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Students’ Lived Experiences with the Integrated STEM Activities

Abstract

Engineering has been rarely taught in K-12 schools in US. Integrated STEM education can be a
means to teach engineering and engineering related concepts. Students who learn about
engineering in K-12 will be more interested in choosing STEM careers.

The overall goal of the present study was to explore the impact a Professional Development (PD)
program designed for teachers on students’ lived experiences as they completed integrated
STEM activities. The STEM activities involved cutting edge technologies and their
implementation in daily life. These activities were then embedded in their science and
mathematics courses.

Researchers at Texas A&M University received a National Science Foundation (NSF)
engineering education grant in 2016. The overarching goal of the grant was to increase the
STEM pipeline by providing engineering focused PD activities to in-service science and
mathematics teachers. The teachers were trained and guided to develop lesson plans for the
purpose to implement them in their classrooms. Throughout the year, the teachers taught their
students the cutting-edge technologies and their implementations.

In this paper, we report the findings from one classroom where the teacher of the classroom
participated in the project activities. The design of the research was a case study. The case under
investigation was one of the teacher participants' classrooms and their students. We visited the
teacher’s classroom and collected firsthand data from the student participants. We purposively
selected six students and interviewed them one on one. In the interviews we asked questions to
explore the students' lived experiences with the integrated STEM activities. We also interviewed
the teacher at another session. We attended one of the class meetings and took field notes along
with images of the projects students completed. The interview data collected were transcribed.
The textual data were analyzed using the constant comparative method. Analyses reveal the
student's lived experiences with the newly implemented engineering focused integrated STEM
activities.

Introduction

Increasing K-12 students’ interest in Science, Technology, Engineering, and Mathematics
(STEM) fields has been a mutual goal of educators and stakeholders [1]-[3]. There is a growing
interest among the education researchers to design and implement integrated STEM education
[4]-[8]. Researchers have emphasized the role of Project Based Learning (PBL) in teaching
integrated STEM [9],[10]. Many science and mathematics teachers in middle and high schools
utilize PBL and ask their students to complete projects that integrate different disciplines of
STEM [9], [11].

Science and mathematics teachers often take several mathematics and science courses during
their undergraduate education, and they are well prepared to teach science and mathematics.
However, most of the in-service science and mathematics teachers did not receive formal
education in engineering and/or in technology. To be certified to teach science and mathematics,



teachers are not assessed about their knowledge and skills in engineering and technology. Most
in-service teachers are not ready to teach integrated STEM topics in their classrooms because of
their lack of expertise in engineering and technology. There is a need for the in-service science
and mathematics teachers to learn how to effectively integrate engineering and technology in
teaching STEM topics. Programs and training designed to educate in-service teachers on
engineering design principles and effective use of cutting-edge technologies are instrumental to
attract students’ interests in STEM fields [4], [9], [12]-[16].

Study Context

Recognizing the need to train and educate in-service teachers about engineering and technology,
a team of researchers and faculty members secured a National Science Foundation (NSF) funded
grant. The project team designed and delivered a professional development (PD) program to a
selected group of teachers who have been interested in teaching integrated STEM. The teachers
applied to the program. A cohort comprising 11 teachers were identified. These teachers were
trained over a two-week period during the summer to use the connected devices [17] that are also
known as the Internet of Things (10T). 10T connects multiple devices at once over a network. It
incorporates computer processing capability, sensors, and communications capabilities, which
are currently being used in many industries [18]. Teachers also learned about additive
manufacturing and computer-aided design (CAD) tools. Teachers received training on
engineering design principles and the use of cutting-edge technologies in education [12], [13].

We provided continuous guidance over the academic year to the teachers who completed the
summer PD activities. Teachers were asked to design lesson plans utilizing the new knowledge
they learned in the PD activities and then implement the lessons in their own classrooms in the
upcoming academic term. Teachers who implemented their instructional design collected data
from their students about the effect of the newly designed instruction.

Purpose

In this study we explored and documented a purposively selected teacher’s STEM classroom and
their students’ lived experiences as they completed integrated STEM activities. The teacher had
participated in the STEM PD and integrated the use of some cutting-edge technologies and their
implications in their STEM classroom. In the present study, our purpose has been to document
the effect of these newly implemented instructions on the students’ and the teacher’s lived
experiences in the classroom.

