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ou might pick up this book because you are on the continuing search for ways to teach
STEM, as we (the authors) have been on for many years. If you are looking for an
effective way to teach STEM, you may be thinking, “I know what STEM is, so what
is different about this approach?” In the following pages, we will answer those two important
questions and give you step-by-step directions on how to use our approach to integrate STEM
using our approach into your classroom instruction. You will also see the term "StEMT" pop
up within various conversations within the book. You may wonder, What is StEMT? StEMT is
our way of making sense of STEM as a process, which is really at the heart of our vision. We are
definitely not out to challenge the acronym that has become so much a part of the educational
vernacular. When you see this term within the book, it is to purposefully guide you to a new
way of thinking about STEM as an instructional approach.
This is not a book that replaces integration or is juxtaposed to STEM. We are huge proponents of STEM education, and we believe in integration, but only if it is done in a meaningful way. We also believe that STEM is students learning the skills and mindset necessary to
become the next generation of engineers, scientists, and mathematicians. Although STEM as
a concept has become mantra-like within the educational landscape, teachers have nothing to
guide them in gaining an understanding of what it looks like to be included in their classrooms
on a daily basis. It is this problem for which we have a solution. That solution is StEMT. Again,
please do not run out and change your school signage or even your stationery. StEMT is a way
that helped us think about the process of a STEM lesson. StEMT as a process offers clarity on
how to build the lens for teachers and students to use when approaching problems in a way that
applies the skills and tools of STEM. StEMT offers a structured approach that provides a clear
process for designing effective, meaningful STEM lessons. The seemingly simple reframing of
how we think about STEM provides us with the tools to take the nebulous concept of STEM
and transform it into a conceptual framework.
StEMT (or STEM if you still prefer) is about effective, relevant science instruction that
provides real-world experiences for every child. Experiences with STEM must be available
to all students. StEMT is not an instructional model; it is a conceptual framework, and its
purpose is to help teachers effectively teach STEM concepts by providing a mechanism to link
science and mathematics to activities that promote constructivist learning to allow students
to be cognitively challenged through questioning and problem-solving opportunities. StEMT
fits into research-based instructional models that already exist and is an integral part of good
instruction. In fact, by StEMTifying your lessons, you make the lesson both relevant and
exciting for students. Our goal is to help teachers increase the efficacy of their current science
lessons by substituting StEMT into a portion of their existing lessons. Before we get to lesson
development, it is important to understand the creation of the StEMT conceptual framework
and to do that, you must understand its origins.
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Almost every educator can describe a nightmare scenario in which he or she is providing
professional training to peers and has inadvertently misspelled something in the presentation. Most people feel discomfort when someone we work with presents something that is
misspelled in their work. With that as a frame, the first discussion of StEMT as an approach
occurred during a professional development presentation given by Dr. Milton Huling. Picture
a large die being extracted from the back of Milt’s SUV. Its size was carefully matched to the
cargo area of the vehicle. In fact, to ensure a perfect fit, it was constructed in the parking lot of a
local Lowe’s. Made of PVC pipe and wrapped with red-and-white plastic tablecloths, the sides
were adorned with numbers. The cube was carried into the school and placed on the front table
in the school’s teacher training room. As Milt carried the large colorful die into the school, it
drew everyone’s attention, including that of his colleague, Dr. Jackie Speake.
The presentation began with the usual welcomes and introductions. Jackie looked up at the
first slide in bewilderment. "Why does the first slide say, 'StEMT?' " she asked. Milt’s explanation detailed that his recent readings had led him to recognize that to truly incorporate STEM
into a typical science classroom, the whole concept needed to be re-envisioned. The only way
to get this across to teachers in a professional development setting was to make it dynamic.
If technology is the solution to a human problem and most papers about STEM mention
problem solving as a component, it only makes sense that the solution to the problem must
be the technology that is produced. This is in conflict with the view that the “T” in STEM is all
about integration of technology and not a solution to a problem.
Dr. Huling’s presentation itself included activities designed to parse out the difference between
a scientific question and a question about the development of technology. The activity was
drawn and modified from a Nature of Science activity called The Cube (Lederman and Abd-ElKhalik 2002) and the Three Cube Method (Lederman, n. d.). Once teachers have a conceptual
understanding of the difference between science and technology, it is much easier to understand
how math and engineering (the tools) are used to bridge the divide. Science provides the basic
knowledge through inquiry. With understanding of scientific principles in hand, only then can
we use, or apply, this knowledge toward the development of a technology (i.e., a solution to a
problem). The mathematics and engineering are the means of getting from science understandings to technology.
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ST Science infusing (raised through the power of)
Technology (a.k.a. Good Science)
E Engineering design process
M Mathematical practices and habits of mind
T Technology as a product or solution to a problem
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This migration from principle to application, we feel, is critical to provide the relevance
to the learning of science that is often lacking within many science classrooms. StEMT as a
process, as opposed to STEM as a thing, also has the potential to enrich the science knowledge
of students. In this way, StEMT/STEM does not broaden the curriculum. Instead, it acts as a
focus.
