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Abstract—Contribution: This work examines the impact of a 

unique pre-college STEM education initiative during its two pilot 
years.  The study contributes to the growing body of research by 
unpacking the needs of and the impact on an important stakeholder 
group (i.e., the teachers) in the engineering education ecosystem to 
help inform the future design and development of teacher 
professional learning models. Background: Efforts to provide pre-
college students with engineering or robotics-specific experiences 
are on the rise. These efforts are typically undertaken independently 
of one another. e4usa+FIRST is a first-of-its-kind collaboration 
between two pre-college STEM initiatives that aims to break down 
existing silos between programs and offer a blended engineering and 
robotics curriculum targeting underserved schools. Research 
Questions: 1. How does a program designed to blend two existing 
engineering and robotics programs at the secondary school level 
impact teachers? 2. What program elements are deemed valuable by 
participating teachers who are implementing a blended engineering 
and robotics program at the secondary school level? Methodology: 
Four focus groups were conducted with teachers (n = 16) over a 
period of two years. Data was analyzed using open coding and 
constant comparison methods. Findings: Four themes of growing 
confidence, exercising agency, responsive professional development, 
and support structures emerged across the four datasets. Collectively 
these themes capture pragmatic understandings of offering a new, 
blended pre-college STEM program and advance an argument for 
the involvement of all stakeholders to support the teachers. 
 

Index Terms—Engineering education, Pre-college programs. 

I. INTRODUCTION 
Efforts to provide pre-college students with engineering or 
robotics-specific experiences are on the rise around the world. 
Such initiatives are typically undertaken independent of one 
another and are often in competition to garner greater 
participation. e4usa and FIRST are two such programs 
originating in the United States (US). e4usa is a nationwide 
effort consisting of a 30-week curriculum (200 minutes/week) 
designed for high school students to learn and demonstrate 
engineering principles, skills, and practices through authentic, 
design-based experiences [1]. The course requires only high 
school algebra as a prerequisite. The focus is on the ‘why’ and 
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the ‘who’ of engineering rather than specific technology. The 
curriculum was piloted during the 2019-20 school year and is 
now being implemented within schools across the US and 
abroad.  FIRST is a well-established, global not-for-profit 
initiative that provides mentor-based, informal learning 
robotics programs that motivate young people to pursue 
science, technology, engineering, or mathematics (STEM) 
pathways [2]. Participating schools typically offer the program 
as an extracurricular option where interested students meet after 
school approximately 3 times per week for 2-3 hours each 
meeting. Both programs are designed with the underlying 
mission to prepare the next generation to better understand and 
potentially pursue careers in STEM, particularly engineering. 
The parallel missions of these two programs provided the 
impetus for a new partnership, e4usa+FIRST, that began in 
2021. The National Science Foundation funded the initiative 
with the underlying notion of leveraging the collective strengths 
of each program.  

The e4usa+FIRST program aims to expand engineering 
access to underserved schools and marginalized populations 
who often miss out on such opportunities due to cost and lack 
of resources, including qualified teachers. There has been a long 
persistent and significant educational gap for low-income 
students, females, and students of color in higher education due 
in part to these populations often receiving their pre-college 
education from underserved schools [3, 4]. These disparities are 
further exacerbated in STEM fields, which according to a report 
from the National Academy of Engineering and National 
Research Council, has roots in the pre-college system where 
“access and participation will have to be expanded 
considerably” [5, p. 10]. Numerous other reports have cited the 
critical need to expand STEM access, equity, and participation 
of students from diverse backgrounds [6]. Informal learning 
robotics programs may provide the needed milieu to excite 
students about STEM and a pathway to STEM careers in 
underserved schools [7]. Robotics provides opportunities for 
students to engage in STEM via non-didactic, social, and 
engaging ways [2, 7]. Research also suggests that such informal 
learning programs struggle to sustain relevance and 
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accessibility in underserved communities [3, 8].  
The e4usa+FIRST program was initiated as a unique attempt 

to break down silos between two pre-college STEM initiatives 
and provide students in underserved communities with 
opportunities to experience engineering and robotics. To 
achieve this overarching goal, the program has multiple 
objectives: i) establish blended e4usa+FIRST models for high 
schools that have been unable to offer or maintain engineering 
course(s); 2) prepare teachers and schools to implement a 
blended model; and 3) connect teachers with multiple support 
systems (e.g., mentors, university partners, and industry 
partners) for long term sustainability. 

This work presents a case-study of the e4usa+FIRST 
program. This study is framed to address the following 
research questions: 

1. How does a program designed to blend two existing 
engineering and robotics programs at the secondary 
school level impact teachers? 

2. What program elements are deemed valuable by 
participating teachers who are implementing a blended 
engineering and robotics program at the secondary 
school level? 

Collectively these research questions help to unpack the 
needs of and the impact on an important stakeholder group 
(i.e., the teachers) in the engineering education ecosystem to 
inform the future design and development of professional 
learning (PL) models. This work also contributes to the 
growing body of research in pre-college engineering 
education by capturing the pragmatic understandings of our 
experience blending two pre-college STEM offerings.  

II. LITERATURE REVIEW 

 Pre-college engineering education has been gaining 
momentum and recognition all around the world. In the US, 
several trends are driving this advancement, including: 1) an 
ever-increasing need for STEM professionals around the world 
[9]; 2) low gender, racial, and ethnic diversity in the engineering 
workforce [10]; 3) a shrinking engineering workforce [11]; 4) 
shortage of skilled technical workers [10, 11]; and 5) a below 
average performance by pre-college students in science and 
mathematics [8]. The need for pre-college engineering 
education is clear, but finding ways to integrate such content in 
an already jam-packed curricula is easier said than done. Any 
such solutions need to consider two key pieces that include 
status of existing programs and teacher PL. 

A. Relevance and Status of Pre-college Engineering and 
Robotics Programs 

There are a number of existing, high-quality, STEM early 
learning programs that provide pre-college students with 
opportunities to engage in engineering. Many such programs in 
the US fall under the banner of integrated-STEM following the 
formal inclusion of engineering design in Next Generation 
Science Standards (NGSS) [13]. The integrative nature of 
NGSS was intended to situate the teaching and learning of 
STEM concepts and practices in engineering design-based 
pedagogy as a mechanism to promote STEM literacy and to 
pique student interest in STEM careers [14, 15]. 

Research on integrated STEM education approaches has 
been mixed. A well-established body of literature indicates 
positive impacts of embedding engineering practices and 
instruction into science curricula [15-17], while other studies 
argue that scientific inquiry and engineering design differ in 
ways of implementation. Attempting to teach engineering 
practices as part of science curricula compromises students’ 
understanding and appreciation of engineering as a separate 
field of study [18, 19]. This concern is magnified considering 
that very few science educators have educational training in 
engineering [20-22]. This has led to separate efforts to promote 
engineering as its own subject in pre-college education [23, 24]. 

One context for engineering education that has seen repeated 
growth in pre-college settings is educational robotics. 
Educational robotics has its roots in Papert’s Constructionist 
Theory [25, 26], which supports student-centered learning and 
emphasizes discovery with more tangible objects (e.g., robots) 
to construct knowledge. Papert’s pioneering work gave rise to 
educational robotics by showing that young kids can learn 
programming and coding to solve problems [27 - 29]. The 
evolution of robotics education through the availability of new 
tools for both formal and informal pre-college settings has now 
advanced into applied and tangible educational resources for 
educators [27, 30, 31]. Educational robotics initiatives have 
advanced from short term robotics camps and competitions in 
informal settings to longer term, formal endeavors within state 
and national curricula (e.g., LEGO Education and Project Lead 
the Way) [31, 32]. Consequent to the growth, research on 
educational robotics has also expanded. 

Researchers have focused on better understanding the 
incremental nature of knowledge construction, goal directed 
learning, situated knowledge, and procedural knowledge that 
can occur through educational robotics experiences [33 - 35]. 
Numerous studies have shown that robotics can provide youth 
with an opportunity to interact with computer science concepts, 
improve their problem-solving abilities, and enhance their fine-
motor skills and hand-eye coordination [33, 36].  Educational 
robots have been shown to help students reach an understanding 
that allows them to construct knowledge and enhance their 
critical thinking skills [37]. Several studies have shown 
educational robotics catalyzing a significant increase in 
students’ creativity, interest, confidence, and motivation to 
learn STEM concepts and pursue studies in computer science 
and engineering [2, 38 - 41]. This includes studies that have 
additionally found educational robotics to be an effective tool 
for broadening participation and sparking interest in STEM for 
females [41, 42], minorities [43, 44], and other groups that are 
historically underrepresented in STEM fields [45, 46]. 

The future success of pre-college engineering offerings 
should build upon the foundation that has been provided by 
integrated-STEM offerings, educational robotics, and other 
engineering programs. New offerings would benefit from 
leveraging the collective strengths of these programs, while 
pairing these programs with effective teacher PL.  

B. Engineering Teacher Professional Learning (PL) 
The longevity and success of pre-college engineering 
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education is and will continue to be largely dependent on the 
preparation of teachers. Pre-college educators come to teach 
engineering from a variety of different backgrounds and 
starting points. There are no one-size fits all approach to 
engineering teacher preparation [47], but the need for such 
opportunities is essential for growth of pre-college engineering 
education [48]. Currently, very few primary and secondary 
teachers have educational or practical experience with 
engineering [49]. Engineering-focused courses within teacher 
preparation programs are limited [50]. Programs that do exist 
(e.g., minors, concentrations, certificates, and majors) typically 
integrate engineering into science courses [15 - 17]. The limited 
availability of pre-college engineering opportunities and the 
relative newness of such offerings suggests a heavy reliance on 
in-service teacher training and professional development (PD) 
is warranted. It is important to clarify the difference between 
PD and PL. The term PD is often associated with one-time 
workshops or seminars, that create knowledge and awareness. 
PL is a more interactive, sustained effort that encourages 
teachers to shift practice by applying the learning [51]. 

