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Background

T his book grew out of the authors’ experiences while they worked in the Mesa 

Public Schools (MPS) in Mesa, Arizona. MPS is a metropolitan district serv-

ing 70,000 students and 90 schools, K–12. Mesa has used learner-centered 

methods, inquiry principles, and hands-on science units since 1974, with 

a science resource center for kit development and distribution starting in 1979. Mesa’s 

science program has earned praise from the National Science Teachers Association, Har-

vard Educational Review, Newsweek, American School Board Journal, Parenting magazine, 

American Scientist, and The Executive Educator. In the past two decades, the district has 

celebrated five awardees of the Presidential Award for Excellence in Science Teaching. 

The district’s science program and resource center was developed by longtime direc-

tor Dr. Susan Sprague, now a semiretired science consultant living in northern Arizona. 

Mesa’s resource center refurbishes and distributes more than 10,000 kits annually to 

its 55 elementary schools. The middle school program also includes two self-contained 

fifth-grade flight centers with aircraft and helicopter simulators and night-vision goggle 

stations, serving all of the district’s approximately 4,000 fifth graders each year. To find 

out more, please visit the MPS Science and Social Sciences Resource Center (SSRC) 

website at www.mpsaz.org/ssrc.
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Introduction
Changes, Changes, Changes!

T alk about an explosive decade for teachers and learners! When we wrote 

the first edition of this book, YouTube and Facebook had not preoccupied 

America’s waking hours, and “Google” was not yet a verb. As teachers 

across our nation recognize, the rapid proliferation of digital technology 

and concurrent accelerated “flattening” globalization of the world’s economy have 

reshaped the potential and purpose of American education in profound ways.

Middle school teachers today serve a new generation of children weaned on social 

media that didn’t exist in 2004. They instantly access information in and out of the 

classroom that was previously hoarded, protected, and strategically dispensed by their 

teachers. It is, to say the least, a very different classroom world today compared to 10 

years ago, when we wrote the first Doing Good Science.

And these seismic shifts—combined with the emergence of distance and blended 

learning, flipped instruction, interactive digital textbooks, the furious rise of standard-

ized testing, the popularity and widespread embrace of robotics, development of the 

Common Core Initiative and the Next Generation Science Standards (NGSS)—all called us 

to revisit our work and evaluate how we might make the book more useful in the con-

text of 21st-century skills that teachers today are expected to cultivate in their students.

We realized quickly that improving the second edition would require more than 

updating and freshening our original book. We’ve added chapters and sections to help 

teachers assimilate STEM principles, understand and apply the NGSS and A Framework 

for K–12 Science Education (including the new expectations for engineering design), and 

integrate the Common Core literacy and writing standards. We’ve also learned from 

teacher feedback about some holes in our first version, such as advice about how to 

arrange and conduct collaborative table groups and about the critical role of scientific 

argumentation that we’ve addressed in this new book.

Most important, since teacher-friendly, ready-to-use STEM activities are the core 

of this second edition, we’ve gathered more teacher feedback to provide 10 new and 

updated investigations aligned with the revised standards and reflecting the emergent 

emphases on engineering design, STEM, and the 5E method that were present but less 

pronounced in the original 10 activities.

Based on reader reviews from the first edition, we’ve also sought to deepen the activi-

ties as well—beyond explaining what each activity is about, we aim in the new set of 
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Introduction

activities to help teachers engender productive conversations with students about the 

investigations and their resulting data. 

Throughout our work in rewriting the book, though, the same basic goals that moti-

vated us to create Doing Good Science have guided our efforts in this version:

1. Provide a useful resource for science teachers of varying ability and experience 
levels, staying focused on colleagues in their first years of teaching middle 
school science, who serve students in a wide range of school and community 
settings and with differing levels of resources and support.

2. Keep the book readable and user-friendly, addressing the demands teachers 
face concerning integration of STEM and literacy skills.

3. Provide activities that address the standards, engage students (good science is 
fun!), and are neither costly nor dependent on access to science kits or expensive 
technology.

Above all, we want Doing Good Science in Middle School to be a book by teachers, for 

teachers, that can make what you do for your students a little easier, richer, and more 

enjoyable. 

We hope you agree that we achieved our objectives. Enjoy!

—Ole, Rick, Vicki, and Jackie
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A middle school science classroom was once described to us as “a nuclear 

reaction about to happen, on an hourly basis.” At the time, that description 

was meant to illustrate the unstable, unpredictable, and at times irrational 

behavior of a group of middle schoolers. Years later, we know that the 

behavior in question is pretty typical, but it can be significantly more challenging to deal 

with when middle-grade students are confined to neat rows of desks and numbed by 

textbooks, teacher-centered instruction, and lack of meaningful interaction with peers 

or their teachers. 

In this book, we propose opportunities for learning and teaching amidst the sound 

and fury of a different sort of explosive (but productive) middle school science 

classroom. In our experience, good science—by which we mean activity-based STEM 

instruction—promotes the unexpected and delightful development of adolescent 

middle school students.

For us, good science constitutes a shift away from the textbook-centered direct 

instruction that emphasizes discrete factual knowledge claims and passive observation 

of science phenomena toward active, learner-centered, hands-on and minds-on inves-

tigations conducted to some degree by students themselves. Good science and middle 

school learners are very compatible, as we’ll explain in Chapter 1.

