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Abstract

This study is situated within a large-scale national high school level engineer-

ing education initiative that aims to “demystify” engineering for high school

students, teachers, and counselors through an all-inclusive high school level

engineering course. Counselors participated in a series of PD activities cen-

tered on the following components: (1) design and development of a new engi-

neering course open to all high school students, (2) teacher and counselor PD,

and (3) a learning community of teachers, counselors, engineering educators,

and practicing engineers. We utilized an exploratory qualitative research

design to understand counselors’ perceptions and experiences. Through their

own hands-on experiences, counselors had concrete examples to share with

students about engineering as a field to consider for postsecondary education

and careers. Further, through a broadened understanding of the skills needed

to excel in engineering, counselors expressed that they would work with all

students to recommend them towards engineering, rather than just the “math

and science” students. Through this study, we identified an important gap in

the engineering pipeline: high school guidance counselors. In order to broaden

participation in engineering, we must first expand the knowledge of those peo-

ple working closely with high school students on postsecondary plans.
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Numerous reports have called for the need to bolster the
science, technology, engineering, and mathematics (STEM)
workforce to avoid dire economic, technological, and
national security consequences. Specifically, A Nation at Risk
(National Commission on Excellence in Education, 1983)
and Before It's Too Late (National Commission on Mathemat-
ics and Science Teaching for the 21st Century, 2000),
and Revisiting the STEM Workforce (National Science
Board, 2015) called for a need to advance our STEM work-
force in the United States. Policymakers and researchers
have emphasized the essential relationship between the
country's economic development, participation in the STEM

workforce, and progress (Hrabowski, 2011). Racial and gen-
der gaps in STEM disciplines are well documented
(Okrent & Burke, 2021) and stand to prevent the nation from
addressing this call.

A joint report from the National Science Foundation,
National Science Board, and National Center for Science
and Engineering Statistics, provides a landscape of the
contemporary STEM labor force (Okrent & Burke, 2021).
STEM workers account for nearly 25% of the U.S. labor
market with just over half of these workers having bache-
lor's degree. Approximately 35% of STEM workers are
women, and despite accounting for 30% of the employed
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workforce, people who identify as Black, Latinx, and
Native American only comprise 23% of the total STEM
workforce. These racial and gender gaps are especially
pronounced in the so-called “hard sciences,” such as
engineering, physics, and computer science.

This economic rationale, coupled with the focus on
the need for more diversity in STEM, has been a key
point of discourse and focus of national policy initiatives.
Recently, researchers, policymakers, and workforce lead-
ership have pointed to a new issue within the STEM
workforce: a shortage of skilled technical workers
(STWs) (National Science Board, 2019; National Science
Board, 2020). STWs use specialized technical skills and
knowledge but do not have a bachelor's degree (Chen &
Roterrmund, 2020; Rothwell, 2016). Nearly two-thirds of
the STEM workforce are STWs (Okrent & Burke, 2021).
By 2029, STWs are projected to comprise nearly 19 mil-
lion workers (National Science Board, 2020). There is a
need to focus on STWs to better understand how to
expand the pathways for future STWs (National Science
Board, 2018).

One avenue to increase pathways and participation of
STWs in the STEM workforce is focusing efforts on the
pre-college educational system. Most pre-college curric-
ula require courses in mathematics and the sciences with
increasing offerings in technology and/or engineering.
These courses are merely one touch point to excite stu-
dents about STEM career pathways. High school coun-
selors in particular play a critical role in the career
exploration and postsecondary decisions of high school
students (Falco, 2017; Katehi et al., 2009). This study
focuses on the ‘E' in STEM by examining the perceptions
and practices of high school counselors who participated
in professional development (PD) designed to build an
understanding of engineering and pathways for students
in engineering or engineering-like careers.

The study is situated within Engineering for Us All
(e4usa), a large-scale national project designed to expand
access to engineering (e4usa, 2022). The e4usa program
has three key elements: (1) a full-year, high school-level
engineering curriculum; (2) summer PD for teachers with
varying backgrounds, and (3) an online learning commu-
nity of teachers, school officials, university educators,
and practicing engineers. pre-college educational curric-
ula high school counselor professional development
(HSCPD) program was developed to further create aware-
ness about engineering. We explored shifts in high school
counselors' understandings of engineering, pathways to
engineering and engineering-like skilled technical
careers, and professional practices with students after
participating in the HSCPD program. We detail the PD
program, data collection and analysis, and major findings
to address the following research questions:

1. What are counselors' perceptions of engineering
before and after participating in the HSCPD program?

2. What are counselors' perceptions of pathways to engi-
neering and engineering-like careers after participat-
ing in the HSCPD program?

