET can increase educators’ content knowledge and em-
power them to use PBL in their classrooms.
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