
INTEGRATING

INTO THE K–2 CLASSROOM

Jo Anne Vasquez, Michael Comer,  
and Jen Gutierrez

Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406206



Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406206



Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406206



Jo Anne Vasquez
Michael Comer  
Jen Gutierrez

Arlington, Virginia

Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406206



Claire Reinburg, Director
Rachel Ledbetter, Managing Editor
Jennifer Merrill, Associate Editor 
Andrea Silen, Associate Editor
Donna Yudkin, Book Acquisitions Manager

Art and Design 
Will Thomas Jr., Director  
Jae Martin, cover design

Printing and Production  
Catherine Lorrain, Director

National Science Teaching Association

David L. Evans, Executive Director

1840 Wilson Blvd., Arlington, VA 22201
www.nsta.org/store
For customer service inquiries, please call 800-277-5300.

Copyright © 2020 by the National Science Teaching Association.
All rights reserved. Printed in the United States of  America.
23  22  21  20      4  3  2  1

NSTA is committed to publishing material that promotes the best in inquiry-based science education. However, 
conditions of actual use may vary, and the safety procedures and practices described in this book are intended to 
serve only as a guide. Additional precautionary measures may be required. NSTA and the authors do not warrant 
or represent that the procedures and practices in this book meet any safety code or standard of federal, state, or lo-
cal regulations. NSTA and the authors disclaim any liability for personal injury or damage to property arising out 
of or relating to the use of this book, including any of the recommendations, instructions, or materials contained 
therein.

Permissions 
Book purchasers may photocopy, print, or e-mail up to five copies of  an NSTA book chapter for personal use 
only; this does not include display or promotional use. Elementary, middle, and high school teachers may 
reproduce forms, sample documents, and single NSTA book chapters needed for classroom or noncommercial, 
professional-development use only. E-book buyers may download files to multiple personal devices but are pro-
hibited from posting the files to third-party servers or websites, or from passing files to non-buyers. For additional 
permission to photocopy or use material electronically from this NSTA Press book, please contact the Copyright 
Clearance Center (CCC) (www.copyright.com; 978-750-8400). Please access www.nsta.org/permissions for further 
information about NSTA’s rights and permissions policies.

Library of Congress Cataloging-in-Publication Data
Names: Vasquez, Jo Anne, 1943- author. | Comer, Michael W., 1956- author. | Gutierrez, Jen, 1963- author. 
Title: Integrating STEM teaching and learning into the K-2 classroom / Jo Anne Vasquez, Michael Comer,  

Jen Gutierrez. 
Description: Arlington, VA : NSTA Press, [2020] | Includes bibliographical references and index.
Identifiers: LCCN 2019043208 (print) | LCCN 2019043209 (ebook) | ISBN 9781681406206 (paperback) |  

ISBN 9781681406213 (pdf ) 
Subjects: LCSH: Science--Study and teaching (Elementary)--United States. | Technology--Study and teaching 

(Elementary)--United States. | Engineering--Study and teaching (Elementary)--United States. |  
Mathematics--Study and teaching (Elementary)--United States.

Classification: LCC LB1585.3 .V375 2020  (print) | LCC LB1585.3  (ebook) | DDC 372.35/044--dc23
LC record available at https://lccn.loc.gov/2019043208
LC ebook record available at https://lccn.loc.gov/2019043209e-ISBN: 978-1-68140-620-6

Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406206



CONTENTS

Foreword.................................................................................................................................vii

About the Authors...................................................................................................................... ix

Acknowledgments........................................................................................................................ xi

Introduction................................................................................................................................ xiii

CHAPTER 1 
Creating a Blueprint for Building Your K–2 STEM House...................................................1

CHAPTER 2 
Pioneering Into STEM Integration.........................................................................................11

CHAPTER 3 
Unpacking the Integrated STEM Classroom........................................................................23

CHAPTER 4 
Tackling the Core Instructional Time....................................................................................33

CHAPTER 5 
Using the W.H.E.R.E. Model Template............................................................................................39

CHAPTER 6 
Developing a STEM Unit With Math as the Driver—Straw Bridges...................................... 47

CHAPTER 7 
Developing a STEM Unit With Engineering as the Driver—Baby Bear’s Chair....................59

CHAPTER 8 
Developing a STEM Unit With Science as the Driver—A Pond Habitat..............................71

CHAPTER 9 
Moving Students From Inquiry to Application—A Shade Structure....................................87

CHAPTER 10 
Transforming Into a Successful STEM School....................................................................101

Bibliography............................................................................................................................109

Index..................................................................................................................................... 111

Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406206



Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406206



I ntegrating STEM Teaching and Learning Into the K–2 Classroom  is a critically important 
contribution toward advancing STEM (science, technology, engineering, and mathematics) 
education for two overarching reasons: (1) It blazes a trail for early elementary classroom 

practitioners to reflect the latest thinking in STEM, and (2) it provides a means by which early 
elementary educators can meaningfully contribute to America’s STEM movement.