Who are we? We are four educators who worked together in Mesa, Arizona, in a 

school district that has embraced good science instruction since 1974. We are among 

those who have come to enjoy the blossoming intellects, often comical behaviors, and 

insatiable curiosity of middle schoolers and who choose to work with them! With more 

than 130 years’ combined experience in the profession, we’ve gathered a lot of ideas to 

share. We know from our interactions with educators around the country that relatively 

few quality resources exist to assist science teachers “in the middle,” and this was a 

central impetus for writing and then updating Doing Good Science in Middle School.

Our book is aligned with A Framework for K–12 Science Education (2012) and the Next 

Generation Science Standards (2013), which set forth eight practices that are fundamental 

to understanding the nature of science:

• Asking questions (for science) and defining problems (for engineering)

• Developing and using models

• Planning and carrying out investigations

Preface
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• Analyzing and interpreting data

• Using mathematics and computational thinking

• Constructing explanations (for science) and designing solutions (for 
engineering)

• Engaging in argument from evidence

• Obtaining, evaluating, and communicating information

We’ve used the Framework (2012), NGSS (2013), and the Common Core State Standards 

(2010) as the basis for recommendations to assist middle-grade science teachers, while 

unpacking the NGSS to make them more easily accessible. Throughout the book, we 

kept in mind teachers who work in self-contained team formats as well as departmen-

talized middle school configurations.

Our work here is meant to meet other important objectives but above all, we intend 

it to be teacher-friendly. We wrote Doing Good Science as practitioners, for practitioners. 

In this book, you will find

• a comprehensive overview of science and engineering practices, STEM, and 
inquiry-based middle school science instruction, aligned with the Framework 
and the NGSS;

• a conscious connection to the Common Core literacy and math skills embedded 
in the NGSS that help determine—and are fostered by—student success in good 
science instruction;

• 10 teacher-tested activities that integrate STEM with literacy skill-building (with 
emphasis on safety in the science classroom); 

• information on best instructional practices including argumentation and 
formative assessment, along with useful print and Web-based resources, science 
associations, workshops, and vendors;

• a solid foothold for new teachers to help them teach science and engineering 
practices while better understanding their often enigmatic middle-grade 
students; and

• an opportunity for veteran teachers to reaffirm that what they do is “good 
science.”

We hope readers will find this book easy to use. It can be read in its entirety or perused 

section by section as a reference for lesson and unit planning and as a basis for evaluat-

ing and modifying existing lessons. It will help teachers explain to their principals why 

their classes at times need to be noisy, bustling, and “social” to be effective.

Preface
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We also hope this book is for some readers a point of departure from relying solely on 

teacher-centered methods with passive text- and worksheet-dependent curricula and in 

favor of the active learning potential and rich teaching opportunities that good science  

makes possible in the middle grades. 

Let the journey begin!
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CHAPTER 12

Activity 5: Some Striped Seeds  
Seem Similar!

Biology: Genetic Variation

F or almost all species, there is a range of variation among the individuals 

within a population of that species. Some of these variations affect the sur-

vivability of individuals, who then become vulnerable and may not endure. 

Some variations are affected by environmental factors. Some variations have 

no effect on survivability, or may not be affected by changes in the environment.

However, there is a pattern in nature that appears almost every time we measure or 

count individuals of a species based on a specific characteristic.

This activity puts students in the role of scientists as they learn about statistics and 

genetic variation within a species and use the statistical understanding to describe 

frequencies of specific variations within a species. In this activity, students will focus on 

the discovery of statistical patterns that emerge from the data.

Safety First
In every activity, we remind you to be certain that you understand the potential risks 

involved and are confident you can ensure your students’ safety. Before attempting any 

of these activities in class, we recommend completing them yourself, and optimally 

with a teaching partner.

STEM
This activity capitalizes on the patterns in nature and how close observations of natural objects 

can reveal a new level of appreciation for mathematical thinking as it is revealed in science.

This activity also introduces students to (or reinforces) a process in which they expe-

rience how scientific knowledge is developed and tested. Then, students use the scientific 

knowledge to predict and test other variations among members of another species.

Tying it to NGSS
Construct an explanation based on evidence that describes how genetic variations of 

traits in a population increase some individuals’ probability of surviving and reproduc-

ing in a specific environment. (MS-LS4-4)

[Clarification Statement: Emphasis is on using simple probability statements and pro-

portional reasoning to construct explanations.]
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CHAPTER 12

Science and Engineering Practices

Analyzing and Interpreting Data

Analyze displays of data to identify linear and nonlinear relationships. (MS-LS4-3)

Analyze and interpret data to determine similarities and differences in findings. 

(MS-LS4-1)

Using Mathematics and Computational Thinking

Use mathematical representations to support scientific conclusions and design solu-

tions. (MS-LS4-6)

Constructing Explanations and Designing Solutions

Apply scientific ideas to construct an explanation for real-world phenomena, examples, 

or events. (MS-LS4-2)

Construct an explanation that includes qualitative or quantitative relationships between 

variables that describe phenomena. (MS-LS4-4)

Plan for safety by determining which engineering controls, safety procedures and per-

sonal protective equipment will be needed.