3. How did counselors' professional practices shift after
participating in the HSCPD program?

1 | LITERATURE REVIEW

1.1 | Current landscape for pathways
into STEM careers

There are four main pathways by which people find their
way into the STEM workforce: (1) secondary school expe-
riences, (2) secondary career and technical education
(CTE), (3) postsecondary education, and (4) certificates,
certifications, or licenses (Okrent & Burke, 2021; Wang
et al., 2013).

1.1.1 | Secondary school experiences

Students' experiences in high school can directly influ-
ence plans of whether to pursue a STEM education or
career (Wang, 2013). Using data from the High School
Longitudinal Study of 2000, Okrent and Burke (2021)
examine high school students' reasons for taking math
and science courses and explore relationships with their
decision to pursue STEM after graduating. Most students
report their primary reason for taking a math or science
class is because it is required for graduation. Another pri-
mary driver for students was because a teacher, counselor,
or parent recommended they take a math or science class.
Female students were more likely to take a math or science
class because it was recommended by someone else. Male
students were more likely to enroll in a math or science
class as a personal choice because they enjoyed the subject.
Exposure to math and science classes in high school can
help foster STEM identity and self-efficacy, which can influ-
ence students' decisions to pursue STEM postsecondary
education or careers (Flowers III & Banda, 2016; Gushue
et al., 2006; Smit et al., 2020). Encouraging students to par-
ticipate in STEM courses in high school is critical to exciting
more students to consider pursuing further STEM educa-
tion and STEM careers.

1.1.2 | Secondary CTE

CTE programs in high school allow students to tailor
their educational experiences based on their unique
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needs and interests. CTE comprises courses or formalized
programs with a specialized focus on career or technical
skills needed in a particular area. CTE programs can
directly connect students to the STW labor market after
graduating from high school (U.S. Department of
Education, 2019). Approximately three-quarters of high
school students participated in at least one CTE credit in
high school in 2013; though many of these students did
not concentrate on a particular area (U.S. Department of
Education, 2019). Students who participated in some form
of CTE in high school were more likely to directly enter the
STW workforce when compared to their counterparts
who did not earn any CTE credits (Rotermund &
Burke, 2021). CTE courses such as computer-aided design
(CAD) or Design Craftsmanship enable students to pursue
engineering-like skilled technical careers (National Acade-
mies of Sciences, Engineering, and Medicine, 2017).

1.1.3 | Postsecondary education

The primary pathway that people enter the STEM work-
force is through postsecondary education, including 2-
and 4-year degrees. Nearly one-half of all STEM workers
have at least a bachelor's degree (Okrent & Burke, 2021).
Vocational or 2-year degree programs are a critical mech-
anism for expanding access and participation in the
skilled technical workforce (Bureau of Labor Statis-
tics, 2019; Trapani & Hale, 2019). Just under 25% of all
associate degrees were in STEM-related fields in 2019
(Okrent & Burke, 2021). The American Community Sur-
vey showed that 22% of the STW workforce in STEM had
an associate degree. STWs in STEM generally had higher
percentages of associate degrees than their counterparts
in non-STEM fields (Okrent & Burke, 2021).

1.1.4 | Certificates, certifications, and
licenses

Certificates, certifications, and licenses are another way
for people to enter the STEM workforce. Students can
obtain certificates at community colleges or other
2-year institutions, including for-profit institutions
(Trapani & Hale, 2019). Certifications are offered by
non-governmental bodies, while licenses grant legal
authority for work in a particular area (Bureau of
Labor Statistics, 2019). These alternative pathways
meet the demand for people who tend to have non-
linear pathways within education and provide an
option for some to return to college to augment and/or
supplement their skills.

1.2 | Guidance toward the skilled
technical workers workforce

A report by the National Science Board (2019) found that
it is critical to expand diversity and inclusivity in STEM
fields to foster ongoing support and dedication. A spe-
cific focus was placed on the need for STWs as part of
the solution for ongoing prosperity in STEM. The report
identified four major strategies to increase the number
of STWs in STEM: (1) change the message, (2) focus on
the data, (3) leverage the portfolio of federal invest-
ments, and (4) build partnerships (National Science
Board, 2019).

Career counseling is one strategy that can change the
message and help bolster the entrance of students into
STEM and STEM STW pathways. Conn et al.'s (Conn
et al., 2017) literature review of 18 studies examined the
role of career counseling services to promote entrance
into STEM careers. Career counseling was shown to have
a positive impact on intention to enter STEM careers
(Kerr & Robinson Kurpius, 2004; Stoeger et al., 2013) and
career self-efficacy (Fouad, 1995; Kerr & Robinson
Kurpius, 2004).

