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Introduction
Grounding Our STEAM Work

In 2012, the idea of STEAM (Science, Technology, Engineering, Art, and 
Mathematics) education started to gain momentum in innovative schools 
around the United States and several countries around the world. STEAM, 
where the “A” represents the arts and humanities, is an especially appealing 
way to increase participation in STEM fi elds through efforts that, according 
to the Educational Testing Service (2015), begin “in elementary school and 
extends through the professoriate and the rest of the workforce” (p. 3). 
Proponents of STEAM argue that integrating art is essential for innovation, 
as it provides an interesting, different, and collaborative way to view the 
world, adding that art prevents the disconnect of  math and science from 
real-world applications (Wynn & Harris, 2012).

Interestingly, many communities and educators began embracing 
STEAM as a more creative and appealing way to engage students, though 
without sharing a common understanding of what it meant or how it should 
look in classrooms. STEAM programs in schools typically emphasized more 
art and technology offerings such as using robots to teach programming or 
coding, or they focused on integrated science curriculums with attention 
to engineering activities. Many of the programs were very good, but most 
were in after-school programs, summer camps, or specialized classes that 
attracted smaller numbers of students. Knowing that, historically, late-ele-
mentary and middle school girls and students of color often opt out or feel 
excluded from STEM-related coursework or opportunities has increased 
STEM programs aimed at underrepresented populations (Hill, Corbett, & 
St. Rose, 2010). Throughout this book we detail our desire to make STEAM 
appealing to all students. This is a direct response to addressing the lack of 
inclusion and diversity in STEM. 

OUR ENTRY INTO STEAM EDUCATION

At the same time that STEAM was gaining popularity, a school district 
offered us an opportunity to conduct summer professional development 
with a motivated group of teachers at a school slated to open as a STEAM © H
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2 Introduction

school the following fall. The administrators and teachers in the school 
believed that STEAM, whatever it looked like, should be offered to all 
their students—not just to those who could participate in after-school, 
summer programs, or elective courses. They wanted to have a common 
understanding of STEAM to guide the ways they might integrate it into 
their standard curriculum.

As former teachers with a great interest in science and technology edu-
cation, we knew there had to be a better way to reach all kids, engage them 
in “school subjects,” and get them excited to learn. We also knew from 
our earlier K–12 teaching days that kids often work hard to master skills 
or learn concepts if they care about the problem they are solving. We knew 
their engagement increased when the issues posed were interest-based, that 
is, when they were directly related to their families, communities, or lives.

As we talked on the phone one night, we discussed the work we were 
already doing with interest-based learning, technology enabled instruc-
tion, and project-based learning. We believed we could draw on ways these 
current approaches can lead to effective instruction, and we decided that 
they needed to be a signifi cant part of whatever STEAM work we might 
do with teachers. We saw STEAM instruction as especially appropriate in 
K–8 classrooms, where teachers often seek ways to integrate content or dis-
ciplines. We also realized that our best ideas and efforts needed research to 
back them up. Thus, our work with teachers and simultaneous long-term 
research project began.

The goal of this book is to provide a common understanding of STEAM 
teaching and learning. For educators, we offer a blueprint for implement-
ing STEAM instruction, and for educational researchers, we offer our evi-
denced-based strategies to consider when examining the effi cacy of STEAM 
learning. Thus, this book is a natural next step in our progression to pro-
vide broad support, and a “how-to” of sorts for teachers, teacher educators, 
administrators, instructional coaches, and researchers who want to embark 
on providing STEAM instruction or develop a deeper understanding of it. 
We hope that by reading this book and using the STEAM conceptual model 
and numerous suggestions and examples throughout, STEAM educators will 
fi nd it easier to plan, design, and enact STEAM learning in K–8 schools and 
preservice teaching programs. Additionally, while the stories, schools, stu-
dents, and teachers are real, the names of teachers, students, and schools are 
pseudonyms throughout the book in order to protect their identities.

AN EXAMPLE OF STEAM IN ACTION

Mr. Samson stood in front of his 6th-grade classroom at Hunter Middle 
School showing a short video of a robotic pack mule moving up a moun-
tainside that demonstrated the functions and modes of robotic devices. © H
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Introduction 3

Students had just fi nished brainstorming the economic impact of using ro-
bots to complete work on a Google Doc. After the video, he posed ques-
tions to his students about the pack mule’s power source. One student, Eli, 
incorrectly answered that it was “battery-powered” before his classmate 
Jillian quickly explained that it was too high-powered for batteries, so it had 
to be a gasoline engine. Mr. Samson nodded his head in affi rmation while 
projecting the STEAM scenario used to guide students’ problem solving on 
the Promethean Board in the front of the room. It read: 