Obtaining, Evaluating, and Communicating Information
Gather, read, and synthesize information from multiple appropriate sources and assess 

the credibility, accuracy, and possible bias of each publication and methods used, and 

describe how they are supported or not supported by evidence. (MS-LS4-5)

Disciplinary Core Ideas

LS4.B: Natural Selection

Natural selection leads to the predominance of certain traits in a population, and the 

suppression of others. (MS-LS4-4)

Crosscutting Concepts

Patterns

Graphs, charts, and images can be used to identify patterns in data. (MS-LS4-3)
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Connections to Nature of Science

Science assumes that objects and events in natural systems occur in consistent patterns 

that are understandable through measurement and observation. (MS-LS4-1), (MS-LS4-2)

Tying It to Common Core State Standards, ELA
RST.6-8.1 Cite specific textual evidence to support analysis of science and technical texts, 

attending to the precise details of explanations or descriptions. (MS-LS4-4)

RST.6-8.9 Compare and contrast the information gained from experiments, simulations, 

video, or multimedia sources with that gained from reading a text on the same topic. 

(MS-LS4-3), (MS-LS4-4)

WHST.6-8.2 Write informative/explanatory texts to examine a topic and convey ideas, 

concepts, and information through the selection, organization, and analysis of relevant 

content. (MS-LS4-2), (MS-LS4-4)

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coher-

ent manner with relevant evidence, sound valid reasoning, and well-chosen details; 

use appropriate eye contact, adequate volume, and clear pronunciation. (MS-LS4-2), 

(MS-LS4-4)

Tying It to Common Core State Standards, 
Mathematics
MP.4 Model with mathematics. (MS-LS4-6)

6.RP.A.1 Understand the concept of a ratio and use ratio language to describe a ratio 

relationship between two quantities. (MS-LS4-4), (MS-LS4-6)

6.SP.B.5 Summarize numerical data sets in relation to their context. (MS-LS4-4), 

(MS-LS4-6)

7.RP.A.2 Recognize and represent proportional relationships between quantities. (MS-

LS4-4), (MS-LS4-6)

Common Misconceptions
There are numerous misconceptions about genetics and variation among individuals 

of a species. One common misconception is that individual organisms are identical if 
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they are the same species. Another common misconception is that visible differences 

between individuals indicate that they are not the same species.

Textbooks and other teacher resources perpetuate these misconceptions when they 

provide only a superficial explanation without paying attention to how the authors use 

technical vocabulary. Additional sources of misconceptions are the result of the application 

of nonscientific beliefs to influence the interpretation of scientific data.

If you search the internet, you will find many websites that provide a range of explana-

tions about genetic variation. However, exercise caution when evaluating these internet 

sources. NSTA has excellent resources on the topic of evolution and the principles associated 

with it; evolution is, to say the least, a sensitive topic that deserves careful planning to pres-

ent effectively in some school communities. 

We do not have the space to go into great detail in this section; therefore, we suggest 

readers seek additional information from the NSTA website (www.nsta.org) and the NSTA 

Learning Center (learningcenter.nsta.org; search for genetic variation or genetics and heredity).

For more on helping students break through scientific misconceptions, consider the 

resources developed by Dr. Philip Sadler and others associated with the Harvard-Smithsonian 

Center for Astrophysics: see “Minds of Our Own” and other free online resources and video 

resources at www.learner.org/resources/series26.html. 

We also urge readers to consider Page Keeley’s series about identifying the prior knowl-

edge your students bring to your classroom: see Uncovering Student Ideas in Science (http://

uncoveringstudentideas.org). 

Objectives
By the end of this activity, students will have demonstrated the ability to

• collect, analyze, and pool data;

• look closely at biological objects (sunflower seeds), and carefully record data 
regarding patterns among the individuals of a species;

• analyze data and use data tables and graphs to describe patterns in nature (the 
variation in the number of stripes on a sunflower seeds);

• follow procedures consistently; and

• work collaboratively to process large sets of observations.

Academic Language
Trend, bell curve, natural distribution, visual physical graph, biostatistics, range, 

domain, mean, median, variance, seed case, magnifying glass
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Focus Question(s) (Scientific Inquiry)
• Are all sunflower seeds the same?

• How do individual sunflowers seeds vary?

• How much variation is there among individuals of the same species?

• How do scientists and engineers collect large data sets?

• What advantages do scientists and engineers have when they use large data 
sets for analysis?

• When do you know you have enough data to have a high degree of confidence 
to make a “claim based on evidence”?

Framing the Design Problem(s) (Engineering Practice)
Nonnative invasive species are destroying habitat and biodiversity. Biodiversity is a 

measure of the number of different species in a defined geographic area. The health and 

stability of an ecosystem is demonstrated by the biodiversity in that ecosystem.

For example, zebra mussels are mollusks that are destroying fishing, recreational 

boating, and shipping in the Great Lakes. This costs taxpayers millions of dollars each 

year to combat the invasive mussels.

One option for a design problem might look like this: “Based on what you have learned 

about variation among a species in this activity, propose some investigations that will pro-

vide you with the information you could use to develop a device, process, or regulation 

to reduce the number of new zebra mollusks that are introduced into the Great Lakes.”

Refer to Figure 4.3 “The Engineering Design Process” (p. 45) for more information 

about how to frame the design problem for this activity.

Teacher Background
For this activity, students are going to count the number of white stripes on each 

striped sunflower seed. Students need to keep track of the number of seeds with each 

number of stripes and sort the seeds into piles based on the number of stripes on the 

sunflower seeds. After students have completed counting and sorting their sunflower 

seeds, they will

• add their data to the class data on the whiteboard, and

• bring their piles of seeds sorted by number of stripes and add each of their piles 
to the appropriate piles (cylinders; see p. 144) at the front of the room.
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For this activity, you’ll need to collect 16 graduated cylinders or other transparent 

containers and arrange them across a table in order of number of stripes (from 0 stripes to 

15 stripes). Students will collect data in teams of two, and then pool their data as a class.