1.3 | Role of school counselors

The pre-college educational system directly affects educa-
tional outcomes and transitions to either postsecondary
education or the workforce. According to Katehi et al.
(2009), the lack of diversity present in undergraduate
engineering has its roots in the pre-college system where
“access and participation will have to be expanded con-
siderably” (p. 10). High school coursework can prohibit
students from pursuing an engineering or engineering-
like career and degree before they even graduate high
school, especially due to perceptions that engineering is
very heavy in math and science (Gillen et al., 2018;
Nathan et al., 2010). School counselors and officials play
a key role in influencing students' future educational and
career pathways by assisting students in course selection,
achievement, and overall environment that can influence
college selection and major (Gillen et al., 2018; Jolly
et al., 2004; Lewis, 2013). School counselors can play a
critical role in guiding students toward STEM or CTE
courses in high school (Mobley et al., 2017). This can also
translate into counselors assisting students with future
career choices (Lewis, 2013). The added emphasis on
CTE, coupled with knowledge in STEM, could help guide
more students toward becoming an STW in STEM.

Research indicates that a lack of basic engineering
knowledge is a major barrier for school counselors when
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working with students to guide them toward future engi-
neering or engineering-like careers. (Beck et al., 2009;
Falco, 2017; Ross et al., 2021). Falco (2017) asserts that
school counselors need a greater understanding of STEM
pathways and career development. Sharing the benefits
of STEM careers and the ways that STEM work translates
into helping people and society is a powerful motivator
for students (Wang et al., 2013). PD can serve to educate
counselors about career pathways in engineering
(McCuen & Greenberg, 2009).

2 | CONCEPTUAL FRAMEWORK

This work was guided by the Diffusion of Innovation
(DoI) Theory (Rogers, 2003). DoI Theory suggests a
five-stage model—knowledge/awareness, persuasion,
decision, implementation, and confirmation—by which
individuals adopt an innovation. This framework has
frequently been used by researchers to examine PD pro-
grams (e.g., Mahony & Wozniak, 2005; Ross et al., 2021;
Scott & McGuire, 2017). DoI allows for the examination
of the process by which people undergo social change
(Robinson, 2009). The innovation explored in the context
of this study is understanding or knowing engineering as
a field of study and a profession through participation in
a PD program.

The first stage of knowledge/awareness includes
when an individual is exposed to innovation or concepts.
The individual learns about the topic and becomes aware
of this new idea or innovation. Individuals at this stage
lack awareness about the particular innovation and have
not been inspired to (or have not thought of) learn more
about particular innovation. The knowledge/awareness
phase provides foundational building blocks for innova-
tion, which are required for people to advance to subse-
quent stages.

The second phase occurs when individuals advance to
persuasion. In this stage, the Individuals' interest in the
innovation is piqued and they decide that the innovation
has merit. This leads to an active pursuit of information
about the innovation, that is, they participate in PD activ-
ities to advance their understanding of the topic.

Weighing of advantages and disadvantages in the per-
suasion phase leads to the decision phase, where the indi-
vidual can become an adopter of the innovation. The
individual decides during this phase to adopt the innova-
tion based on information gleaned in the first two stages.
Some individuals will decide not to adopt the innovation
and will not advance to further stages. This stage is
highly individualistic, and people often advance through
these phases at different rates, which can make this diffi-
cult to empirically study (Rogers, 2003).

Adopters who decide to adopt the innovation then
advance to the implementation phase, wherein they
implement the innovation in their practice. There are
multiple ways that people can implement an innovation.
Some might try out small-scale implementations, such as
augmenting one or two minor parts of their practice.
Others might overhaul their practices and do a large-
scale implementation of the innovation. Successful
implementation of the innovation can lead some to the
final stage of confirmation. Individuals affirm whether
they will continue the long-term implementation of the
innovation during this phase.

The level and rate of adoption are different for
each individual. Not all people will advance through
all five innovation stages (Rogers, 2003), especially
within the context of PD programs. Instead, individ-
uals will typically advance through the first three
stages, where they gain initial interest in the innova-
tion and collect more information. PD programs need
to infuse the program with information and focused
discussion on how to implement and advance the use
of the innovation to support the advancement of the
later stages (Coburn, 2003).

