
 

Jonathon Grooms, Patrick J. Enderle, 
Todd Hutner, Ashley Murphy, and Victor Sampson

Argument-Driven Inquiry 
in

LAB INVESTIGATIONS 
for GRADES 6–8

PHYSICAL SCIENCE

Copyright © 2016 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=10.2505/9781938946233



Copyright © 2016 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=10.2505/9781938946233



Arlington, VirginiaArlington, Virginia

Copyright © 2016 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=10.2505/9781938946233



Arlington, Virginia

Patrick J. Enderle, Ruth Bickel, Leeanne Gleim, Ellen Granger,  
Jonathon Grooms, Melanie Hester, Ashley Murphy, and Victor Sampson

Jonathon Grooms, Patrick J. Enderle, Todd Hutner,  
Ashley Murphy, and Victor Sampson

Arlington, Virginia

Copyright © 2016 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=10.2505/9781938946233



Claire Reinburg, Director
Wendy Rubin, Managing Editor
Rachel Ledbetter, Associate Editor
Donna Yudkin, Book Acquisitions Coordinator

Art And design 
Will Thomas Jr., Director 

Printing And Production

Catherine Lorrain, Director

nAtionAl science teAchers AssociAtion

David L. Evans, Executive Director
David Beacom, Publisher

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

Copyright © 2016 by Argument-Driven Inquiry, LLC.
All rights reserved. Printed in the United States of  America.
19 18 17 16  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 local 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 use only. E-book buyers may download files 
to multiple personal devices but are prohibited 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: Grooms, Jonathon, 1981- author. | Enderle, Patrick, author. | Hutner, Todd, 1981- author. | Murphy, Ashley, 
1988- author. | Sampson, Victor, 1974- author. | National Science Teachers Association.

Title: Argument-driven inquiry in physical science : lab investigations for grades 6-8 / Jonathon Grooms, Patrick J. 
Enderle, Todd Hutner, Ashley Murphy, and Victor Sampson.

Description: Arlington, VA : National Science Teachers Association, [2016] | Includes bibliographical references and 
index.

Identifiers: LCCN 2016027981 (print) | LCCN 2016030475 (ebook) | ISBN 9781938946233 (print) | ISBN 1938946235 
(print) | ISBN 9781681403724 (e-book) | ISBN 1681403722 (e-book)

Subjects: LCSH: Physical sciences--Methodology--Study and teaching (Middle school) | Physical sciences--Experiments. |  
Inquiry-based learning.

Classification: LCC Q182.3 .G76 2016 (print) | LCC Q182.3 (ebook) | DDC 500.2071/2--dc23
LC record available at https://lccn.loc.gov/2016027981

Copyright © 2016 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=10.2505/9781938946233



Preface .................................................................................................................................xi
Acknowledgments .............................................................................................................. xiii
About the Authors ...............................................................................................................xv
Introduction ....................................................................................................................... xvii

SECTION 1 
Using Argument-Driven Inquiry

Chapter 1. Argument-Driven Inquiry ................................................................................ 3

Chapter 2. Lab Investigations ........................................................................................19

SECTION 2—Physical Sciences Core Idea 1 
Matter and Its Interactions

INTRODUCTION LABS
Lab 1. Thermal Energy and Matter: What Happens at the Molecular Level When Thermal 
Energy Is Added to a Substance? 

Teacher Notes ..................................................................................................................... 28
Lab Handout ....................................................................................................................... 35
Checkout Questions ............................................................................................................ 41

Lab 2. Chemical and Physical Changes: What Set of Rules Should We Use to Distinguish 
Between Chemical and Physical Changes in Matter?

Teacher Notes ..................................................................................................................... 44
Lab Handout ....................................................................................................................... 51
Checkout Questions ............................................................................................................ 57

APPLICATION LABS 
Lab 3. Physical Properties of Matter: What Are the Identities of the Unknown Substances?

Teacher Notes ..................................................................................................................... 62
Lab Handout ....................................................................................................................... 70
Checkout Questions ............................................................................................................ 75

Lab 4. Conservation of Mass: How Does the Total Mass of the Substances Formed as a 
Result of a Chemical Change Compare With the Total Mass of the Original Substances?

Teacher Notes ..................................................................................................................... 78
Lab Handout ....................................................................................................................... 85
Checkout Questions ............................................................................................................ 92

CONTENTS

Copyright © 2016 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=10.2505/9781938946233



Lab 5. Design Challenge: Which Design Will Cool a Soda the Best? 
Teacher Notes ..................................................................................................................... 96
Lab Handout ..................................................................................................................... 105
Checkout Questions .......................................................................................................... 110

SECTION 3—Physical Science Core Idea 2 
Motion and Stability: Forces and Interactions

INTRODUCTION LABS
Lab 6. Strength of Gravitational Force: How Does the Gravitational Force That Exists 
Between Two Objects Relate to Their Masses and the Distance Between Them? 

Teacher Notes ................................................................................................................... 116
Lab Handout ..................................................................................................................... 122
Checkout Questions .......................................................................................................... 129

Lab 7. Mass and Free Fall: How Does Mass Affect the Amount of Time It Takes for an Object 
to Fall to the Ground?

Teacher Notes ................................................................................................................... 132
Lab Handout ..................................................................................................................... 139
Checkout Questions .......................................................................................................... 144

Lab 8. Force and Motion: How Do Changes in Pulling Force Affect the Motion of an Object? 
Teacher Notes ................................................................................................................... 148
Lab Handout ..................................................................................................................... 156
Checkout Questions .......................................................................................................... 161

Lab 9. Mass and Motion: How Do Changes in the Mass of an Object Affect Its Motion?
Teacher Notes ................................................................................................................... 164
Lab Handout ..................................................................................................................... 173
Checkout Questions .......................................................................................................... 177

Lab 10. Magnetic Force: How Is the Strength of an Electromagnet Affected by the Number 
of Turns of Wire in a Coil? 

Teacher Notes ................................................................................................................... 180
Lab Handout ..................................................................................................................... 188
Checkout Questions .......................................................................................................... 193

Copyright © 2016 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=10.2505/9781938946233



APPLICATION LABS
Lab 11. Design Challenge: Which Electromagnet Design Is Best for Picking Up 50 Paper 
Clips?  

Teacher Notes ................................................................................................................... 196
Lab Handout ..................................................................................................................... 205
Checkout Questions .......................................................................................................... 210

Lab 12. Unbalanced Forces: How Does Surface Area Influence Friction and the Motion of an 
Object?  

Teacher Notes ................................................................................................................... 214
Lab Handout ..................................................................................................................... 224
Checkout Questions .......................................................................................................... 229

SECTION 4—Physical Science Core Idea 3 
Energy

INTRODUCTION LABS
Lab 13. Kinetic Energy: How Do the Mass and Velocity of an Object Affect Its Kinetic 
Energy? 

Teacher Notes ................................................................................................................... 236
Lab Handout ..................................................................................................................... 242
Checkout Questions .......................................................................................................... 247

Lab 14. Potential Energy: How Can You Make an Action Figure Jump Higher?
Teacher Notes ................................................................................................................... 250
Lab Handout ..................................................................................................................... 256
Checkout Questions .......................................................................................................... 261

Lab 15. Thermal Energy and Specific Heat: Which Material Has the Greatest Specific Heat?
Teacher Notes ................................................................................................................... 264
Lab Handout ..................................................................................................................... 272
Checkout Questions .......................................................................................................... 278

Lab 16. Electrical Energy and Lightbulbs: How Does the Arrangement of Lightbulbs That Are 
Connected to a Battery Affect the Brightness of a Single Bulb in That Circuit?  

Teacher Notes ................................................................................................................... 282
Lab Handout ..................................................................................................................... 288
Checkout Questions .......................................................................................................... 294

Copyright © 2016 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=10.2505/9781938946233



APPLICATION LABS
Lab 17. Rate of Energy Transfer: How Does the Surface Area of a Substance Affect the Rate 
at Which Thermal Energy Is Transferred From One Substance to Another? 