One way to easily collect the class data is to make a chart on the whiteboard such as the 

Class Data Chart (see sample data tables, below). As students complete their data collec-

tion, they will record their data in their lab notebook data tables as well as the Class Data 

Chart on the board. For additional impact, teachers may collect the class data as a visual 

physical graph—either simple piles of seeds, or in a series of transparent cylinders.  (An 

additional variation in middle schools where teachers change students every class period. 

Teachers can collect data the seeds for each class in plastic bags, and combine multiple 

class periods of data to demonstrate the effects of increasing sample size on the shape of 

the physical graph of data.)

Individual Group Data Table

Number of Stripes 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Number of seeds

Class Data Table

Number of Stripes 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Seed counts from Group 1

Seed counts from Group 2                 

Seed counts from Group 3                 

Seed counts from Group 4                 

Seed counts from Group 5                 

Seed counts from Group 6                 

Seed counts from Group 7                 

Seed counts from Group 8                 

Seed counts from Group 9                 

Seed counts from Group 10                 

Seed counts from Group 11                 

Sum of seed counts                 
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We suggest teachers research various internet resources (including the NSTA Learning 

Center’s information on genetics; there also are many good YouTube videos, Khan 

Academy videos, and TEDed resources) to review content knowledge associated with 

genetic variation.

Preparation and Management
You’ll need to gather the materials for the student work group kits. Each student work 

group will need the following:

• 1 resealable bag of ¾–1 cup of striped sunflower seeds (with an optional 
magnifying glass to see the stripes more clearly). (Safety note: Some seeds 
contain pesticides or herbicides. Remind students not to eat the seeds and also 
wash their hands with soap and water after completing the activity.)

• Safety glasses or goggles

Prep Time
60 minutes to fill the bags of sunflower seeds and prep the cylinders.

Also, schedule time for students to use computers for internet access.

Teaching Time
45–90 minutes

Materials
• Student access to computers to access websites or information printed from 

websites on invasive species (Zebra mussels or other important invasive specie 
in your area), statistics, and biostatistics. 

• Whiteboard, markers, and eraser for each student pair (Large chart paper and 
felt pens can be used in place of whiteboards.)

5E Instructional Model

Engage
Show PowerPoint slides (or YouTube/TeacherTube videos) that show extremes of size 

variation of living organisms.
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Ask students to share what they have heard about or experienced regarding the range 

of sizes of a particular animal or plant, and have students offer any ideas they have to 

explain the variation. (Always ask students to provide evidence or their thinking that 

led them to the idea that they expressed.)

Note: This section is not about being right or having the best answer. The Engage phase is 

all about getting students to think and involve themselves in the topic cognitively. This 

section also provides important information about student thinking and misconceptions.

Preassessment 

Here are two questions you can use to gauge prior knowledge:

• How can you explain the variation among these observations?

• What evidence do you have for your explanation?

These questions may be given as writing prompts or in small-group discussions that 

you observe. You’ll discover how and what students think about their observations (and 

you’ll glimpse their argumentation skills). Your preassessment serves to help you shape 

the rest of the activity and subsequent lessons.

Explore
Tell students that they will work in teams of two to do the work of biostatisticians as we 

investigate the variability of a characteristic in a living organism (the number of white 

stripes on a sunflower seed). 

Pass out the bags of sunflower seeds and have the students count and sort the sunflower 

seeds to determine the number of white stripes on the seeds. They will need to record 

their individual team data, record their data on the class data set, and add their piles of 

sorted seeds into the class visual physical graph setup at the front of the classroom. 

Students should be cautioned to not eat the sunflower seeds as they have been 

handled by students in several different classes. If it’s permitted at your school, you 

could reassure the students that they will be provided with some sunflower seeds to eat 

at the end of the lesson.

Explain
Each team of biostatisticians needs to record the class data and analyze their team data 

as it compares to the class data. Once the teams complete their analyses and compari-

sons, they will compose whiteboard explanations of the benefits and limitations of data 
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based on the sample size of the data. (How does the number of data points affect the 

reliability and validity of claims based on the data?)

These should be shared with the class, and the teacher facilitates the discussion. (This 

is an excellent opportunity to implement formative assessment practices for clarifying 

and reteaching topics and information that may be needed to improve the accuracy of 

what the students have learned.)

After each group has defended its information, the information should be written 

up in an “official report” to be presented (published) for their classmates, family, or 

friends to compel them to increase their critical thinking about information presented in 

advertisements and other presentations.

Elaborate
Students should build on the understanding that there is variability among most indi-

viduals of a species, to develop a series of potential devices or systems/processes to 

reduce the introduction of invasive species (e.g., zebra mussels).

Evaluate
Students are evaluated based on the depth of understanding expressed in their 

Exploration as well as Elaboration phases. The teams with the most thorough explanation 

of the effect of sample size on reliability of claims based on evidence should be given the 

opportunity to reveal their correct understanding to their classmates. Evaluation should 

be based on the quality of their detail and the alignment between claims and evidence in 

the report to their classmates, family, and friends, and the Elaboration information from 

the engineering Design Challenge.

Discussion and Argumentation
Students should be given multiple opportunities to voice their claims and evidence. They 

should also be given the opportunity to refine their claims based on class-pooled evidence.

Discussions are generally facilitated by the teacher and should focus on the nature of 

scientific ways of knowing (systematic review of data and the processes used to collect 

the data). We are not searching for one correct answer. Instead, we suggest the students 

stay focused exploring and articulating what they “know” and the evidence they have. 

