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Parents’ Knowledge, Attitude and Behavior on
Pre-college Engineering Education Course (Work in Progress)

Abstract

Pre-college students’ Parents’ perspectives on education play a crucial role in their children’s
learning outcomes and future development. While the importance of engineering education has
received attention from instructional design and school systems, parent-related factors remain
unclear. Engineering for US All (e4usa) aims to provide well-designed engineering courses for high
school students who seek to make engineering deeply and meaningfully accessible to the world.
Moreover, e4usa encourages partnerships through communities and schools, allowing parents to
participate with and better assist their children. This work-in-progress paper attempts to understand
parents’ knowledge, attitudes, and behaviors (KAB) in engineering and engineering education,
exploring potential opportunities to translate parents’ positive mindsets into actionable support.

The study conducted three semi-structured interviews with four parents whose children were enrolled
in e4usa courses in 2022. After transcribing the interview content, the first two authors conducted
qualitative analysis with two rounds of coding. In the first round, we used KAB as the coding
category. After discussion, an additional code, “scenario,” was added during the second round of
coding to help fully capture what parents value.

The preliminary results show that parents have basic ideas about engineering. Some of them have
exposure due to their family background and have constructed an image of their child as a diligent
and talented student. They also view their children’s involvement in engineering education positively,
as it benefits their college applications and career choices. However, as engineering courses do not
currently count towards Advanced Placement (AP) credits, parents express concerns about balancing
the time to take engineering courses and fulfill perceived AP requirements for college admission.
Parents’ actions are limited by a lack of information and connections with resources, but they still try
to enhance their children’s engineering education by locating teachers, identifying relevant courses,
and promoting family connections. Our next step is to conduct a broader interview among parents
and explore potential methods for translating parents’ knowledge and attitudes into actions. For
example, we could design informational sessions for parents, create engineering activities in which
parents can participate, and link local network resources in engineering. This study aims to enhance
parental involvement in engineering education by providing actionable insights and
recommendations, ultimately supporting schools and policymakers in creating a more welcoming and
effective educational environment.



Introduction

As engineering becomes increasingly important with its strong link with scientific and technological
advancements, attracting students to this field is essential for talent development and societal
progress[1]. Pre-college engineering courses broaden students' pathways to STEM fields by
expanding their interest in STEM majors and providing early college experience [2]. Research shows
that pre-college engineering courses increase students' self-efficacy and confidence in
engineering-related subjects. This, in turn, may encourage greater interest in pursuing careers in the
engineering field [3] [4]. Moreover, while most research has focused on curriculum design, course
materials, and the influence of teachers[1] [5] [6], studies suggest that parent-related factors could
impact students’ involve in science activities even more than teacher-related factors [7]. Specifically,
parental involvement—both within and outside the home—plays a critical role in shaping students'
attitudes toward science, which has direct and indirect effects on their learning outcomes and can
influence future career pathways[8] [9]. Research demonstrates that one aspect of parental
involvement in children's learning outcomes reflects an increase in school-related learning
activities[ 10]. However, researchers often overlook factors such as attitude measurement, which can
adversely affect children's science-related achievements [9]. Therefore, this study aims to explore the
role of parents in pre-college engineering education and how they influence students' involvement
and pathways in STEM fields [11] [12].

The background for this research stems from the Enginnering for US All (e4usa) program, an
NSF-funded initiative to enhance engineering education across the United States. The program’s
primary objectives are to deliver a comprehensive pre-college engineering curriculum, provide
professional development for teachers, and conduct research to advance engineering education. This
study is part of a broader research project designed to understand how parents’ knowledge and
attitudes influence their behaviors in supporting their children's engineering learning. As a first step,
we conducted three semi-structured interviews with four parents to capture their key insights into
engineering education, which will inform our next phase of the study, including developing a survey
to support students’ engineering learning. Thus, our research question is: What are parents’
Knowledge, Attitude, and Behavior (KAB) on pre-college Engineering education?