3 | PROGRAM DETAILS

The HSCPD program was situated within the context of
e4usa, a large-scale, nationwide project funded by the
National Science Foundation. e4usa aims to demystify
engineering for high school students and teachers
through an inclusive engineering curriculum and pro-
fessional learning for teachers (e4usa, 2022). The focus
is to connect all schools, teachers, and students to engi-
neering by developing students' technical and profes-
sional skills (e.g., interdisciplinary thinking, creativity,
innovation, communication, and collaboration) that
crosscut a broad range of fields (Ross et al., 2021). The
e4usa project provides (1) ongoing PD to high school
teachers, and (2) an online community consisting of
teachers, school officials, university educators, and prac-
ticing engineers to support the implementation of engi-
neering courses in high school classrooms. Initial
activities within e4usa identified a significant gap in the
community of practice, namely the absence of high
school counselors. School counselors play a pivotal role
in the educational choices made by students through
encouragement to take classes, think about future
careers, and overall support (Falco, 2017). A PD mod-
eled after the e4usa teacher PD program was created for
high school counselors to address this gap. The study
detailed in this paper focuses specifically on the HSCPD
program.
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3.1 | Recruitment

Recruitment was conducted via snowball sampling and
outreach to local networks. The e4usa program had
already recruited teachers from partner high schools to
participate in the summer PD program. All participating
teachers were asked to invite their school counselors to
participate in the HSCPD program. Teachers were pro-
vided with a script and a flyer to share with counselors at
their schools. We also developed a database of local high
schools to recruit additional counselors. A total of
75 counselors were invited to participate in the HSCPD
program; 29 completed an initial interest survey, and 15
of those individuals completed the program. Participants
received a $75 Amazon gift card and a certificate of com-
pletion, which counted toward continuing education
credits.

3.2 | Professional development structure

The HSCPD was initially developed as a two-day, in-per-
son event to accompany the larger e4usa teacher PD. The
COVID-19 pandemic required a shift in the program to a
5-week, fully online professional learning experience in
the summer of 2020. The HSCPD consisted of both syn-
chronous Zoom meetings and asynchronous activities.
The learning management system, Canvas, was used as
the central hub for all PD information and activities. Par-
ticipants received a kit in the mail with the necessary
materials for activities before the start of the HSCPD.

Participants attended at least one synchronous ses-
sion (approximately 3 h) each week, which allowed time
for counselors and teachers to engage in collaborative
activities and follow-up discussion time. Each week also
included asynchronous content, which afforded coun-
selors time to complete engineering design tasks individ-
ually, read literature, and participate in reflection
activities (e.g., mind maps to depict understanding of
engineering and the engineering design process).

The HSCPD comprised three phases (see Figure 1).
The first two phases were common for the counselors

and e4usa teachers. The third phase was designed
specifically for counselors separate from the teachers.
The first phase was focused on introducing engineering
as a field. Counselors explored how engineering is
embedded in our daily lives and its connections to
other disciplines. A session was conducted regarding
inclusive practices within engineering. Counselors
learned about the phenomena of implicit bias, stereo-
types, and stereotype threat and how they influence
diversity and inclusion in engineering. This session was
followed by group discussions and reflections on their
practices and potential changes toward inclusiveness
(Dalal & Ross, 2022).

The second phase of the HSCPD engaged counselors
in hands-on engineering design activities to help them
act and “think like an engineer.” The hands-on approach
was intentionally employed so counselors could “experi-
ence” being an engineer and practice key traits engineers
need to possess (e.g., problem-solving, design thinking,
creativity, innovation, and collaboration). Activities were
completed individually or in small groups collaborating
with teachers. Participants created a spaghetti tower, con-
structed a rain shelter from newspapers, and built a
robotic arm (see Figure 2).

The final phase was designed to help participants learn
more about engineering careers and higher education path-
ways for 2-year and 4-year degree-granting institutions.
Content for this phase was created specifically for the coun-
selors. Counselors learned about different engineering disci-
plines and pathways through activities, including speakers
from colleges and universities discussing different engineer-
ing majors, professional certificates, and outreach opportu-
nities. The focus was placed on pathways into
postsecondary institutions, but also included an emphasis
on pathways for STWs after leaving secondary schooling,
different engineering disciplines, and the broad array of
careers that are available in each discipline. For example,
learning CAD (typically taught in mechanical and aeronau-
tical engineering) at a 2-year institution could lead to a job
as a CAD drafter, CAD technician, graphic designer, archi-
tectural technologist, or 3D artist. This phase explicitly
focused on how to encourage a broader array of students to

FIGURE 1 HSCPD project phases.
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consider an engineering course and potentially engineering
and/or engineering-like future careers.