If the students need to go back to the activity to run additional tests, that should be 

encouraged. The scope of Discussion and Argumentation depends on the time you have 

available—there is a lot of potential for higher order thinking here.
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You’ll have the opportunity to discuss and debate the notion that “the more data we 

collect, the better,” and to critically review questions such as, “Is there a point where you 

have enough data to make a claim, and there is diminishing return on the investment of 

time and energy to continue collecting data? If there is a point of diminishing returns, 

how do you know when you are at the point where you don’t need to collect additional 

data?”

Differentiation
1. Broader Access Activity: Limit the number of seeds in some of the bags. By 

limiting the number of seeds, students who are easily distracted would have 
their attention focused only on the items necessary for a particular stage of 
the activity and have a reasonable expectation of completing the counting and 
sorting task around the same time that other teams are ready to record their 
data on the class data chart.

2. Extension Activity: Expand the options and have students explore the 
limitations of variability for seeds versus adult body size, or versus sunflower 
stalk height, or versus any other biological variable. Also, students could 
explore the role of genetics and environment on the variability of other types of 
organisms.

3. Modified Assessment: Modify the assessment to focus on the verbal, written, 
or diagrammatic elaboration of the principles in this lesson.

4. Challenge Assessment: Allow students to present a comparison of the effects of 
genetics and environment on variability among individuals of a species. They 
might present the data in multiple representations and provide a rationale for 
how they decided to represent the information.

Note: These are examples as illustrations of possible differentiation options. The actual 

adaptations you create will depend on the results of your preassessment and ongoing 

formative assessments of individual students.
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vs. traditional teaching methods, 1, 6, 13, 

24, 26, 30, 37, 71, 74, 76
assessments, 78–80, 83
transforming traditional lessons, 77–78, 

79, 225

Green science classroom, 68

H
Hand-washing, 66
Hands-on minds-on investigations, xv, 9, 14, 

26, 29, 36, 41, 64, 72, 77, 87, 175
Harvard-Smithsonian Center for Astrophysics, 

98, 110, 121, 132, 142, 152, 165, 175, 
185, 199

High-stakes testing, 35, 36, 39
Human impact on Earth systems. See 

Conserving the Drops of Drips activity

I
Information, obtaining, evaluating, and 

communicating, xvi, 34, 39, 88
Inquiry, scientific, 12–13, 224

engineering design and, 12, 42–44
invitation to inquiry grid, 14
purpose of, 44
scientific reasoning and, 16
structured, 23

Integration, interdisciplinary, 39–54
definition of, 224
engineering design and, 42, 42–44, 43, 45
engineering design fair, 44–46
role of art and design in STEM education, 

47
science and literacy, 48–53

personalizing activities, 50–52
reading, 52–53
science lab notebooks, 49–50, 51

science and mathematics, 53–54
technology, 46–46, 54

Invisible Force Fields activity, 95–106
academic language for, 99
differentiation options for, 105–106
discussion and argumentation for, 104
5E Instructional Model for, 102–104
focus questions for, 99
framing design problem(s) for, 99
materials for, 100–101
misconceptions related to, 98
objectives of, 99
option if time allows, 105
prep and teaching time for, 101
safety for, 95
STEM in, 95
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teacher background for, 99–100
tying to Common Core State Standards, 

97–98
tying to NGSS, 95–97

J
Jones, Bruce, 28

K
Keeley, Page, 82, 98, 110, 121, 132, 142, 152, 

165, 175, 186, 199
Keeping Your Cool activity, 107–115

academic language for, 111
differentiation options for, 115
discussion and argumentation for, 115
5E Instructional Model for, 112–115
focus questions for, 111
framing design problem(s) for, 111
materials for, 112
misconceptions related to, 110
objectives of, 110–111
prep and teaching time for, 112
safety for, 107
STEM in, 107
teacher background for, 111
tying to Common Core State Standards, 

109–110
tying to NGSS, 107–109

Khan Academy videos, 99, 111, 121, 145, 166
Kits, xiv, 23, 41, 54, 88

for Bridge Buster activity, 123–124
definition of, 224
for Invisible Force Fields activity, 100–101
for Some Striped Seeds Seem Similar! 

activity, 145

L
Lab report form, 227–228
Lab safety rules, 66, 67, 233. See also Safety
Leadership and Assistance for Science 

Education Reform (LASER), 213
Learner-centered instruction, xv, 1, 2, 10, 

24, 26, 58, 73–74, 74, 205. See also 
Differentiation

Learning science as a process, 29–30
Lectures, 1, 2, 6, 10, 23, 25, 26, 28, 69, 71, 76
Lesson planning. See also specific activities

for classroom management, 63–64

5E Instructional Model for, 27–28, 89
formative assessment for, 82
learner-centered, 74, 74
transforming traditional lessons, 77–78, 79
use of templates for, 87

Literacy and science, xvi, xiii, 14, 35, 48–53, 
215

personalizing activities, 50–52
reading, 52–53
sample lab report form, 227–228
science lab notebooks, 20, 49–50, 51
STEM education, xiv, xvi, 39