In 2016, The Wall Street Journal ran a story about robot-powered lawn 
mowers that resemble a Roomba® and travel around people’s yards to 
keep them neatly trimmed. These mowers run on batteries, are fairly 
quiet, and can be scheduled to operate whenever a homeowner choos-
es. A number of companies have shown great interest in marketing 
them, seeing them as innovative, effi cient, good for the environment, 
and profi table. However, there are still some issues with these robotic 
lawn devices in that they require a lot of time to set up and must be 
easily programmable to allow for sharp angles on small yards, and they 
must be able to stop and change directions if they hit something such as 
children’s toys, hoses, trees, or lawn ornaments. Your project team has 
been hired to design, create, and present a marketing plan for an easy-to 
use, effective robot mower. After creating a prototype and social media 
marketing plan, you will pitch your idea, Shark Tank–style, to a panel 
of experts.

This was the third STEAM scenario that Mr. Samson created this year 
after completing a week of summer professional development (PD) aimed 
at helping teachers conceptualize and implement STEAM instructional 
practices. Teachers used scenarios to introduce each unit and to engage 
students in relevant problem solving and mimic what might happen in 
the real world. The hope was students would begin to make connections 
to future STEM-related skills and jobs they might encounter with similar 
problems. STEM (Science, Technology, Engineering, and Math) is recog-
nized as a way to bridge the discrete disciplines of science, technology, 
engineering, and mathematics using applications or processes from each 
to create knowledge as a whole (Morrison, 2006). However, STEM does 
not specifi cally attend to the arts and humanities, and it has been criticized 
for favoring particular subject areas (i.e., math and science, or engineering 
and technology).

Being able to solve real-world problems continues to be a goal of 
STEM education—and at times, education in general (Bybee, 2010). How-
ever, despite efforts to increase interest in STEM education and jobs, our 
nation continues to experience a shortage in STEM workers in that we are 
“not producing enough STEM-capable students to keep up with demand © H
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4 Introduction

both in traditional STEM occupations and other sectors across the econ-
omy that demand similar competencies” (Carnevale, Smith, & Melton, 
2011, p. 10). In fact, while the STEM graduation rates increased (Jaschick, 
2014), students are not choosing to pursue STEM-related jobs (Masata, 
2014). 

One reason for this continued shortage is that students often believe this 
narrow approach to STEM allows little room for fi elds involving the arts 
and humanities. STEM graduates, despite their interest in science, technol-
ogy, engineering, and math, want to pursue fi elds that incorporate creativ-
ity and the arts (U.S. Census Report, 2010). Therefore, educational leaders 
called for more balanced approaches to teaching and learning, which in-
cludes the arts, design, and humanities (Brady, 2014; Connor, Karmokar, & 
Whittington, 2015). 

The trend toward offering STEAM instruction in classrooms or adopt-
ing STEAM as a curricular approach for entire schools is increasing. STEAM 
teaching has been noted in K-12 across the United States, in Europe, and 
throughout much of Korea (Delaney, 2014). A few early adopters of the ap-
proach in the United States include Andover High School in Massachusetts, 
Da Vinci Schools in California, Drew Charter School in Georgia, Fisher 
STEAM Middle School in South Carolina, Quatama Elementary School in 
Oregon, and Pulaski Middle School in Virginia. However, one diffi culty in 
implementing STEAM teaching is the lack of agreement about what consti-
tutes STEAM. Williams (2013) notes that some believe strong K–12 STEAM 
programs include creative or innovative math, science, or engineering teach-
ing methods in which students are given presentation options. STEAM 
learning is aligned with robotics challenges, computer programming, media 
arts inclusion, or “Grand Challenges” (http://www.engineeringchallenges.
org), which are endorsed by the National Academy of Engineering. Grand 
Challenges initially focused on postsecondary student engineers, challenging 
them to solve some of the world’s most pressing problems. In recent years 
they have trickled into after-school programs primarily aimed at teens. In 
a 2014 Education Week article, Anne Jolly points out that STEAM should 
include attention to the arts in an applied manner, just like science or math. 
She fi rst suggests that little consensus exists toward features of a quality 
STEM program in K-12, and then cites the American Society for Engineer-
ing Education’s identifi cation of excellence, which includes motivating con-
texts, application of math and science content, student-centered teaching 
methods, engineering challenges, teamwork, and communication with a fo-
cus on critical and creative thinking. 