Teacher Notes ................................................................................................................... 298
Lab Handout ..................................................................................................................... 305
Checkout Questions .......................................................................................................... 310

Lab 18. Radiation and Energy Transfer: What Color Should We Paint a Building to Reduce 
Cooling Costs?

Teacher Notes ................................................................................................................... 314
Lab Handout ..................................................................................................................... 322
Checkout Questions .......................................................................................................... 327

SECTION 5—Physical Science Core Idea 4 
Waves and Their Applications in Technologies for Information Transfer

INTRODUCTION LABS
Lab 19. Wave Properties: How Do Frequency, Amplitude, and Wavelength of a Transverse 
Wave Affect Its Energy?

Teacher Notes ................................................................................................................... 334
Lab Handout ..................................................................................................................... 341
Checkout Questions .......................................................................................................... 347

Lab 20. Reflection and Refraction: How Can You Predict Where a Ray of Light Will Go When 
It Comes in Contact With Different Types of Transparent Materials?

Teacher Notes ................................................................................................................... 350
Lab Handout ..................................................................................................................... 357
Checkout Questions .......................................................................................................... 363

APPLICATION LABS
Lab 21. Light and Information Transfer: How Does the Type of Material Affect the Amount of 
Light That Is Lost When Light Waves Travel Down a Tube? 

Teacher Notes ................................................................................................................... 368
Lab Handout ..................................................................................................................... 376
Checkout Questions .......................................................................................................... 381

Copyright © 2016 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=10.2505/9781938946233



Lab 22. Design Challenge: How Should Eyeglasses Be Shaped to Correct for 
Nearsightedness and Farsightedness? 

Teacher Notes ................................................................................................................... 384
Lab Handout ..................................................................................................................... 394
Checkout Questions .......................................................................................................... 400

SECTION 6—Appendixes
Appendix 1. Standards Alignment Matrixes   ......................................................................... 405

Appendix 2. Options for Implementing ADI Lab Investigations   ........................................... 411

Appendix 3. Investigation Proposal Options   ........................................................................ 415

Appendix 4. Investigation Report Peer-Review Guide: Middle School Version   .................. 419

Image Credits ................................................................................................................... 423
Index ................................................................................................................................ 427

Copyright © 2016 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=10.2505/9781938946233



Copyright © 2016 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=10.2505/9781938946233



xiArgument-Driven Inquiry in Physical Science: Lab Investigations for Grades 6–8

There is a push to change the way science is taught in the United States, arising from 
a different idea of what it means to know, understand, and be able to do in science.  
As described in  A Framework for K–12 Science Education  (National Research Council 
[NRC] 2012) and the Next Generation Science Standards (NGSS Lead States 2013), sci-
ence education should be structured to emphasize ideas and practices to 

ensure that by the end of 12th grade, all students have some appreciation of 
the beauty and wonder of science; possess sufficient knowledge of science 
and engineering to engage in public discussions on related issues; are 
careful consumers of scientific and technological information related to their 
everyday lives; are able to continue to learn about science outside school; 
and have the skills to enter careers of their choice, including (but not limited 
to) careers in science, engineering, and technology. (NRC 2012, p. 1)

Instead of teaching with the goal of helping students learn facts and concepts, 
science teachers are now charged with helping their students become proficient in 
science by time they graduate from high school. To be considered proficient in sci-
ence, the NRC (2012) suggests that students need to understand four core ideas in 
the physical sciences,1 be aware of seven crosscutting concepts that span the various 
disciplines of science, and learn how to participate in eight fundamental scientific 
practices.  These important practices, crosscutting concepts, and core ideas are sum-
marized in Figure 1 (p. xii). 

As described by the NRC (2012), new instructional approaches will be needed 
to assist students in developing these proficiencies. In answer to this call, this book 
provides 22 laboratory investigations designed using an innovative approach to lab 
instruction called argument-driven inquiry (ADI).  This approach and the labs based 
on it are aligned with the content, crosscutting concepts, and scientific practices out-
lined in Figure 1. Because the ADI model calls for students to give presentations to 
their peers, respond to questions, and then write, evaluate, and revise reports as part 
of each lab, the lab activities described in this book will also enable students to develop 
the disciplinary-based literacy skills outlined in the Common Core State Standards for 
English language arts (National Governors Association Center for Best Practices and 
Council of Chief State School Officers 2010). Use of these labs, as a result, can help 
teachers align their teaching with current recommendations for making physical sci-
ence more meaningful for students and instruction more effective for teachers.  

1 Throughout this book, we use the term physical sciences when referring to the core ideas of the Framework 
(in this context the term refers to a broad collection of scientific fields), but we use the term physical science 
when referring to courses at the middle school level (as in the title of the book).

PREFACE
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PREFACE

FIGURE 1
The three dimensions of the framework for the Next Generation Science Standards

Scientific Practices
1. Asking questions and defining problems 

2. Developing and using models

3. Planning and carrying out investigations

4. Analyzing and interpreting data

5. Using mathematics and computational 
thinking

6. Constructing explanations and designing 
solutions 

7. Engaging in argument from evidence

8. Obtaining, evaluating, and communicating 
information

Crosscutting Concepts
1. Patterns

2. Cause and effect: Mechanism and 
explanation

3. Scale, proportion, and quantity

4. Systems and system models

5. Energy and matter: Flows, cycles, and 
conservation

6. Structure and function

7. Stability and change

Physical Sciences Core Ideas
• PS1: Matter and its interactions

• PS2: Motion and stability:  Forces and interactions

• PS3: Energy

• PS4: Waves and their applications in technologies for information transfer

Source: Adapted from NRC 2012, p. 3. 
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INTRODUCTION

The Importance of Helping Students Become Proficient in Science
The new aim of science education in the United States is for all students to become 
proficient in science by the time they finish high school. It is essential to recognize 
that science proficiency involves more than an understanding of important concepts, 
it also involves being able to do science. Science proficiency, as defined by Duschl, 
Schweingruber, and Shouse (2007), consists of four interrelated aspects. First, it 
requires an individual to know important scientific explanations about the natural 
world, be able to use these explanations to solve problems, and understand new 
explanations when they are introduced to the individual. Second, it requires an 
individual to be able to generate and evaluate scientific explanations and scientific 
arguments. Third, it requires an individual to understand the nature of scientific 
knowledge and how scientific knowledge develops over time. Finally, and perhaps 
most important, an individual who is proficient in science should be able to partici-
pate in scientific practices (such as designing and carrying out investigations and 
arguing from evidence) and communicate in a manner that is consistent with the 
norms of the scientific community. 

In the past decade, however, the importance of learning how to participate in sci-
entific practices has not been acknowledged in the standards of many states. Many 
states have also attempted to make their science standards more rigorous by adding 
more content to them or lowering the grade level at which content is introduced rather 
than emphasizing depth of understanding of core ideas and crosscutting concepts, as 
described by the National Research Council (NRC) in A Framework for K–12 Science 
Education (NRC 2012). The result of the increased number of content standards and the 
pressure to cover them to prepare students for high-stakes tests that target facts and 
definitions is that teachers have “alter[ed] their methods of instruction to conform to 
the assessment” (Owens, 2009, p. 50). Teachers, as a result, tend to move through the 
science curriculum quickly to ensure that they have introduced all the content found 
in the standards before the administration of the tests, which leads them to cover many 
topics in a shallow fashion rather than to delve into a smaller number of core ideas in a 
way that promotes a coherent and deep understanding. The unintended consequence 
of this approach has been a focus on content (learning facts) rather than on developing 
scientific habits of mind or learning how to use core ideas and the practices of science 
to explain natural phenomena.