Llewellyn, Doug, 10, 11, 15–16, 21, 76–77

M
Magnetic fields. See Invisible Force Fields 

activity
Mathematical reasoning, 47, 96, 98, 151, 160, 

164, 174, 198
Mathematics, 6, 14, 39, 53–54, 215

artistic creativity and, 47
Common Core State Standards for, 17, 31, 

35, 53, 90
occupations in, 217
as science and engineering practice, xvi, 

34, 39, 88
in STEM education, 39, 40, 41, 89, 216, 

218, 225
McTighe, Jay, 73, 77
Meet Me in the Middle, 50–51, 83
Metacognition, 84, 224
Middle school learners, xv, 1–7, 9, 69, 80, 205

classroom management vs. discipline of, 
58–61, 60 (See also Classroom 
management)

creating an emotionally safe environment 
for, 68–69

desire for autonomy, 1, 2, 4, 10, 11, 21, 33, 
75

differentiated instruction for, 73–77
dispositions toward learning, 6, 74
diversity of, 18, 63, 73
expectations of, 4, 18, 18, 19, 32, 50, 57–

62, 60, 64, 65, 223
first days with, 57–58
fostering metacognition of, 84
match between good science and, 1–2, 2, 

10
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need for structure, 4, 23, 48, 59
offering choices to, 75, 76
overview of STEM activities for, 87–93
passion for discovery, 6–7
positive reinforcement of, 61–62
response to good science, 30
as thinkers, 5–6
typically atypical, 2–4

Misconceptions of students, 14, 51, 71, 82, 98, 
106

related to specific activities, 90
An Ounce of Prevention, 131–132
Bridge Buster, 121
Conserving the Drops of Drips, 152
Invisible Force Fields, 98
Keeping Your Cool, 110
Only the Strong Survive!, 164–165
Saving the World—One Ecosystem at a 

Time, 175
Some Striped Seeds Seem Similar!, 

141–142
Super Sleuths Saving Civilization, 199
Thinking Like Scientists and Engineers, 

185
Models, developing and using, xv, 9, 32, 34, 

39, 63, 83, 88
in Bridge Buster activity, 119
in Only the Strong Survive! activity, 159
science lab notebooks and, 49, 51
in Thinking Like Scientists and Engineers 

activity, 182, 183, 187
Motivation, 4, 21, 71

extrinsic, 62
intrinsic, 10, 75

Museum of Science, Boston, Technology and 
Engineering Curriculum Review, 213

N
National Academy of Science, 30
National Middle Level Science Teachers 

Association (NMLSTA), 213
National Middle School Association (NMSA), 

213
National Research Council (NRC), 29, 30, 41
National Science Education Leadership 

Association (NSELA), 213
National Science Education Standards, 30
National Science Resources Center (NSRC), 

213, 214
National Science Teachers Association 

(NSTA), 213, 214
NSTA Learning Center, 82, 98, 106, 110, 

111, 121, 123, 133, 142, 145, 165, 
175, 185, 188, 199

publications of, 206–207
Natural disasters. See An Ounce of Prevention 

activity; Super Sleuths Saving 
Civilization activity

Natural selection. See Only the Strong 
Survive! activity

Nature of science, xv, 5, 32, 36, 39, 48
asking questions and questioning answers, 

11
discovery of, 9–24
helping students grasp, 9–10
NGSS statement on, 29
in Only the Strong Survive! activity, 161, 

162, 163
scientific argumentation, 14–16, 15–17
in Some Striped Seeds Seem Similar! 

activity, 141
Next Generation Science Standards (NGSS), 

xv–xvi, 11, 30–35
assessment boundary for, 33, 96
background and creation of, 30–31
compared with former standards, 32
crosscutting concepts in, 1, 12, 13, 32, 33, 

34, 87–88, 90
disciplinary core ideas in, 1, 12, 13, 33, 34, 

43, 87, 90
emphasis on collaborative learning, 17
foundation boxes for, 33–34
good science and, 31–33
inquiry and, 12
integration with Common Core State 

Standards, 35
performance expectations in, 32, 33, 82
science and engineering practices in, xv–

xvi, 1
statement on the nature of science, 29
STEM education and, 41–42
tying STEM activities to, 90

An Ounce of Prevention, 129–130
Bridge Buster, 118–120
Conserving the Drops of Drips, 149–151
Invisible Force Fields, 95–97
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Keeping Your Cool, 107–109
Only the Strong Survive!, 160–163
Saving the World—One Ecosystem at a 

Time, 173–174
Some Striped Seeds Seem Similar!, 

139–141
Super Sleuths Saving Civilization, 197–

198
Thinking Like Scientists and Engineers, 

182–184
understanding and application of, 33–35

Note taking, 1, 20, 25, 26
Notebooks. See Science lab notebooks
NSTA Learning Center, 82, 98, 106, 110, 111, 

121, 123, 133, 142, 145, 165, 175, 185, 
188, 199

O
Objectives of activities, 90. See also specific 

activities
Obtaining, evaluating, and communicating 

information, xvi, 34, 39, 88
Only the Strong Survive! activity, 159–172

academic language for, 166
differentiation options for, 171–172
discussion and argumentation for, 171
5E Instructional Model for, 168–170
focus questions for, 166
framing design problem(s) for, 166
materials for, 168
misconceptions related to, 164–165
objectives of, 165
option if time allows, 171
prep and teaching time for, 168
preparation and management of, 167
safety for, 159
STEM in, 159–160
teacher background for, 166
tying to Common Core State Standards, 

163–164
tying to NGSS, 160–163

P
Parental safety acknowledgment form, 64–65
Payne, Ruby, 62
Performance expectations, 32, 33, 82
Periodicals, 212
Personal protective equipment, 65, 66, 67, 91. 

