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Abstract: Despite the significant impact of the Maker Movement in K-12 education over the past decade,
teachers still face challenges in integrating Making and STEM across content areas, especially in upper elementary
and middle schools. As such, teacher preparation programs must incorporate Making and STEM into their training
to ensure that novice teachers have the knowledge, skills, and dispositions to effectively integrate Making and
STEM in their classrooms to provide equitable STEM education for all students. In this paper, we share how we
used Design-Based Implementation (DBIR) as a framework to develop, implement, and study Mobile Making, the
maker-based STEM afterschool program that engages future teachers in teaching Making and STEM with students
in grades 3rd through 8th. As part of their service learning course, future teachers completed maker-based STEM
activities and then facilitated the activities with youth at various afterschool sites, working in groups of two to three
as co-facilitators. Our findings suggest that future teachers’ confidence and comfort in teaching STEM and Making
increased after participating in the Mobile Making program. Further, they reported developing skills such as
problem-solving, adaptability, flexibility, troubleshooting, collaboration, communication, and persistence. We
discuss the implications for teacher educators and teacher professional development efforts that aim to increase

teacher preparedness in Making and STEM Education.
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Introduction/Study Context

Quality STEM learning experiences, especially during elementary and middle school, are crucial for laying
the foundation for students’ STEM interests and skills, enabling them to thrive in high school and beyond.
Therefore, future K-8 teachers must be prepared to incorporate STEM teaching strategies and practices into their
classrooms and across different content areas to support students’ interests and skill development in STEM.
However, many teacher preparation programs across the U.S. focus on teachers’ content knowledge and ability to
teach in science and math and pay less attention to preparing teachers in technology and engineering—the two areas
of STEM that can be more readily integrated across the curriculum (Daugherty, Carter, & Swagerty, 2014). Further,
elementary and middle school teachers consistently report a lack of confidence and low efficiency in their ability to
teach STEM across different grade levels (Epstein & Miller, 2011; National Academies of Sciences, Engineering,
and Medicine, 2024).

The Mobile Making afterschool program engages future teachers in Making and STEM through service
learning courses across California State University (CSU) campuses. The program started at the San Marcos campus
in the North County of San Diego in 2014 with paid university students majoring in STEM facilitating maker-based
STEM activities with youth. It incorporated future teachers as facilitators through service learning courses in 2018
and expanded to three additional CSU campuses by 2022: Long Beach, San Luis Obispo, and Fresno. This paper
describes the Design-based Implementation Research approach we took to develop, implement, and study the
Mobile Making program with a particular focus on the participation of future teachers and the impact of the program
on their preparation to teach maker-based STEM activities to youth in grades 3 through 8. Across various school and
community sites (n = 42), the Mobile Making program is implemented for five to nine weeks. Future teachers
facilitate maker-based STEM activities once a week for 60 to 90 minutes to fulfill service learning hours for a
course.

Conceptual Framework

Expanding on Design-based Research (DBR) (Barab & Squire, 2004), Design-based Implementation
Research (DBIR) is committed to developing theory and practice through iterative and collaborative design and
contributing to sustainable change in education systems (Fishman, Penuel, & Sabelli, 2013). The Mobile Making
program aims to (1) broaden the participation of underrepresented, minority, and low-income youth in STEM and
Making and (2) create pathways for university students such as future teachers to gain hands-on teaching and
learning experiences that help them develop skills in preparation for the workforce.

At its core, the program is a university-community partnership that addresses the need of K-8 schools,
libraries, and girls and boys clubs for quality STEM and Making programming at little to no cost — a persistent
problem of practice. This need is met through the university’s infrastructure, capacity, and resources, involving
faculty and university students. The program is sustained and scaled through service learning courses that are part of
the faculty teaching workload and university students’ degree planning.

Further, staff at participating sites, faculty, and university students collaborate to manage and improve the
program through informal check-ins and systematic data collection on program implementation, youth participants’
learning experiences, and university students’ teaching and learning experiences. Another key element of DBIR is to
develop a theory related to how people learn (in this case, both youth and university students) and the
implementation of the program. This involves faculty members and community partners understanding the
conditions under which the Mobile Making program is successfully implemented to support increased interest and
self-efficacy in STEM and Making among youth and future teachers, and the local adaptations necessary to improve
program efficacy.

Literature Review
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The Maker Movement in education presents a valuable opportunity for K-12 administrators and teacher
educators to enhance equity in STEM education by integrating a hands-on, learning-by-doing approach. This
method can lower the barriers to entry for both students and teachers in STEM, specifically in technology and
engineering (Martin, 2015). While engaging students and teachers in making with various tools and materials—both
high-tech and low-tech—ofters significant potential for enriching STEM learning, challenges such as the cost of
materials, the need for teacher training, and the difficulty of incorporating making into existing curricula can
threaten the sustainability of these initiatives. One effective solution to these challenges is fostering university-
community partnerships. These collaborations can provide resources, training, and support to help fully realize the
benefits of the Maker Movement in education, ultimately promoting equitable STEM education for all students.