Despite this focus on more content and high-stakes accountability for science 
learning, students do not seem to be gaining proficiency in science. According to The 
Nation’s Report Card: Science 2009 (National Center for Education Statistics 2011), only 
21% of all 12th-grade students who took the National Assessment of Educational 
Progress in science scored at the proficient level. The performance of U.S. students 
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on international assessments is even bleaker, as indicated by their scores on the sci-
ence portion of the Programme for International Student Assessment (PISA). The 
Organisation for Economic Co-operation and Development (OECD) began admin-
istering the PISA in 1997 to assess and compare education systems.  Since 1997, stu-
dents in more than 70 countries have taken the PISA. The test is designed to assess 
reading, math, and science achievement and is given every three years. The mean 
score for students in the United States on the science portion of the PISA in 2012 
was below the international mean (500), and there has been no significant change in 
the U.S. mean score since 2000; in fact, the U.S. mean score in 2012 was slightly less 
than it was in 2000 (OECD 2012; see Table 1). Students in many different countries, 
including China, Korea, Japan, and Finland, consistently score higher than students 
in the United States. These results suggest that U.S. students are not learning what 
they need to be considered proficient in science, even though teachers are covering a 
great deal of material and being held accountable for it.

TABLE 1
PISA scientific literacy performance for U.S. students

Year

U.S. 
mean 
score*

U.S. rank/
Number of 
countries 
assessed

Top-performing countries (score)

1 2 3

2000 499 14/27 Korea (552) Japan (550) Finland (538)

2003 491 22/41 Finland (548) Japan (548) Hong Kong–
China (539)

2006 489 29/57 Finland (563) Hong Kong–
China (542) Canada (534)

2009 499 15/43 Japan (552) Korea (550) Hong Kong–
China (541)

2012 497 36/65 Shanghai-China 
(580)

Hong Kong–
China (555) Singapore (551)

*The mean score of the PISA is 500 across all years. 
Source: OECD 2012.

Additional evidence of the consequences of emphasizing breadth over depth comes 
from empirical research in science education that supports the notion that broad, 
shallow coverage neglects the practices of science and hinders the development of 
science proficiency (Duschl, Schweingruber, and Shouse 2007; NRC 2005, 2008). As 
noted in the Framework (NRC 2012), 
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K–12 science education in the United States fails to [promote the 
development of science proficiency], in part because it is not organized 
systematically across multiple years of school, emphasizes discrete facts 
with a focus on breadth over depth, and does not provide students with 
engaging opportunities to experience how science is actually done. (p. 1) 

Based on their review of the available literature, the NRC recommends that 
science teachers delve more deeply into core ideas to help their students develop 
improved understanding and retention of science content. The NRC also calls for 
students to be given more experience participating in the practices of science, with 
the goal of enabling students to better engage in public discussions about scientific 
issues related to their everyday lives, be consumers of scientific information, and 
have the skills and abilities needed to enter science or science-related careers.  We 
think the school science laboratory is the perfect place to focus on core ideas and 
engage students in the practices of science and, as a result, help them develop the 
knowledge and abilities needed to be proficient in science.

How School Science Laboratories Can Help Foster the Development of Science 
Proficiency
Investigators have shown that lab activities1 have a standard format in U.S. 
secondary-school classrooms (Hofstein and Lunetta 2004; NRC 2005). This format 
begins with the teacher introducing students to a concept through direct instruction, 
usually a lecture and/or reading. Next, students complete a confirmatory laboratory 
activity, usually following a “cookbook recipe” in which the teacher provides a step-
by-step procedure to follow and a data table to fill out.  Finally, students are asked 
to answer a set of focused analysis questions to ensure that the lab has illustrated, 
confirmed, or otherwise verified the targeted concept(s). This type of approach does 
little to promote science proficiency because it often fails to help students think criti-
cally about the concepts, engage in important scientific practices (such as designing 
an investigation, constructing explanations, or arguing from evidence), or develop 
scientific habits of mind (Duschl, Schweingruber, and Shouse 2007; NRC 2005). 
Further, this approach does not do much to improve science-specific literacy skills.

Changing the focus of lab instruction can help address these challenges. To imple-
ment such a change, teachers will have to emphasize “how we know” in the physical 
sciences (i.e., how new knowledge is generated and validated) equally with “what 
we know” about behavior of matter on Earth (i.e., the theories, laws, and unifying 

1 We use the NRC’s definition of a school science lab activity, which is “an opportunity for students to 
interact directly with the material world using the tools, data collection techniques, models, and theories 
of science” (NRC 2005, p. 3).
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concepts). Because it is an essential practice of science, the NRC calls for argumenta-
tion (which we define as a process of proposing, supporting, evaluating, and refining 
claims on the basis of reason) to play a more central role in the teaching and learning 
of science. The NRC (2012) provides a good description of the role argumentation 
plays in science: 

Scientists and engineers use evidence-based argumentation to make the 
case for their ideas, whether involving new theories or designs, novel ways 
of collecting data, or interpretations of evidence. They and their peers then 
attempt to identify weaknesses and limitations in the argument, with the 
ultimate goal of refining and improving the explanation or design. (p. 46)

This means that the focus of teaching will have to shift more to scientific abilities 
and habits of mind so that students can learn to construct and support scientific 
knowledge claims through argument (NRC 2012). Students will also have to learn to 
evaluate the claims and arguments made by others.

A part of this change in instructional focus will need to be a change in the nature 
of lab activities (NRC 2012). Students will need to have more experiences engag-
ing in scientific practices so that lab activities can become more authentic. This is 
a major shift away from labs driven by prescribed worksheets and data tables to 
be completed. These activities will have to be thoughtfully constructed so as to be 
educative and help students develop the required knowledge, skills, abilities, and 
habits of mind.  This type of instruction will require that students receive feedback 
and learn from their mistakes; hence, teachers will need to develop more strategies 
to help students learn from their mistakes.  

The argument-driven inquiry (ADI) instructional model (Sampson and Gleim 
2009; Sampson, Grooms, and Walker 2009, 2011) was designed as a way to make lab 
activities more authentic and educative for students and thus help teachers promote 
and support the development of science proficiency. This instructional model reflects 
research about how people learn science (NRC 1999) and is also based on what is 
known about how to engage students in argumentation and other important scientific 
practices (Berland and Reiser 2009; Erduran and Jimenez-Aleixandre 2008; McNeill 
and Krajcik 2008; Osborne, Erduran, and Simon 2004; Sampson and Clark 2008).  

Organization of This Book
The remainder of this book is divided into six sections. Section 1 includes two chap-
ters: the first describes the ADI instructional model, and the second describes the 
development and components of the ADI lab investigations. Sections 2–5 contain the 
lab investigations, including notes for the teacher, student handouts, and checkout 
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questions for students. Four appendixes contain standards alignment matrixes, 
timeline and proposal options for the investigations, and a peer-review guide and 
instructor rubric for assessing the investigation reports. 

Safety Practices in the Science Laboratory
It is important for science teachers to make hands-on and inquiry-based lab activi-
ties safer for students and teachers.  Teachers therefore need to have proper safety 
equipment in the classroom/laboratory in the form of engineering controls such as 
ventilation, fume hoods, fire extinguishers, eye wash, and showers. They also need to 
ensure that students use appropriate personal protective equipment (PPE; e.g., sani-
tized indirectly vented chemical-splash goggles meeting ANSI/ISEA Z87.1 standard, 
chemical-resistant aprons and nonlatex gloves) during all components of laboratory 
activities (i.e., setup, hands-on investigation, and takedown). Teachers also need 
to adopt legal safety standards and better professional practices and enforce them 
inside the classroom and/or laboratory. Finally, teachers must review and comply 
with all safety policies and procedures, including but not limited to appropriate 
chemical management, that have been established by their school district or school.