It was the initial reception by educators of the StEMT training at one elementary school
that set the stage for an expansion of STEM trainings on the StEMT process. These trainings
occurred at multiple levels: district trainings, state conferences, and mathematics and science
partnership activities. Within our district, we use StEMT as the approach to teach STEM,
which is logical, especially if we think in terms of problem-based learning.
The reframing of the approach and the technology for teachers has accentuated that the
importance of technology is not how it is used within the lesson—it is more so that technology
(or the solution to the problem) is the outcome of instruction. It is not to say that integrating
technology is not critical because it is essential for students to be exposed to the use of technology. More important, however, is what question is answered as part of the StEMT lesson,
and the designing of StEMT questions is critical to helping teachers implement STEM in their
own classrooms.
All lessons have been adapted from multiple open education resource sites, and most of the
base activities are those you will recognize that have been circulating for years and have been
effective for many educators across the nation. More often than not, we adapted the StEMT
activities from the lessons we design for Polk County public schools.
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TEM (science, technology, engineering and mathematics) within the educational landscape has become cliché. The pervasiveness of STEM can be illustrated by the numerous
organizations that now embrace it, including the Department of Homeland Security, the
National Science Foundation, and the Boy Scouts of America (Boy Scouts of America 2013;
DHS 2012; NSF 2010). How we rank nationally or internationally consumes most discussions about the state of affairs in education. The solution seems to always be that we need more
emphasis on STEM, but what is STEM?
The first appearance of the acronym STEM appeared in the 1990s (Capraro et al. 2015) and
has since spread like wildfire through the educational landscape. STEM can refer to anything
that involves the four disciplines of science, mathematics, technology and engineering (Bybee
2010). Perhaps not surprisingly, the most natural integration of these disciplines can occur
between mathematics and science, as mathematics grew from the discipline of science as a
way to help explain the natural world using empirical means. Technology and engineering
have been overshadowed by their STEM counterparts within the STEM movement. Although
some technology teachers believe that they are doing their fair share by integrating technology
and engineering, they still view STEM as four independent disciplines (Sanders 2009). Bybee
(2010) argues that it is critical that students become familiar with technology. The use of technology is then critical to the application of science, engineering, and mathematics.
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This vision of what STEM should look like has left many with more questions than answers.
Foremost, what is STEM beyond its basic components? Is STEM any of the four included disciplines? Is it integration of some or all of the disciplines? The entrance of even more disciplines to
the cadre of four leaves one to ponder how these subjects fit together (e.g., STEAM, STREAM,
STREAMSS). Many believe that the inclusion of the arts is essential to STEM. Others make a
case for reading and social studies. At what point do we stop adding letters to STEM and start
calling it by its original name: school? Our response to those who want to include more letters
to the STEM acronym is that we must first get our STEM house in order before we add more
disciplines into the mix. The question remains: is STEM one thing or a continuum from the
typical siloed courses to full-on integration of the components?
For some, STEM is portrayed as a classroom where students design and program robots.
You would find few who would disagree that technology engages students and that these
types of activities promote student collaboration. Nationally and internationally, there have
been countless conferences on the topic of STEM. It would seem that every possible industry
partner has something to offer in the way of STEM education. We seem to be left with a few
underlying questions—namely, what is STEM and how will a teacher infuse the concept of
STEM into his or her classroom? It is the latter that seems to be the most elusive, given that
most teachers cannot stop teaching biology or physics and instead teach programming or some
other technology-based skill to their students.
Even with the release of the Next Generation Science Standards, recognizing the similarity
between the STEM initiatives all too common to most of us and the desired outcomes described
in the Framework for K–12 Science Education (Framework; NRC, 2012), classroom application
of meaningful STEM activities and lessons remains elusive. With technology being infused into
every portion of our lives at an ever-increasing rate, how will education keep pace? The answer
to that question may be that it may not—particularly if the educational community continues
to insist on providing our students with skills that may be obsolete even before they graduate.
Instead, we should be preparing students with the knowledge, skills, and tools to develop
solutions for problems that don’t yet exist (Darling-Hammond 2010). It’s hard to see how
integrating these four disciplines in itself can produce such lofty results.
The goal of this publication is to support teachers in their integration of STEM into their
classroom, effectively and efficiently using all the research-based instructional strategies that
teachers are familiar with. The chapters of this publication are aligned to (1) give the reader
an overview of the STEM landscape; (2) provide a rationale for our conceptual framework;
and (3) give step-by-step instructions on how you can StEMTify a typical science lesson. More
examples of lessons that illustrate just how easy it is to bring STEM into your classroom are
also provided.
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Safety Considerations for Hands-On Activities
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Throughout this book, safety precautions are provided for classroom activities in the form of
safety notes. Teachers should also review and follow local polices and protocols used within
their school districts. Additional applicable standard operating procedures can be found in the
National Science Teachers Association’s Safety in the Science Classroom, Laboratory, or Field Sites
(http://www.nsta.org/docs/SafetyInTheScienceClassroomLabAndField.pdf).
Disclaimer: The safety precautions of each activity are based in part on use of the recommended materials and instructions, legal safety standards, and better professional practices.
Selection of alternative materials or procedures for these activities may jeopardize the level of
safety and therefore is at the user’s own risk.
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