PD or PL are essential mechanisms that provide 
opportunities for teachers to acquire engineering content 
knowledge, pedagogical content knowledge, and confidence in 
teaching engineering [52, 53]. A variety of programs exist 
including certificate programs and in-service PL experiences. 
Teachers and schools can also leverage freely available 
resources like TeachEngineering or opportunities offered by 
professional organizations. The sum of such offerings has been 
shown to positively influence teacher self-efficacy toward 
pedagogical content knowledge, engagement, and disciplinary 
knowledge [47, 54, 55]. Key to the effectiveness of engineering 
PL experiences is structure [56], hands-on, real-world 
experiences [57], and opportunities to collaborate [58]. A 
challenge associated with any such PL experience is the 
applicability of the training provided for teaching engineering 
at different levels and using different program resources. There 
is a need to better understand how such training can meet the 
needs of teachers to teach a variety of different topics within the 
engineering field, including engineering design and robotics.  

III.  RESEARCH DESIGN 
 An exploratory qualitative research design was selected to 
understand teacher perspectives of implementing a unique 
blend of curricular and extracurricular engineering and robotics 
programs. The qualitative research design with a constructivist 
epistemology recognizes subjectivism and contextualism [59]. 
The aim was to uncover insights and construct knowledge from 
the viewpoint of the teacher participants. This study took place 
over a period of approximately two years (from April 2021 to 
April 2023) in order to gather rich datasets and better 
understand the impact of the program on teachers. 

A. Blended Program Creation Process 
The collaborative effort undertaken between e4usa and 

FIRST began with a kick-off workshop held virtually over one 
and a half days [3]. The workshop purposefully invited a variety 
of stakeholders to collaboratively brainstorm approaches for 

blending the two programs. The 22 total attendees included 
engineering teachers (n=4), FIRST team members (n=5), 
school administrators (n=4), e4usa team members including 
university representatives (n=5), and industry 
representatives/robotics coaches (n=4). Attendees were first 
divided into homogeneous groups to discuss their stakeholder 
perspective before being placed in heterogeneous groups tasked 
with collaboratively developing one to two ideas for how to 
blend the programs. The heterogeneous groups were asked to 
capture a general description of the blending, including needed 
support, required resources, and other logistical considerations. 
Groups were also asked to describe the strengths of their 
selected approach in comparison to potential drawbacks [3].  

The emergent models from the kick-off workshop were then 
used to conduct a team design sprint. Design sprints are an 
intense, “time-boxed” process where user-centered teams map 
out challenges, explore solutions, pick the best solutions, create 
a prototype, and test it [60]. The e4usa+FIRST team engaged in 
3-hour long weekly sessions over a period of two months to 
inductively identify potential models for blending the 
programs. An effort was made to identify commonalities across 
the recommendations, and criteria and constraints listed by each 
of the heterogeneous groups. The affinity diagram method [61] 
was used on a Google Jamboard to identify potential blending 
approaches, logistical challenges, flexible options for teachers, 
and general recommendations for program implementation. 
Four blending approaches or models emerged: 1) curricular + 
extracurricular, 2) co-curricular + extracurricular, 3) sequential 
curricular, and 4) concurrent curricular.  

1. curricular + extracurricular. The curricular + 
extracurricular model involves one teacher offering the e4usa 
curriculum in the classroom and the same teacher or a second 
teacher offering FIRST robotics as an extracurricular 
opportunity for students. This model leans on the initial 
intentions of the two programs. The blending component occurs 
when a single or multiple teachers ensure coverage of cross-
cutting program concepts and synergistic activities across 
offerings. A co-teaching approach could take a variety of forms, 
including parallel teaching, alternating engineering and robotics 
concepts, or separate facilitation.  

2. co-curricular + extracurricular. The co-curricular + 
extracurricular model involves teaching both engineering and 
robotics as a formal, curricular activity and establishing a 
school robotics team for participation in robotics competition 
as an extracurricular option for interested students. This model 
would provide basic robotics knowledge to all students enrolled 
in the engineering course.  

3. sequential curricular. The sequential curricular approach 
requires schools to offer two separate courses: 1) engineering, 
and 2) robotics. The courses would be designed to be taken in 
sequence. The two courses could be taught over two years or 
split across the first and second half of the school year.  

4. concurrent curricular. The concurrent curricular approach 
entails embedding robotics content into engineering lessons and 
teaching them concurrently in the classroom. The model would 
provide freedom to the teachers to decide how to embed 
robotics into the e4usa units.  
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Workshop data revealed numerous other aspects of the 
program implementation that should be considered regardless 
of the blended model. These aspects include: i) resources 
(fabrication tools, dedicated space for engineering and robotics 
activities,  materials handling, storage for materials, trained 
volunteers/mentors, and travel funds for robotics competitions);  
ii) logistics (scheduling and timings of the classes, number of 
students relative to the available robotics kits, transportation for 
after school activities, mentor engagement platforms, and 
potential fundraising);  iii) instructional practices (identifying 
overarching skills between both programs, differentiating 
between robotics and engineering, embedding game elements 
throughout the engineering curriculum, organizing guest 
lectures with industry mentors, and selecting engineering 
design projects that align with the robotics competition theme); 
iv) potential pitfalls (students and teachers should not equate 
robotics with engineering, use of different terminologies across 
the activities of the two programs, and  emphasis on 
competitions); and v) flexible options for teachers (student 
enrollment process, setting prerequisites for enrollment, 
assessments, budget management, and stakeholder 
partnerships).   

Workshop attendees expressed concerns regarding the 
participation of student teams in robotics competitions at 
district and national level because potential losses and failures, 
especially for entry-level e4usa+FIRST teams and teachers 
with no prior experience in robotics, could negatively impact 
students’ STEM identities and even dissuade them from 
considering engineering pathways. A few related suggestions 
included, developing a growth mindset [62] among students and 
teachers, creating a better scaffolded “on-ramp” for incipient 
teams such as inviting them to observe the district-/national-
level FIRST competitions, competing within the class, or 
competing with other e4usa+FIRST teams.  

The overarching work conducted across the kick-off 
workshop and design sprints was used as a foundation to form 
the structure for the program’s yearlong teacher PL, which 
includes a summer PD workshop, year-round community of 
practice (CoP) with monthly online gatherings, and a winter PD 
workshop. These organized efforts are supplemented with 
support from the project team, experienced teachers identified 
as coaches, and local university and/or industry liaisons. 

B. Participants 
The study involved 16 secondary school teachers who were 

recruited through a nationwide open call and participated in the 
e4usa+FIRST program during the 2021-22 and 2022-23 
academic years. Each cohort included 10 teachers with 4 
returning teachers in the second year [Table 1]. They were 
teaching in public, or charter high schools spread across the US 
in the states and territories of Arizona, California, Florida, 
Indiana, Kentucky, New Hampshire, New Mexico, Tennessee, 
Virginia, and US Virgin Islands. Their teaching experience 
ranged from 1 to 26 years, with an average of 11 years. 
Participants reported a wide range of exposure and experience 
teaching engineering (0 to 10 years) and robotics (0 to 8 years). 
Their robotics experiences included exposure either as a college 

student, coaching as a parent, or conducting a robotics club but 
with another robotics program. Four of the teachers in the first 
cohort continued on into the second year of the program. 

 

Table 1: Participants’ Profile 
Category Year 1 teachers Year 2 teachers 
Gender 
 Male 7 6 

 Female 3 4 
Race/ethnicity 
 White 8 7 

 Black/African 
American 

1 1 

 Hispanic 1 1 

 Mixed Race 0 1 
Teaching experience 
 0-2 2 0 

 3-5 1 1 

 6-10 2 4 

 >10 5 5 
Engineering teaching experience 
 0 2 1 

 1-2 5 6 

 3-5 0 0 

 >5 3 3 
Robotics experience 
 0 5 2 

 1-2 3 3 

 3-5 2 4 

 >5 0 1 

C. Teacher Professional Learning  
 All teachers engaged in a variety of PD sessions and CoP as 
part of PL to prepare and support their efforts in the program. 
Teachers first attended a two and a half weeklong, virtual 
summer PD workshop. The PD focused on 1) FIRST training, 
2) e4usa PD, and 3) sessions focused on the blending of the two 
programs and implementation. These three sets of activities 
built upon each other to enable and empower teachers to 
identify and ultimately offer a blended model at their schools. 
Teachers had complete autonomy to select, adapt, or change the 
proposed models.  
 Monthly CoP sessions were used to provide updates, discuss 
implementation, and share experiences. Programming 
knowledge was identified as a key area of emphasis and became 
a primary topic of discussion during these sessions. Additional 
support in the form of an on-demand helpline and project team 
office hours were set up to scaffold teacher learning of 
programming.  

Teachers requested and were invited to engage in a 1.5 day, 
in-person winter PD workshop. The workshop focused 
primarily on programming and integrating such content within 
the engineering curriculum. Time was taken to reflect on 
successes and challenges as teachers entered the second half of 
the academic year.  
 Additional support was provided and has varied across the 
two years based on available resources. All teachers received 
support from project team members as needed. Teachers in the 
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first cohort were provided with a helpline led by one of the 
FIRST state leaders, which was converted to team lead office 
hours for the second cohort. Teachers in the second cohort were 
provided with a coach who was an experienced teacher from the 
first cohort. Coaches received additional PD specific to being a 
coach alongside an abridged returning teacher summer PD 
workshop. Each teacher was also assigned a liaison who is a 
local university faculty member or industry employee. The sum 
of these experiences provided the overall context for teacher PL 
in the blended program. 
D. Data Collection  
Data sources included semi-structured focus groups conducted 
each year during the summer and winter PD sessions. The 60-
minutes long focus groups resulted in four datasets:  
1. Summer 2021: Nine teachers were divided into two groups 

of five and four for an online focus group discussion. 
2. Winter 2021: Six teachers participated in a single focus 

group where all but one joined in-person. 
3. Summer 2022: Seven teachers were divided into two 

groups of four and three for an online focus group. 
4. Winter 2022: Ten teachers were divided into two groups of 

five for a hybrid focus group (eight teachers joined in-
person).  