Throughout this book, safety precautions are provided for each investigation. 
Teachers should follow these safety precautions to provide a safer learning experi-
ence for students. The safety precautions associated with each activity are based, in 
part, on the use of the recommended materials and instructions, legal safety stan-
dards, and better professional safety practices. We also recommend that students 
review the National Science Teacher Association’s document Safety in the Science 
Classroom, Laboratory, or Field Sites under the direction of the teacher before working 
in the laboratory for the first time. This document is available online at www.nsta.org/
docs/SafetyInTheScienceClassroomLabAndField.pdf. The students and their parents or 
guardians should then sign the document to acknowledge that they understand the 
safety procedures that must be followed during a lab activity.

As a final note, remember that the lab activity is composed of three sections: the 
setup, the hands-on investigation, and takedown.  PPE and safety procedures apply 
to all three sections!

Disclaimer: The safety precautions for 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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Teacher Notes

Lab 14. Potential Energy
How Can You Make an Action Figure Jump Higher?

Purpose 
The purpose of this lab is to introduce students to the types of energy, specifically potential 
energy. Through this activity, students will have an opportunity to explore the crosscutting 
concepts of the importance of using and defining models to make sense of phenomena and 
how scientists focus on tracking the movement of energy through a system. Students will 
also learn about the difference between laws and theories and how scientists use multiple 
methods to investigate the natural world. 

The Content
The law of conservation of energy states that within a given system the total amount of energy 
always stays the same. Essentially, this means that energy is neither created nor destroyed, 
but rather transferred from one type to another. Remember that scientific laws are used to 
describe specific relationships that exist in the natural world, whereas scientific theories 
provide broad-based explanations for different phenomena. In a more practical sense, 
laws tell us how things relate, while theories tell us why they do. In this case, the law 
of conservation of energy simply describes the relationship that exists among the many 
different types of energy present in the world. 

There are several common forms of energy that exist in the world. Two of the most 
fundamental types of energy are potential and kinetic energy. When energy is stored 
in one form or another, it is called potential energy. Potential energy can be stored in the 
chemical bonds between atoms in a molecule and in the nuclei of atoms. Energy can also 
be stored based on the position of an object. Indeed, potential energy can be referred to as 
energy of position. The amount of potential energy an object has depends on the system 
being explored. In this use, a system refers to a specified collection of objects and their 
interactions. A ball on the floor has potential energy with respect to a desk in the same 
room, which can be called the ball-desk system. However, the potential energy of the ball 
is different if we are considering the ball-tree system, which includes a tree that exists 
outside of the room. Similarly, the amount of energy available and the different forms 
present will depend on the specific system that is being studied.

When potential energy is transformed into motion, it becomes kinetic energy, which can 
be detected when objects move. Kinetic energy is known as energy of motion. Kinetic 
energy is more obvious to identify, because it is the form of energy that does work on 
an object in a system. Other basic forms of energy include thermal energy (heat), chem-
ical energy, electromagnetic energy, and nuclear energy. Some of these forms actually 
represent a mixture of potential and kinetic energies in more specific systems. More 
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recognizable forms of energy, such as light and sound, also represent combinations of 
kinetic and potential energy. 

As an example, think about climbing a hill. When you are at the bottom of a hill, you 
have low potential energy based on your position in the “hill-person” system. To increase 
your potential energy, you climb to the top of the hill. As you are climbing, you are mov-
ing, so you are using kinetic energy; you are transforming kinetic energy into increased 
potential energy; and you are changing position. Since you have climbed higher, you have 
greater potential energy. Now, you may wonder where the kinetic energy to climb the hill 
came from. That energy ultimately came from the energy stored in molecules that your 
body used to move your muscles. 

Timeline
The instructional time needed to complete this lab investigation is 170–230 minutes. 
Appendix 2 (p. 411) provides options for implementing this lab investigation over sev-
eral class periods. Option C (230 minutes) should be used if students are unfamiliar 
with scientific writing, because this option provides extra instructional time for scaffold-
ing the writing process. You can scaffold the writing process by modeling, providing 
examples, and providing hints as students write each section of the report. Option D 
(170 minutes) should be used if students are familiar with scientific writing and have 
developed the skills needed to write an investigation report on their own. In option D, 
students complete stage 6 (writing the investigation report) and stage 8 (revising the 
investigation report) as homework. 

Materials and Preparation 
The materials needed to implement this investigation are listed in Table 14.1 (p. 252). 
The equipment can be purchased from a science supply company such as Carolina, Flinn 
Scientific, or Ward’s Science. The clay and the action figures can be purchased at a toy store 
or general retail store. 

We recommend that you use a set routine for distributing and collecting the materials 
during the lab investigation. For example, the equipment for each group can be set up at 
each group’s lab station before class begins, or one member from each group can collect 
them from a table or a cart when needed during class.
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Safety Precautions and Laboratory Waste Disposal
Follow all normal lab safety rules. In addition, tell students to take the following safety 
precautions:

1. Wear sanitized safety glasses or goggles during lab setup, hands-on activity, and 
take down.

2. Sweep clay up off the floor to avoid a slip or fall hazard.

3. Do not allow the action figures to jump too far from the work area.

4. Remove any fragile items from the work area.

5. Wash hands with soap and water after completing the lab activity.

There is no laboratory waste associated with this activity. The materials for this labora-
tory investigation can be stored and reused.

TABLE 14.1
Materials list for Lab 14

Item Quantity

Safety glasses or goggles 1 per student

Ruler 1 per group

Meterstick 1 per group

Electronic or triple beam balance 1 per group

Pencil 1 per group

Clay 100 g per group

Action figures 2–3 per group

Investigation Proposal C (optional) 1 per group

Whiteboard, 2' × 3'* 1 per group

Lab Handout 1 per student

Peer-review guide 1 per student

Checkout Questions 1 per student

*As an alternative, students can use computer and presentation software, such 
as Microsoft PowerPoint or Apple Keynote, to create their arguments.
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Topics for the Explicit and Reflective Discussion
Concepts That Can Be Used to Justify the Evidence  
To provide an adequate justification of their evidence, students must explain why they 
included the evidence in their arguments and make the assumptions underlying their 
analysis and interpretation of the data explicit. In this investigation, students can use the 
following concepts to help justify their evidence:

• Law of conservation of energy

• Potential energy

• Kinetic energy

• Transformation of energy

We recommend that you review these concepts during the explicit and reflective discus-
sion to help students make this connection.

How to Design Better Investigations 
It is important for students to reflect on the strengths and weaknesses of the investigation 
they designed during the explicit and reflective discussion. Students should therefore be 
encouraged to discuss ways to eliminate potential flaws, measurement errors, or sources 
of bias in their investigations. To help students be more reflective about the design of their 
investigation, you can ask the following questions: 

1. What were some of the strengths of your investigation? What made it scientific?

2. What were some of the weaknesses of your investigation? What made it less 
scientific?

3. If you were to do this investigation again, what would you do to address the 
weaknesses in your investigation? What could you do to make it more scientific? 

Crosscutting Concepts
This investigation is well aligned with two crosscutting concepts found in A Framework 
for K–12 Science Education, and you should review these concepts during the explicit and 
reflective discussion.

• System and system models: Defining a system under study and making a model of it 
are tools for developing a better understanding of natural phenomena in science. 
In this lab students will investigate a system that can be used to convert potential 
energy to kinetic energy.
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• Energy and matter: Flows, cycles, and conservation: In science it is important to track 
how energy and matter move into, out of, and within systems. In this lab students 
will investigate the conversion of energy from one type to another.

The Nature of Science and the Nature of Scientific Inquiry
This investigation is well aligned with two important concepts related to the nature of sci-
ence (NOS) and the nature of scientific inquiry (NOSI), and you should review these concepts 
during the explicit and reflective discussion.