3.3 | Positionality statement

The authors of this paper include engineering education
and social sciences researchers who are a subset of the
overall research team. The e4usa project invites all schools,
teachers, counselors, and students to fully participate in the
program regardless of their technical background or prepa-
ration. This open approach aims to achieve the greater pro-
grammatic mission of a nationwide, inclusive, pre-college
engineering curriculum. The authors have a shared and
invested interest in the success of the e4usa program for all
involved, and our beliefs may have caused an unintentional
bias when we qualitatively examined the data for this study.
We state awareness of this bias and note that an effort was
made to ensure these biases were recognized throughout
the data analysis process.

4 | METHODS

4.1 | Participants

The 75 participants recruited using snowball sampling
and outreach to local networks were invited to participate
in the HSCPD program. The sample of 15 participants
who completed the program was majority female
(n = 13, 86%) and white (n = 10, 66%); a quarter of the
participants were Black (n = 4, 26%), and one participant
was Multiracial. Participants came from seven states or
U.S. territories: Florida, Maryland, Pennsylvania, Tennes-
see, Texas, Virginia, and the U.S. Virgin Islands.

4.2 | Data collection

Multiple data sources were collected across the HSCPD pro-
gram for this exploratory qualitative study (Creswell &
Guetterman, 2019). We facilitated pre-focus and post-focus
groups, conducted delayed post-interviews, and collected
participant-created artifacts.

4.2.1 | Focus groups

Pre- and post-PD focus groups were conducted to under-
stand the counselor: (a) understanding of engineering,
(b) expectations (pre) and experiences (post) with the
program, and (c) professional counseling/advising prac-
tices with students. The counselors were split into three
groups comprising three to six participants. The focus
groups lasted between 45 and 60 min and were
recorded, transcribed, and checked for accuracy before
analysis.

4.2.2 | Participant created artifacts

Counselors participated in multiple activities with
tangible outcomes throughout the HSCPD program.
We collected a variety of artifacts, including
(a) photos of all products created (e.g., spaghetti
towers, rain shelters, and robotic arms), (b) mind
maps created to visually represent conceptualizations
of the engineering design process, and (c) letters to
the next cohort written by the counselors at the end
of the PD. The writing of letters was intentionally
included to allow counselors to reflect and share their
PD experiences.

FIGURE 2 Sample Projects from the PD Program: (a) spaghetti tower, (b) newspaper shelter, and (c) robotic arm.
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4.2.3 | Delayed post-interview

Five months after completing the PD program, participants
were invited to participate in a delayed post-interview.
These interviews were designed to discover how the PD
program had influenced professional practices. A subset of
five counselors volunteered to be interviewed for these
delayed post-interviews. Interviews were conducted via
Zoom and followed a semi-structured interview protocol.

5 | DATA ANALYSIS

Our qualitative data analysis was informed by an interpreti-
vist theoretical framework with a constructivist epistemol-
ogy, allowing us to acknowledge each participant's
contextualism (Flick, 2014). Focus groups, interview, and
artifact data were used by the research team to uncover
valuable interpretations from the shared experiences of
HSCPD participants (Koro-Ljungberg et al., 2009). The
focus groups, interviews, and letters to the next cohort were
analyzed via open coding and the constant comparative
method (Corbin & Strauss, 2015) to explore counselors' per-
ceptions of engineering as a discipline, pathways to engi-
neering, and professional practices post-HSCPD. Two
researchers initially went through the transcripts individu-
ally to complete a preliminary round of coding. Next, the
two original coders met with two additional team members
to review emergent codes and discuss any discrepancies.
The two original coders then went back through the tran-
scripts and letters for the second round of coding. These
codes were then reviewed again by all team members to
form a codebook (Table 1) indicating consensus on codes
and sample excerpts. An additional researcher then went
back through all data using the codebook for a final review
of the data.

6 | RESULTS

We organize our findings around our previously stated
research questions. These results capture shared percep-
tions by the counselors who participated in the HSCPD
and the resulting shifts in practices.

6.1 | Research question 1: What are
counselors' perceptions of engineering
before and after participating in the
HSCPD program?

Initial perceptions of engineering were informed by the
pre-focus groups conducted at the start of the HSCPD

program. Most of the counselors had very limited or
flawed understandings of the discipline of engineering.
Counselors explicitly stated they did not have much
knowledge at all or that they knew their perceptions were
probably incorrect. For example, when asked what engi-
neering is, one participant replied, “I guess the first thing
that comes to mind, and I have a feeling you're going to
tell me I'm wrong, is math and science and needing to be
strong in those” (pre-focus group data, 2020). Others pos-
sessed similar ideas, with nearly all participants explicitly
mentioning math and science when describing the disci-
pline of engineering.