Jolly says, “STEM, then, is a specifi c program designed for a specifi c 
purpose—to integrate and apply knowledge of math and science in order 
to create technologies and solutions for real-world problems, using an en-
gineering design approach. It’s no surprise that STEM programs need to 
maintain an intense focus” (p. 18).© H
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Introduction 5

She discusses the appeal of STEAM, proposing that STEM projects 
can serve as a gateway to STEAM for underserved students when the el-
ements of design, performing arts, or creative planning are included; she 
also cautions that art not be an add-on but instead approached naturally 
through the problem. 

Attending to STEAM learning by including multiple disciplines, inte-
grating technology, or challenging students with relevant problems is un-
deniably important. However, the fact remains that conversations similar 
to the one above have focused more on ideas and predictive reports, and 
included little empirical data from K–12 classrooms to guide researchers 
and educators (Quigley & Herro, 2016). This growing national and global 
attention to STEAM creates a need to support effective STEAM teaching 
and implementation practices.

THE PURPOSE AND USEFULNESS OF THIS BOOK

The purpose of this book is to provide support for teachers, teacher educa-
tors, administrators, instructional coaches, and researchers who, like Mr. 
Samson, are attempting to engage students in classrooms through STEAM 
education practices. 

A STEAM Conceptual Model

We propose a conceptual model and then use connected learning theory to 
expand the model to suggest why and how teachers might approach imple-
menting STEAM instructional practices. The STEAM conceptual model fo-
cuses on the classroom environment that teachers create, the ways in which 
they integrate the content, and the skills teachers will support during their 
teaching. The model includes specifi c strategies for teachers to implement, 
such as problem-based learning, incorporation of student choice, technolo-
gy integration, and teacher facilitation. 

Connected Learning

Connected learning draws on students’ interests and equitable participation 
to support academically oriented, peer-networked, purposeful learning to 
solve relevant STEAM problems. Connected learning considers students’ in-
terests and uses technology to connect youth with their community, mentors, 
schools, and homes to practice real-world skills. In our research and in this 
book, connected learning guides STEAM instruction in two primary ways: 
(1) as a means to draw on students’ interest in choosing relevant, real-world 
problems to solve when designing STEAM problem-solving scenarios (e.g., 
local issues they care about and can relate to that have a STEAM focus), © H
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6 Introduction

and (2) to provide engaging ways to demonstrate learning based on what 
students participate readily in outside of school, such as video production, 
digital drawing/sketching, and visual and collaboration tools, when devel-
oping and sharing creative solutions to problems.

As we step back into the classroom, we see Mr. Samson working with 
his students during their fi fth day of the STEAM unit. Students are busy 
working in groups of three to program their robot using a Lego Mindstorms 
kit (https://www.lego.com/en-us/mindstorms), following a design they had 
sketched in SketchUp (https://www.sketchup.com), an online 3D modeling 
program. Walking from group to group, our research team interacted with 
the students, talking to them about the problem, asking them to show us 
what step they were on and to explain retests and revisions they were mak-
ing in their code. One student tested his gyro sensor, a device that senses 
and measures angles, and realized it turned too wide, so he asked members 
of the group to help him adjust the program. Another group was collabo-
ratively trying to solve ways to fi x the program because the robot stopped 
after two turns, and a third group was busy watching a video of a Google 
Hangout session recorded the previous day with a panel of local community 
members who worked as engineers. Mr. Samson spent the majority of the 
class period checking in with each group, providing advice and at times tak-
ing students to the side of the room to work with them. He reminded them 
that they would be presenting solutions to their challenges to a “company” 
interested in buying their product, and he let them choose digital media and 
tools for their presentation. 

Aligning the conceptual model described above with Mr. Samson’s 
classroom demonstrates how his classroom environment fostered prob-
lem-based learning, which was delivered through a relevant scenario draw-
ing on a real-world problem that was detailed in a news article. The various 
disciplines emerged naturally through the problem as students used science 
to understand principles of energy, math to calculate angles, and program 
software to engineer a design. The humanities were addressed both through 
the media arts as well as discussing the economic and social issues related to 
innovation and the workforce. Technology served as the backbone for much 
of the collaborative work, including digital design, prototyping, and mar-
keting. Students were given the opportunity to choose groups, technologies, 
and problem-solving strategies, and they were encouraged to ask new ques-
tions. Mr. Samson facilitated the learning through technology and circulat-
ing in the classroom versus direct instruction. When considering connected 
learning, this STEAM unit drew on students’ interests in current events, 
robotics, technology, and social media marketing. The unit was designed 
to allow them to participate equitably when working in groups, acknowl-
edging their various skills (e.g., some excelled at programming and math, 
others at media arts, and still others at presentation skills). Their teacher, © H
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