Knowledge, Attitude, and Behavior Model

The Knowledge, Attitudes, and Behaviors (KAB) model provides a theoretical framework that
explains how individuals' psychological states influence their learning, understanding, and
productivity, resulting in a circular flow of interaction [13]. Specifically, Knowledge refers to the
information and skills that an individual acquires and understands, which can be enhanced through
educational activities; Attitudes encompass feelings and psychological states that can significantly
impact one's learning abilities and experiences; Behaviors represent actual actions that can be
observed or measured [13]. This model is commonly applied in psychology, education, and
healthcare to demonstrate how individuals' learning processes relate to their actions. It has proven
particularly effective in increasing positive attitudes towards patients' self-management and in
facilitating measurement and intervention in psychological research [14] [15].

By introducing the KAB model, we aim to better understand parents across the three dimensions and
explore how the model can support students' engineering education during the pre-college period. We
also plan to examine the context to build corresponding dimensions within the model, address any
gaps, and provide a foundation for future research. Ultimately, this will offer a more comprehensive
understanding of parental influences on engineering education.
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Methods

The researchers recruited parent participants through teachers. Participants voluntarily agreed to join
the study and gave their informed consent prior to participation. This work-in-progress study draws
on data from four parents recruited in the first phase of participant recruitment. Their children
attended public high schools in different states, representing both suburban and rural settings. All
students were enrolled in a e4usa course during the 2021-2022 academic year and had completed at
least one semester of the program.

We conducted three semi-structured interviews with the four parents. The original plan was to
conduct two focus groups; however, due to scheduling constraints, two parents participated in
separate individual interviews. Ultimately, we conducted two one-on-one interviews and one
two-person group interview. All interviews were conducted by the third author via Zoom and were
recorded with the parents’ consent. Due to IRB restrictions, we did not collect demographic
background information about the parents specifically.

The interview investigates parents’ understanding of engineering education, perceptions of students’
current experiences with the course, and motivation to encourage students to participate in
engineering learning. It also explores their reactions to the e4usa curriculum. The following are the
specific interview questions: 1) How did you hear about the new introductory engineering course at
your child’s high school? 2) What was your motivation to enroll your child in the course? 3) What
does the word “engineering” mean to you? 4) What is your perception regarding the course as it is
being taught so far? 5) Would you recommend this course to other parents?

After transcribing the interview content, the first two authors performed a qualitative analysis using a
two-round coding process. The team decided to use team coding to enhance reliability and address
gaps in the analysis, thereby providing a more comprehensive evaluation. The researchers applied
hypothesis coding during the coding process, and we directly employed “Knowledge,” “Attitude,”
and “Behavior” as the coding categories. This step helped confirm that the application of the KAB
model fits well from the parents' perspective [16]. During the coding process, ideas about
“community” appeared frequently as a context that intersects with KAB. We believe it would be
valuable to investigate this theme further. Therefore, we introduced “Scenario” as an independent
code during the second round of coding to capture the aspects expressed by parents, and
“community” appears as the common theme in this study. When two rounds of coding were finished,
the two authors compared and discussed their coding results and reached a consensus on the
outcomes. Appendix A presents the final definitions of the codes with examples from the original
interview. After the research team confirmed the main codes and definitions and reached a consensus
on the analysis, hypotheses emerged under each of the four main codes. The following analysis
illustrates how parents' knowledge, attitudes, behaviors, and the context of engineering education
interact. We then verify these results against the original interview text and, finally, attempt to
generalize the findings.

Results

The data reveal that in terms of knowledge, parents demonstrate a strong understanding of the
importance of engineering education. While acknowledging the limitations in their access to
engineering-related courses during their school years, they have developed an understanding of
engineering studies, shaped by their personal experiences. Moreover, they show a positive attitude
towards their children’s involvement with engineering, attributing this to various factors such as their
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children’s interests, effective teaching, and local network resources. However, though they recognize
the broader benefits of pre-college engineering education for their children’s academic and personal
growth, they are concerned about the challenges posed by existing high school policies and the cost
of higher education. Additionally, parents’ behavior shows that they actively support their children’s
engineering interests through encouragement, connecting their interests with family experiences, and
advocating for more resources. Their desire to provide their children with the opportunities that were
unavailable to them in their educational journeys drives their actions. They recommend engineering
courses and take steps to ensure their children have access to the necessary resources to explore their
potential paths in engineering.