Focus group questions attempted to unpack teachers' 
confidence in teaching the blended curricula, their needs, and 
any challenges encountered implementing the blended models. 
Four primary questions guided all focus groups with additional 
questions prompted by participant responses: 

i) What is the current level of confidence you are feeling 
toward your ability to teach the e4usa+FIRST curriculum?  
ii) What is positively/negatively influencing your 
confidence? 
iii)  What aspects of the program have been most 
exciting/challenging for you as the teacher? 
iv) What recommendations do you have to improve the 
overall teacher experience in the program? 

E. Data Analysis 
 Transcribed data sets were entered into Dedoose, an online 
tool for qualitative analysis. Two members of the research team 
used open coding and the constant comparative method [63] to 
analyze data. First, the Summer 2021 transcripts were coded 
individually by the two researchers. The two coders then met 
with an additional member to review emergent codes and 
resolve any discrepancies. One of the researchers then analyzed 
new transcripts as they were added to the dataset. Analysis 
followed the same process of open coding and constant 
comparison. The data was repeatedly compared with the 
previous data to use existing codes or create new codes as 
necessary [63]. The iterative process of reading and coding 
continued with each dataset. Two researchers met again to 
organize the open codes into similar categories and create axial 
codes in alignment with the research questions [64]. Finally, 
categories were compared to identify four themes pertaining to 
the research questions.  

 Several measures were taken to ensure robust qualitative 
research [65, 66]. A code book was developed to maintain 
consistent coding [64]. Member checking was used to verify 
interpretations [67]. For example, participants were contacted 
by email seeking clarifications during the analysis phase. The 
research team engaged in several discussions about the data and 
meaning of the resulting themes. These discussions helped the 
lead author make meaning of relevant outcomes in relation to 
the research questions.  

IV. RESULTS AND DISCUSSION 
Four themes - teacher confidence, teacher agency, 

responsive PD, and support structures - emerged across the 
four datasets [Table 2]. These themes are described in the next 
two subsections organized by the research questions. 
Participant quotations are embedded in the narrative with the 
focus group (FG) information for contextual understanding. 

A. Impact on Teachers 
 Teachers are the direct participants and key stakeholders in 
any new pre-college offering. One of the goals of this research 
was to understand the program-level impact on the teachers to 
identify areas for improvement. This section answers the first 
research question: How does a program designed to blend two 
existing engineering and robotics programs at the secondary 
school level impact teachers? Two emergent themes of growing 
confidence and exercising agency capture the impact of the 
program on teachers.  
 
Table 2: Summary of findings 

Theme Definition Sample codes Illustrative quote 

RQ 1: Impact on teachers 

Growing 
confidence 

Gradual rise in 
feeling assured 
to teach the 
blended 
program  

Discussing 
ways to blend 
curriculum, 
prior 
engineering 
experience, 
lack of 
confidence, 
growth in 
confidence  

“I think we're in 
pretty good 
shape, as far as 
my confidence 
and being able to 
do that and still a 
little shaky on 
some 
programming 
and those types 
of things.” 

Exercising 
agency 

Constructing 
own plans of 
curriculum 
implementation 
through the 
choices and 
actions within 
the 
opportunities 
and constraints 
offered by the 
program 

Plans to blend 
robotics, 
teacher agency, 
competition 
participation, 
integrated 
implementation 

“I want to branch 
out and get some 
manufacturing 
piece involved. 
And that's what I 
want to bring 
into robotics. 
That's the piece 
that I want to 
introduce 
students.” 

RQ 2: Valuable program elements 
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Responsive 
PD 

PD organized 
around teacher 
needs and 
requests 

New 
technology, in-
person 
sessions, help 
with coding, 
PD found 
helpful 

“This is the best 
PD I've ever 
been to […] I 
feel like [this 
PD] will make us 
more apt to reach 
out to one 
another, when 
we do need 
help.” 

Support 
mechanisms 

Elements 
within the 
program 
structure and 
beyond that 
were deemed 
conducive 
  

Support from 
the project 
team, school 
administration, 
university 
liaisons, 
coaches, peer 
group, 
community of 
practice 

“I've got so 
much help and 
so much support 
and so much 
community that 
it's gonna be 
good. It's gonna 
be good.” 

 

1) Growing Confidence 
 The theme of growing confidence depicts collectively all 
teachers’ journey in the e4usa+FIRST — how the teachers 
embraced the blended offering, what challenges they 
encountered, the variability in their confidence, and the overall 
resulting impact. Teachers voluntarily joined the program but 
were all initially apprehensive about their abilities to teach the 
e4usa+FIRST curriculum. This feeling was aptly caught by one 
teacher stating, “Oh, my confidence has definitely been on a 
roller coaster since the beginning of training. Some of the stuff 
we learned about FIRST makes me a little anxious” 
[Winter_2022 FG]. Some also noted being, “...nervous that two 
programs all in one year may be a little much since I'm so new 
at this on my second year in STEM” [Summer_2021 FG]. This 
general apprehension was primarily because seven teachers had 
no prior experience with robotics and three teachers had never 
taught engineering. Teachers who did not have robotics 
experience seemed to rely on their engineering teaching 
experience to carry out the new responsibility. A teacher stated, 
“...but I'm trying to rely on my previous experience in 
engineering, which has helped me tremendously” 
[Summer_2021 FG]. Those with no prior experience in either 
engineering or robotics (n=2) depended heavily on the PD 
provided by the program.  
 It became apparent that not knowing coding and 
programming was creating another barrier for teachers to feel 
fully confident, “I mean the first time I ever saw block coding 
was when [THE ROBOTICS TRAINER] showed us how to open 
that, and I was like. And then they were like alright so write a 
code and I was like ‘Oh, excuse me. I don't know what you're 
talking about.” [Winter_2021 FG]. Additional contributors that 
seemed to negatively influence confidence included not 
knowing the pacing of the blended course, what materials to 
order, and not having a peer group of engineering/robotics 
teachers in their school or district.  
 Despite conveying less confidence, participants were 
“excited about doing the blending” because they saw value in 
teaching robotics and programming to the students, “So what I 
have seen, most of the kids, they love engineering because they 
make things, they modify things like that. So that's kind of an 

easier part for them. Programming is slightly difficult. So 
connecting those two is important for one reason — 
engineering does not work without coding. Now every engineer 
has to know some programming[...]So it will take a little bit of 
effort to incorporate coding into engineering. But as a teacher, 
if I try, it'll work” [Summer_2022 FG]. Some were excited that 
the engineering and robotics projects would develop 
professional skills of teamwork and problem solving for their 
students. Others were thrilled that participation would increase 
resources for students who did not have access previously, 
including access to materials and hands-on experiences.  
 A gradual increase in confidence was observed following the 
winter PD sessions. For example, a teacher commented, and 
others agreed: “I feel like right in the middle, not high not low, 
I agree that this PD has been my positive influence on 
confidence. My negative is that I didn't start the year knowing 
what I know now. So I feel that next year will be even better 
because I will be starting out with this and having even more of 
a place to grow from so that will be good” [Winter _2021 FG]. 
Other elements that contributed positively to teacher confidence 
included the year-round CoP and various opportunities to 
discuss and learn ways to blend curriculum through 
collaborative activities during the PD. The PD lessons and 
activities were “helpful especially in understanding new 
concepts like FIRST” [Winter 2021 FG].  
 The growth in confidence was linked not only to teachers’ 
engagement in PL activities, but also to their duration of PL 
experience and involvement in blended implementation of the 
curriculum. Those who continued their second year with the 
e4usa+FIRST expressed increased confidence and a desire to 
continue teaching the blended curriculum year after year, “So 
you kind of learn in that curriculum of the first year, and then 
you kind of know where you are and where you're going. The 
second year, I say, trying to figure out what's happening first, 
and then so this year is okay. I kind of know what I need to do. 
Of course, this year will speak to next year right?” 
[Summer_2022 FG]. This association between confidence 
growth and years of experience working with blended 
implementation also emphasizes the importance of 
accumulated expertise in fostering this confidence. 
 Pre-college engineering teaching is a relatively new 
endeavor for educators. STEM teachers are often unprepared to 
teach engineering as teacher preparation programs are not 
currently designed to include engineering teaching methods 
[50, 68]. Numerous studies suggest that internal (i.e., beliefs, 
confidence, self-efficacy, and knowledge) and external (i.e., 
technology resources and support) factors influence 
engineering technology adoption and confidence to integrate it 
in instructional practices [69, 70]. These factors take greater 
meaning when very few teachers have training in building and 
using robots [70 - 72]. A growing body of pre-college education 
literature suggests that many science or math teachers display 
lesser confidence in teaching engineering/robotics despite long 
years of teaching experience because of the distinct nature of 
science and engineering [18, 21, 57, 73, 74].  These researchers 
contend that providing engineering-focused PD experiences is 
a necessary first step to build teacher confidence [74, 75].  
 The overall confidence growth in teaching engineering 
among our participants suggests that more teachers from a 
variety of disciplines could be trained to teach engineering with 
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the appropriate PL and support structures. Preliminary work 
emerging from the current project has shown that appropriate 
PL combined with social support can lead to an increase in 
confidence across all teachers including experienced STEM 
teachers and non-STEM teachers [50, 76]. 
2) Exercising Agency  
 Another impact was teachers learning to exercise their 
agency. The concept of agency has been defined with respect to 
structures, discourses, and power in social sciences literature 
both at the organizational and individual level [77 - 79]. In 
accordance with the definition of Shanahan and Elder [80], we 
operationalize agency at the level of the individual as the ability 
to formulate and pursue plans. Exercise of such individual 
agency requires applied and active effort drawing on the 
personal strengths to achieve a planned goal [81].  
 The e4usa+FIRST offered numerous flexible adaptation 
options for teachers. Some examples included choosing their 
own ways to blend engineering and robotics, offering 
extracurricular or curricular robotics activities, enrollment of 
students, choosing what materials and equipment to buy, and 
deciding to participate (or not) in FIRST competitions. These 
flexible adaptation options became enablers for the teachers to 
exercise and demonstrate agency.  Agency in this context 
translated as the teachers’ ability to construct their own plans of 
implementing the curricula within the opportunities offered by 
the program while also keeping within the constraints of the 
district standards, school policies, and program limitations 
(e.g., budget). The following quotation captures how one 
teacher selected and acted on his plan, “In my classroom, I 
mean, I have to dedicate two class periods a day. So the first 
class is the introduction in engineering. So I'll do the e4usa 
curriculum first. And in the second-class period, I'll be 
interweaving the concepts of the FIRST into it” [Summer_2021 
FG]. Many welcomed the flexibility regarding robotics 
competition participation and exercised their agency during the 
school year, “Not going to really expect to do any competitions. 
I hope to be able to go to a couple competitions and kind of be 
a spectator and see what I can introduce the students to give 
them that experience” [Winter_2021 FG]. 
 Providing an opportunity to select and implement their 
choice of a blended model and the flexibility to adapt and use a 
completely different model next year created favorable 
conditions for exercising agency, “so the way he's doing that 
it's really interesting. I love the way he's trying. And I’m really 
hoping to see next to see how that works is doing the FIRST 
first. So right now I’m doing it second after the e4usa making 
e4usa kind of as a prerequisite sort of. But the robotics is going 
to give you more freedom to do the things you want, and bring 
down just what you want to do, and then setting yourself up for 
what's coming in engineering” [Winterr_2022 FG].  
 Literature [82 - 84] on teacher agency points to two critical 
understandings: 1) flexible conditions and structures give 
teachers more agency and consequently better engagement in 
their own PD; and 2) agency empowers teachers to support the 
growth and learning of their students. The quotation above 
suggests that the teacher was thinking about exercising agency 
and changing the sequence of engineering and robotics lessons 
considering the engagement, learning, and growth of their 
students. Overall, the flexibility offered under the program 