Methods
Study Design
In the present study, we conducted an instrumental and singular case study [19] to explore the

impact of the PD activities on one teacher and their students in the classroom. The case under
investigation was one of the teacher participant’s classroom and their students.



Case studies are often conducted because of their unique characteristics [19] - [21]. The
participants are asked to provide information about the case from multiple perspectives.
Providing rich data about the case under investigation explains the case in more detail. Case
studies can be instrumental in nature and they can be representative of similar cases.

Research Question
We asked the following research question that guided our investigation:

— What are the lived experiences of the teacher and the students in a classroom where an
integrated STEM instruction with cutting edge technologies were implemented?

Participants

In the PD activities delivered in this study, there were several other teachers who completed the
activities each year. We purposely selected one of the teachers, Kevin (a pseudonym), and his
classroom to further explore the lived experiences of the students with the implemented
activities. We aimed to capture the essence of the experience the teacher and the students went
through and what their views, opinions, and perspectives were about the activities.

The participant teacher, Kevin, had attended the engineering-focused PD provided by the project,
and he executed the project activities in his class. After the PD, Kevin interacted with some of
the project team members who had expertise in learning science, engineering, and technology at
the monthly meetings and received additional support to implement the project activities into the
school curriculum. We purposely selected Kevin and his students [20], [21]. Selecting one case
(the teacher and his classroom) provided us opportunities to conduct in depth investigations.

We purposely selected four students in Kevin’s classroom and invited them to participate in one-
on-one interviews [20], [21]. We secured consent both from the students and their parents
because at the time of the data collection, the students were younger than 18 years old. Among
the four students, three of them were male and one of them were female. All students were in the
4th grade.

Data Collection

We used an ethnographic data collection and analyses method to define procedures and
circumstances that contributed to the lived experiences of the students and their teacher [20],
[21]. We visited the teacher’s classroom and collected firsthand data from the student
participants. We interviewed the four students and Kevin one-on-one [20]. During the
interviews, we asked questions to explore the students' lived experiences with the integrated
STEM activities. We also interviewed the teacher, Kevin, at two different sessions [21]. We
attended one of the class meetings and took field notes along with the images of the projects’
students completed. The interview conversations were recorded and then transcribed.



Analyses

All interview conversations were transcribed verbatim. During the analysis process, we
employed the constant comparative method [22]. We read the transcriptions several times and
employed open and axial coding followed by selective coding [20] — [22]. The occurrences
Kevin and his four students described in the interviews were used to develop themes. Teams
were coded and categorized [22]. Analyses revealed the four students’ and Kevin’s lived
experiences with the newly implemented engineering focused integrated STEM activities.

Findings

We report the findings from the students participants in one section and findings from the
teacher, Kevin, in another section.

Student Participants’ Lived-Experiences (N=4)

Findings from the analyses of the transcribed verbatim showed that students learned new things
related to engineering and technology. Students stated that participating in the program helped
them remediate their misconceptions about engineering and engineers. Students participating in
real-life and authentic engineering tasks allowed them to understand the Nature of Engineering
and its characteristics. Because of those authentic engineering experiences, students became
more aware of the engineering practice and developed a deeper understanding of engineering in
general.

We report the findings from the student interviews under six themes that are used as sub-titles
next: (1) understanding the nature of engineering, (2) gaining engineering awareness, (3) changes
in students’ conceptions towards engineering, (4) interests towards engineering, (5) gaining
knowledge and learning new things; (6) authentic engineering experiences.

Theme 1: Understanding the Nature of Engineering

The four students we interviewed reported that their understanding of engineering and its
practice were improved. Students often think about engineering as constructing buildings or
fixing engines [23]. One of the students commented: “We learned how engineering works.”

Students reported that participating in an engineering project and interacting with engineers
helped them gain a better understanding of the engineering field. They gained a better
understanding of the types of tasks that engineers actually perform in their daily lives. One
student reported: “Before we did the STEM project, I knew basically nothing about engineering.
And then over the year, we learned about engineering and how engineers work and what
engineers do.” Another student stated “they help us figure out how to build things and how to
build things so we can learn how engineering works.”

Theme 2: Gaining engineering awareness

According to the students, participating in the integrated STEM activities increased their
knowledge of the various branches of engineering. Students talked about conducting work in the
fields of architecture and other engineering types.