See also specific activities
Personalizing literacy in science, 50–52
Physical science activities

Invisible Force Fields, 95–106
Keeping Your Cool, 107–115

Planck, Max, 47
Planning and carrying out investigations, xv, 

32, 34, 39, 88
Population dynamics. See Only the Strong 

Survive! activity
Positive reinforcement of students, 61–62
Praising students, 61–62
Pratt, Harold, 12
Preparation and management of activities, 91
Pretests, diagnostic, 27, 64, 75, 80–82
Print resources, 206–207, 209–211
Problem-solving skills, 6, 10, 29, 36, 39, 46, 

47, 74, 82, 90, 129, 219, 220
Process of learning science, 29–30

Q
Questioning. See Asking questions and 

defining problems; Focus questions

R
Rajesh, Hema, 15–16
Reading and science, 20, 34, 39, 48, 52–53
Reading comprehension prompts, 52–53
Reasoning

mathematical, 47, 96, 98, 151, 160, 164, 
174, 198

scientific, 10, 11, 16, 16, 91, 97, 108, 150
Resources, xvi, 205–213
Rewarding students, 61–62
Rising Above the Gathering Storm, 39
Robotics, xiii, 46–47
Roy, Kenneth, 66, 67, 68

S
Sadler, Philip, 98, 110, 121, 132, 142, 152, 

165, 175, 185, 199
Safety, 64–67, 89, 92

acrylic nails and fire safety, 67
creating an emotionally safe environment, 

68–69
emergency procedures, 65, 66, 67, 233
hand-washing for, 66
key procedures for, 65
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lab safety rules, 66, 67, 233
no substitute for, 66–67
personal protective equipment for, 65, 66, 

67, 91
quizzes on, 64
refresher training for teachers, 64
safety acknowledgment forms, 64–65
“See Me” rule for, 66–67
teaching, 64–65

Saving the World—One Ecosystem at a Time 
activity, 173–180

academic language for, 175
differentiation options for, 180
discussion and argumentation for, 179
5E Instructional Model for, 177–179
focus questions for, 176
framing design problem for, 176
materials for, 177
misconceptions related to, 175
objectives of, 175
prep and teaching time for, 177
preparation and management of, 177
safety for, 173
STEM in, 173
teacher background for, 176–177
tying to Common Core State Standards, 

174
tying to NGSS, 173–174

Scaffolding strategies, 11, 19, 76, 180
Science and engineering practices, 5, 10, 11, 

22, 23, 33, 36, 47, 61, 71, 87
adapting traditional lessons to include, 77
assessment of, 78–80
definition of, 1, 33
list of, xv–xvi, 9, 32, 34, 39, 88, 187
science lab notebooks and, 49
shift from inquiry to, 12, 13
for specific activities

An Ounce of Prevention, 130
Bridge Buster, 118–119, 122, 126
Conserving the Drops of Drips, 150, 153
Invisible Force Fields, 96–97, 99, 105
Keeping Your Cool, 108, 111
Only the Strong Survive!, 161, 166, 171
Saving the World—One Ecosystem at a 

Time, 173, 175, 176
Some Striped Seeds Seem Similar!, 140, 

143

Super Sleuths Saving Civilization, 197–
198, 200

Thinking Like Scientists and Engineers, 
181, 182, 186–187, 194, 195

teaching safety for, 64
technology and, 54

Science Careers, 216
Science fairs, 44, 46
Science kits. See Kits
Science lab notebooks, 20, 49–50, 83

checklist for evaluation of, 51
collaborative table groups and, 20
definition of, 224
as formative assessment, 49, 224
modeling use of, 50
structure of, 49

Science preferences survey, 75, 75, 81
Science process skills, 63–64
Scientific literacy, 212, 215
Scientific method, 10, 12, 13, 185, 225
Scientific reasoning, 10, 11, 91, 97, 108, 150

argumentation and, 16, 16
Shifts in science education, 11, 13, 30

subtle, 36–37, 57, 77, 214, 225
Some Striped Seeds Seem Similar! activity, 

139–148
academic language for, 142
class data tables for, 143–144
differentiation options for, 148
discussion and argumentation for, 147–148
5E Instructional Model for, 145–147
focus questions for, 143
framing design problem(s) for, 143
materials for, 145
misconceptions related to, 141–142
objectives of, 142
prep and teaching time for, 145
safety for, 139
STEM in, 139
teacher background for, 143–145
tying to Common Core State Standards, 

141
tying to NGSS, 139–141

Standards. See also Next Generation Science 
Standards

resources about, 205
STEM activities, xv, xvi

content- and kit-based instruction, 87–89
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5E Instructional Model for, 89, 91
independent use of, 93
list of, 92–93
overview of, 87–93
safety for, 64–67, 67, 89, 92.233
samples of, 92–93

An Ounce of Prevention, 129–137
Bridge Buster, 117–127
Conserving the Drops of Drips, 149–157
Invisible Force Fields, 95–106
Keeping Your Cool, 107–115
Only the Strong Survive!, 159–172
Saving the World—One Ecosystem at a 

Time, 173–180
Some Striped Seeds Seem Similar!, 

139–148
Super Sleuths Saving Civilization, 197–

204
Thinking Like Scientists and Engineers, 

181–195
template for, 89–92
variations of, 92

STEM careers, 32, 42, 216–221
income from, 219
partial list of, 217
21st-century skills for, xiii, 6, 17, 26, 29, 31, 

42, 44, 47, 220
undergraduate degree fields and majors for, 

218
STEM education, 39–54

definitions of, 40–41, 225
emphasis on, 39–40, 41
engineering design, 42–44 (See also 