helped teachers overcome self-limiting plans, take risks, gain 
agency, and learn through the experience as captured by the 
following statement: “And I know, this is a pilot stage, and we 
all kind of working together on this. And I think that's what's 
going to help us grow is seeing what's working, see what's not, 
see what we can change” [Winter_2022 FG]. 
B. Valuable Program Elements 

This section answers the second research question: What 
program elements are deemed valuable by the teachers who are 
implementing a blended engineering and robotics program at 
the secondary school level? Specifically, two emergent themes 
of responsive PD and support mechanisms collectively depict 
structures that could be put in place to support teachers as they 
develop knowledge and implement the curriculum. 
1) Responsive PD 
 During the summer_2021 FG, teachers expressed concerns 
regarding the FIRST training. While some felt overwhelmed 
with the information presented, others expressed concerns 
regarding the assumption during the PD that they already had 
foundational knowledge for robotics. Teachers were not 
prepared for the technology introduced during the PD, 
specifically with coding and robotics, “I think also, some of the, 
I guess, all the technology that they wanted us to use was a little 
challenging, because some of the stuff, you know, it, I tried, I 
couldn't figure out anything on it. And, and I asked the question, 
do we have to use it? They, said, well, we'll want you to, but to 
figure it out on your own. That's the impression I got. But, you 
know, I think all the technology that was introduced were good. 
But, you know, we all get so overwhelmed with technology” 
[Summer_2021 FG]. Learning to put together a robot over an 
online session added to the difficulty and a suggestion was 
made to host an in-person PD during the winter break, focused 
specifically on programming and coding. The project team 
quickly arranged for in-person PD sessions (Winter_2021 and 
Winter_2022) that aligned with teacher requests.   
 The responsive PD sessions and activities were perceived as 
highly valuable and impactful by the majority of the teachers. 
One such activity was the co-planning of an engineering lesson 
that included robotics information/activity. Collaboratively 
discussing ways to blend the two curricula was a valuable 
experience, “I thought the aspects of PD that were probably the 
most helpful were the days that we ran through some of the 
lesson planning activities. For example, [it] gave me a pretty 
good idea of how it would work in an actual classroom” 
[Summer_2022 FG]. Likewise, coding sessions conducted 
during the winter PD were well received as teachers felt that 
they learned what they asked for and the teaching and learning 
took place at a pace they were comfortable with. In-person 
participation added to the overall experience. Teachers 
welcomed the opportunities to gather different perspectives, 
discuss, and learn from one another.  A teacher stated, “This 
was actually a very good opportunity for me to kind of meet 
people that I normally only see over the screen and I feel like I 
gleaned a lot just from their experiences are things that they 
had like we do this in our class we do this, and you can do that 
on a you can do that on a screen but it's not it's not the same” 
[Winter_2022 FG].  
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 The concept of responsive teaching is not new but rarely gets 
used in the PL context [85]. Responsive teaching approach 
focuses on foregrounding the learner's reasoning and tailoring 
instruction in response to student thinking [86, 87]. Just as 
teachers need to use responsive pedagogy, PD developers and 
teacher educators need to use responsive approaches to support 
teachers. The dynamic nature of a responsive PD requires 
flexibility on the part of the PD developers but leads to 
enhanced engagement and equitable participation while 
maintaining content-specific rigor [86, 88]. Watkins et al.’s [85] 
study has shown that a responsive approach not only supports 
individual needs and inquiry but also the collective needs of the 
group. The e4usa+FIRST responsive PD sessions were a unique 
experience for the teachers and were highly appreciated. 
2) Support structures 
 Teachers identified multiple other program elements besides 
the responsive PD as valuable and effective in providing 
support. These included the year-round CoP and the support 
from the school administration, university liaisons, coaches, the 
project team, and the community partners.  
 Most teachers reported their school administration to be 
highly supportive and willing to help teachers in their endeavors 
to implement the blended program. As an example, a teacher 
stated, “It's been pretty great. They're very supportive about 
that, like the robotics, competitions, and stuff, is something that 
the students want and the school is promoting to the students 
like, hey, this is available for you like we're completely 
supportive of this” [Winter_2022 FG]. Significant aspects of 
school support included willingness to assist and foster program 
partnership, active involvement in the project activities, and 
recognition of students’ needs and opportunities. In a few cases 
administration arranged for the school technology support 
personnel to help with engineering or robotics technology and 
assist teachers during class time. 
 A couple of teachers also acknowledged challenges with 
support from their schools and district administration and 
expressed frustration regarding the district administration’s 
limited vision and understanding of the potential benefits of the 
program. For example, a teacher reported, that “my 
administration, you know really didn't get on board like you 
think [they] would.”. She continued, “[it] was very frustrating 
as a teacher when I you know I saw potential of the program, it 
didn’t seem like my administration do so” [Winter_2021 FG].   
 Another supportive element recognized by the teachers was 
university liaisons. Many teachers expressed appreciation for 
the support provided by their local university liaisons in terms 
of communication, sourcing of engineering projects, provision 
of field trips, and liaison’s visits to the 
classrooms.  Partnerships with universities brought exciting 
opportunities for students, such as visiting college campuses 
and interacting with graduate students. Teachers received 
additional mentorship from the liaisons. One teacher explained 
the significance of his students’ interaction with university 
graduate students and its impact on their motivation and 
learning in the following words: “We're going to have freshmen 
and maybe some sophomores and a few juniors and seniors. So 
for them to be on a college campus, getting to see the lab and 
the work that people are doing in their own backyard is going 
to be really fun. That has me the most excited, I think. And then 

just being able to have the graduate students come in and visit 
and talk to our students and be in the classroom and maybe 
even help out in some of the projects and the assignments is 
going to be also great because then our kids are getting that 
direct mentorship from someone within their age group. That's 
pretty close proximity and understands what it's like to be in 
high school” [Winter_2021 FG]. 
 Likewise, teachers expressed appreciation for personalized 
attention from the project team and acknowledged that their 
involvement and support in the classroom has a positive impact 
on their students’ learning. One teacher specifically mentioned 
that the team’s weekly visit and presence in the classroom is 
greatly appreciated by the students. She further explained that 
this involvement and interest in students’ learning beyond 
regular teacher-student dynamics is seen as making a 
significant difference. She stated, “I have [project team 
member name 1] and [project team member name 2], and they 
are amazing as they come once a week. The kids absolutely love 
it, and I think that makes a difference when somebody actually 
takes interest in their [students] learning other than me 
[teacher], because I'm their teacher like you gotta do this. He 
[team member] comes in. They love it” [Winter_2022 
FG].  Discussions with the teachers revealed that they valued 
compassion, responsiveness, clarity in communication, and 
guidance provided by the project team. Teachers also 
highlighted the understanding and flexibility displayed by the 
team for meeting schedules. 
 The presence of the coaches in the program provided a sense 
of reassurance to teachers knowing they had a dedicated person 
to turn to for guidance and support. Teachers specifically 
mentioned coaches’ supportive nature and availability 
emphasizing the positive impact on their involvement.  
Teachers also had a very positive view of the community of 
practice and peer group support. They viewed networking with 
other teachers and professionals from various backgrounds, 
schools, and regions as an opportunity to enhance 
collaborations on the professional front. Teachers expressed 
gratitude for the strong support received from the broader 
community partners such as engineers and technology experts. 
The involvement of community partners played a crucial role 
in facilitating students’ learning process, boosted student 
engagement, and fostered a sense of accomplishment tackling 
local community projects.  In a few cases such collaborations 
even extended to students’ involvement with knowledgeable 
students assisting the teacher and the peers in programming and 
technology related tasks as expressed by one teacher, “I have a 
student who completely knows it, [Python programming] so 
he's helping me with teaching the other students in the club. and 
then the tech guy is getting associated with it, too. He's super 
excited so like program wise he's helping me figure out because 
all the students have iPads” [Winter_2022 FG]. 
 The findings underscore the significance of support 
structures in ensuring teachers feel backed and capable of 
overcoming any obstacles that may arise during their 
participation in the project activities. A strong support system 
reinforces a collaborative and conducive environment for 
teachers, ultimately enhancing the educational experience for 
students and opportunities for all involved [74, 74]. The CoP 
brought together teachers, university educators, practicing 
engineers, and community partners who possess different 
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backgrounds and experiences. The monthly CoP sessions 
provided diverse engineering perspectives and insights for 
teachers with limited engineering experience [89, 90]. The 
research team learned that the presence of coaches created a 
comfort level for novice teachers. Adopting the train-the-trainer 
model [91] and preparing experienced teachers to work as 
mentors/coaches is equally important as providing engineering 
PL to novice teachers.  