• The difference between laws and theories in science: A scientific law describes the 
behavior of a natural phenomenon or a generalized relationship under certain 
conditions; a scientific theory is a well-substantiated explanation of some aspect 
of the natural world. Theories do not become laws even with additional evidence; 
they explain laws. However, not all scientific laws have an accompanying 
explanatory theory. It is also important for students to understand that scientists 
do not discover laws or theories; the scientific community develops them over 
time.

• Methods used in scientific investigations: Examples of methods include experiments, 
systematic observations of a phenomenon, literature reviews, and analysis of 
existing data sets; the choice of method depends on the objectives of the research. 
There is no universal step-by step scientific method that all scientists follow; 
rather, different scientific disciplines (e.g., chemistry vs. physics) and fields within 
a discipline (e.g., organic vs. physical chemistry) use different types of methods, 
use different core theories, and rely on different standards to develop scientific 
knowledge.

Hints for Implementing the Lab

• Allowing students to design their own procedures for collecting data gives 
students an opportunity to try, to fail, and to learn from their mistakes. However, 
you can scaffold students as they develop their procedure by having them fill 
out an investigation proposal. These proposals provide a way for you to offer 
students hints and suggestions without telling them how to do it. You can also 
check the proposals quickly during a class period. For this lab we suggest you use 
Investigation Proposal C.

• Suggest that students use a small amount of clay to stick the pencil to the ruler 
when they construct their teeterboard. 

• Have students focus on changing one characteristic of the system at a time. They 
should not change the mass of the dropped clay while also changing the height 
they drop it from.   
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• Encourage students to think of a way they could mathematically represent the 
relationships they find in this investigation.  

• Action figures should not be too large, so that they can actually be launched using 
the ruler apparatus. We have had success using small, plastic army action figures 
that can be purchased in large quantities. Be sure to test your action figures with 
the equipment to determine if they are appropriate.

Topic Connections
Table 14.2 provides an overview of the scientific practices, crosscutting concepts, disci-
plinary core ideas, and supporting ideas at the heart of this lab investigation. In addition, 
it lists the NOS and NOSI concepts for the explicit and reflective discussion. Finally, it 
lists literacy and mathematics skills (CCSS ELA and CCSS Mathematics) that are addressed 
during the investigation.

TABLE 14.2
Lab 14 alignment with standards

Scientific practices • Asking questions and defining problems
• Planning and carrying out investigations 
• Analyzing and interpreting data 
• Using mathematics and computational thinking 
• Constructing explanations and designing solutions 
• Engaging in argument from evidence 
• Obtaining, evaluating, and communicating information

Crosscutting concepts • Systems and system models 
• Energy and matter

Core ideas • PS3.A: Definitions of energy
• PS3.B: Conservation of energy and energy transfer

Supporting ideas • Law of conservation of energy
• Potential energy
• Kinetic energy
• Transformation of energy

NOS and NOSI 
concepts

• Scientific laws and theories
• Methods used in scientific investigations

Literacy connections 
(CCSS ELA)

• Reading: Key ideas and details, craft and structure, integration of 
knowledge and ideas

• Writing: Text types and purposes, production and distribution of 
writing, research to build and present knowledge, range of writing

• Speaking and listening: Comprehension and collaboration, 
presentation of knowledge and ideas

Mathematics 
connections (CCSS 
Mathematics)

• Reason abstractly and quantitatively
• Construct viable arguments and critique the reasoning of others
• Use appropriate tools strategically
• Attend to precision
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Lab Handout

Lab 14. Potential Energy
How Can You Make an Action Figure Jump Higher?

Introduction
Teeterboards are typical pieces of equipment found on many playgrounds around the 
country. They are often used in shows that focus on gymnastic tricks. The picture in Figure  
L14.1 shows a circus act involving a performer launching another performer high into 

the air. It is easy to observe how the activity of a teeterboard 
involves objects’ motion. However, that activity also involves 
energy shifting between forms.

The law of conservation of energy states that within a given 
system the total amount of energy always stays the same—it is 
neither created nor destroyed; instead, energy is transformed 
from one form to another. When energy is stored in one form 
or another, it is called potential energy. Potential energy can be 
stored in the chemical bonds between atoms in a molecule and 
in the nuclei of atoms. Energy can also be stored based on the 
position of an object. Indeed, potential energy can be referred 
to as energy of position. When potential energy is transformed 
into motion, it becomes kinetic energy. Kinetic energy can 
be detected when objects move. Kinetic energy is known as 
energy of motion. 

For an example, think about climbing a hill. When you are 
at the bottom of a hill, you have low potential energy based on 
your position. To increase your potential energy, you climb to 
the top of the hill. As you are climbing, you are moving, so you 
are using kinetic energy; you are transforming kinetic energy 
into increased potential energy; and you are changing position. 
Since you have climbed higher, you have greater potential 
energy. In this investigation you will explore the relationship 

between potential energy and kinetic energy as you try to make an action figure jump 
using a teeterboard.

The Task
Use what you know about the conservation of energy and models to design and carry out 
an investigation that will allow you to develop a rule that explains how an action figure  
can be made to jump lower or higher on a teeterboard.

FIGURE  L14.1
Circus performers on a teeterboard
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The guiding question of this investigation is, How can you make an action figure jump 
higher?

Materials
You may use any of the following materials during your investigation: 

• Ruler
• Meterstick
• Electronic or triple beam balance 
• Pencil

• Clay (100 g)
• Action figures
• Safety glasses or goggles

Safety Precautions
Follow all normal lab safety rules. In addition, take the following safety precautions:

1. Wear sanitized safety glasses or goggles during lab setup, hands-on activity, and 
takedown.

2. Sweep clay up off the floor to avoid a slip or fall hazard.

3. Do not allow the action figure to jump too far from your work area.

4. Remove any fragile items from the work area.

5. Wash hands with soap and water after completing the lab activity.

Investigation Proposal Required?  Yes   No

Getting Started 
To answer the guiding question, you will need to design and conduct an investigation that 
explores changing the potential energy of an action figure. To accomplish this task, you 
must determine what type of data you need to collect, how you will collect it, and how you 
will analyze it. 

To determine what type of data you need to collect, think about the following questions:

• How will you test the ability to make the action figure jump higher? 

• How will you measure the height of the jump?

• What type of measurements or observations will you need to record during your 
investigation?

To determine how you will collect your data, think about the following questions:

• How often will you collect data and when will you do it?
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• How will you make sure that your data are of high quality (i.e., how will you 
reduce error)?

• How will you keep track of the data you collect and how will you organize it?  

To determine how you will analyze your data, think about the following questions:

• What type of calculations will you need to make? 

• What type of graph could you create to help make sense of your data?

Connections to Crosscutting Concepts, the Nature of Science, and the Nature of 
Scientific Inquiry 
As you work through your investigation, be sure to think about

• how defining systems and models provides tools for understanding and testing of 
ideas;

• why it is important to track how energy and matter flows into, out of, and within a 
system;

• the difference between laws and theories in science; and 

• the different forms of scientific investigation, including experiments, systematic 
observations, and analysis of data sets.

Initial Argument
Once your group has finished collecting and analyzing your data, your group will need 
to develop an initial argument. Your initial argument needs to include a claim, evidence to 
support your claim, and a justification of the evidence. The claim is your group’s answer to 

the guiding question. The evidence is an analysis and interpre-
tation of your data. Finally, the justification of the evidence is 
why your group thinks the evidence matters. The justification 
of the evidence is important because scientists can use different 
kinds of evidence to support their claims. Your group will 
create your initial argument on a whiteboard. Your whiteboard 
should include all the information shown in Figure  L14.2.