The course for STEM education across the United States has been mapped in the report 
Charting a Course for Success: America’s Strategy for STEM Education, released by the White House 
Office of Science and Technology Policy in December 2018. Readers and users of Integrating STEM 
Teaching and Learning by Jo Anne Vasquez, Michael Comer, and Jen Gutierrez can be confi-
dent of a close alignment between the broad consensus of the STEM education community as 
reflected in Charting a Course and the research-based insights and practical examples provided 
throughout  this book. Common threads woven through both publications are the integration 
of STEM concepts and principles, the application of classroom experiences to students’ lives, a 
priority on equal access to high-quality STEM education for all learners, the development of inter-
personal skills including communication and perseverance, assessment to continuously improve 
outcomes, and other hallmarks of STEM education.

Today, STEM education has essentially eclipsed its own acronym to be an educational sea 
change from disciplinary silos toward solving transdisciplinary big questions and problems that 
converge multiple disciplines, making the enterprise far more interesting to learners. And it starts 
early, as Vasquez, Comer, and Gutierrez observe-“there is strong evidence that STEM learning 
can and does begin in early childhood classrooms” (p. 7). Thus, Integrating STEM Teaching and 
Learning Into the K–2 Classroom provides a superb roadmap.

–Jeff Weld 
Executive director, Iowa Governor’s STEM Advisory Council;  

former senior policy advisor on STEM education,  
White House Office of Science and Technology Policy
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It’s time to ramp up science, technology, engineering, and mathematics (STEM) in the K−2 
classroom, according to the Community for Advancing Discovery Research in Education 
(CADRE). CADRE is a network for STEM education researchers funded by the National 

Science Foundation’s Discovery Research preK−12 program. This new research suggests that high-
quality STEM experiences in preK through grade 3 can offer a “critical foundation for learning 
about these disciplines in ways that facilitate later learning” (Sarama et al. 2018, p. 1).

In particular are the following benefits of early learning in science and math:

•	 It leads to social-emotional development and fewer challenging behaviors.

•	 It supports the development of a mind-set that includes curiosity, communication, 
persistence, and problem solving, among other habits.

•	 It contributes to gains in all other subjects by supporting literacy and language 
development and better reading comprehension and writing skills.

•	 It includes subjects that can engage students from varying backgrounds, including English 
language learners.

But delivering high-quality early STEM education requires expertise on the part of the teacher 
in scaffolding the lessons. Among the recommendations offered by Sarama et al. (2018):

•	 Encourage children to share and elaborate on their observations and ideas, even if they 
may be incorrect.

•	 Suggest additional investigations to test students’ ideas.

•	 Provide all children with equal opportunities to participate in STEM experiences. 

•	 Listen to the students and watch them as they play, explore, talk to one another, and engage 
in STEM activities, to get a sense of what they understand about STEM concepts.

This research lays the foundation for why high-quality STEM teaching and learning is critical 
in early childhood education; however, the researchers also point out that the teachers themselves 
need support as they learn how to facilitate STEM learning in their classrooms. Professional 
learning experiences are needed to cover how teachers can make connections between STEM 
topics and the everyday activities they are already doing with their students. STEM teaching and 
learning does not need to become one more add-on to the K–2 classroom. STEM learning should 
be a natural extension of what teachers are already teaching. It was with this in mind that we set 
out to write Integrating STEM Teaching and Learning Into the K−2 Classroom. We wanted to focus 
on how to naturally integrate STEM learning into K−2 classroom experiences. 

New science standards across the country have keyed in on the idea that student learning is 
an integration of three central aspects of instruction: (1) tying together the knowledge of core 
concepts, (2) building fluency in the practices of scientists and engineers, and (3) fostering the 
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ability to make connections across experiences. These things are key to developing long-term 
student understanding. The STEM lessons detailed throughout this book provide a relevant foun-
dation to help you begin seeing science instruction through this lens as you expand and enhance 
your K−2 STEM teaching. Practicing K−2 teachers who have developed these exciting STEM 
lessons and units will take you on their STEM learning journey as they have implemented these 
experiences in their classrooms. The lessons are developed so that you can teach them in your 
classroom. 

Before you begin your learning journey, we would like to share the following personal experi-
ence that author Jo Anne Vasquez had when she began her teaching career. Her story demon-
strates that interdisciplinary teaching is not a new strategy for instruction, but is one that has been 
employed regularly by teachers looking to inspire their students. Many primary school teachers 
were providing these types of experiences for their students long before it was called STEM. 