Most importantly, the success of educational initiatives 
greatly relies on the support provided by the school and district 
administration. Multiple reports have emphasized the need to 
include engineering in pre-college education [5, 92, 93]. These 
calls have not translated into a lot of action by districts and 
schools to incorporate engineering as a core subject in existing 
curricula [94, 95]. The pace of change has been slow, and the 
blame cannot be fully placed on districts and schools. Many 
programs and models have been developed to facilitate pre-
college STEM education. This has muddied the waters and 
made it difficult for schools to navigate available offerings [95, 
96]. It is about time the engineering education community 
adopted a cohesive pre-college engineering curriculum in 
alignment with state requirements rather than the piecemeal 
utilization of different engineering activities. The recent release 
of the Framework for P-12 Engineering Learning [24] may be 
the needed foundational step toward future standardization 
efforts of engineering-specific education [23]. 

V. LIMITATIONS, FUTURE WORK, AND 
IMPLICATIONS,  

 The study used a purposeful sample of secondary school 
teachers recruited as part of the e4usa+FIRST program. We 
aimed for this study to be exploratory in nature, given the 
singularity of the attempt to break down silos between two pre-
college STEM initiatives by the e4usa+FIRST program. 
Generalizability is a limitation of such exploratory, qualitative 
inquiry [59]. Another participant group having different 
backgrounds or different school settings could yield different 
results. Though some of the teachers did not have any 
engineering or robotics experience, many of them had five or 
more years of teaching experience. Such an undertaking may 
not be as effective for teachers with less teaching experience. 
State or national standards could also affect the school level 
engineering and robotics offerings and implementation. 
Robotics programs besides FIRST (e.g., VEX Robotics or 
Botball) are available, and each has differing levels of impact.  
  During the two years, all teachers have in some way offered 
robotics content to their students in addition to the e4usa course. 
Each teacher has had their successes and challenges as they 
have engaged in this program. Most of the challenges faced 
were related to the two unforeseen issues post COVID-19: 1) 
supply chain issues made it difficult to procure additional 
robotics kits and materials; and 2) COVID-19 related student 
absences in the high school resulted in a challenge for teachers 
to recruit and maintain participation especially, in after school 
robotics activities during 2021-22.  A virtual robotics offering 
was provided and leveraged by some teachers. Affective factors 
such as the school administration’s support are also crucial to 
the curricular and extracurricular activities of the program.  

 This collaborative effort has also provided opportunities for 
the two programs to learn from one another. One of the impacts 
in the pilot year of this project is to recalibrate expectations 
around the challenges facing engineering education and 
robotics clubs in underserved communities. For example, 
participation in robotics competitions assumes a baseline that 
does not exist in all communities. Many readily available 
resources, training, and support assume a level of familiarity 
with engineering or robotics basics. Our experiences working 
closely with teachers in under-resourced communities 
illuminated the common misconception that all students grow 
up exposed to tools at home. Many students have had little prior 
experience with simple tools like screwdrivers, hex wrenches, 
or nut drivers. Only two teachers were able to get their students 
to participate in a FIRST competition. Nine teachers have 
indicated their desire to register for a competition next year. 

A major barrier is the cost of robotics kits, which are priced 
out of reach for underserved schools, regardless of the program.   
Additionally, the support available is often lacking. Such 
insights have prompted a rethinking of the support elements, 
and lower cost robotics kits with better scaffolding for entry 
level programs at the high school level. One result was the 
creation of the Experiential Robotics Platform (XRP) in 
collaboration with Worcester Polytechnic Institute and the 
FIRST. The XRP team has developed cost-efficient robotics 
kits that have drastically reduced the cost to engage in robotics 
education. e4usa+FIRST teachers were able to buy a kit for 
each student in their classrooms. The kits are designed to 
operate with simple, tool-free assembly and perform basic 
tasks. The replacement parts are easily 3-D printed. The 
platform also provides online programming lessons for teachers 
and students using open-source software.  
 This collaboration made it clear that there are opportunities 
to combine classroom-based (i.e., engineering) and 
extracurricular (e.g., robotics) learning experiences more 
effectively. The project team has started exploring business 
model innovations as part of this effort to address the future 
scalability, sustainability, and overall reach of collaborations 
with universities and industry. This includes identifying 
sustainable funding opportunities for schools and partnering 
with the local community. One potential model under 
consideration is local corporate sponsorship of individual 
teams. This model was pioneered by secondary school athletics 
teams and is well aligned with the scale of local charitable 
giving. There is an added benefit of developing relationships 
between community employers and the education system.  
 The PI team continues to gather implementation data and 
evolve the blended program models. Student focus groups were 
conducted at the end of each academic year and data is being 
analyzed [97]. Future plans include another manuscript 
detailing how the students are impacted. Overall, this study 
provides pragmatic understanding regarding working with 
secondary school teachers on new STEM initiatives. Findings 
could inform the future design and development of teacher PL 
models. The study also has the potential to help future 
investigators who are interested in examining cross-cutting 
programs. The e4usa+FIRST initiative impacts pre-college 
STEM education’s perspective on what is possible when 
programs collaborate toward a shared mission. Implications 
also encase the future motivation and design of pre-college 
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STEM education and outreach programs that provide reinforced 
engineering learning and pathways leading to engineering 
careers for a diverse population. 

VI. CLOSING THOUGHTS 
A major goal of e4usa+FIRST is to implement blended 

e4usa and FIRST programs targeting underserved high 
schools that have been unable to offer or maintain 
engineering offerings. Blended implementation models 
were developed, and a complementary PL was provided to 
the teachers to bring curricular and/or extracurricular 
opportunities for students in underserved communities to 
experience engineering. This study explored the impact of 
the initiative on teachers and their needs in terms of effective 
program elements and support structures.  

Important lessons learned from this work include: 1) 
avoiding the assumption that all teachers who express 
interest and engage in the program bring some form of 
prerequisite engineering or programming knowledge;, 2) 
starting with an informed sense of specific barriers (e.g., 
prohibitive costs, teacher understanding of programming 
file systems, school IT infrastructure and policies); 3) 
providing teachers with the scaffolding (e.g., basic 
engineering knowledge as well as programming concepts)   
to comfortably deliver content at a pace that makes sense for 
them;  4) creating and providing spaces (e.g., CoP)  where 
teachers can freely share their challenges and learn from 
peers; 5) providing support structures (e.g., helpline, office 
hours, connections with local experts from universities, 
industry, or professional societies) and resources (e.g., 
troubleshooting guide to resolve easy to fix 
hardware/software issues); and 6) engaging teachers 
through occasional in-person PD that provides  
collaborative practice time for a subset of relevant content. 

The findings advance an argument for the involvement of 
all stakeholders (e.g., school administration, university 
liaisons, community partners) to create an ecosystem at the 
pre-college level to excite youth and broaden participation 
in engineering education. Engineering is not a core 
component of pre-college education in the US. The 
challenges of pre-college engineering education are 
multifaceted and need “out-of-the-box” thinking. 
Investigating models to embed engineering-related 
opportunities more readily for all must be prioritized in pre-
college education. Schools do not necessarily need to 
choose one program or model. This project demonstrates 
that such programs can be blended if there is a shared vision 
and mission to ensure that all students learn. The importance 
of pre-college engineering education will only continue to 
expand as technologies continue to advance. Now more than 
ever, e4usa+FIRST and similar pre-college efforts represent 
an important contribution in developing a more diverse 
future STEM workforce. 

ACKNOWLEDGMENT 
This material is based upon work primarily supported by the 

National Science Foundation under Award Number EEC-
2113312. Any opinions, findings and conclusions, or 
recommendations expressed in this material are those of the 

author(s), and do not necessarily reflect those of the National 
Science Foundation. 

REFERENCES 
[1] Engineering For Us All (e4usa). https://e4usa.org/ 
[2] The Center for Youth and Communities Heller School for Social Policy 

and Management, FIRST® Longitudinal Study: Findings at 72 Month 
Follow-Up. Waltham, MA: Brandeis University, 2020. 

[3] M. Dalal, A. R. Carberry, S. Efe, P. James-Okeke, and D. J. Rogers, 
“Collaboration instead of competition: Blending existing Pre-College 
engineering programs for greater impact,” in Proc. IEEE Front. Educ. 
Conf.  (FIE), Oct. 2022, doi: 10.1109/fie56618.2022.9962655. 

[4] L. Avendano, J. Renteria, S. Kwon, and K. Hamdan, “Bringing equity to 
underserved communities through STEM education: implications for 
leadership development,” Journal of Educational Administration and 
History, vol. 51, no. 1, pp. 66–82, Oct. 2018, 
https://doi.org/10.1080/00220620.2018.1532397. 

[5] National Academy of Engineering and National Research Council, 
Engineering in K-12 education: understanding the status and improving 
the prospects. Washington, DC, USA: National Academies Press, 2009. 

[6] National Science Foundation, Women, Minorities, and Persons with 
Disabilities in Science and Engineering. Accessed March 11, 2022, from 
https://ncses.nsf.gov/pubs/nsf19304/digest/field-of-degree-minorities 

[7] N. Abaid, V. Kopman, and M. Porfiri, An attraction toward engineering 
careers: The story of a Brooklyn outreach program for K-12 students. 
IEEE Robotics & Automation Magazine, vol. 20, no. 2, pp. 31-39, 2013. 

