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Introduction 

Over the past decade, makerspaces, makers, and making have 
become common terms in K-16 education. The adoption of 
makerspaces at institutions of higher learning, whether in 
stationary form or otherwise, has sparked interest in the value 
of these spaces in both formal and informal education [1 - 3]. 
While, at its beginning, maker-based education focused 
mainly on its affordances vis-à-vis post-secondary education, 
with particular emphasis on engineering, maker-based 
learning is gradually entering K-12 schooling in various 
forms [4 - 6]. This adoption has brought not only the benefits 
of making to students all over the world, but also a number of 
concerns regarding the uses of the space, maker-based 
curricula, student learning outcomes, and teacher training, to 
name a few [7].  
Although the literature in maker-based education is still in its 
infancy, research has been conducted in post-secondary 
settings in areas such as maker-based learning in 
undergraduate programs, identity formation in engineering 
maker-based projects, attainment of affective skills through 
making undergraduate courses, maker-focused teacher 
preparation courses, development and maintenance of 
makerspaces in several academic settings, and 
interdisciplinary approaches to learning in makerspaces [8 - 
14]. In K-12 educational settings, research has investigated 
the benefits of making as an extracurricular activity, 
attainment of affective skills through making, standards-
based making in informal and formal settings, equity in 
making activities, and evaluating learning in these spaces [15 
– 20]. Nevertheless, there is much left to investigate regarding 
the preparation of those who are tasked with the challenge of 
teaching both content and maker skills in these spaces in K-
12 schools. While there is some literature on pre-service and 
in-service teacher courses with a focus on making, the 
scholarship is rather limited on in-service teachers’ 
development and implementation of standard-based, maker-
based lessons. This paper attempts to address this gap in the 
literature.  
Given the emergent nature of this work, we took a qualitative 
exploratory approach to investigate the aspects of a maker-
based graduate-level course that potentially help in-service 
secondary STEM teachers understand maker education. We 
asked the following question: What components of the maker-
based STEM methods graduate course impact in-service 
secondary STEM teachers’ understanding of making 
integration in their STEM content lessons?  

Methods 
To investigate our research question, we chose a qualitative 
exploratory research methodology [21]. We collected 
qualitative data from our participants towards the end of the 
semester, after they had developed and implemented their 
maker-based STEM unit lesson plans with their students. The 
data sources consisted of end-of-semester teacher feedback in 
the form of survey responses, a focus group interview, and 
final student oral presentations. 

A. Context 
Participants. The participants in this study were 10 in-service 
secondary STEM teachers who were enrolled in the STEM 
methods graduate course. This course was a part of the 
program of study for the Master of Education in Education 
and Social Change or Special Education programs, in which 
they were all admitted. 60% of the teachers were Hispanic, 
30% African American, and 10% White. Five of the teachers 
taught math (four middle school and one high school) and the 
other five taught science (three middle school and two high 
school). All teachers taught at low-SES schools with 
predominantly Hispanic student populations. Of the math 
teachers, one taught mostly students with special needs 
(SPED), and another taught mostly students identified as 
English Language Learners (ELLs). Of the science teachers, 
one taught forensics-based science, and the rest taught middle 
school science or biology.    
Setting. This study took place at a private R1 university on 
the east coast of the United States, within the School of 
Education and Human Development. The maker-based 
STEM methods graduate course was part of an overarching 
course designed to integrate STEM methods and academic 
language literacy. During the semester-long course, students 
attended the language component of the course for the first 
half of the class time and met for the second half in a separate 
room for the STEM component. This course was part of a 
larger research project on improving participating teachers’ 
knowledge and practices of reading/academic literacy 
instruction for high-needs populations. Given the magnitude 
of the larger project, this paper mainly focuses on the STEM 
component of the course, with a brief description of academic 
language integration.  

B. The Course 
The STEM course was specifically designed to integrate 
STEM and academic language literacy. In the first 
implementation of the course, maker-based instruction was 



 
 