IT ALL STARTED WITH A CABBAGEIT ALL STARTED WITH A CABBAGE
There was nothing unusual about this second-grade classroom. We had reading groups, math 
time, writing, science, social studies, music, and art—all the usual types of activities you would 
find in a K−2 classroom. I was so proud. I had survived my first year of teaching and this was the 
beginning of my second year. With feet now firmly planted on the ground, I knew the routine, and 
I smugly thought I had it all down. But little did I know that something was about to change the 
way I thought about teaching forever. 

It was the second month into this new school year when the “Aha!” moment happened for me. 
I was about to get a lesson from my students on how important it is to make teaching and learning 
relevant for them. I would learn firsthand that using an integrated, interdisciplinary approach 
to teaching was the key to all of my students’ learning. I was about to find that just delivering 
the content to my second graders was not enough. For these students to really understand and 
internalize that information, I would need to give them the ability to make connections to every-
thing they were learning and provide opportunities to apply it in meaningful, personal, and grade-
appropriate ways. 

The Awakening! 
The day started off like any other. Class had begun, and we were having our small reading group 
time at the back table. The story we were reading was about a farmer who had some rabbits that 
came into his garden and ate all his vegetables. He had carrots, tomatoes, radishes, and cabbages 
in his garden, and he was so proud because everything was just about ready to harvest. He was 
going to sell some of his vegetables and also make a wonderful meal for his family. We were talking 
about the story, and I was doing the usual types of activities that teachers do—checking for under-
standing, asking questions, calling on students to read certain passages—when all of a sudden a 
student said, “But teacher, I’m confused.” 
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“Allison, what are you confused about?” I asked. Allison responded, “I’ve eaten carrots and 
tomatoes. I’ve seen radishes, but I’ve never seen a cabbage.” When I questioned the others in the 
group, only one of the six had either seen or tasted a cabbage. This question alerted me to what 
I would later term “empty verbalization”—lots of me describing how a cabbage looked and what 
kinds of dishes you could make with it. All of which seemed to satisfy them for the time being. But 
who knew where that cabbage question would lead. 

The next day I brought in a cabbage. We cut it apart. The children tasted it, felt it, and talked 
about how it looked and smelled. Of course they wanted to know how and where cabbages grew. 
And they asked, “Can we grow some?” Well, to make a very long journey a bit shorter, we decided 
to plant some seeds to watch them grow. We convinced our custodial staff to build some long trays 
that would hold soil for our plants. There was plenty of sunlight, as we had windows in the room. 
This became a true learning journey for all of us. We planned for cabbages, carrots, green beans, 
radishes, and tomatoes. The students learned to measure the plants, kept science logs to record 
their plants’ growth, and checked out books from the library about the different kinds of plants and 
how they grew. We looked at the parts of the plants, and what began as a reading-group question 
became a several-months project. 

But this story doesn’t end with the garden. Many teachers actually do this type of project, so 
there is nothing unusual in this example. But what happened next was what today we might label 
a transdisciplinary experience—or more commonly thought of as problem- or project-based 
learning. When our garden plants were becoming mature enough to begin to harvest, the children 
wanted to share their plants with their parents. This became the transdisciplinary experience as 
our class set off to develop a meal, create a menu, and compose invitations to the parents.

Soon it was decided that the students needed help to cook the meal because they had chosen 
spaghetti. A few phone calls later, and a couple of eager parents agreed to assist. The student 
committee also asked our cafeteria staff if they could use the kitchen and would the staff join in 
to help cook the spaghetti. The students did butter their bread and mix their salad. At our feast, 
the children set the tables, served the plates of food, and spent time talking about what they had 
learned while growing their own salad. And best of all, Allison showed and described what she 
had learned about a cabbage. For if it had not been for Allison’s question about the cabbage, this 
adventure would never have taken place. 

Conclusion
We might venture to say that many of you reading this might be thinking that this example is no 
different from what you already do in your classroom. In many ways, interdisciplinary teaching 
is what preschool and primary teachers have been doing with their students. Most teachers of 
young students know instinctively that children learn best when they are active participants in 
the process. What many of you may have already been doing demonstrates the difference between 
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just providing your students with academic learning and shifting the acquisition of knowledge to 
intellectual learning. 

The differences are very obvious, according to Lilian Katz, professor emerita of early childhood 
education at the University of Illinois at Urbana−Champaign. Academic learning “is stuff that is 
clear like the alphabet, it has no logic, it just has to be memorized … and does have to be learned 
eventually,” Katz states (see Pica et al. 2012). Intellectual learning “has to do with reasoning, 
hypothesizing, theorizing, and so forth, and that is the natural way of learning.” 