[8]  J. Chandler, A. D. Fontenot, and D. Tate, “Problems Associated with a 
Lack of Cohesive Policy in K-12 Pre-college Engineering,” Journal of 
Pre-College Engineering Education Research (J-PEER), vol. 1, no. 1, 
Apr. 2011, doi: https://doi.org/10.7771/2157-9288.1029. 

[9]  National Science Board, National Science Foundation, “Science and 
Engineering Indicators 2022: The State of U.S. Science and 
Engineering.,” National Center for Science and Engineering Statistics 
(NCSES), Alexandria, VA, 2022. Accessed: 2023. [Online]. Available: 
https://ncses.nsf.gov/pubs/nsb20221 

[10] R. Varma, “U.S. Science and Engineering Workforce: 
Underrepresentation of Women and Minorities,” American Behavioral 
Scientist, vol. 62, no. 5, pp. 692–697, Apr. 2018, doi: 
https://doi.org/10.1177/0002764218768847. 

[11] National Academies of Sciences, Engineering, and Medicine. Measuring 
the 21st century science and engineering workforce population: Evolving 
needs. National Academies Press, 2018. Accessed: 2023. [Online]. 
Available: https://nap.nationalacademies.org/read/24968/chapter/1 

[12] National Science Board. “The skilled technical workforce: Crafting 
America's Science & Engineering Enterprise”. National Science Board, 
NSB-2019-23. 2019. Accessed: 2023 [Online]. 
Available:  https://www.nsf.gov/nsb/publications/2019/nsb201923.pdf 

[13] NGSS Lead States. 2013. Next Generation Science Standards: For states, 
by states. Washington, DC: National Academies Press. 2013. Available: 
www.nextgenscience.org/next-generation-science-standards 

[14] E. M. Furtak and W. R. Penuel, “Coming to terms: Addressing the 
persistence of ‘hands-on’ and other reform terminology in the era of 
science as practice,” Science Education, vol. 103, no. 1, pp. 167–186, 
Nov. 2018, doi: https://doi.org/10.1002/sce.21488. 

[15] E. E. Peters-Burton and T. Johnson, “Cross-Case Analysis of Engineering 
Education Experiences in Inclusive STEM-Focused High Schools in the 
United States,” International Journal of Education in Mathematics, 
Science and Technology, vol. 6, no. 4, pp. 320–342, Jul. 2018, doi: 
https://doi.org/10.18404/ijemst.440335. 

[16] D. Fortus, R. C. Dershimer, J. Krajcik, R. W. Marx, and R. Mamlok-
Naaman, “Design-based Science and Student Learning,” Journal of 
Research in Science Teaching, vol. 41, no. 10, pp. 1081–1110, Dec. 2004, 
doi: https://doi.org/10.1002/tea.20040. 

[17] W. Du, D. Liu, C. C. Johnson, T. A. Sondergeld, V. L. J. Bolshakova, and 
T. J. Moore, “The impact of integrated STEM professional development 
on teacher quality,” School Science and Mathematics, vol. 119, no. 2, pp. 
105–114, Jan. 2019, doi: https://doi.org/10.1111/ssm.12318. 

[18] C. M. Cunningham and W. S. Carlsen, “Teaching Engineering Practices,” 
Journal of Science Teacher Education, vol. 25, no. 2, pp. 197–210, Apr. 
2014, doi: https://doi.org/10.1007/s10972-014-9380-5. 

[19] M. M. Hynes, “Developing Middle School Engineering Teachers: Toward 
Expertise in Engineering Subject Matter and Pedagogical Content 
Knowledge,” Department of Education records (UA071), Digital 

This article has been accepted for publication in IEEE Transactions on Education. This is the author's version which has not been fully edited and 
content may change prior to final publication. Citation information: DOI 10.1109/TE.2023.3338610

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

https://doi.org/10.1080/00220620.2018.1532397
https://ncses.nsf.gov/pubs/nsf19304/digest/field-of-degree-minorities
https://doi.org/10.7771/2157-9288.1029
https://ncses.nsf.gov/pubs/nsb20221
https://doi.org/10.1177/0002764218768847
https://nap.nationalacademies.org/read/24968/chapter/1
https://www.nsf.gov/nsb/publications/2019/nsb201923.pdf
http://www.nextgenscience.org/next-generation-science-standards
http://www.nextgenscience.org/next-generation-science-standards
https://doi.org/10.1002/sce.21488
https://doi.org/10.18404/ijemst.440335
https://doi.org/10.1002/tea.20040
https://doi.org/10.1111/ssm.12318
https://doi.org/10.1007/s10972-014-9380-5


> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 

11 

Collections and Archives, Tufts University, Medford, MA, 2007. 
http://hdl.handle.net/10427/35355. 

[20] T. Sengupta-Irving and J. Mercado, “Anticipating Change: An 
Exploratory Analysis of Teachers’ Conceptions of Engineering in an Era 
of Science Education Reform,” Journal of Pre-College Engineering 
Education Research (J-PEER), vol. 7, no. 1, Aug. 2017, doi: 
https://doi.org/10.7771/2157-9288.1138. 

[21] A. Antink-Meyer and D. Z. Meyer, “Science Teachers’ Misconceptions 
in Science and Engineering Distinctions: Reflections on Modern Research 
Examples,” Journal of Science Teacher Education, vol. 27, no. 6, pp. 
625–647, Oct. 2016, doi: https://doi.org/10.1007/s10972-016-9478-z. 

[22] S. Purzer, “Engineering approaches to problem solving and design in 
secondary school science: Teachers as design coaches,” A Paper 
Commissioned by the National Academies of Sciences, Engineering, and 
Medicine Science Investigations and Engineering Design for Grades 6-
12, pp. 1–40, 2017. 

[23] T. J. Moore, A. W. Glancy, K. M. Tank, J. A. Kersten, K. A. Smith, and 
M. S. Stohlmann, “A Framework for Quality K-12 Engineering 
Education: Research and Development,” Journal of Pre-College 
Engineering Education Research (J-PEER), vol. 4, no. 1, May 2014, doi: 
https://doi.org/10.7771/2157-9288.1069. 

[24] Advancing Excellence in P-12 Engineering Education and American 
Society of Engineering Education, A Framework for P-12 Engineering 
Learning: A defined and cohesive educational foundation for P-12 
engineering, American Society of Engineering Education, 2020. 

[25] S. Papert, MINDSTORMS Children, Computers, and Powerful Ideas, 3rd 
ed. New York, NY: BasicBooks, 1980. 

[26] S. Papert, The children’s machine : rethinking school in the age of the 
computer. New York: BasicBooks, 1993. 

[27] S. Anwar, N. A. Bascou, M. Menekse, and A. Kardgar, “A Systematic 
Review of Studies on Educational Robotics,” Journal of Pre-College 
Engineering Education Research (J-PEER), vol. 9, no. 2, Jul. 2019, doi: 
https://doi.org/10.7771/2157-9288.1223. 

[28] S. Evripidou, K. Georgiou, L. Doitsidis, A. A. Amanatiadis, Z. Zinonos, 
and S. A. Chatzichristofis, “Educational Robotics: Platforms, 
Competitions and Expected Learning Outcomes,” IEEE Access, vol. 8, 
pp. 219534–219562, 2020, doi: 
https://doi.org/10.1109/access.2020.3042555. 

[29] D. Clements, “Research on Logo in Education: Is the Turtle Slow but 
Steady, or not even in the Race?,” Computers in the Schools, vol. 2, no. 
2–3, pp. 55–71, Jul. 1985, doi: https://doi.org/10.1300/j025v02n02_07. 

[30] B. Sisman, S. Kucuk, and Y. Yaman, “The Effects of Robotics Training 
on Children’s Spatial Ability and Attitude Toward STEM,” International 
Journal of Social Robotics, vol. 13, no. 2, pp. 379–389, Apr. 2020, doi: 
https://doi.org/10.1007/s12369-020-00646-9 

[31] T. Vernado, “ROBOTICS across the Curriculum,” Tech Directions, vol. 
60, no. 4, Nov. 2000. 

[32] M. Gura, “Lego Robotics: STEM Sport of the Mind,” Learning & 
Leading with Technology, vol. 40, no. 1, pp. 12–16, Aug. 2012. 

[33]   M. U. Bers, L. Flannery, E. R. Kazakoff, and A. Sullivan, “Computational 
thinking and tinkering: Exploration of an early childhood robotics 
curriculum,” Computers & Education, vol. 72, pp. 145–157, Mar. 2014, 
doi: https://doi.org/10.1016/j.compedu.2013.10.020. 

[34]   D. C. Edelson, “Learning-for-use: A framework for the design of 
technology-supported inquiry activities,” Journal of Research in Science 
Teaching, vol. 38, no. 3, pp. 355–385, 2001, doi: 
https://doi.org/10.1002/1098-2736(200103)38:3%3C355::aid-
tea1010%3E3.0.co;2-m. 

[35]   A. Ioannou and E. Makridou, “Exploring the Potentials of Educational 
Robotics in the Development of Computational thinking: a Summary of 
Current Research and Practical Proposal for Future Work,” Education and 
Information Technologies, vol. 23, no. 6, pp. 2531–2544, May 2018, doi: 
https://doi.org/10.1007/s10639-018-9729-z. 

[36]   L. Armstrong and A. Tawfik, “The History of Robotics and Implications 
for K-12 STEM Education,” TechTrends, vol. 67, no. 1, pp. 14–16, Dec. 
2022, doi: https://doi.org/10.1007/s11528-022-00816-8. 

[37]   G. Nugent, B. Barker, N. Grandgenett, and V. I. Adamchuk, “Impact of 
Robotics and Geospatial Technology Interventions on Youth STEM 
Learning and Attitudes,” Journal of Research on Technology in 
Education, vol. 42, no. 4, pp. 391–408, Jun. 2010, doi: 
https://doi.org/10.1080/15391523.2010.10782557. 

[38]   A. Master, S. Cheryan, A. Moscatelli, and A. N. Meltzoff, “Programming 
Experience Promotes Higher STEM Motivation among first-grade Girls,” 
Journal of Experimental Child Psychology, vol. 160, pp. 92–106, Aug. 
2017, doi: https://doi.org/10.1016/j.jecp.2017.03.013. 