Knowledge

Parents' personal experiences and perceptions of their children's growth shape their comprehension of
engineering education.

They believe that pre-college engineering education resources were insufficient in their own learning
experience in the past, and today’s children also lack an understanding of engineering. For example,
one parent mentioned, “when I was in school, I didn’t really know what engineering was... I wasn’t
exposed... I think a lot of the students view engineering as ... making something...” However, this
parent continued to mention that the background of other family members may compensate for this
gap: “[my child’s] dad is an Airborne veteran...a mechanical engineer... [the child] grew up doing
mechanic work just like their dad did.”

Parents expanded the definition of engineering with their children, moving from viewing that
engineering knowledge is confined to the field to the idea that it can be applied to other areas. They
may perceive engineering as an isolated field, separate from other disciplines originally. For example,
one parent saw that engineering knowledge may not relate to their child who was very
science-focused at the beginning: “She was not ever really looking at engineering. She’s very much
like a science person and she’s very science-oriented.” Then, they come to see that engineering
knowledge is everywhere, as one parent mentioned: “he didn’t realize all of the pieces that go into
engineering, like project management and...working with the community.” Parents also possess
some understanding of the practical application of engineering knowledge in the real world, as they
also view engineering as a form of service: “...it's almost like you’re doing engineering, but you’re
working with the community... it’s a service...”

When discussing their children’s choice to pursue an engineering course at the high school level,
parents commonly highlighted their children’s strengths in mathematics and science, as well as
qualities such as intelligence and a strong work ethic, before referring to other influencing factors.
For example, one parent said: “he loves science and math. He works really hard. I wouldn’t say he’s
the smartest kid in his grade, but he is a really hard worker.” Another parent described their child as
“a truly gifted child.” This description could be related to parents’ general perception of engineers, as
they seek to connect their perception with their children’s performance.

Attitude

Parents exhibit a positive attitude towards their children’s exposure to engineering education.
However, they also worry about a lack of additional engineering education for their children. The
reasons for a positive attitude included their children’s involvement, good teachers, rich local
network resources, and the development of comprehensive engineering skills. For instance, one



parent mentioned the child’s excitement: “Because [the child] had so much fun, because he learned
so much.” Great teachers and sufficient local network resources also contributed: “[The teacher is]
fantastic... and uses community resources... experts in the community.” Parents also believed that
engineering education would benefit their children in various ways. Coding and management skills,
which are usually not emphasized in engineering knowledge, were also mentioned: “Working with
software that is technically computer science... there’s project management... community relations.”
Moreover, parents believe that benefits for their children’s personal and academic development exist.
One parent mentioned the impact on children’s career plans: “Exposure to engineering at that young,
early stage in his high school career really solidified in his mind that that was what he wanted to do
with his future.” They also expressed the benefit of pre-college engineering experience for college
applications: “And I really think it makes a huge difference in how... higher education looks at
students, potential candidates.”

Parents also expressed concerns regarding school-provided resources and the potential to transfer
high school-level engineering courses to college. One concern involves how the development of their
child’s interests aligned with existing high school policies and academic requirements, given the
limited time available to students: “The high school has so many requirements, and I’m not sure how
this affects her choices [of taking additional engineering courses]. And there are a lot of options, but
it’s hard to fit the extra step in.” Since the engineering courses were not counted as Advanced
Placement (AP) credits, parents questioned whether the time investment was worthwhile: “My son
did mention a couple of times, he’s like, I don’t understand why this is a pre-AP class.” Given the
high cost of college credits, the possibility of transferring high school course credits to college
became another important consideration for parents, but the current engineering course did not meet
this need: “College is expensive, and parents and students are looking to transfer [engineering course
credits]... if it is a college-level class in high school.”

Behavior

Parents take various actions to support engineering education, ranging from encouraging their
children to explore engineering, promoting engineering education, and seeking additional resources.
For example, parents encouraged their children to explore different interests: “So I encouraged him
to do that because, like I said, he maxed out the engineering electives, and I knew he wanted more.”
Parents also helped their children connect their interests with existing engineering aspects in the
family. One parent mentioned how they helped their child study bridges by asking their grandfather
for assistance: “And she was identifying every bridge we crossed... We ended up at my dad’s house,
and I was telling my dad about that. So then he was sending some emails about stuff, and they were
making connections. So I had to keep him updated on that project, which was a nice family
connection and gave her a different opportunity to share that.”