This research is not new. It seems that years ago in education we understood that students did 
learn best and retained the information longer when engaged in active learning in which they were 
predicting, hypothesizing, reasoning, applying, and describing what they were doing. Although it 
did not have the formal label of STEM education, interdisciplinary learning has been around for as 
long as students have been going to school. However, somewhere along the way, this active, intel-
lectual learning became an afterthought. Today, we know that with the label of STEM, it has moved 
from the background to the foreground, and everyone wants to be on board the “STEM train.” 

Once, a second grader was asked, “What is mathematics?” and he responded, “It is something 
we do in the morning at school.” We want our students to internalize what they are learning and 
be able to apply this new learning in many different ways. In other words, we want STEM teaching 
and learning to be part of the whole life of our students, and not just during school hours. During 
our journey together in this book looking at STEM teaching and learning in the K−2 classroom, 
we hope you will develop your own operational definition of what it means to be a STEM teacher. 
We hope you will learn some new strategies and gain some new ideas that you can use in your 
STEM lessons. We share what the research is saying about why STEM teaching is important in 
early childhood, with a focus on the K−2 classroom, and perhaps you will realize that you are 
already a STEM teacher, even if it all begins with a different kind of “cabbage question.” 

CHAPTER SUMMARIESCHAPTER SUMMARIES
This book contains 10 chapters, with the following titles and summaries:

•	 Chapter 1: Creating a Blueprint for Building Your K−2 STEM House. What is STEM 
education in the K−2 classroom? How is it different from what primary teachers are 
already doing? How can you do it without adding more to an already full schedule or day? 
This chapter addresses these questions.

•	 Chapter 2: Pioneering Into STEM Integration. This chapter describes the different 
levels of STEM integration through the example of a second-grade STEM unit on early 
Americans and pioneers with English language arts as the driver. 

•	 Chapter 3: Unpacking the Integrated STEM Classroom. In this chapter, we identify key 
elements found in an integrated STEM classroom, detail how they work together, and 
explore why these elements are critical to a successful student STEM learning experience.
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•	 Chapter 4: Tackling the Core Instructional Time. This chapter takes into consideration 
how the STEM classroom can be used in concert with the core reading block to achieve the 
goals and objectives essential to all disciplines.

•	 Chapter 5: Using the W.H.E.R.E. Model Template. This chapter introduces the research-
based W.H.E.R.E. model template. This template presents a clear and actionable process for 
curriculum developers and classroom teachers to follow as they develop their own 21st-
century STEM experiences. 

•	 Chapter 6: Developing a STEM Unit With Math as the Driver—Straw Bridges. The 
kindergarten STEM unit in this chapter describes how two partnering teachers created an 
integrated STEM unit using mathematics concepts as the primary instructional focus with 
the help of fifth graders in the school.

•	 Chapter 7: Developing a STEM Unit With Engineering as the Driver—Baby Bear’s 
Chair. This chapter’s kindergarten unit provides an example of an integrated STEM unit 
with an engineering and design concept as the primary instructional focus. 

•	 Chapter 8: Developing a STEM Unit With Science as the Driver—A Pond Habitat. The 
second-grade unit in this chapter demonstrates how collaboration works in developing an 
integrated STEM unit using the help of community partners who work in STEM fields.

•	 Chapter 9: Moving Students From Inquiry to Application—A Shade Structure. 
This chapter’s first-grade unit demonstrates how to develop a scenario from anchoring 
phenomena using a STEM unit that has science as the driver.

•	 Chapter 10: Transforming Into a Successful STEM School. This chapter describes 
how one district created a successful culture of STEM teaching and learning in its school 
through the commitment of various education partners working together toward a 
common goal. 
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CHAPTER 6

Developing a STEM Unit  
With Math as the Driver— 

Straw Bridges
A square was sitting quietly 
Outside his rectangular shack
When a triangle came down—Keerplunk!
“I must go to the hospital,” 
Cried the wounded square,
So a passing rolling circle
Picked him up and took him there. 

—Shel Silverstein, A Light in the Attic (1981)

Bridges, forces, compression, and tension—oh, my! Can this vocabulary be for kindergar-
ten students? You bet! Come along as the “Straw Bridges” STEM (science, technology, 
engineering, and mathematics) unit unfolds based on the mathematical standards for 

the geometry concepts of identifying, describing, analyzing, comparing, creating, and composing 
shapes. Oh, yes. Squares, rectangles, circles, trapezoids, hexagons, cubes, cones, cylinders, and 
spheres are all found in the kindergarten mathematics standards. Two very creative teachers from 
Broadmor Elementary School in Tempe, Arizona-kindergarten teacher Lori Schmidt and fifth-
grade partnering teacher Joshua (Josh) Porter-have developed and cotaught the following Straw 
Bridges STEM unit. The fifth-grade students become “learning buddies” to the kindergarteners 
and help them with their engineering projects.