[39]   F. Cuellar et al, “Robotics education initiative for analyzing learning and 
child-parent interaction,” in 2014 IEEE Frontiers in Education 
Conference (FIE) Proceedgins, Madrid, Spain, Feb. 2015, pp. 1–6. 

[40]   J. Shanahan and D. Marghitu, “Software Engineering Java Curriculum 
with Alice and Cloud Computing,” in Proceedings of Alice Symposium on 
Alice Symposium, Jun. 2013, pp. 1–6. doi: 
https://doi.org/10.1145/2532333.2532337. 

[41]   R. Mason, G. Cooper, and T. Comber, “Girls Get It,” ACM Inroads, vol. 
2, no. 3, p. 71, Aug. 2011, doi: https://doi.org/10.1145/2003616.2003638. 

[42]   B. Terry, B. Briggs, and S. Rivale, “Work in progress: Gender Impacts of 
Relevant Robotics Curricula on High School students’ Engineering 
Attitudes and Interest,” in Proceedings of 2011 Frontiers in Education 
Conference (FIE), Rapid City, SD, Feb. 2012. 

[43]   Y. Kafai, K. Searle, C. Martinez, and B. Brayboy, “Ethnocomputing with 
Electronic textiles: Culturally Responsive Open Design to Broaden 
Participation in Computing in American Indian Youth and Communities,” 
Proceedings of the 45th ACM Technical Symposium on Computer Science 
Education - SIGCSE ’14, Atlanta, GA, Mar. 2014. doi: 
https://doi.org/10.1145/2538862.2538903. 

[44]   L. Shatz, K. Pieloch, and E. Shamieh, “Robotics Competition and Family 
Science Fair for Grades 4-8 Sponsored by the Latino-STEM Alliance,” 
Proceedings of 2016 ASEE Annual Conference & Exposition, New 
Orleans, LA, Jun. 2016. doi: https://doi.org/10.18260/p.26117. 

[45]   R. Dorsey and A. Howard, “Measuring the Effectiveness of Robotics 
Activities in Underserved K-12 Communities outside the Classroom,” 
Proceedings of 2011 ASEE Annual Conference & Exposition, Vancouver, 
BC, Jun. 2011, pp. 22.1050.1–22.1050.8. 

[46]   J. H. Rosen, A. Newsome, and M. Usselman, “Promoting Diversity and 
Public School Success in FIRST LEGO League State Competitions,” 
Proceedings of 2011 ASEE Annual Conference & Exposition, Vancouver, 
BC, Jun. 2011, pp. 22.1195.1–22.1195.8. 

[47]   R. Hammack, P. Gannon, C. Foreman, and E. Meyer, “Impacts of 
professional development focused on teaching engineering applications 
of mathematics and science,” School Science and Mathematics, vol. 120, 
no. 7, pp. 413–424, Oct. 2020, doi: https://doi.org/10.1111/ssm.12430. 

[48]   A. R. Carberry, S. S. Klein-Gardner, P. S. Lottero-Perdue, and K. L. 
Shirey, “Pre-college engineering education teacher preparation,” in 
International Handbook of Engineering Education Research, London, 
UK: Routledge, 2023, pp. 241–262. 
https://doi.org/10.4324/9781003287483-15 

[49]  E. R. Banilower, P. S. Smith, K. A. Malzahn, C. L. Plumley, E. M. Gordon, 
and M. L. Hayes, “Report of the 2018 NSSME+,” Horizon Research Inc., 
Dec. 2018. Accessed: Apr. 01, 2023. [Online]. Available: 
http://www.horizon-research.com/report-of-the-2018-nssme  

[50]   M. Dalal, A. R. Carberry, and R. Maxwell, “Broadening the Pool of 
Precollege Engineering Teachers: The Path Experienced by a Music 
Teacher.” IEEE Transactions on Education, vol. 65, no. 3, pp. 344-355, 
2022, doi: 10.1109/te.2022.3141984. 

[51]   C. Stewart, “Transforming professional development to professional 
learning,” Journal of adult education, vol. 43, no. 1, pp. 28–33, 2014. 

[52]   P. L. Hardre et al., “Teachers Learning to Prepare Future Engineers: A 
Systematic Review through Five Components of Development and 
Transfer,” Teacher Education Quarterly, vol. 45, no. 2, pp. 61–88, 2018, 
Accessed: Mar. 28, 2023. [Online]. Available: 
https://files.eric.ed.gov/fulltext/EJ1175526.pdf 

[53]   J. Utley, T. Ivey, R. Hammack, and K. High, “Enhancing engineering 
education in the elementary school,” School Science and Mathematics, 
vol. 119, no. 4, pp. 203–212, Mar. 2019, doi: 
https://doi.org/10.1111/ssm.12332. 

[54]   M. Perkins Coppola, “Preparing preservice elementary teachers to teach 
engineering: Impact on self-efficacy and outcome expectancy,” School 
Science and Mathematics, vol. 119, no. 3, pp. 161–170, Feb. 2019, doi: 
https://doi.org/10.1111/ssm.12327. 

[55]   J. E. Singer, J. M. Ross, and Y. Jackson-Lee, “Professional Development 
for the Integration of Engineering in High School STEM Classrooms,” 
Journal of Pre-College Engineering Education Research (J-PEER), vol. 
6, no. 1, pp. 30–44, Jun. 2016, doi: https://doi.org/10.7771/2157-
9288.1130. 

[56]   S. S. Guzey, K. Tank, H.-H. Wang, G. Roehrig, and T. Moore, “A High-
Quality Professional Development for Teachers of Grades 3-6 for 
Implementing Engineering into Classrooms,” School Science and 
Mathematics, vol. 114, no. 3, pp. 139–149, Mar. 2014, doi: 
https://doi.org/10.1111/ssm.12061. 

This article has been accepted for publication in IEEE Transactions on Education. This is the author's version which has not been fully edited and 
content may change prior to final publication. Citation information: DOI 10.1109/TE.2023.3338610

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

http://hdl.handle.net/10427/35355
https://doi.org/10.7771/2157-9288.1138
https://doi.org/10.1007/s10972-016-9478-z
https://doi.org/10.7771/2157-9288.1069
https://doi.org/10.7771/2157-9288.1223
https://doi.org/10.1109/access.2020.3042555
https://doi.org/10.1300/j025v02n02_07
https://doi.org/10.1007/s12369-020-00646-9
https://doi.org/10.1016/j.compedu.2013.10.020
https://doi.org/10.1002/1098-2736(200103)38:3%3C355::aid-tea1010%3E3.0.co;2-m
https://doi.org/10.1002/1098-2736(200103)38:3%3C355::aid-tea1010%3E3.0.co;2-m
https://doi.org/10.1002/1098-2736(200103)38:3%3C355::aid-tea1010%3E3.0.co;2-m
https://doi.org/10.1007/s10639-018-9729-z
https://doi.org/10.1007/s10639-018-9729-z
https://doi.org/10.1007/s11528-022-00816-8
https://doi.org/10.1080/15391523.2010.10782557
https://doi.org/10.1080/15391523.2010.10782557
https://doi.org/10.1016/j.jecp.2017.03.013
https://doi.org/10.1145/2532333.2532337
https://doi.org/10.1145/2532333.2532337
https://doi.org/10.1145/2003616.2003638
https://doi.org/10.1145/2538862.2538903
https://doi.org/10.1145/2538862.2538903
https://doi.org/10.18260/p.26117
https://doi.org/10.1111/ssm.12430
https://doi.org/10.4324/9781003287483-15
https://doi.org/10.4324/9781003287483-15


> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 

12 

[57]   M. Hynes and A. Dos Santos, “Effective Teacher Professional 
Development: Middle-school Engineering Content,” International 
Journal of Engineering Education, vol. 23, no. 1, 2007. 

[58]   C. Mesutoglu and E. Baran, “Integration of engineering into K-12 
education: a systematic review of teacher professional development 
programs,” Research in Science & Technological Education, vol. 39, no. 
3, pp. 328–346, Mar. 2020, doi: 
https://doi.org/10.1080/02635143.2020.1740669. 

[59]   U. Flick, An introduction to qualitative research, 5th ed. Los Angeles: 
Sage, 2014. 

[60]   R. Banfield, C Todd Lombardo, and Trace Wax, Design sprint : a 
practical guidebook for building great digital products. Sebastopol, Ca: 
O’reilly Media, Inc, 2016. 

[61]   W. Widjaja and M. Takahashi, “Distributed interface for group affinity-
diagram brainstorming,” Concurrent Engineering, vol. 24, no. 4, pp. 344–
358, Aug. 2016, doi: https://doi.org/10.1177/1063293x16657860. 

[62]   C. Dweck, “Carol Dweck Revisits the Growth Mindset,” Education 
Week, pp. 1–4, Sep. 22, 2015. Accessed: Feb. 28, 2023. [Online]. 
Available:https://www.studentachievement.org/wpcontent/uploads/Carol
-Dweck-Revisits-the-Growth-Mindset.pdf 

[63]   A. L. Strauss and J. M. Corbin, Basics of qualitative research: techniques 
and procedures for developing grounded theory, 4th ed. Los Angeles, CA: 
Sage Publications, 2015. 

[64]   J. Saldana, The Coding Manual for Qualitative Researchers, 4th ed. 
London, UK: Sage Publications Ltd., 2009. 

[65]   S. J. Tracy, Qualitative Research Methods : Collecting evidence, Crafting 
analysis, Communicating Impact, 2nd ed. Hoboken, New Jersey: John 
Wiley & Sons, Inc, 2019. 

[66]   J. Walther, N. W. Sochacka, and N. N. Kellam, “Quality in Interpretive 
Engineering Education Research: Reflections on an Example Study,” 
Journal of Engineering Education, vol. 102, no. 4, pp. 626–659, Oct. 
2013, doi: https://doi.org/10.1002/jee.20029. 