One student reported:

“I learned that it's not all done in a lab. You can also do it at just a regular desktop every
day. Like how we work at our desk with a Chromebook. I also learned that engineering
isn't just construction work, which was what I always thought it was. There's more to
engineering than just working on a building or designing a new type of car”

Another student told us in the interview session that what “I learned is that engineering can be a
really fun job to do because there's all these different types of engineering tasks to do.”

Theme 3: Changes in students’ conceptions towards engineering

Students discussed that before participating in the project, they had an incorrect impression about
engineering. They used to think that engineering is a boring career, and it is just about building
where there is no room for imagination. Students that participated in this initiative said that it had
a positive impact on their perspectives on engineering. Students' attitudes toward engineers have
shifted, and they now have a positive attitude towards engineers. Students reported that they
adopted a positive attitude toward engineering because of the authentic engineering experience
they had in the project. For example, one student reported “It was enjoyable when we can create
things.”

Another student reported:
“We're making objects of our own kind, such as a log cabin. At first | thought it was
more math and just building cars and mechanics. But now it has so many different points
of view, and you could do so much with it. So | find there's more opportunities with
engineering that I could get into. Before | had thought that engineering was just one thing
and that was just one thing.”

Another student discussed their attitude shift:
“I was thinking maybe I wanted to go into that field; maybe I don't. I'm not sure yet. And
it might be boring 'because | thought it was just only you design a building or you design
this thing. But I really think engineers are people who can solve problems now.”

Theme 4: Interests towards engineering

Students reported that they have developed an interest toward the engineering field after
participating in the project.

A student said in the interview: “The project is getting people interested in engineering.”

Theme 5: Gaining knowledge and learning new things



Students reported that they gained new knowledge and learned new things because of their
participation in the integrated STEM instruction.

A student reported “I very much feel like I learned a lotta new stuff.” Another student told us: “I
learned about how to design. Kind of how a 3D printer works. And how you can use your parts
in your life.”

One student commented: “I learned how to use codes in a building to create something new and
use it.” Another student said: “I didn't really know much about coding and building before. So |
feel like | learned a lot on how to do both.”

Theme 6: Authentic engineering experience

Students reported that they had authentic engineering experiences in this project. Students
participated in hands-on engineering activities where they had to do the work. Students reported
that the work that they did in the project was student-centered.

Teacher’s (Kevin’s) Lived Experiences

Findings from the analyses of the transcribed data with Kevin showed that Kevin was able to
implement in his class what he learned and what he did in the PD. Kevin found himself
developing more confidence in teaching STEM in general and science in particular.

We organized our findings from Kevin’s transcribed interview data under five sub-sections, or
the themes: (1) implementation and integration, (2) inquiry learning, (3) drawing as education,
(4) STEM self-efficacy, and (5) challenges faced during the implementation phase.

Theme 1: Implementation and Integration

Kevin stated that he was able to implement the knowledge he learned and the messages
conveyed in the PD activities with his student in class. Kevin talked about the interaction
between him and his students. He emphasized how his students interacted with him and how
much they were engaged in using technology. Kevin explained to us how he integrated
technology with mathematics in a way that it made things relevant and meaningful to the
students. Kevin mentioned that his Pedagogical Content Knowledge (PCK) helped him
implement and integrate the content he had learned.

Kevin told us in the interview: “I introduced 3D printing at the beginning of the year with the
embedded geometry concepts so that when it comes at the end of the year, April, they [students]
already know it."

Kevin mentioned that he incorporated geometry in what he taught throughout the entire
academic year: “To be able to do it in the beginning and not save geometry all the way to the
end. So it's like, hey, we're studying geometry all year and not just in a span of three weeks So
that was really good.”.



Theme 2: Inquiry Learning

Kevin told us that the way he implemented the content he learned in the PD was student-centered
and he acted like a facilitator for his students. Kevin said: “It's more facilitating. So let them
learn: "How does this thing work?" And let them be the troubleshooter for the other kids.”