introduced along with Project-Based Learning (PBL). 
However, because of the limited time allotted for the STEM 
component in that iteration, more emphasis was placed on 
PBL as teachers felt more comfortable using that teaching 
approach. For the second implementation of the course, which 
was taught by the first author and is reported here, both 
components of the course (STEM and language) shared an 
equal amount of class time, and we were able to redesign the 
STEM component such that Maker-Based Instruction would 
be the main instructional approach. 
At the beginning of the course, students were introduced to 
Maker Education in general, and later to Maker-Based 
Instruction through the application of the Maker Sprint Cycle 
(Figure 1) developed by Rouse and colleagues. This cycle was 
designed to help K-12 teachers learn to how develop and 
implement quick and short lesson plans that target specific 
maker skills such as sketching, physical modeling, digital 
modeling, 3D printing, etc. The cycle is composed of several 
Maker Sprints. Each Maker Sprint is designed to address one 
maker skill. For example, if the maker skill is sketching, then 
the Maker Sprint will have an exploration activity where 
students are exposed to different types of sketching, a skill 
building activity where students learn how to sketch, and a 
challenge activity where students demonstrate their newly 
acquired skill. This Maker Sprint can be followed by 
additional Maker Sprints to create a Maker Sprint Cycle. For 
example, the sketching sprint can be followed by a physical 
modeling sprint, then a digital modeling sprint, and end with 
a 3D printing sprint, thus creating a 3D modeling Maker 
Sprint Cycle. These cycles can last a week or longer to 
structure an entire academic year of maker skill learning. 
 

 
Fig. 1 Maker Sprint Cycle Developed by Rouse et al. (2018). 

 

For our STEM course, we integrated the Maker Sprint Cycle 
with the Reading To Learn Cycle [22] students were learning 
in the academic language component (Figure 2), to teach our 
students how to develop and implement maker-based 
integrated STEM+AL (STEM and Academic Language) unit 
lessons that explicitly addressed STEM+AL content 
standards. In addition to the integration of the cycles, 
throughout the course we also addressed student diversity in 
lesson planning and implementation. Figure 3 shows a layout 
of the unit plans that were to be developed and implemented 
by the end of the semester.  
During the initial class sessions, students were exposed to 

literature on educational learning theories, their connections 
to the Maker Movement and STEM education, and teacher-
student positionality in constructionist learning environments. 
In a later session via video conference, students met Dr. 
Rouse, who shared his work in Maker Education and the 
development of the Maker Sprint Cycle. In another session, 
the first author led a professional-development-style session 
where students had an opportunity to experience each of the 
components of a Maker Sprint Cycle. Additionally, through a 
collaborative effort between the first author and the director 
of the makerspace at the university’s college of engineering, 
students had an opportunity to visit the makerspace and learn 
more about the technology and tools found in the space. 
Lastly, students had the opportunity to collaborate with one 
another to develop a maker-based STEM mini-lesson and 
present it in class. 
By the end of the course, students were expected to develop 
and implement a maker-based STEM unit plan, with at least 
one of their own classes. Before implementation, students 
received feedback from both the first author and the academic 
language instructor, to ensure the unit plans met the 
requirements on the rubric they received. After 
implementation, students presented in class a short video of 
themselves teaching the lesson and shared their experience 
implementing the lesson. During these presentations, students 
were asked to bring student artifacts to share with the class. 
 

 
Fig.2 Reading to Learn Cycle Developed by Rose and Martin (2012). 



 
 

 
Fig. 3 Unit Play Layout – STEM Methods for Diverse Learners 

 

Data Collection and Analysis 

A. Procedures 
We collected our data towards the end of the semester, given 
that we were interested in the teachers’ feedback after 
implementing their unit lesson plans. The qualitative data 
consisted of teachers’ feedback in the form of open-ended 
survey student responses, final oral presentations, and a focus 
group interview.  During the focus group interview, students 
shared their overall experience with the course and the maker-
based instructional model specifically. During their oral 
presentations, students shared their experiences developing 
and implementing their unit plans. Both the interview and the 
oral presentations were audio recorded and later transcribed. 
The survey elicited individual student feedback relevant to 
their own experience with maker-based instruction 
throughout the course and after implementing their unit lesson 
plans. Below are some survey sample questions: 

Describe when you began to see the connection of 
the maker model and your teaching. What helped 
make that connection?  

 
Describe your experience implementing the unit 
plan (what worked, what did not work, what could 
be improved, etc.).  

B. Analysis 
The data was analyzed in three stages, we first coded the data 
using an open coding strategy. This strategy allowed us to 
develop a large set of initial codes relevant to our research 
question. We later sorted those codes and merged them into a 
small set of categories. Finally, we refined those categories to 
develop overarching themes [23]. To ensure trustworthiness 
in our findings, we had another member of the research team 
code a large portion of the data using the categories and codes 
we developed in the first round of coding. We also 
triangulated our findings by using all three sources of data 
available [24].   

Results 
In answering our research question investigating the 
components of the maker-based STEM methods graduate 
course that impacted in-service secondary STEM teachers’ 
understanding of making integration in their STEM content 
lessons, our analysis revealed several different themes. Each 
of these themes are described separately and in detail below.  
 
“The Maker-based activities gave me the structure I didn’t 
know I needed” 
The most common theme we found in our data was teachers 
mentioning that they had previously implemented maker-
based activities in several forms in their classrooms, but 
simply did not call them “maker.” This statement was 
normally followed by the acknowledgement that the activities 
of the Maker Sprint Cycle helped them find a better structure 
for implementing such activities and gain a clearer 
understanding of what students were expected to deliver. In 
the following quotes, teachers elaborate on this finding.  
 