[67]   J. W. Creswell, Qualitative inquiry & research design : Choosing among 
five approaches, 3rd ed. Los Angeles, CA: Sage Publications, 2013. 

[68]   M. M. Hynes, C. A. Mathis, S. Purzer, A. Rynearson, and E. A. Siverling, 
“Systematic Review of Research in P-12 Engineering Education from 
2000–2015,” International Journal of Engineering Education, vol. 33, no. 
1, pp. 453–462, Jan. 2017. 

[69]   P. A. Ertmer and A. T. Ottenbreit-Leftwich, “Teacher technology change: 
How knowledge, confidence, beliefs, and culture intersect,” Journal of 
Research on Technology in Education, vol. 42, no. 3, pp. 255–284, Mar. 
2010, doi: https://doi.org/10.1080/15391523.2010.10782551. 

[70]   J. Aldemir, A. Reid-Griffin, A. Moody, D. Barreto, and C. Sidbury, 
“Robotics Professional Development,” Journal on School Educational 
Technology, vol. 16, no. 4, pp. 1–11, 2021. 

[71]   H. S. You, S. M. Chacko, and V. Kapila, “Examining the Effectiveness 
of a Professional Development Program: Integration of Educational 
Robotics into Science and Mathematics Curricula,” Journal of Science 
Education and Technology, vol. 30, pp. 567–581, Feb. 2021, doi: 
https://doi.org/10.1007/s10956-021-09903-6. 

[72]   H. Zhou, T.T., Yuen, C. Popescu, A. Guillen, and D. G. Davis, 
“Designing Teacher Professional Development Workshops for Robotics 
Integration across Elementary and Secondary School Curriculum,” in 
International Conference on Learning and Teaching in Computing and 
Engineering, Taipei, Taiwan, 2015, pp. 215–216. 

[73]   M. J. Nathan, N. A. Tran, A. K. Atwood, A. Prevost, and L. A. Phelps, 
“Beliefs and Expectations about Engineering Preparation Exhibited by 
High School STEM Teachers,” Journal of Engineering Education, vol. 
99, no. 4, pp. 409–426, Oct. 2010, doi: https://doi.org/10.1002/j.2168-
9830.2010.tb01071.x. 

[74]   J. E. Reimers, C. L. Farmer, and S. S. Klein-Gardner, “An Introduction 
to the Standards for Preparation and Professional Development for 
Teachers of Engineering,” Journal of Pre-College Engineering Education 
Research (J-PEER), vol. 5, no. 1, Apr. 2015, doi: 
https://doi.org/10.7771/2157-9288.1107. 

[75]   L. S. Nadelson, J. Callahan, P. Pyke, A. Hay, M. Dance, and J. Pfiester, 
“Teacher STEM Perception and Preparation: Inquiry-Based STEM 
Professional Development for Elementary Teachers,” The Journal of 
Educational Research, vol. 106, no. 2, pp. 157–168, Feb. 2013, doi: 
https://doi.org/10.1080/00220671.2012.667014. 

[76]   J. Kouo et al., “Understanding the Impact of Professional Development 
for a Cohort of Teachers with Varying Prior Engineering Teaching 
Experience.” Journal of Pre-College Engineering Education Research (J-
PEER), vol. 13, no. 1, pp. 37-54, 2023, doi: 10.7771/2157-9288.1317. 

[77]   A. Eteläpelto, K. Vähäsantanen, P. Hökkä, and S. Paloniemi, “What is 
agency? Conceptualizing professional agency at work,” Educational 
Research Review, vol. 10, pp. 45–65, Dec. 2013, doi: 
https://doi.org/10.1016/j.edurev.2013.05.001. 

[78]   R. Miettinen, “Object of Activity and Individual Motivation,” Mind, 
Culture, and Activity, vol. 12, no. 1, pp. 52–69, Feb. 2005, doi: 
https://doi.org/10.1207/s15327884mca1201_5. 

[79]   M. Emirbayer and A. Mische, “What is Agency?,” American Journal of 
Sociology, vol. 103, no. 4, pp. 962–1023, 1998. 

[80]   M. J. Shanahan and G. H. Elder, “History, Agency, and the Life Course,” 
in Agency, Motivation, and the Life Course, L. J. Crockett, Ed. Lincoln, 
NE: University of Nebraska Press, 2002, pp. 145–185. 

[81]   M. Mullaly, Exercising Agency: Decision Making and Project Initiation, 
1st ed. Routledge, 2015. 

[82]   M. Priestley, G. Biesta, and S. Robinson, “Teacher Agency: What it is 
and why does it matter?,” in Flip the System: Changing Education from 
the Bottom Up, R. Kneyber and J. Evers, Eds. London: Routledge, 2015, 
pp. 134–148. 

[83]   L. Calvert, “The Power of Teacher Agency: Why We Must Transform 
Professional Learning So That It Really Supports Educator Learning.,” 
Journal of Staff Development, vol. 37, no. 2, pp. 51–56, Apr. 2016. 

[84]   J. Durrant, Teacher Agency, Professional Development and School 
Improvement, 1st ed. New York, NY: Routledge, An Imprint Of The 
Taylor & Francis Group, 2019. 

[85]   J. Watkins, L. Z. Jaber, and V. Dini, “Facilitating Scientific Engagement 
Online: Responsive Teaching in a Science Professional Development 
Program,” Journal of Science Teacher Education, vol. 31, no. 5, pp. 515–
536, Feb. 2020, doi: https://doi.org/10.1080/1046560x.2020.1727622. 

[86]   A. D. Robertson, R. Scherr, and D. Hammer, Responsive Teaching in 
Science and Mathematics. New York, NY: Routledge, 2015. 

[87]   J. Thompson et al., “Rigor and Responsiveness in Classroom Activity,” 
Teachers College Record: The Voice of Scholarship in Education, vol. 
118, no. 5, pp. 1–58, May 2016, doi: 
https://doi.org/10.1177/016146811611800506. 

[88]   A. S. Rosebery, B. Warren, and E. Tucker-Raymond, “Developing 
interpretive power in science teaching,” Journal of Research in Science 
Teaching, vol. 53, no. 10, pp. 1571–1600, Aug. 2015, doi: 
https://doi.org/10.1002/tea.21267. 

[89]   G. M. Teague and V. A. Anfara, “Professional Learning Communities 
Create Sustainable Change through Collaboration,” Middle School 
Journal, vol. 44, no. 2, pp. 58–64, Nov. 2012, doi: 
https://doi.org/10.1080/00940771.2012.11461848. 

[90]   X. Jin, T. Li, J. Meirink, A. van der Want, and W. Admiraal, “Learning 
from Novice–Expert Interaction in Teachers’ Continuing Professional 
Development,” Professional Development in Education, vol. 47, no. 5, 
pp. 745–762, Aug.2019, doi: 10.1080/19415257.2019.1651752. 

[91]   S. Pancucci, “Train the Trainer: The Bricks in the Learning Community 
Scaffold of Professional Development,” International Journal of 
Educational and Pedagogical Sciences, vol. 1, no. 11, pp. 597–604, Nov. 
2007, doi: https://doi.org/10.5281/zenodo.1076078. 

[92]   National Academies of Sciences, Engineering, and Medicine, “Building 
Capacity for Teaching Engineering in K-12 Education,” National 
Academies Press, Washington, D.C., 2020. Accessed: Mar. 02, 2023. doi: 
https://doi.org/10.17226/25612 

[93]   National Research Council, “A Framework for K-12 Science Education: 
Practices, Crosscutting Concepts, and Core Ideas,” National Academies 
Press, Washington, D.C., 2012. doi: https://doi.org/10.17226/13165. 

[94]   T. J. Moore, K. M. Tank, A. W. Glancy, and J. A. Kersten, “NGSS and 
the landscape of engineering in K-12 state science standards,” Journal of 
Research in Science Teaching, vol. 52, no. 3, pp. 296–318, Jan. 2015, doi: 
https://doi.org/10.1002/tea.21199. 

[95]   M. Dalal, and A. R. Carberry, “Enabling factors and barriers for adopting 
engineering curricula in high schools: School, district, and state 
administrator perspectives,” in Proc. ASEE Eng Educ. Conf. (ASEE), Jun. 
2021, https://peer.asee.org/37029 

[96]   S. Efe, M. Dalal, A. R. Carberry, D. Rogers, P. James-Okeke, and R. 
Figard, “High school teachers’ preparedness to implement blended 
e4usa+FIRST models in underserved communities (Work in Progress),” 
in Proc. ASEE Eng Educ. Conf. (ASEE), Jun. 2022, 
https://peer.asee.org/40450 

[97]   R. Figard, M. Dalal, J. Roarty, S. Nieto, and A. R. Carberry, 
“Understanding high school student experiences in an engineering course 
designed for all,” in Proc. ASEE Eng Educ. Conf. (ASEE), Jun. 2022 
https://peer.asee.org/40476 

This article has been accepted for publication in IEEE Transactions on Education. This is the author's version which has not been fully edited and 
content may change prior to final publication. Citation information: DOI 10.1109/TE.2023.3338610

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

https://doi.org/10.1207/s15327884mca1201_5
https://doi.org/10.1207/s15327884mca1201_5
https://doi.org/10.17226/13165

	I. INTRODUCTION
	II. LITERATURE REVIEW
	Pre-college engineering education has been gaining momentum and recognition all around the world. In the US, several trends are driving this advancement, including: 1) an ever-increasing need for STEM professionals around the world [9]; 2) low gender...
	A. Relevance and Status of Pre-college Engineering and Robotics Programs
	B. Engineering Teacher Professional Learning (PL)

	III.  RESEARCH DESIGN
	A. Blended Program Creation Process
	B. Participants
	C. Teacher Professional Learning
	D. Data Collection
	E. Data Analysis

	IV. RESULTS AND DISCUSSION
	A. Impact on Teachers
	B. Valuable Program Elements

	V. LIMITATIONS, FUTURE WORK, AND IMPLICATIONS,
	VI. CLOSING THOUGHTS
	Acknowledgment
	References