At the beginning of any new curriculum planning adventure there is always brainstorming and 
reflection, and as you will read, this was not a canned STEM unit. Yes, Lori and Josh both had  
ideas about straw-building activities they had studied, but they took those ideas and developed 
their own integrated straw bridge STEM unit. Was it perfect the first time through? No, of course 
not. But like all great teachers, they monitored and adjusted their teaching to fit the students’ 
needs. They also took notes about how to change or enhance the lessons to improve them for 
subsequent years. 
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Overview of the Straw Bridges STEM Unit
In Lori and Josh’s words  

We start the unit planning with a big idea 
or engineering task. We look at what we 
want students to have as an end product. In 
this unit, we started with the kindergarten 
math standards as the “driver.” From there 
we identified the engineering properties 
as our “copilot,” the technology needed to 
complete the project. We then decided that 
the science concepts, while necessary to 
understand the forces at work, would not be 
the focal point of the learning and therefore 
were the “back-seat passengers.” 

The big idea was to design and build a 
bridge using students’ understandings of 
various shapes. This was the end product. 

But the necessary steps to complete the 
bridge design included allowing the stu-
dents to tinker with their own ideas for 
design. Each successive lesson reinforced 
a concept necessary to build an effective 
bridge. Each lesson ended with examples 
of successes and failures in the design 
phase with reflections to help guide deci-
sions for the next steps in the process. 

Once the students have their own ideas 
for design, we introduce vocabulary as we 
go. Vocabulary is taught with kinesthetic 
movements so our English language learn-
ers and nonreaders can still demonstrate 
understanding.

DEVELOPING THE STRAW BRIDGE STEM UNITDEVELOPING THE STRAW BRIDGE STEM UNIT
Lori and Josh had already decided on their unit’s big idea, which was to have the students design 
and build a bridge using shapes that included circles, triangles, squares, rectangles, rhombuses, 
trapezoids, hexagons, cubes, cones, cylinders, and spheres. To get to this transdisciplinary task, 
they began with the first step in the W.H.E.R.E. planning template, which is to decide on the what 
(see Figure 6.1). What standards will be addressed? What content standards and big ideas will the 
students need to know and be able to do? What are the desired learning goals for this instruction? 
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Figure 6.1. The W section of the W.H.E.R.E. model

W What are the desired results, including the 
big ideas, content standards, knowledge, and 
skills? 

•	List the content standards and what the 
students will know and be able to do.

Why would the students care about this 
knowledge and these skills? 

•	Craft the driving question that will lead to 
the development of the integrated tasks 
that provide for the application of the 
content, knowledge, and skills.

•	List the essential questions that can be 
answered as a result of the learning.

Having selected the what items in the first step, Lori and Josh began to think about the second 
part of the W guidepost—the why. Why would a student care about learning these concepts and 
skills? This can be hard to articulate beyond the response “Because it’s in the standards.” Being able to 
describe the why can help more clearly define the learning outcome. The why sets the direction of the 
instruction and helps craft the driving question that ties together the development of the integrated 
tasks to provide for the application of the content and skills. Without having a why, the learning can 
become directionless, getting mired in activities without having any real purpose or focus for the 
student. And while these activities may be fun and engaging experiences for children, they do not aid 
them in developing an understanding of the core ideas listed in the what. 

In this example unit, the partnering teachers are from different grades. One of the overall goals 
is for the fifth graders to help the younger students with their constructions and learn how to 
cooperate with others. For the younger students, working with the older students gives them more 
in-depth talking time, as they need to describe their ideas and construction plans to their learn-
ing buddies. Various research studies support the positive effects that the role of mentor-mentee 
has on learning. Findings across many subjects have identified learning as an active process that 
is highly social and is enhanced by the intentional support provided by more knowledgeable indi-
viduals, whether they are peers, mentors, teachers, or experts in the field. 

For the Straw Bridges STEM unit, the main drivers in its development were the kindergarten 
geometry standards from the Arizona State Standards (shown in Figure 6.2, p. 50).
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Figure 6.2. The geometry standards for the Straw Bridges STEM unit

Geometry

K.G.A.
Identify and describe 
shapes

K.G.A.1 Describe objects in the environment using names of shapes, 
and describe the relative positions of these objects using 
terms such as above, below, in front of, and next to.

K.G.A.2 Correctly name shapes regardless of their orientation or 
overall size (circle, triangle, square, rectangle, rhombus, 
trapezoid, hexagon, cube, cone, cylinder, and sphere).