The Mobile Making program adheres to the constructionist theory of learning (Holbert, Berland, & Kafai,
2020; Kafai & Resnick, 2012) which suggests that people learn by doing, creating, building, and designing tangible
and digital artifacts. This theory also underpins the Maker Movement and Pedagogy of Making (Peppler, Halverson,
& Kafai, 2016) and connects to experiential and project-based approaches to learning (Blikstein, 2018). Rather than
engaging youth in traditional STEM activities where they experiment to uncover principles of a natural phenomenon
or replicate a scientific procedure, the Mobile Making program frames activities as “design challenges” around
socially and personally meaningful problems (e.g. making a toy for homeless youth). This creates a need to design
an artifact using low- and high-tech tools that incorporate STEM content (e.g. gears, circuits, 3D modeling, coding).
In doing so, the Mobile Making program aims to bridge the disconnect between learning in schools and the real
world, a gap identified by many scholars (Lave & Wegner, 1991; National Research Council, 2012). Because
maker-based STEM activities often involve trial and error, they promote transferable 21st-century skills such as
problem-solving, persistence, resilience, collaboration, communication, and leadership. These skills are important
for youth participants and future teachers, who need to adopt a growth mindset and innovative pedagogical practices
to better serve K-12 students.

Data Sources

The data sources for this study come from two CSU campuses: San Marcos and Fresno State during the
Fall 2023 and Spring 2024 academic year implementation cycle. These include:

Pre-and-Post Surveys. Future teachers take a pre-survey at the beginning of the semester and a post-
survey at the end of the semester, during which they rate their interest and confidence in STEM, and their
confidence in teaching STEM, as well as rate their 21st-century skills (e.g., problem-solving, communication,
collaboration, and leadership).

Field Notes. After each session, future teachers complete a reflection on their experience responding to
prompts related to (1) their observations of children’s learning and their teaching, (2) the 21st-century skills they
utilized during the session, and (3) improvements they plan to make next session to better facilitate the activity with
the youth.

In what follows, we share the findings from pre-and-post surveys and the initial coding of field notes. Due
to the large corpus of qualitative data, the more in-depth and complete analysis of field notes is ongoing.

Results

On pre-and-post surveys, we asked future teachers to rate their interest in STEM on a 5-point Likert scale
(5=Very Interested, 4= Interested, 3=Somewhat Interested, 2=Not Interested, 1=Not Interested At All). They also
rated their confidence in STEM as a domain and their confidence in teaching STEM on a 5-point Likert scale
(5=Very Confident, 4=Confident, 3=Somewhat Confident, 2=Not Confident, 1=Not Confident At All). See Table 1
for the demographics of future teachers who responded to the survey.

Table 1. Demographics of Future Teachers

| Fresno (Pre) | Fresno (Post) | SanMarcos |  San Marcos
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(n=40) (n=37) (Pre) (Post)
(n=398) (n=247)

Female 35 33 305 184
Male 5 4 91 62
Non-binary - - 2 1
African American 14 5
Asian/Pacific 3 3 33 22
Islander
Hispanic/Latino 24 22 190 110
Native American 5 4
White 13 12 156 106

The course class sizes vary significantly between Fresno State and San Marcos campuses. One course is
taught with a small number of students during both semesters at Fresno State while four sections of a course are
taught both semesters at San Marcos. Thus, it is difficult to compare the findings across the two campuses.
However, we observed an increase in percentages from pre-and-post surveys on future teachers’ reporting on the

three outcome variables.
The findings suggest that there was an increase in the percentages of future teachers who rated their interest

as “very interested” and “interested” in STEM from the pre-to-post survey at both campuses (see Table 2).

Table 2. Percentages of Pre-and-Post Survey Items on STEM Interest

Fresno (Pre) Fresno (Post) San Marcos San Marcos
(n=40) (n=37) (Pre) (Post)
(n=398) (n=247)
Science 56.4% 83.8% 54.3% 69.7%
Technology 69.2% 81.1% 61.4% 74.5%
Engineering 41% 75.7% 37.9% 54.1%
Mathematics 59% 83.8% 50.7% 60%

Further, there was an increase in the percentages of future teachers who rated their confidence as “very

confident” and “confident” in STEM from the pre-to-post survey at both campuses with the largest gains being in

engineering and technology at Fresno, and science and technology at San Marcos (see Table 3).

