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STEM, Standards, and Strategies for High-Quality Units 11

This chapter presents an introduction to the book’s themes and reviews the struc-
ture and possible uses of the chapters by individuals, teams of teachers, and 
professional developers.

USING THIS BOOK
An Introduction 

and Guide

CHAPTER OVERVIEW
Purpose: To provide an introduction, background knowledge, 
and suggestions about the use of this book for those who plan to 
create STEM units

Outcomes: Individual teachers, professional learning community 
(PLC) teams, and professional developers will understand 

• the book’s major themes;
• the general structure of the book; and
• various options for the use of chapters based on the readers’ 

available time, needs, and individual school or district 
priorities.

CHAPTER 
1
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I begin this introduction with a few words about the book’s title, STEM, Standards, 
and Strategies for High-Quality Units. I did not include a verb such as developing, pro-
ducing, inventing, or creating after the preposition for in the title. This creates some 
ambiguity, which is intentional. The book’s primary emphasis is indeed on the cre-
ation of STEM units and the incorporation of content and practices from state science 
standards. However, the ambiguous title conveys a secondary objective; namely, that 
developing a high-quality STEM unit also contributes to the knowledge and skills 
needed to select or adapt instructional materials. 

The Book’s Themes: STEM and Standards
The title STEM, Standards, and Strategies for High-Quality Units summarizes key themes 
for the book. What follows are brief discussions about two of these themes.

Why STEM? STEM—which of course stands for science, technology, engineering, 
and mathematics—has a significant presence in schools, districts, and states. STEM 
has also attained a symbolic recognition in American education. In 2018, the U.S. 
Postal Service even released STEM-related postage stamps! (See Figure 1.1.) Despite 
this achievement, there still exists a need for clarification of STEM education in the 
specific contexts of new college and career-ready science standards, school programs, 
and classroom practices. 

Figure 1.1. STEM Postage Stamps

Although the acronym STEM is widely used, the meanings attributed to it vary. 
For example, it may refer to a single discipline such as science; the recognition of 
careers; a robotics competition; connections among the disciplines of science, technol-
ogy, engineering, and math; or all four disciplines, collectively. Moreover, engineering 
and technology often are not included in science courses, even though the acronym’s 
ambiguity provides opportunities to include topics and approaches that are broader 
and deeper than state standards. Nevertheless, STEM is already a part of many school 
programs, thus opening the door for greater substance, connections to standards, and 
long-term sustainability of STEM education.  

Source: U.S. Postal Service, public domain.
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33STEM, Standards, and Strategies for High-Quality Units

USING THIS BOOK: AN INTRODUCTION AND GUIDE

Why standards? Since 2013, a majority of states have either adopted the Next Gen-
eration Science Standards (NGSS; NGSS Lead States, 2013) or approved new science 
standards based on the NGSS, most of which include connections to engineering and 
mathematics. These standards reflect the influence of Common Core State Standards 
(NGAC and CCSSO 2010) and A Framework for K–12 Science Education (NRC 2012). 
As mentioned, many of the new science standards clearly include connections to the 
STEM disciplines. 

The architecture and expected outcomes of the NGSS differ significantly from the 
National Research Council’s 1996 National Science Education Standards and state stan-
dards developed before 2013. In the NGSS, science and engineering practices, disci-
plinary core ideas, and crosscutting concepts form the three content dimensions of 
learning. The learning outcomes associated with the three dimensions are clearly iden-
tified by means of performance expectations—statements of competency that describe 
and integrate the content and skills to be assessed.

A comprehensive instructional program should provide opportunities for students 
to develop their understanding of disciplinary core ideas through their engagement in 
science and engineering practices and their application of crosscutting concepts. This 
three-dimensional learning leads to eventual mastery of the competencies expressed 
in the performance expectations. 

There is no postage stamp for the NGSS or new state science standards. However, 
there is a need for new instructional materials that address the requirements of these 
standards. High-quality instructional materials should clearly show how the cumula-
tive learning experiences work coherently to build the competencies. Because most 
states have new science standards, it only makes sense to incorporate various aspects 
of those standards in STEM activities. Many states have included engineering and 
connections to mathematics in the science practices. The fact that Common Core State 
Standards includes nonfiction reading and writing and mathematics makes a further 
connection to state standards.

The Book’s Themes: Strategies, High Quality, and Units
Why strategies? By definition, a strategy includes the planning and conducting of a 
large-scale mission. A strategy can be contrasted with tactics. The strategy (i.e., plan of 
action) in this book is for designing, developing, and implementing STEM units that 
incorporate content and practices of state standards.

Why high quality? Well, medium, moderate, or “just OK” quality certainly doesn’t 
cut it! The approach in this book is based on answering the following question: 
What counts as high-quality instructional materials? My answer is this: High-quality 
instructional materials are materials that enhance student learning. I included ideas in 
this book about student learning, an instructional model, information on the design 
and development of materials, and suggestions for improvement of the unit based on 
practical experience and feedback from colleagues. In addition, I included evaluative 
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criteria based on what is used by the education organization Achieve in its EQuIP ini-
tiative and by EdReports in its 2019 Science Quality Instructional Materials Rubric. These 
criteria help to explain what I mean by high quality and what high-quality units look 
like in practical terms.  