K.G.A.3 Identify shapes as two-dimensional (lying in a plane, flat) or 
three-dimensional (solid).

K.G.B.
Analyze, compare, create, 
and compose shapes

K.G.B.4 Analyze and compare two-dimensional and three-
dimensional shapes, in different sizes and orientation, using 
informal language to describe their similarities, differences, 
parts (e.g., number of sides and vertices/corners), and other 
attributes (e.g., having sides of equal length).

K.G.B.5 Model shapes in the world by building shapes from 
components (e.g., use sticks and clay balls) and drawing 
shapes.

K.G.B.6 Use simple shapes to form composite shapes. For example, 
“Can you join these two triangles with full sides touching to 
make a rectangle?”

Source:  Arizona Department of Education (2016). 

In their description of the planning for this unit, Lori and Josh mentioned using the math stan-
dards as the “driver.” What did they mean? For every STEM unit there may be one discipline-or 
at the most two disciplines-driving the content standards that are the focus of instruction. In an 
integrated unit, the central focus for the learning cannot be all the standards covered. Too many 
different standards being introduced at one time can only serve to create confusion for the learn-
ers and interrupt their ability to concentrate on the acquisition of new knowledge and skills. As 
described in research cited in STEM Integration in K−12 Education, 

Split attention—simultaneously dividing one’s attention between competing 
sources of information—is cognitively demanding and can be a major obstacle to 
understanding and learning. The split-attention effect is evidenced by difficulties 
in storing and processing information that is physically separated. (NRC 2014,  
p. 84)

Supporting standards can be woven into the learning experiences to provide opportunities for 
reinforcement and for extended practice of previously learned concepts. To help with this, we use 
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the analogy of a car, first described in Chapter 5. In a four-passenger automobile, there is only one 
driver-the set of core standards that the instruction will focus on delivering. These cover the pri-
mary objectives for the unit and drive the learning forward. In your car, the front-seat passenger 
represents those standards that may be closely aligned to the driver and are helpful in navigating 
the instructional route. The front-seat passenger acts as the copilot to the core standards and influ-
ences the learning path necessary for greater student understanding. This can help provide context 
for the learning or make the experiences more rigorous and meaningful. 

There may be passengers in the back seat-these are the tangential learning standards that could 
be tied to individual activities or the culminating product of the unit. For example, in the straw 
bridge unit, students may use a science text or leveled science readers for content acquisition, which 
can reflect English language arts (ELA) standards for analyzing informational text. The students will 
be practicing those ELA skills, but the primary instruction in the unit is not focused on the teaching 
of reading informational text. Or, students might connect their bridge project to issues that affect 
their community (whether it is the classroom, the school, or the broader neighborhood), which can 
tie to social studies standards, but the understanding of “communities” is not the focal point of the 
learning in the project. These are just tangential standards that help deepen the integrated learning 
experience beyond the STEM topics. These standards can be opportunities to reinforce previously 
taught concepts or a way to introduce an idea that will be explored at a future time.

The geometry standards are the driver or primary focus of instruction for the straw bridge 
unit. But as we all know, it is difficult to separate and focus on only a few standards. Therefore, the 
beauty of this unit is that it incorporates other standards from both science and ELA. Once you 
identify the main content driver that you want to stress and really focus the learning around, there 
also will be other supporting standards (passengers) to consider. This is part of your decision-
making process as you begin to think about your STEM unit scenario and start to develop the 
W.H.E.R.E. template. Integrated STEM units are just that: integrated with more than one standard 
to help reach the answer to the unit’s driving question and to facilitate the completion of the trans-
disciplinary task. 

BRAINSTORMING THE STRAW BRIDGE STEM UNITBRAINSTORMING THE STRAW BRIDGE STEM UNIT
Lori and Josh also realized that they could incorporate standard K-PS2-1, Motion and Stability: 
Forces and Interactions (see Figure 6.3, p. 52), from the Next Generation Science Standards (NGSS; 
NGSS Lead States 2013). This standard was comprehensive enough for them to develop their ideas 
of having the students begin to understand pushes and pulls as they examined different shapes 
found in bridges. The students were introduced to local bridge builders who used sophisticated 
terms such as compression, tension, structure, support, and trusses in describing the images they 
shared of how they build bridges. Students’ use of this vocabulary evolved naturally as they tried to 
articulate their understandings of why some shapes were more successful than others. All of this 
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led up to the development of their transdisciplinary engineering design task, which was to have 
the student groups build a bridge that could hold at least five or more books without collapsing. 