These perceptions of engineering as a discipline of
“math and science” extended beyond the counselors to
their students. One counselor remarked that students
also held the same misconceptions saying, “everyone
equates engineering with mathematics” (pre-focus group
data, 2020). Another counselor confirmed this issue, say-
ing their students would self-select out of engineering,
“There's that oh, I'm not very good at math, therefore I
shouldn't be an engineer” (pre-focus group data, 2020).
Lastly, another counselor stated, “I know engineering.
I'm afraid of the word engineering. So, I know a lot of my
students are afraid of the word engineering because we
do associate it with hardcore math and science” (pre-
focus group data, 2020). This last quote highlights two

TABLE 1 Subset of codebook.

Parent
code

Parent code
definition Sub-codes

Engineering
is for
everyone

Engineering is not
only for those who
are good at math
and science. An
education in
engineering can
teach a wide array
of skills, such as
problem-solving,
collaboration,
critical thinking,
and
communication.
Engineering is also
a great way to help
people and solve
problems in the
world.

• Coming to
understand
engineering
beyond math and
science

• Diversity
• Motivation for

professional
development

• Broadening
participation in
engineering

Practices Counselors discuss
the duties and roles
of a counselor, and
how engineering
can be incorporated
into their practice.

• Role of counselor
• Shift in counseling

approach
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important issues. First, students' perceptions are incor-
rectly grounded in the idea that engineering is esoteric,
only for those who excel in math and science. This can
be a gatekeeping idea, which blocks students from the
opportunity to consider engineering as a possible subject
for study or future career options. Second, this fear of
engineering continues to perpetuate stereotypes of engi-
neers, while also deterring participation from broader
groups of students.

Counselors experienced shifts in their perceptions of
engineering as they underwent HSCPD. They learned
what engineering is and what skills are needed as well as
who can excel in engineering. These shifts were captured
by the codes not just math and science and engineering is
for everyone.

“Not just math and science.” Counselors predomi-
nantly entered the program believing that engineering
was a discipline best suited for those who excelled in
math and science. They left with the understanding that
engineering was more than the application of math and
science. Engineering was revealed to also be about crea-
tivity, design, teamwork, and collaboration. When asked
about their biggest takeaway from the program, one
counselor said: “It was all about just learning that it's just
not math and science, because I would say that's the big
thing that people assume, Oh, you must like math and
science in order to do engineering when it just connects
to so many other disciplines, it's just not something that
you would think about” (post-focus group data, 2020).
Another counselor remarked: “When we started this, I
would have said all math, science careers, and things
like that. And I've come more around to understanding
that engineering involves a lot of creativity and prob-
lem solving and group work. And I would not necessar-
ily have said that a few weeks back” (post-focus group
data, 2020).

Counselors also had dramatic shifts in their under-
standing of the skills needed in engineering. One coun-
selor stated:

“I would say for myself, I think definitely
when you don't have a science or math back-
ground or technology background, I think
the biggest assumption is that's what you
have to love and really, it could just be a crit-
ical thinker. It could be someone who loves
building things, and so, for me, I think it's
just always, and I think in general for stu-
dents, it's just easy to make the assumption
of, you have to be just good at this piece
when in actuality is all about problem-solv-
ing, and really thinking through things, and
really being patient while you're trying to

figure something out.” (post-focus group
data, 2020).

Others affirmed this understanding by describing engi-
neering as a “process” that involves “problem-solving”
and the application of “creativity, design, and … knowl-
edge.” (post-focus group data, 2020). Yet another coun-
selor aptly mentioned the importance of communication
in the field of engineering. Counselors in the end
“learned what engineering is” (post-focus group data,
2020). The most mentioned skills included teamwork,
creativity, multi-disciplinary, collaboration, and learning
from failure.

“Engineering is for everyone.” As counselors expanded
their definition of engineering as a discipline, they also
broadened their understanding of who can be an engineer.
One counselor remarked that they learned that they needed
to “have a broader, more open-minded approach to recom-
mending this class/program to students” (post-focus group
data, 2020). The PD program helped counselors understand
that engineering is a broad and diverse field that could be a
viable option for a large group of students. This understand-
ing, coupled with an emphasis on inclusivity in engineering
throughout the program, helped counselors think about
ways to help expand access to engineering for all students.
One counselor stated that “it is equally as important to
encourage females, minorities, and students of all back-
grounds to explore engineering…” (post-focus group data,
2020). Another counselor echoed that it is important to
make sure that all students are given the chance to partici-
pate in engineering, “even the program itself, Engineering
for US All, we just want to ensure that all students get that
exposure” (post-focus group data, 2020). These statements
suggest that counselors learned that engineering has a place
for everyone.