Why units? A unit is a common category of instructional materials, and developing 
a unit is doable in a reasonable amount of time. That said, a unit is enough instructional 
time to accomplish meaningful change. As the result of creating such material, you—
and perhaps colleagues from your school or district—will have a unit you can use as 
well as new understandings and abilities that will help you make the best choice when 
selecting a new program, adapting current materials, or creating your own curriculum 
materials, depending on your approach to new instructional materials.

Conclusion to Discussion of Themes
I conclude this discussion by clarifying several points about the book’s themes and 
outlining its major proposals. First, I propose STEM units of several weeks in length, 
rather than entire curricular programs. The rationale for doing this is to begin with 
a small and manageable task. Second, the units could be revisions of current science 
units. For instance, they could elaborate on activities such as egg drops or building and 
testing structures; place-, problem-, or project-based units; and capstone projects. The 
challenge with revisions is providing a clear context, as well as addressing appropriate 
concepts and practices from STEM disciplines and state college and career-ready stan-
dards for science. Third, the professional learning involved in creating units should 
include guidance and analysis of strong curricular models and field-testing of the new 
STEM units. Finally, I note that this discussion is an introduction. The chapters that 
follow provide more details on the background, goals, and processes of the aforemen-
tioned ideas. One place teachers can begin their work is on the creation of high-quality 
STEM units. This book can be the basis for one approach for curriculum reform.

In summation, this book introduces practical ideas for creating STEM units and 
directs users through the processes of development. While waiting for the supply of 
instructional materials to catch up to the demand, it seems reasonable and logical to 
create STEM units that are both doable and usable. Creating these units will also con-
tribute to a teacher’s knowledge and to his or her ability to make informed selections, 
modifications, and continued developments to instructional materials. The book is 
structured around the topics of leadership, design, development, and implementa-
tion of STEM units. It represents a synthesis of contemporary educational ideas such 
as the 5E Instructional Model, backward design, and lesson study. Table 1.1 presents 
a graphic summary of the book’s major sections and chapters. Each chapter includes 
(1) the purpose and outcomes of the section and (2) a narrative of key ideas. Some 
chapters include activities and worksheets (many of which are available on the book’s 
Extras page—www.nsta.org/stem-standards-strategies), examples of emerging units, 
resources for further information, and references.
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Table 1.1. Organization of STEM, Standards , and Strategies for High-Quality Units

PART I: Your Leadership for Creating STEM Units
Effective leadership requires both a vision and a plan.

Chapter 2: A Vision
This chapter provides a vision for STEM units, setting the stage and introducing the need and rationale for these materials.

Chapter 3: A Plan
Here, you will find a plan to address practical issues of STEM unit development—the who, what, when, where, and budget.

PART II: Making Decisions About Selecting, Adapting, and Developing STEM 
Materials

 You have three options for meeting the need for materials aligned with your state’s science standards.

Chapter 4: Clarifying and Assessing Choices
This chapter explains how choices should be clarified and analyzed.

Chapter 5: Recommendations for Selecting and Adapting Materials
Detailed suggestions are provided in this chapter for those who decide to select or adapt STEM units.

PART III: Beginning the Design of a STEM Unit
High-quality STEM units begin with an architect’s blueprint—you are the architect.

Chapter 6: An Engagement
This chapter covers the preparation of a preliminary design.

Chapter 7: An Exploration
You will now explore the question “What did you already know and what do you want to learn about designing a STEM 
unit?”

PART IV: Contemporary Ideas for High-Quality STEM Units
This section will help identify a STEM unit’s critical elements.

Chapter 8: Innovations
This chapter discusses innovations in NGSS and state standards.

Chapter 9: Learning
The focus of this chapter is on how students learn STEM content.

Chapter 10: Skills
Here, you will receive information about 21st-century skills.

Chapter 11: Practices
This chapter goes over STEM practices.

Chapter 12: Discourse
Civil discourse in the classroom is discussed in this chapter.

Continued
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Table 1.1. (continued )

PART V: Practical Recommendations for Completing Your Unit Design
It’s time to complete the design. This section will introduce you to two important ideas for the process.

Chapter 13: Using Backward Design
The process introduced in this chapter will increase your unit’s quality.

Chapter 14: Using an Instructional Model
This chapter covers the BSCS 5E Instructional Model.

Chapter 15: Completing the Design
In this chapter, you just get it done.

PART VI: Developing a STEM Unit
The STEM unit moves from a blueprint to actual construction, and you are the general contractor 

coordinating various parts of the development.

Chapter 16: Science and Engineering in Standards and the Curriculum
You will now review concepts from science and engineering, central disciplines of the NGSS and multiple states’ science 
standards.

Chapter 17: Planning, Conducting, and Communicating Investigations
This chapter uses two practices as a way to incorporate even more practices into a STEM unit. 

Chapter 18: Principles and Processes for Curriculum Development
This chapter introduces principles and processes for developing instructional materials.

Chapter 19: A High-Quality STEM Unit in Practice
In this chapter, a classroom teacher describes a STEM unit that she implemented.

Chapter 20: Developing Your STEM Unit
You will begin work on the specific details of your STEM unit and apply your knowledge and abilities to create the unit. 

PART VII: Implementing Your STEM Unit
Construction of your STEM unit is complete. Now it’s time to make changes based on your needs and the 

needs of others.

Chapter 21: Lesson Study
This chapter covers planning a lesson study.

Chapter 22: Teaching, Reviewing, Improving
In this chapter, you will implement the lesson study.
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