Engineering design)
good science and, 47
guiding principles for, 42
learning outcomes of, 220
NGSS and integration of, 41–42
role of art and design in (STEAM or 

STEM-D), 47
technology in, 46–47, 54

Subtle shifts in science education, 36–37, 57, 
77, 214, 225

Summative assessment, 13, 74, 76, 78, 79, 81
Super Sleuths Saving Civilization activity, 

197–204
academic language for, 199
CRAFT format for, 200–201

differentiation options for, 203–204
discussion and argumentation for, 203
5E Instructional Model for, 202–203
focus questions for, 199–200
framing design problem(s) for, 200
materials for, 202
misconceptions related to, 199
objectives of, 199
prep and teaching time for, 201–202
preparation and management of, 201
STEM in, 197
teacher background for, 200
tying to Common Core State Standards, 

198
tying to NGSS, 197–198

T
Table groups. See Collaborative table groups
Teacher background for activities, 91. See 

also specific activities
Teacher-centered instruction, xv, xvii, 1, 2, 10, 

11, 13, 25, 36, 54
vs. learner-centered instruction, 73–74, 74

Teamwork, 6, 67, 74, 220. See also 
Cooperative learning

Technology, xiii, 46–47, 54. See also STEM 
education

digital media, 3, 5, 13, 29, 46, 54, 83
Testing and communication. See Thinking Like 

Scientists and Engineers activity
Textbooks, xiii, xv, 1, 6, 10, 25, 28, 36, 37, 64, 

79, 98, 142, 215
Thinking like scientists and engineers, 9, 10, 

14, 16, 28, 64, 80, 91
Thinking Like Scientists and Engineers activity, 

181–195
academic language for, 186
differentiation options for, 195
discussion and argumentation for, 194
5E Instructional Model for, 190–194
focus questions for, 186
framing design problem(s) for, 186–187
materials for, 188
misconceptions related to, 185–186
objectives of, 186
option if time allows, 195
prep and teaching time for, 188, 192–193
safety for, 181
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sample student lab report, 189
STEM in, 181
teacher background for, 187–188
tying to Common Core State Standards, 

184–185
tying to NGSS, 182–184

Tomlinson, C. A., 77
Traditional teaching methods vs. good 

science, 1, 6, 13, 24, 26, 30, 36, 37, 71, 
74, 76

assessments, 78–80, 83
transforming traditional lessons, 77–78, 79, 

225
21st-century skills, xiii, 6, 17, 26, 29, 31, 42, 

44, 47, 220

U
Uncovering Student Ideas in Science, 98, 110, 

121, 132, 142, 152, 165, 175, 186, 199

W
Water conservation. See Conserving the 

Drops of Drips activity
Weather disaster. See Super Sleuths Saving 

Civilization activity
Web-based and multimedia resources, 207–

208
Wong, Harry and Rosemary, 57

World Class Learners, 35
Wormeli, Rick, 3, 50–51, 69, 83
Write-pair-share strategy, 22–24
Writing and science, xiii, 15, 20, 39, 48, 74, 91

personalizing literacy activities, 50–52
reading and, 52–53
sample design challenge report form, 

229–231
sample lab report form, 227–228
science lab notebooks, 20, 49–50, 51

Writing prompts, 52
for An Ounce of Prevention activity, 135
for Conserving the Drops of Drips activity, 

155
for Invisible Force Fields activity, 103
for Keeping Your Cool activity, 113
for Only the Strong Survive! activity, 169
for Saving the World—One Ecosystem at a 

Time activity, 178
for Some Striped Seeds Seem Similar! 

activity, 146
for Super Sleuths Saving Civilization 

activity, 202
for Thinking Like Scientists and Engineers 

activity, 190

Z
Zhao, Yong, 29, 35–36
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Doing Good Science in Middle School

“We are among those who have come to enjoy the blossoming intellects, often comical 
behaviors, and insatiable curiosity of middle schoolers—and choose to work with them! 
With more than 130 years of combined experience in the profession, we’ve gathered a 
lot of ideas to share. We know from our interactions with educators around the country 
that precious few quality resources exist to assist science teachers ‘in the middle,’ and 
this was a central impetus for updating Doing Good Science in Middle School.”

—From the preface

This lively book contains the kind of guidance that could only come from veterans 
of the middle school science trenches. The authors know you’re crazy-busy, so they 
made the book easy to use, whether you want to read it cover to cover or pick out 
sections to help you with lesson planning and classroom management. They also 
know you face new challenges, so they thoroughly revised this second edition to 
meet the needs of today’s students. The book contains

 · big-picture concepts, such as how to understand middle school learners 
and explore the nature of science with them;

 · a comprehensive overview of science and engineering practices, STEM, 
and inquiry-based middle school science instruction, aligned with  
A Framework for K–12 Science Education and the Next Generation  
Science Standards;

 · 10 new and updated teacher-tested activities that integrate STEM with 
literacy skill-building; 

 · information on best instructional practices and professional- 
development resources; and

 · connections to the Common Core State Standards in English language 
arts and mathematics.

If you’re a new teacher, you’ll gain a solid foundation in how to teach 
science and engineering practices while better understanding your often-
enigmatic middle-grade students. If you’re a veteran teacher, you’ll benefit 

from a fresh view of what your colleagues are doing in new times. Either 
way, Doing Good Science in Middle School is a rich opportunity to reaffirm that 

what you do is “good science.”
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