Argumentation Session
The argumentation session allows all of the groups to share 
their arguments. One member of each group will stay at the 
lab station to share that group’s argument, while the other 
members of the group go to the other lab stations to listen to 
and critique the arguments developed by their classmates. This 

is similar to how scientists present their arguments to other scientists at conferences. If you 

FIGURE L14.2
Argument presentation on a whiteboard

The Guiding Question:

Our Claim:

Our Evidence: Our Justification 
of the Evidence:
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are responsible for critiquing your classmates’ arguments, your goal is to look for mistakes 
so these mistakes can be fixed and they can make their argument better. The argumentation 
session is also a good time to think about ways you can make your initial argument better. 
Scientists must share and critique arguments like this to develop new ideas. 

 To critique an argument, you might need more information than what is included on 
the whiteboard. You will therefore need to ask the presenter lots of questions. Here are 
some good questions to ask:

• How did you collect your data? Why did you use that method? Why did you 
collect those data?

• What did you do to make sure the data you collected are reliable? What did you 
do to decrease measurement error? 

• How did your group analyze the data? Why did you decide to do it that way? Did 
you check your calculations?  

• Is that the only way to interpret the results of your analysis? How do you know 
that your interpretation of your analysis is appropriate?

• Why did your group decide to present your evidence in that way?

• What other claims did your group discuss before you decided on that one? Why 
did your group abandon those alternative ideas?

• How confident are you that your claim is valid? What could you do to increase 
your confidence?

 Once the argumentation session is complete, you will have a chance to meet with your 
group and revise your initial argument. Your group might need to gather more data or 
design a way to test one or more alternative claims as part of this process. Remember, your 
goal at this stage of the investigation is to develop the most acceptable and valid answer to 
the research question!

Report
Once you have completed your research, you will need to prepare an investigation report 
that consists of three sections. Each section should provide an answer to the following 
questions: 

1. What question were you trying to answer and why? 

2. What did you do to answer your question and why? 

3. What is your argument?
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Your report should answer these questions in two pages or less. This report must be 
typed, and any diagrams, figures, or tables should be embedded into the document. Be 
sure to write in a persuasive style; you are trying to convince others that your claim is 
acceptable and valid!
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Checkout Questions

Lab 14. Potential Energy
How Can You Make an Action Figure Jump Higher?

1. What is potential energy?

2. What is kinetic energy?

3. A student is trying to get a cart to reach the wall at the end of the system pictured 
below. He uses a ramp to get the cart some energy to cover that distance. 
However, as shown below, using the ramp as constructed, he was not able to reach 
the wall.

a. What can the student change to get the cart to reach the wall?  

b. How do you know?
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LAB 14

4. The law of conservation of energy describes how energy exists in physical systems 
but not why it acts in certain ways. 

a. I agree with this statement.

b. I disagree with this statement.

Explain your answer, using an example from your investigation about potential 
energy.

5. Science only relies on experiments to understand the physical world.

a. I agree with this statement.

b. I disagree with this statement.

Explain your answer, using an example from your investigation about potential 
energy.
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Potential Energy
How Can You Make an Action Figure Jump Higher?

6. Scientists often have to define the boundaries of physical systems and use them to 
create models to test ideas. Explain why defining systems and models is important 
in science, using an example from your investigation about potential energy.

7. It is important to track how energy flows into, out of, and within a system during 
an investigation. Explain why it is important to keep track of energy when 
studying a system, using an example from your investigation about potential 
energy.
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Mass and Free Fall lab, 132–146

checkout questions for, 144–146
lab handout for, 139–143

argumentation session, 142–143
connections, 141
getting started, 141
initial argument, 141, 142
introduction, 139, 139–140
investigation proposal, 141
materials, 140
report, 143
safety precautions, 140–141
task and guiding question, 140

teacher notes for, 132–138
content, 132–133
hints for implementing lab, 136–

137
materials and preparation, 133–

134, 134
purpose, 132
safety precautions and laboratory 

waste disposal, 134
timeline, 133
topic connections, 137, 138, 

405–409
topics for explicit and reflective 

discussion, 135–136
Mass and Motion lab, 164–179

checkout questions for, 177–179
lab handout for, 173–176

argumentation session, 175–176
connections, 175
getting started, 174, 174–175
initial argument, 175, 175
introduction, 173, 173
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investigation proposal, 174
materials, 174
report, 176
safety precautions, 174
task and guiding question, 173

teacher notes for, 164–172
content, 164–166, 165, 167
hints for implementing lab, 171
materials and preparation, 167–

169, 168
purpose, 164
safety precautions and laboratory 

waste disposal, 169
timeline, 167
topic connections, 171–172, 172, 

405–409
topics for explicit and reflective 

discussion, 169–171
Materials and preparation for labs, 21. See 

also specific labs
Mathematics connections for labs, 19, 20, 

22, 408. See also Common Core State 
Standards for mathematics
Chemical and Physical Changes, 50
Conservation of Mass, 84
Design Challenge: Which Design Will 

Cool a Soda the Best?, 104
Design Challenge: Which 

Electromagnet Design Is Best for 
Picking Up 50 Paper Clips?, 204

Electrical Energy and Lightbulbs, 287
Force and Motion, 155
Kinetic Energy, 241
Light and Information Transfer, 375
Magnetic Force, 187
Mass and Free Fall, 138
Mass and Motion, 172
Physical Properties of Matter, 69
Potential Energy, 255
Radiation and Energy Transfer, 321
Rate of Energy Transfer, 304
Reflection and Refraction, 356
Strength of Gravitational Force, 121
Thermal Energy and Matter, 34
Thermal Energy and Specific Heat, 271
Unbalanced Forces, 223
Wave Properties, 340

Mechanical waves, 334, 341

Mercator, Nicholas, 288
Methods used in scientific investigations, 

67, 102, 154, 196, 202, 222, 254, 270, 
298, 303, 308, 334, 338, 344, 409

Molecules, 28, 35, 44
Motion. See Force and motion
Motion sensors, 151, 151–152, 154, 157, 

158, 158, 168–169, 169, 171, 174, 174

N
National Assessment of Educational 

Progress, xvii
National Research Council (NRC), xi, xvii, 

xix, xx
National Science Teachers Association, xxi
The Nation’s Report Card: Science 2009, 

xvii
Nature of science (NOS) and nature of 

scientific inquiry (NOSI) concepts, 
alignment of lab investigations with, 7, 
11, 13, 19, 20, 409
Chemical and Physical Changes, 48–

49, 50, 54
Conservation of Mass, 82–83, 84, 89
Design Challenge: How Should 

Eyeglasses Be Shaped to 
Correct for Nearsightedness and 
Farsightedness?, 391, 393, 397–398

Design Challenge: Which Design Will 
Cool a Soda the Best?, 102, 104, 107

Design Challenge: Which 
Electromagnet Design Is Best for 
Picking Up 50 Paper Clips?, 202–
203, 204, 208

Electrical Energy and Lightbulbs, 286, 
287, 291

Force and Motion, 153–154, 155, 158
Kinetic Energy, 239–240, 241, 244
Light and Information Transfer, 373, 

375, 378
Magnetic Force, 186, 187, 191
Mass and Free Fall, 136, 138, 141
Mass and Motion, 170–171, 172, 175
Physical Properties of Matter, 67, 69, 73
Potential Energy, 254, 255, 258
Radiation and Energy Transfer, 319, 

321, 324–325
Rate of Energy Transfer, 303, 304, 308
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Reflection and Refraction, 354, 356, 
361

Strength of Gravitational Force, 119, 
121, 126

Thermal Energy and Matter, 33, 34, 38
Thermal Energy and Specific Heat, 

269–270, 271, 276
Unbalanced Forces, 222, 223, 226
Wave Properties, 338, 340, 344

Newton, Isaac, 116, 122, 156, 288
on gravity, 116, 117, 122
laws of motion, 156–157

second law, 132, 148, 150, 153, 
164–165, 166, 170, 214, 221

on light, 357
Next Generation Science Standards 

(NGSS), xi, xii
Normal force, 150, 166, 215–216

O
Observations and inferences, 13, 44, 

48–49, 54, 68, 164, 171, 175, 178, 214, 
222, 226, 230, 264, 269–270, 276, 298, 
303, 308, 311, 409

Organisation for Economic Co-operation 
and Development (OECD), xviii

P
Peer review of investigation report, 3, 

14–15
peer-review guide for, xxi, 14–15, 15, 

19, 22, 23
middle school version, 419–421

revisions based on, 15–16
role of teacher in, 18

Personal protective equipment (PPE), xxi
Photons, 314
Physical Properties of Matter lab, 62–77. 