I believe the time I actually made the connection 
was in our class when we constructed models to 
show how seasons change. … I began to think of a 
more structured way to have students represent and 
enhance their work (SSR – student survey 
response).  
 
I was extremely excited to understand that I had 
actually already been implementing somewhat of 
maker model to a very basic level, just not calling it 
maker (SSR).  

 
The following quote also highlights another category that 
emerged in the data, namely, that making is more than just 
building physical products. Several teachers mentioned the 
production of digital products as being more feasible to them, 
given that their schools had available computers.   

 
Using software, like Microsoft Excel and 
PowerPoint, is just as Maker as using a 3D printer. 
They just target different types of Maker Skills 
using different tools. (SSR). 



 
 

Other students elaborate on how the components of the Maker 
Sprint Cycle helped them find structure and improve 
something they were already doing. 

 
… we have several, I guess, challenges in my class 
where we build things, but I don’t think I was 
giving them the skills. I think that’s when it really 
clicked for me when we got that example in class 
(FGE – focus group excerpt).  
 
… learning about the frameworks, and learning 
about the structure, and learning about all the 
different components that can go into a maker-
based [lesson], … was extremely helpful and 
beneficial. I got a lot out of that. It … opens up to a 
bigger picture because … giving [my students] 
something to make in the classroom always felt 
small scale in comparison to what I know now 
(FGE). 
 
… what I now understand is that I had really only 
been implementing the challenge portion of a sprint 
cycle rather than the entire [makerspace] method. 
…The explore and skill building fragment of maker 
education give the students the abilities to excel in 
the challenge and thus allowing the teachers to have 
higher expectations for the product (SSR).   

 
“Exemplars make it easier to understand that making is more 
than just physical products”  
The second theme we found was that teachers greatly 
appreciated the examples provided in class, whether through 
lesson exemplars or in-class activities, and these examples 
seemed to have helped them gain a deeper understanding of 
how they could develop and implement their own maker-
focused STEM lessons with their own students. The following 
quotes elaborate on this finding.  
 

What helped [me] was being able to apply it myself 
and work collaboratively with others in the class. 
Every time I had to apply the knowledge of maker 
space, I learned a little bit more and became more 
comfortable with the concept, with the class 
activity, mini lesson, the presentations and finally 
the unit plan (SSR). 

 
Seeing maker sprints in person definitely add a 
touch of reality to what Maker Education has to 
offer. Before, these projects seemed intimidating 
and difficult to implement in the classroom. Now, 
after the conversations, visit [to the makerspace], 
and our in-class activity, I was able to make a 
connection with what I’d read and how to make it 
happen. (SSR).  

 
“Visit to makerspace brought it all together” 
The third theme we found was on the impact of the 
makerspace visit. Before this visit, none of the teachers had 
visited a makerspace. There are two in the city, but neither 

one is in close proximity to their schools or the host 
university. The only makerspace we had access to was the one 
located in the university’s College of Engineering, which took 
several scheduling attempts to visit. Throughout the course, 
students were shown videos and photographs of different 
types of makerspaces, however, based on the data, it appears 
that exposure was not as meaningful as the physical visit to 
the one at the university, even though that makerspace has 
more high-tech machines than most makerspaces housed in 
K-12 schools. In the following quotes, students describe how 
their visit impacted their understanding of maker-based 
instruction.  
 

[The makerspace] is less intimidating, in my 
opinion. It was nice to see…and to handle the 
things that we were able to make, … just made it 
more real. … it opened up my perspective of what 
can be created. You know, we’re creating hearts 
and organs! There is no limit. (FGE).  
 
 [The makerspace] is just like wow! a 3-D printer, 
we’re gonna make this little model, when I made 
this cartoon creature, but this is so far beyond that. 
You’re thinking of the opportunities that are there 
for careers and … Just the little spark you needed 
for a kid right now, they need to see how far it can 
go… (FGE).  
 
Whatever we discussed in class coming to life, 
visualize, touching and visiting a makerspace all 
became real. … our current students…could benefit 
from such creative programs to enhance their 
motivation and self determination to learn the same 
subjects in various ways (SSR).  

 
“Implementing a maker lesson reignited my passion for 
teaching”  
The fourth theme we found was on the impact of teachers’ 
implementing their maker-focused STEM lessons at the end 
of the semester and sharing their experience. The teachers had 
several opportunities to create, implement, and evaluate their 
lessons throughout the semester, as part of the course 
assignments. However, the implementation of the unit plan 
was individual and their oral presentations on their 
implementation experience was part of their final grade. In the 
following quotes, teachers elaborate on the impact on their 
understanding of maker-based instruction after 
implementation and their thoughts moving forward.  
 