In the primary grades, we find it difficult to separate and focus on only one of the engineering 
design standards. It is not that the individual learning objectives of the standards cannot be iso-
lated, but it is difficult to cut short the learning experience when student excitement is at a peak. 
What fun is it to talk about a problem or generate a solution without the opportunity to try build-
ing it? How do you foster persistence, experimentation, and self-reflection if you don’t allow time 

Figure 6.3. NGSS performance expectation for K-PS2-1

K-PS2-1 Motion and Stability: Forces and Interactions

Students who demonstrate understanding can:
K-PS2-1. Plan and conduct an investigation to compare the effects of different strengths or different directions of pushes and 
pulls on the motion of an object.  
[Clarification Statement: Examples of pushes or pulls could include a string attached to an object being pulled, a person pushing 
an object, a person stopping a rolling ball, and two objects colliding and pushing on each other.]  
[Assessment Boundary: Assessment is limited to different relative strengths or different directions, but not both at the same 
time. Assessment does not include non-contact pushes or pulls such as those produced by magnets.]

The performance expectation above was developed using the following elements from A Framework for K−12 Science Education 
(NRC 2012):

SCIENCE AND ENGINEERING 
PRACTICES DISCIPLINARY CORE IDEAS CROSSCUTTING CONCEPTS

Planning and Carrying Out 
Investigations
Planning and carrying out investigations 
to answer questions or test solutions 
to problems in K–2 builds on prior 
experiences and progresses to simple 
investigations, based on fair tests, which 
provide data to support explanations or 
design solutions.

•	With guidance, plan and conduct an 
investigation in collaboration with 
peers.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Connections to the Nature of Science

Scientific Investigations Use a Variety 
of Methods

•	Scientists use different ways to study 
the world.

PS2.A: Forces and Motion

•	Pushes and pulls can have different 
strengths and directions.

•	Pushing or pulling on an object can 
change the speed or direction of its 
motion and can start or stop it.

PS2.B: Types of Interactions

•	When objects touch or collide, they 
push on one another and can change 
motion.

PS3.C: Relationship Between Energy 
and Forces

•	A bigger push or pull makes things 
speed up or slow down more quickly. 
(secondary)

Cause and Effect

•	Simple tests can be designed to 
gather evidence to support or refute 
student ideas about causes.

Source:  NGSS Lead States (2013). 
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for solution improvements? For these reasons, in this primary-grade unit the supporting content 
includes all of the engineering design standards (ETS) in addition to the science. There are of 
course other content standards, but in this unit, the understandings about geometric shapes will 
be held at the forefront of the planning and will act as the driver. The engineering design standards 
will play the role of the front-seat passenger.

Math is the main driver for this STEM unit, but as you can see, the engineering design standards 
and science are essential secondary or supporting standards (Figure 6.3). These are the passengers 
in the STEM car. As Lori and Josh were designing this STEM unit, part of their decision-making 
process was to think about the unit holistically, and looking at the standards that needed to be 
taught and those that could be used to reinforce previously covered standards helped with the 
development. As the overall idea for the STEM unit takes shape, it then becomes a process of 
thinking about what interesting or relevant scenario can be crafted, which will lead to the devel-
opment of the driving question. In this case, the students were learning about different types of 
bridges, they were using their straws to construct different geometric shapes, they were learning a 
rich variety of core ideas and new vocabulary words, and they were building comfort in collaborat-
ing and communicating with each other (see Figure 6.4 and Figure 6.5, p. 54). 

Figure 6.4. Students creating their shape pieces prior to bridge 
construction
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Figure 6.5. Students beginning construction of the straw bridge

Having decided upon the what and the why, it was now time to put it all together with an engag-
ing scenario that would draw from the essential questions and bring together all the content for 
the students. This scenario or storyline helps the students become active participants in the learn-
ing, while the driving question communicates the purpose for learning by providing a real-world 
context that the students can relate to. This scenario gives students the opportunity to apply their 
key understandings in their transdisciplinary task. 

THE SCENARIO THE SCENARIO 
In developing this Straw Bridges STEM unit, the teachers aimed to give students experiences with 
seeing shapes, creating models, drawing shapes, and composing composite shapes found in the 
real world (math standards K.G.B.5 and K.G.B.6). The students described the shapes by talking 
about those found in different types of bridges. From there, Lori and Josh decided to bring this 
home with the following scenario:

There was a very heavy rainstorm, and it washed out the bridge to the town. The 
families needed to return to their homes. They loaded up trucks with supplies but 
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they needed a bridge to cross the river in order to get home. You are part of an 
engineering design team that has been asked to construct a new, strong bridge. But 
first your design team will need to build and test models to decide on the best and 
strongest design for this new bridge.

Now, with a scenario in mind and the content standards in place, it was time to create the driv-
ing question that would tie together the development of the integrated tasks: “How can we design 
and build a bridge out of straws with tension and compression so that the bridge does not collapse 
when tested?” (see Figure 6.6).