See also Chemical and Physical 
Changes lab
checkout questions for, 75–77
lab handout for, 70–74

argumentation session, 73–74
connections, 73
getting started, 72
initial argument, 73, 73
introduction, 70, 70–71
investigation proposal, 72

materials, 71
report, 74
safety precautions, 71–72
task and guiding question, 71

teacher notes for, 62–69
content, 62–63
hints for implementing lab, 67–68
materials and preparation, 63–65, 

64
purpose, 62
safety precautions and laboratory 

waste disposal, 65–66
timeline, 63
topic connections, 68–69, 69, 

405–409
topics for explicit and reflective 

discussion, 66–67
Potential energy and kinetic energy, 236, 

250–251, 253, 256, 261
Potential Energy lab, 250–263

checkout questions for, 261–263
lab handout for, 256–260

argumentation session, 258–259
connections, 258
getting started, 257–258
initial argument, 258, 258
introduction, 256, 256
investigation proposal, 257
materials, 257
report, 259–260
safety precautions, 257
task and guiding question, 256–

257
teacher notes for, 250–255

content, 250–251
hints for implementing lab, 254–

255
materials and preparation, 251, 

252
purpose, 250
safety precautions and laboratory 

waste disposal, 252
timeline, 251
topic connections, 255, 255, 

405–409
topics for explicit and reflective 

discussion, 253–254
PowerPoint presentations, 7
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Preparation for labs, 21. See also specific 
labs

Programme for International Student 
Assessment (PISA), xviii, xviii

Ptolemy, 357
Purpose of lab, 20. See also specific labs

R
Radiant energy, 289, 314–316, 318, 322–

323, 328–329
Radiation and Energy Transfer lab, 314–

329
checkout questions for, 327–329
lab notes for, 322–326

argumentation session, 325–326
connections, 324–325
getting started, 324, 324
initial argument, 325, 325
introduction, 322, 322–323
investigation proposal, 324
materials, 323
report, 326
safety precautions, 323
task and guiding question, 323

teacher notes for, 314–321
content, 314–316, 315
hints for implementing lab, 320
materials and preparation, 316–

317, 317
purpose, 314
safety precautions and laboratory 

waste disposal, 317–318
timeline, 316
topic connections, 320, 321, 

405–409
topics for explicit and reflective 

discussion, 318–319
Rate of Energy Transfer lab, 298–313

checkout questions for, 310–313
lab handout for, 305–309

argumentation session, 308–309
connections, 308
getting started, 307–308
initial argument, 308, 308
introduction, 305–306, 306
investigation proposal, 307
materials, 306
report, 309

safety precautions, 306–307
task and guiding question, 306

teacher notes for, 298–304
content, 298–299
hints for implementing lab, 303–

304
materials and preparation, 300, 

301
purpose, 298
safety precautions and laboratory 

waste disposal, 300–301
timeline, 299–300
topic connections, 304, 304, 

405–409
topics for explicit and reflective 

discussion, 302–303
Reading skills. See Literacy connections
Reflection and Refraction lab, 350–365

checkout questions for, 363–365
lab handout for, 357–362

argumentation session, 361–362
connections, 361
getting started, 359–361, 360
initial argument, 361, 361
introduction, 357–358, 357–359
investigation proposal, 359
materials, 359
report, 362
safety precautions, 359
task and guiding question, 359

teacher notes for, 350–356
content, 350, 350–351, 352
hints for implementing lab, 355
materials and preparation, 352, 

353
purpose, 350
safety precautions and laboratory 

waste disposal, 353
timeline, 352
topic connections, 355, 356, 

405–409
topics for explicit and reflective 

discussion, 353–354
use of Bending Light simulation for, 

352, 359, 360
Revision and submission of investigation 

report, 3, 15–16
role of teacher in, 18
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Rosetta Stone, 368

S
Safety in the Science Classroom, 

Laboratory, or Field Sites, xxi
Safety precautions, xxi, 4, 21. See also 

specific labs
Schweingruber, H. A., xvii
Science as a culture, 119, 354, 373, 378, 

391, 398
Science proficiency, xi

definition and components of, xvii
importance of helping students to 

develop, xvii–xix
instructional approaches for 

development of, xi
labs to foster development of, xix–xx
performance of U.S. students 

on national and international 
assessments, xvii–xviii, xviii

vs. teaching that emphasizes breadth 
over depth, xvii, xviii

Scientific explanations, xvii, 4
Scientific habits of mind, xvii, xix, xx, 9
Scientific knowledge, changes over time, 

xvii, xx, 13, 116, 119, 126, 350, 354, 
361, 409

Scientific laws and theories, xix, 6, 7, 10, 
13, 28, 33, 38, 132, 136, 180, 186, 191, 
193, 236, 239–240, 244, 248, 250, 254, 
258, 314, 319, 325, 328, 409. See also 
specific laws

Scientific practices, xi, xii, xvii, xviii, xix, xx
alignment of lab investigations with, 3, 

11, 12–13, 22, 405
Chemical and Physical Changes, 

50
Conservation of Mass, 84
Design Challenge: How Should 

Eyeglasses Be Shaped to 
Correct for Nearsightedness 
and Farsightedness?, 393

Design Challenge: Which Design 
Will Cool a Soda the Best?, 104

Design Challenge: Which 
Electromagnet Design Is Best 
for Picking Up 50 Paper Clips?, 
204

Electrical Energy and Lightbulbs, 
287

Force and Motion, 155
Kinetic Energy, 241
Light and Information Transfer, 

375
Magnetic Force, 187
Mass and Free Fall, 138
Mass and Motion, 172
Physical Properties of Matter, 69
Potential Energy, 255
Radiation and Energy Transfer, 

321
Rate of Energy Transfer, 304
Reflection and Refraction, 356
Strength of Gravitational Force, 

121
Thermal Energy and Matter, 34
Thermal Energy and Specific 

Heat, 271
Unbalanced Forces, 223
Wave Properties, 340

Shouse, A. W., xvii
Snell’s law (law of refraction), 351, 385–

386, 387
Speaking and listening skills. See Literacy 

connections
Specific heat, 298–299

Thermal Energy and Specific Heat lab, 
264–281

Speed of light, 350, 369, 372, 384
States of matter

behavior of molecules in, 28, 28
Chemical and Physical Changes lab, 

44–59
intermolecular bonds and, 28–29
Thermal Energy and Matter lab, 28–43

Static electricity, 122, 139
Static friction, 216, 221, 222
Strength of Gravitational Force lab, 116–

131
checkout questions for, 129–131
lab handout for, 122–128

argumentation session, 127
connections, 126
getting started, 124–126
initial argument, 126, 127
introduction, 122–123, 123
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investigation proposal, 124
materials, 124
report, 128
safety precautions, 124
task and guiding question, 123

teacher notes for, 116–121
content, 116–117, 117
hints for implementing lab, 120
materials and preparation, 117, 118
purpose, 116
safety precautions and laboratory 

waste disposal, 118
timeline, 117
topic connections, 121, 121, 

405–409
topics for explicit and reflective 

discussion, 118–119
use of Gravity Force Lab simulation for, 

117, 124, 125
Substance(s)

atomic composition of, 44–45, 62–63, 
66, 70, 70, 78

chemical and physical properties of, 44, 
51, 62–63, 70, 70, 85–86, 86, 92

Chemical and Physical Changes 
lab, 44–59

Conservation of Mass lab, 78–95
Physical Properties of Matter lab, 

62–77
definition of, 44, 62, 85
distinguishing between, 62–77, 85
magnetic properties of, 180–181