Parents strongly promoted the engineering courses or expressed a preference for them: “I would
highly recommend enrolling, even if your child does not necessarily think that engineering might be
a fit for them...”" Another parent mentioned: “I would [recommend it to others], of course...my wife
has done the same thing.”

Parents hoped for more engineering resources and took action to secure them: “When my son went in
to look at some of those schools, they really were lacking in what his interests were as far as
electives. And being a school counselor, a high school counselor, I'm a big fan of trying out the
electives to see if that is really what you think your path is.” One reason parents took these actions
was related to their own experiences with the lack of engineering education during their time: “So we



have been pushing and pushing to guide him in that direction just because we—I mean, every parent
says this—we just wanted better for him than what we had. And these courses and camps and classes
were not offered for us growing up, at least not for my husband and me.”

Scenario - community

Parents expected children to apply what they had learned in the community and make contributions
in certain scenarios. In this study, researchers found that “community” was a common context, and
parents defined what community meant to them in different ways. Some described it as the place
where they lived and the people they met. One parent mentioned: “There were some great people in
our community working to connect kids with internships and all kinds of opportunities.” Among
these, the benefits of connections with local resources and people were particularly valued by
parents. One parent mentioned: “...it was a unique community...which was a really great thing.”
Parents also considered broad ideas about the scenario and hoped that their children could apply what
they had learned in practical contexts or within their community. As one parent said: “'It was almost
like you were doing engineering, but you were working with the community and giving back...”

Discussion and Future Plan

Our findings underscore parents' critical role in encouraging their children's interest in engineering
education. The data indicate that in terms of knowledge, parents demonstrate a strong understanding
of the importance of engineering education, yet they often hold abstract knowledge about the field,
which may influence their attitudes and expectations toward their children’s involvement in
engineering-related learning. However, the idea that parents connect engineering education closely
with their personal experiences can significantly impact students' self-efficacy and future career
expectations [2] [3] [7]. Creating a positive and fair learning environment will help students build
self-confidence and determination, which are important for their continued success in engineering
education[17]. Future research could examine how parental stereotypes in engineering affect their
attitudes toward children's learning and explore ways parents can support learning at home or
collaborate with schools to create a more positive environment.

At this stage, we are limited to drawing broad conclusions from the results of this pilot study. Future
research with a larger sample size from a greater range of educational settings could offer additional
insights. While parents generally have positive attitudes and knowledge about engineering education,
the relationship between their knowledge, attitudes, and behaviors in this field remains unclear. More
research is needed to design focus group questions that can better explore this relationship.
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Appendix A

The Codebook of the Paper

Code Definition Examples
Knowledge Parent’s background “when I was in school, I didn’t really know
knowledge about engineering/ | what engineering was... I wasn’t exposed... |
learning engineering. This think a lot of the students view engineering as
could include vague ... making something...”
impressions and stereotypes
about engineering learning. “I wouldn’t say he’s the smartest kid in his
grade, but he is a really hard worker.”
Attitude Parent’s attitude towards Positive: “Because [the child] had so much
children’s early exposure to fun, because he learned so much.”
engineering/ learning
engineering. Concern: “The high school has so many
requirements, and [’m not sure how this
affects her choices.... And there are a lot of
options, but it’s hard to fit the extra step in.”
Behavior Current or potential actions “But I encouraged him to push the physics to
taken by parents in terms of | senior year and do like biology, chemistry, ....
their children's learning So I encourage him to do that because like I
engineering. said, he...likes the engineering electives and I
know he wanted more.”
Scenario The anticipated scenario for | “And it’s like, it’s almost like you’re doing
(community) | applying and implementing engineering, but you’re working with the

engineering knowledge and
skills. This could refer to a
specific context or a more
abstract situation.

Note: “Community” appears
as the main theme in this
study.

community and you’re giving back your, ...,
which is what my children are doing with
their lives.”