Kevin explained how he used a questioning method to make students think about what they have
been learning and helped them connect things in a more meaningful way as well as making room
to reflect on their own learning. Kevin reported:

“On the problem-solving side, looking at how, from a teacher, from the role of a teacher,
getting students to struggle, to understand what it means to create something that was not
what they intended, and to really look at, OK, I'm not gonna settle for that. And just
really learning how not to give them the answers. So | think as an educator I grew in that
area. Because as a math teacher: Okay, we gotta move on [and | will provide the
answer].”

Kevin continued:

“But so when | asked them [students] questions about what wasn't working, |1 would pose
the questions in a way: What if you did this? What do you think will happen? And really
getting them to reflect on the process of what's happening as they change the dimension
of something or they extrude something.”

Theme 3: Growing as an Educator

Kevin discussed how implementing the principles of the PD allowed him to grow as an educator.
Kevin explained that his perspective about problem solving and giving students the opportunity
to learn were enhanced because of going through the implementation experience.

Kevin said “As an educator I grew in” the area of not giving the correct answer to the students
but letting them discover this. Because as a math teacher: Okay, we gotta move on.”

Theme 4: STEM Self-efficacy

Kevin expressed in the interviews that while he took the integration approach to STEM, he found
himself more confident in teaching STEM and felt that it is something he can do. Kevin reported:

“So definitely more about the engineering design process and really how it relates to
something as simple as 3D printing. | think | always looked at engineering as this field of
mathematics and science that | could never be a part of. Because | always struggled with
science. And | don't know if it was just the teacher or the concepts. But I just knew and
had this built in my mind that I'm not good at science. And so as engineering and with the
advancement of technology and computer programming, and just seeing how companies
and organizations are bringing it into the school setting, I think that really opened up
these opportunities for me as a teacher to say, OK, these kids need to learn this.”



Kevin added:

“And the experience that | had where: | can't do science because I'm not good at it. But
showing them [students] that it's not just science concepts and isolated math concepts, but
you're looking at the connectedness of everything, and just finding something that they're
passionate about. So definitely taking all that and just hopefully getting our students at
our school excited about it”

Theme 5: Challenges faced during the implementation phase

Kevin reported that he faced several challenges when he started implementing the content. He
discussed some challenges that he phased in the school such as students coming in and out and
needing more support from school.

Discussion & Conclusion

There are similar studies conducted elsewhere to help improve teachers’ capabilities to teach
integrated STEM education [24]-[27]. However, it is rare that the researchers focus on one
classroom and select the teacher and students’ lived experiences with the integrated STEM
activities as the unit of analyses. In this study, we collected interview data from one teacher and
four selected students.

Students’ lived experiences with the activities signaled that students participated in authentic
engineering activities. Students on multiple occasions reported that they had had limited
knowledge about engineering, what engineers do, and what the nature of engineering was before
the project. After the project was completed, students became more aware of the authentic
engineering activities, and they increased their knowledge of engineering and what engineering
do. Students’ lived experiences focused on the new knowledge they had learned and how
conscientious they have become about engineering. Students’ interest in STEM fields might have
been improved because of their enhanced understanding of the Nature of Engineering and what
engineers do in general.

Kevin’s lived experiences with the activities conveyed that he was able to understand and then
implement the newly learned knowledge in his classroom. Implementation was not difficult for
Kevin. However, during the implementation, Kevin acted differently than he was acting before.
By observing students and his own reactions, he concluded that after the PD, he was more
reluctant to tell the correct answer to the students even though they needed it to move forward.
He was also going to ask more challenging questions and not easily answer a question if students
could not answer it. He became more aware of the role of scientific inquiry in teaching integrated
STEM.

Kevin improved his confidence and capabilities to teach integrated STEM. He had a higher
STEM self-efficacy after he completed the PD and implemented the newly introduced instruction
in school.



This study was conducted in one classroom with one teacher and four purposively selected
students. The case under investigation was the classroom and the classroom participants' lived
experiences. The teacher’s (Kevin’s) and the four students’ demographic differences might have
affected the outcome of this study. If the same study was conducted with a different teacher and
different classrooms, findings would differ.

Learning to implement integrated STEM education helped the teacher develop confidence in
STEM education. Being an expert in engineering and technology is a time-consuming task and
not always feasible for the in-service teachers. Specifically designed PD programs that have rich
engineering and technology emphases can provide a means to train in-service teachers on these
two important but mostly neglected disciplines of studies in middle and high school education.
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