Supporting ideas for labs, 22
Chemical and Physical Changes, 50
Conservation of Mass, 84
Design Challenge: How Should 

Eyeglasses Be Shaped to 
Correct for Nearsightedness and 
Farsightedness?, 393

Design Challenge: Which Design Will 
Cool a Soda the Best?, 104

Design Challenge: Which 
Electromagnet Design Is Best for 
Picking Up 50 Paper Clips?, 204

Electrical Energy and Lightbulbs, 287
Force and Motion, 155
Kinetic Energy, 241
Light and Information Transfer, 375

Magnetic Force, 187
Mass and Free Fall, 138
Mass and Motion, 172
Physical Properties of Matter, 69
Potential Energy, 255
Radiation and Energy Transfer, 321
Rate of Energy Transfer, 304
Reflection and Refraction, 356
Strength of Gravitational Force, 121
Thermal Energy and Matter, 34
Thermal Energy and Specific Heat, 271
Unbalanced Forces, 223
Wave Properties, 340

Symbolic representation systems, 368

T
Teacher notes for labs, 20–22. See also 

specific labs
content, 20
hints for implementing lab, 21–22
materials and preparation, 21
purpose, 20
safety precautions and laboratory waste 

disposal, 21
timeline, 20–21, 411–413
topic connections, 22, 405–409
topics for explicit and reflective 

discussion, 21
Teacher’s roles in argument-driven inquiry, 

16, 17–18
Temperature

definition of, 264, 298
Design Challenge: Which Design Will 

Cool a Soda the Best? lab, 96–112
kinetic energy and, 28–29
physical property changes and, 44–45, 

62–63
Radiation and Energy Transfer lab, 

314–329
Rate of Energy Transfer lab, 298–313
Thermal Energy and Matter lab, 28–43
Thermal Energy and Specific Heat lab, 

264–281
Tentative argument

argumentation session on, 3, 9, 9–11
role of teacher in, 9–10, 17

development of, 5–8, 6
role of teacher in, 8, 17
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modification of, 8
Terminal velocity, 133
Thermal energy, 250, 315, 318

Rate of Energy Transfer lab, 298–313
regulating transfer of, 105, 111–112
Thermal Energy and Matter lab, 28–43
Thermal Energy and Specific Heat lab, 

264–281
Thermal Energy and Matter lab, 28–43

checkout questions for, 41–43
lab handout for, 35–40

argumentation session, 39
connections, 38
getting started, 37, 37–38
initial argument, 38–39, 39
introduction, 35, 35–36
investigation proposal, 37
materials, 36
report, 40
safety precautions, 36–37
task and guiding question, 36

teacher notes for, 28–34
content, 28–29, 28–30
hints for implementing lab, 33–34
materials and preparation, 30, 31
purpose, 28
safety precautions and laboratory 

waste disposal, 30–31
timeline, 30
topic connections, 34, 34, 405–

409
topics for explicit and reflective 

discussion, 32–33
Thermal Energy and Specific Heat lab, 

264–281
checkout questions for, 278–281
lab handout for, 272–277

argumentation session, 276–277
connections, 276
getting started, 274–276, 275
initial argument, 276, 276
introduction, 272–273, 273
investigation proposal, 274
materials, 274
report, 277
safety precautions, 274
task and guiding question, 273

teacher notes for, 264–271

content, 264–265, 265
hints for implementing lab, 270–

271
materials and preparation, 266–

268, 267
purpose, 264
safety precautions and laboratory 

waste disposal, 268
timeline, 266
topic connections, 271, 271, 

405–409
topics for explicit and reflective 

discussion, 268–270
Timeline for labs, 20–21. See also specific 

labs
Option A, 411
Option B, 411
Option C, 411
Option D, 412
Option E, 412
Option F, 412
Option G, 413
Option H, 413

“Tool talk,” 4, 17, 33, 120, 154, 171, 222, 
240, 286, 303, 320, 337, 338, 355, 374, 
392

Topic connections for labs, 22, 405–409. 
See also specific labs

Total internal reflection of a beam of light, 
351, 352, 369, 369–370, 370

Transverse waves. See Wave Properties 
lab

U
Unbalanced Forces lab, 214–231

checkout questions for, 229–231
lab handout for, 224–228

argumentation session, 227–228
connections, 226
getting started, 226
initial argument, 227, 227
introduction, 224, 224–225
investigation proposal, 226
materials, 225
report, 228
safety precautions, 225
task and guiding question, 225

teacher notes for, 214–223
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content, 214–216, 215, 217, 218
hints for implementing lab, 222
materials and preparation, 219, 

220
purpose, 214
safety precautions and laboratory 

waste disposal, 220
timeline, 219
topic connections, 223, 223, 

405–409
topics for explicit and reflective 

discussion, 220–222

V
Vision. See Design Challenge: How 

Should Eyeglasses Be Shaped to 
Correct for Nearsightedness and 
Farsightedness? lab

Volta, Allessandro, 288

W
Waste disposal for labs, 21. See also 

specific labs
Wave on a String (simulation), 336, 342–

343, 343
Wave Properties lab, 334–349

checkout questions for, 347–349
lab handout for, 341–346

argumentation session, 344–345
connections, 344
getting started, 342–344, 343
initial argument, 344, 345

introduction, 341, 341–342
investigation proposal, 342
materials, 342
report, 345–346
safety precautions, 342
task and guiding question, 342

teacher notes for, 334–340
content, 334, 334–335, 335
hints for implementing lab, 338–

339
materials and preparation, 336, 

336–337
purpose, 334
safety precautions and laboratory 

waste disposal, 337
timeline, 336
topic connections, 339, 340, 

405–409
topics for explicit and reflective 

discussion, 337–338
use of Wave on a String simulation for, 

336, 342–343, 343
Wavelengths of visible light, 314–316, 315, 

322, 327
Writing skills. See Literacy connections
Writing the investigation report, 3, 13–14

role of teacher in, 13, 18

Y
Young, Thomas, 357
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GRADES 6–8

Argument-Driven Inquiry 

LAB INVESTIGATIONS for GRADES 6– 8

re you interested in using argument-driven inquiry for middle school lab instruction 
but just aren’t sure how to do it? Argument-Driven Inquiry in Physical Science will 
provide you with both the information and instructional materials you need to start 
using this method right away. The book is a one-stop source of expertise, advice, 
and investigations to help physical science students work the way scientists do.

The book is divided into two basic parts: 

1.  An introduction to the stages of argument-driven inquiry—from question 
identification, data analysis, and argument development and evaluation to double-
blind peer review and report revision.

2.  A well-organized series of 22 field-tested labs designed to be much more 
authentic for instruction than traditional laboratory activities. The labs cover four core 
ideas in physical science: matter, motion and forces, energy, and waves. Students 
dig into important content and learn scientific practices as they figure out everything 
from how thermal energy works to what could make an action figure jump higher. 

This book is part of NSTA’s bestselling series about argument-driven inquiry, which includes 
books for middle school life science and high school chemistry and biology. Like its 
predecessors, the collection is designed to be easy to use, with reproducible student pages, 
teacher notes, and checkout questions. The labs support today’s standards and will help 
your students learn the core ideas, crosscutting concepts, and scientific practices found in 
the Next Generation Science Standards. In addition, the authors offer ways for students to 
develop the disciplinary skills outlined in the Common Core State Standards. 

Many of today’s middle school teachers—like you—want to find new ways to engage 
students in scientific practices and help students learn more from lab activities. Argument-
Driven Inquiry in Physical Science does all of this while also giving students the chance to 
practice reading, writing, speaking, and using math in the context of science. 
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