6.2 | Research question 2: What are
counselors' perceptions of pathways to
engineering and engineering-like careers
after participating in the HSCPD program?

Through an expanded understanding of engineering,
counselors also reconceptualized pathways to engineer-
ing careers. Counselors initially thought of engineering
as a field directly connected to higher education. In the
pre-focus groups, many counselors mentioned college in
conjunction with engineering. One counselor stated
that when thinking about strong engineering students,
they initially looked to whether they were “successful
in math and science courses” because those “are the
ones that a college might pay more attention to” (pre-
focus group data, 2020). Others affirmed this idea of
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thinking of engineering careers progressing through
four-year colleges.

Participation in the HSCPD program led to new per-
ceptions about engineering career pathways. One coun-
selor stated that after participating in the program, they
learned “how many opportunities there are for my stu-
dents” (post-focus group data, 2020). Another counselor
talked about how they used to view the engineering
course in preparation only for those likely to major in
engineering, but that they now viewed the course “as a
pathway for students to just learn more about engineer-
ing” and to generate “broader interest in STEM, even out-
side of college” (post-interview, 2020).

In the post-focus groups and follow-up interviews, a
few counselors mentioned educational practices that
would lend well to technical school or two-year degree
programs. For instance, one counselor discussed a dual
enrollment program at their school as a good option for
students to start establishing postsecondary options (post-
interview data, 2020). Another counselor specifically
talked about the benefits of CTE courses in high school
to engage students. They mentioned that some students
might struggle academically, but also excel in CTE clas-
ses, such as product design, CAD, or robotics. “Not only
do these students thrive in the classes, but they tend to
do better when they leave high school because they have
a skill, they are passionate about” (post-interview data,
2020). Finally, another counselor mentioned that after
participating in the PD program, they and their school
were establishing a STEM certificate program for stu-
dents, as “this can help set students up after they leave
high school” (post-interview data, 2020). These results
suggest that counselors broadened their ideas about post-
secondary options for their students through the HSCPD.

6.3 | Research question 3: How did
counselors' professional practices shift
after participating in the HSCPD program?

Counselors reported considerable shifts in their profes-
sional practices after participating in the HSCPD pro-
gram due to new insights into what engineering is, the
necessary skills, and a broadened understanding that
engineering is for everyone. They left the PD with a
stronger understanding of engineering, and the different
ways it connects to other disciplines. One counselor
reported that the program gave them the “opportunity to
share, learn and participate in the engineering design
process,” which gave them “more concrete examples and
experiences that make [them] more relatable to the stu-
dents” (post-focus group data, 2020). This broadened
understanding of engineering directly affected their

ability to talk about engineering with students and better
inform students about engineering. One counselor said
they would be able to “say a lot more to students about
engineering than, are you good at math and science?”
(post-interview data, 2020).

Counselors talked about how they would explicitly
suggest engineering to their students after the PD pro-
gram. Two counseling teams established new practices to
encourage students into the program. One school sent
high school counselors and teachers to the middle school
to talk about engineering with students (post-interview
data, 2020). Another school implemented more inclusive
practices with their career readiness team to explicitly
encourage underrepresented students into STEM classes
(post-interview data, 2020).

Counselors reported that they were able to provide
concrete examples and real-world applications of engi-
neering to their students following the HSCPD. This
information, coupled with new knowledge of various
engineering disciplines, careers, and pathways allowed
them to better connect with their students and share
engineering information.

7 | DISCUSSION

Counselors play a critical role in the educational choices
and pathways of students (Gillen et al., 2018; Jolly
et al., 2004; Katehi et al., 2009; Lewis, 2013). Prior
research indicates that counselors typically lack knowl-
edge of engineering, which could directly influence
whom they recommend engineering to, potential pro-
cesses, and suggestions for career pathways (Beck
et al., 2009; Falco, 2017; Ross et al., 2021). Counselors
particularly help students enter the STEM workforce, so
we need to expand their understanding of these careers.
The guidance provided by counselors can be pivotal in
student selection of elective courses, achievement, and
fostering a welcoming environment through outreach
activities. Each of these factors can influence students'
career interests, college choice, and major selection,
which can have a strong impact on diversifying those
who pursue 2- or 4-year STEM degrees to join the
nation's skilled technical workforce (Kerr & Robinson
Kurpius, 2004; Stoeger et al., 2013). Our HSCPD program
greatly improved counselors' understanding of engineer-
ing, which in turn shifted their practices.