This was exactly what I needed to revitalize, 
reenergize, and rediscover my passion for teaching 
science.  I now have a whole new way of looking at 
the projects … and now I can really help them to be 
better students and more creative thinkers (SSR).  

 
Teaching in the sciences, the Maker application is 
very useful for my students. I teach in [the city], 
where a vast majority of our student population is 
ELL with levels of 1 and 2 in English proficiency. 



 
 

With the Maker [instructional model] my students 
have the opportunity to understand content 
knowledge along with critical thinking skills on a 
level much higher (SSR).  
 
The a-ha! moment for me was when I was … 
listening to my students discussing how and what 
they were going to create based on our lesson of 
finding the area of composite figures.  I realized 
then that Maker [instructional] model can and will 
help students gain a better understanding of the 
material (SSR).     

 
In addition to the themes described above, our data also 
revealed other valuable information that was not part of our 
research question, but worth mentioning, nonetheless. 
Through our open coding, we found that none of the teachers 
had previous experience with Maker Education, making, or 
makerspaces at the beginning of the course. At the end of the 
course, they all mentioned they planned on including more 
maker-based lessons in the next school year and attempting to 
build a “small-scale” version of a makerspace in their 
classrooms in the near future. After implementing their 
maker-based STEM lessons, they also mentioned that the 
development of the actual lesson was fairly easy, their 
students loved the activities, and that they felt like they had 
grown as educators after this experience.   
 

Discussion 
In this paper, we investigated teachers’ beliefs of what 
components of a maker-based STEM graduate course helped 
them understand the integration of making in their STEM 
lessons. In answering our research question, our data analysis 
revealed four main themes: “The Maker Sprint Cycle gave me 
the structure I didn’t know I needed,” “Exemplars make it 
easier to understand that making is more than just physical 
products,” “Visit to makerspace brought it all together,” and 
“Implementing a maker lesson reignited my passion for 
teaching.” Implications of these findings are discussed below. 

A. Implications 
As Maker Education movement continues to grow within K-
12 education, there is a need to understand how we can best 
prepare those tasked with the challenge of teaching both 
STEM content and maker skills in these learning 
environments. It is particularly vital that training and 
resources are provided to teachers who are constrained by the 
demands of formal schooling (addressing STEM content 
standards, state testing, etc.), but are also expected to carry 
out maker-based lessons in these innovative spaces. While in 
this study, we only investigated the experiences of 10 in-
service secondary STEM teachers, after taking a maker-based 
STEM graduate course, our findings highlight the importance 
of strategic course planning, instructional approaches to teach 
maker-based course, and the role of collaboration between 
Schools of Education and Schools of Engineering (which tend 
to house most academic makerspaces).  

As we move forward, we would like to challenge other 
teacher preparation programs to include maker-based courses 
for in-service teachers, regardless of the content they teach. 
To improve the benefits of these courses, they should be 
taught in an interactive PD-style rather than the traditional 
lecture. Additionally, aside from including several activities 
for students to “observe and practice” maker-based teaching, 
an effort to collaborate with a makerspace (academic or 
otherwise) should be made, as such collaboration seems to 
help students gain a better understanding of what making, and 
makerspaces can look like in their classrooms. Regular visits 
to makerspaces can also decrease the feeling of intimidation 
many teachers experience when they walk into these spaces 
for the first time. 

B. Limitations 
The main limitations of our work are the exploratory nature 
of the research design and the limited number of data. Given 
that this field of maker-based instruction for in-service 
teachers is rather new, more needs to be investigated with a 
larger sample and with more data sources and collection 
points. Because of these limitations, we purposefully included 
direct, excerpted quotes from our data sources in the results 
section to stay as close as possible to emerging themes in the 
data. While we acknowledge that these findings cannot be 
generalized (as is normally the case with qualitative work), 
we hope our findings shed new light in the emerging field of 
maker-based teacher preparation programs. 

C. Conclusion 
In this paper we investigated the components of a maker-
based STEM graduate course that seemed to impact in-service 
secondary teachers’ understanding of making integration in 
STEM lessons. The analysis of our qualitative data revealed 
that the main components that seemed to have helped this 
understanding was the use of the Maker Sprint Cycle, the use 
of exemplar and PD-style activities throughout the course, the 
visit to the makerspace at the College of Engineering, and the 
development and implementation of maker-based STEM 
lesson at the end of the course. Our hope is that these findings 
help others design more effective maker-based courses for in-
service teachers as well as highlight new areas for future 
research.    
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