Figure 6.6. Students testing their straw bridge construction

The completed W section of the W.H.E.R.E. model (see Figure 6.7, p. 56) provides a descrip-
tion of the planning for the what and the why. It describes the key drivers for the instruction in 
the unit.
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Figure 6.7. W section of the W.H.E.R.E. template for the Straw 
Bridges unit 

W What 
The students will develop an understanding of different geometric shapes through hands-on 
experiences where they use these shapes to design and build a bridge.

Main standard (drivers)
K.G.A. Identify and describe shapes.

1.	Describe objects in the environment using names of shapes, and describe their 
position using terms such as above, below, besides, in front of, behind, and next to. 

2.	Correctly name shapes, regardless of their orientation or overall size (e.g., circle, 
rhombus, trapezoid, hexagon, cube, cone, cylinder, and sphere). 

Secondary standards (passengers)
Engineering Design
ETS1.A. Defining and Delimiting Engineering Problems 
ETS1.B. Developing Possible Solutions
ETS1.C. Optimizing the Design Solution

Science
Motion and Stability  
K-PS2-1. Plan and conduct an investigation to compare the effects of different directions of 
pushes and pulls on the motion of an object. 

English Language Arts
K.RL.1. With prompting and support, ask and answer questions about key details in a text.
K.SL.5. Add drawings or other visual displays to descriptions as desired to provide additional 
detail. 
K.SL.6. Speak audibly and express thoughts, feelings, and ideas clearly.

W Why
Students can better understand the attributes of different shapes when they are used to solve a 
problem. The bridge problem offers a variety of successful design solutions.

Driving question
How can we design and build a bridge out of straws with tension and compression (push and 
pull) so that the bridge does not collapse when tested? 

Essential questions 
Mathematics

•	What geometric shapes can be used to construct an effective bridge?

•	What total geometric design used to construct our bridge is most effective? 

•	What are the attributes of the different shapes that were used to construct the bridge? 

Continued
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Figure 6.7 (continued )

W Essential questions (continued )
Engineering Design

•	What observations and questions need to be answered before you can solve the problem?

•	How can the engineering design process be used to find a solution to your design 
problem?

•	How will drawing a picture or creating a blueprint of the design help with the construction 
of the bridge?

•	Is there more than one design that will provide the best solution for the strongest bridge 
structure?

Science
•	How can we best describe how much force we can place on our bridge?

•	What simple tests can be used to determine the stability of the bridge?

English Language Arts
•	Using the design of the bridge, how can you explain, in your own words, the two types of 

forces-compression and tension (push and pull)? 

Special Thanks
A special thanks to Broadmor Elementary teachers Lori K. Schmidt and Joshua Porter for 
opening up their classrooms and sharing the Straw Bridges STEM unit. Following is a bit more 
about these two dynamite teachers and how they became interested in implementing STEM 
instruction in their classrooms. 

In Lori’s words  

How did I become interested in STEM? My 
daughter is a senior at Northeastern Uni-
versity and majoring in mechanical engi-
neering. My interest in STEM started with 
my daughter being in a field dominated by 
males.  It is very important to expose all 
children to STEM, but getting girls excited 
about these particular fields has been a 
focus of mine since I started teaching in 

the 1980s. If I can give my students oppor-
tunities to explore STEM and develop a 
passion in this area, then hopefully they 
will seek out jobs in a STEM field. 

In kindergarten, the vocabulary learned, 
the critical thinking processes used, and 
the development of fine motor skills are 
enhanced greatly by using STEM. In order 
to compete in this global world/economy, 

Continued
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we need to start teaching STEM when the 
children are very young, and that is why I 

started in kindergarten. STEM is fun for me 
to teach and for my students to learn.

In Josh’s words  

I have been teaching in the Tempe School 
District for 10 years and teaching in some 
capacity for 17 years. I believe in teaching 
to the head, the hands, and the heart to help 
develop well-rounded citizens. I focus on 
integrating English language arts, technol-
ogy, kinesthetic learning, art, and STEM to 
create a diverse and innovative classroom. 
I think that teaching techniques that are a 
benefit to some will benefit all. 

I first began teaching in a STEM- 
oriented way because conventional math 

and science classes were not focusing on 
science and engineering concepts. My goal 
is to develop STEM units based on real-life 
scenarios that give children context for the 
importance of science,  technology, engi-
neering, and math. The key to collabora-
tion comes from children of different ages 
discussing, inquiring, designing, experi-
menting, and reflecting. I believe that 
learning by itself isn’t fun, but that “fun” 
is the byproduct of high-quality learning 
experiences!
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