Table 3. Percentages of Pre-and-Post Survey Items on Confidence in STEM

Fresno (Pre) Fresno (Post) San Marcos San Marcos
(n=40) (n=37) (Pre) (Post)
Science 41% 67.6% 40.4% 62.4%
Technology 35.9% 64.9% 46.9% 69.7%
Engineering 7.7% 43.2% 17.8% 38.4%
Mathematics 48.7% 75.7% 47.6% 61.7%

Finally, there was an increase in the percentages of future teachers who rated their confidence in teaching

STEM as “very confident” and “confident” from the pre-to-post survey at both campuses with the largest gains
being in engineering and science at Fresno, and science and technology at San Marcos (see Table 4).
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Table 4. Percentages of Pre-and-Post Survey Items on Confidence in Teaching STEM

Fresno (Pre) Fresno (Post) San Marcos San Marcos
(n=40) (n=37) (Pre) (Post)
Science 46.2% 75.7% 37% 63.2%
Technology 38.5% 62.2% 40.8% 67.4%
Engineering 12.8% 56.8% 18% 42.8%
Mathematics 56.4% 78.4% 46% 63.9%

Emerging Themes

There were no differences between the pre-and-posttests regarding future teachers’ rating of their skills
level with regards to different 21st-century skills (4=advanced, 3=Competent, 2=Developing, 1-Beginner).
However, future teachers frequently referenced developing 2 1st-century skills through their participation in the
Mobile Making program as facilitators and observing youth practicing these skills during the sessions in their field
notes. Due to limited space, we highlight each theme that emerged from field notes without going into in-depth

discussion.

Collaboration among Facilitators. One of the most frequently referenced 21st-century skills
future teachers practiced and developed when they facilitated maker-based STEM activities with youth was
collaboration. Future teachers worked in groups; each implementation site had two to three future teachers as
facilitators. Co-teaching is an important practice in teacher education because it supports professional growth (cite).
The co-teaching environment provided opportunities for future teachers to assume equal responsibility and support
one another while they work towards the same goal of having a successful session. As one future teacher noted:

“I think that collaboration between me and my collaborators was very important, as not all of the projects
went perfectly as planned with different batteries and wires not working. We were able to join together and
problem-solve with one another to come up with solutions. It was also important for us to practice
flexibility, allowing the kids to use their creative minds and think outside of the box of the model project
that we presented to them.”

Future Teachers as Learners. Another theme that emerged was around future teachers taking the
dual role of a facilitator and learner as part of their experience:

“With the STEM activities came a lot of challenges and I think I was able to work through some of the
problems the students were facing while I was also learning how to do it myself.”

Some of the future teachers had prior experiences with children in tutoring and classroom observation
contexts, however, very few had the opportunity to facilitate activities in front of a classroom of children where they
are in charge. The Mobile Making program is an informal learning environment that positions university students
who plan to be teachers as a teacher before they enter the teacher credential program and the teacher workforce. The
hybrid space the future teachers occupy provides teaching and learning opportunities that are low stakes and high
impact for them.

Shifts in Perspectives on Teaching. Research suggests that preservice and in-service teachers’
beliefs about teaching influence how teachers teach across different content areas and use technology (Chan &
Elliot, 2004). Whether a teacher believes that teaching is a transmission of knowledge or it is a process of
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knowledge construction influences their disposition toward adopting new pedagogical approaches such as project-
based learning (Fives, & Gill, 2015; Teo, Chai, Hung, & Lee, 2008), and more recently Maker Education. The
Mobile Making experience provides an opportunity for future teachers to challenge their beliefs and dispositions
towards teaching, and prepare them to embrace practices that are supported by understanding teaching as knowledge
construction, an epistemology that undergirds Making pedagogy. A student stated:

“Over the course of the three sessions, I noticed that my teaching skills evolved along the way. When I first
began facilitating the students, I was very nervous and controlling with their projects. Eventually, I learned
that students might need a few pushes in the right direction, but it is important to let them figure out the
challenge independently first. This realization helped my teaching skills because it taught me to have
students try problem-solving before I give them the direct answer.”

Observing the Affordances of Making for Advancing Children’s Learning. In addition
to reflecting on their practice of 21st-century skills and changes in their perspectives on teaching as they facilitated
maker-based STEM activities, future teachers also identified the skills youth developed as they engaged and
completed the activities:

“One positive outcome I noticed throughout this first design challenge with kids is their tenacity and
resilience to continue to work with the project, despite having difficulty completing it in its entirety.”

In addition to identifying youth’s persistence, many teachers also noted how children engaged in problem-solving,
troubleshooting, collaboration, and creativity throughout the Mobile Making program.

Challenges and Areas of Improvement. One of the most frequent challenges mentioned by
future teachers was classroom management. Specifically, future teachers struggled with maintaining high levels of
youth engagement, time management in terms of pacing the activities and ensuring all youth participants received
support, and behavior management issues that needed a more proactive approach such as setting up rules around tool
use (i.g., hot glue gun station) before starting the activities.

Scientific or Scholarly Significance

The findings of this DBIR study suggest that engaging undergraduate students — who plan to be teachers —
as facilitators in the Mobile Making afterschool program supports future teachers' dispositions towards teaching and
learning, as well as the development of skills that are necessary to successfully implement Making and STEM
projects across the curriculum. Teacher educators and teacher professional development efforts that aim to increase
teacher preparedness in Making and STEM Education should recognize the potential of university-community
partnerships that support informal learning opportunities, especially those incorporating engineering and technology,
both for youth and future teachers. The findings can inform how Making and STEM education can be integrated into
the teacher preparation programs, and consequently, how future teachers are prepared to meet the challenges of
today’s classrooms.
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