The HSCPD program expanded the counselor's
understanding of engineering and initiated changes in
counseling practices. Counselors entered the program
thinking of engineering as a discipline for those who
excelled in math and science. Their perceptions changed
after completing hands-on activities that emulated the
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engineering design process because they learned that
engineering as a discipline, field of study, and career path
requires skills that go beyond math and science. Coun-
selors realized that engineering requires creativity, col-
laboration, problem-solving, adaptability, and learning
from failures. The program emphasized the importance
of inclusivity in engineering and the importance of
broadening understanding of engineering to not only
expand the discipline but create awareness about STEM
and STW career options to a wider range of students. The
emphasis on the ‘E' within STEM allowed counselors to
adjust their understandings of what engineering is and
who could be a good engineer. The HSCPD successfully
disseminated engineering knowledge, allowing coun-
selors to move through the first phase of DoI: awareness
(Rogers, 2003).

The program deeply engaged counselors throughout
the program in hands-on activities and frequently
requested additional information. A session was added at
the end to discuss different engineering majors and
career pathways to accommodate additional requests.
While not formally measured, the request for additional
information suggests that counselors moved through the
persuasion stage (Rogers, 2003). Counselors paired their
new understanding with adjustments to their counseling
practices. Post-focus group meetings and follow-up inter-
views indicated that counselors planned to or did change
their practices with students. These shifts in practice indi-
cate that most counselors moved on to the decision phase
where they decided to use the information garnered from
the PD to adjust how they worked with students. They
also indicated plans to be more intentional about whom
they referred to engineering, due to understanding new
skills and intentionally wanting to help broaden access
and participation in the discipline. In the follow-up inter-
views, counselors explicitly stated that they considerably
adjusted their practices to recommend engineering to
more students, signaling a transition to the implementa-
tion and confirmation stages (Rogers, 2003).

Our study had interesting findings regarding how
counselors and schools thought about engineering. Coun-
selors initial thoughts regarding engineering centered on
“brainiacs” in math and science and traditional, 4-year
degree programs. We saw a critical shift in counselors'
understanding of pathways to engineering after complet-
ing the HSCPD program. Multiple counselors indicated
that they had new ideas about how people could access
engineering careers, either through CTE programs in
their high school or via technical schools after graduat-
ing. One counselor mentioned that they saw the value in
technical schools because these programs allowed stu-
dents to thrive. Another counselor specifically mentioned
starting a STEM certificate program to help increase

interest and expand access to STEM careers after high
school. This affirms the three main pathways identified
by Okrent and Burke (2021) for people to enter the STEM
workforce.

8 | LIMITATIONS AND
FUTURE WORK

This study is not without limitations. The generalizability
of qualitative findings is inherently limited. We aimed for
this study to be exploratory in nature, so there is much
work to be done in understanding how counselors under-
stand engineering. Future work with a broader sample of
counselors should also consider how counselors work
with students to promote engineering career develop-
ment. Efforts could aim to expand these educational pro-
grams to inform counselors about STEM careers more
generally. This work would also benefit from explicitly
including information about careers and pathways for
STWs. Specifically, schools could consider adding more
CTE opportunities for students. Providing clear informa-
tion on career options for STWs would be a value-add for
counselors in schools when working with students. We
found that collaborations between teachers and coun-
selors can be beneficial too. Future PD programs should
work to explicitly integrate these connections more delib-
erately into the program structure. Finally, future work
should consider looking at providing PD experiences for
counselors in schools with less STEM presence as this
effort was undertaken primarily with counselors at
schools with an engineering presence, e4usa.

9 | CONCLUSION

This study identified an important gap regarding the role
and importance of high school guidance counselors
within the STEM education ecosystem. We must expand
the engineering knowledge of those who work closely
with high school students on postsecondary plans to
broaden participation in engineering and engineering-
like careers for stronger STW. Teachers and counselors
play key roles in high school students' future educational
choices. Aiming for more initiatives that improve coun-
selors' understandings of and practices around engineer-
ing will be key to encouraging more students to enter the
engineering or STW workforce. School districts and
administrators should consider providing PD opportuni-
ties and resources for counselors to learn about engineer-
ing curricula, design skills, and pathways.

PD and research efforts should aim to reach more
“gatekeepers” who work with students to help broaden
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the participation of other people in the future engineer-
ing and skilled technical workforce. This includes provid-
ing additional opportunities for these individuals to
collaborate within a PD setting as a mechanism to inte-
grate these connections more deliberately into the pro-
gram structure. Continuing this work will be critical for
creating a more diverse, equitable field starting in pre-
college education and extending into industry.
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