
© 2019 Hawker Brownlow Education • 9781760567569 • NST7569 iii

CONTENTS
 FOREWORD vii
 DEDICATION xv
 ACKNOWLEDGMENTS xv
 ABOUT THE AUTHORS xv

1 INTRODUCTION: WHAT WE DID IN THIS BOOK AND WHY 1

2 ASKING QUESTIONS AND DEFINING PROBLEMS 9

Recommended Science Teaching Strategy: Designating Makerspaces .......................................................................... 9 

Scientists and Engineers Are THINKERS—Learning About Philo Farnsworth ........................................... 11
The Boy Who Invented TV: The Story of Philo Farnsworth by Kathleen Krull

Scientists and Engineers Are INSPIRED—Learning About Thomas Edison .............................................. 22
Young Thomas Edison by Michael Dooling

Scientists and Engineers Are DILIGENT—Learning About George Washington Carver ........................35
A Picture Book of George Washington Carver by David A. Adler

3 DEVELOPING AND USING MODELS 47

Recommended Science Teaching Strategy: Graphic Organizers as Models .................................................................47

Scientists and Engineers Are IMAGINATIVE—Learning About Annie Jump Cannon ............................. 49
Annie Jump Cannon, Astronomer by Carole Gerber

Scientists and Engineers Are VISIONARY—Learning About George Washington Ferris Jr. .............. 60
Mr. Ferris and His Wheel by Kathryn Gibbs Davis

Scientists and Engineers Are PATIENT—Learning About Gregor Mendel ................................................. 69
Gregor Mendel: The Friar Who Grew Peas by Cheryl Bardoe

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



iv NST7569 • 9781760567569 • © 2019 Hawker Brownlow Education

4 PLANNING AND CARRYING OUT INVESTIGATIONS 81

Recommended Science Teaching Strategy: Eff ective Questioning................................................................................. 81

Scientists and Engineers Are OBSERVANT—Learning About Jane Goodall ............................................. 83
The Watcher: Jane Goodall’s Life With the Chimps by Jeanette Winter

Scientists and Engineers Are PUZZLERS—Learning About Charles Darwin ............................................ 93
Darwin: With Glimpses Into His Private Journal and Letters by Alice B. McGinty

Scientists and Engineers Are INTUITIVE—Learning About Barnum Brown  .......................................... 104
Barnum’s Bones: How Barnum Brown Discovered the Most Famous Dinosaur in the World by Tracey Fern

5 ANALYZING AND INTERPRETING DATA 119

Recommended Science Teaching Strategy: Integration of Science and Mathematics ............................................. 119

Scientists and Engineers Are DEDICATED—Learning About Wilson Bentley ......................................... 121
Snowfl ake Bentley by Jacqueline Briggs Martin

Scientists and Engineers Are DREAMERS—Learning About Luke Howard .............................................. 131
The Man Who Named the Clouds by Julie Hannah and Joan Holub

Scientists and Engineers Are CURIOUS—Learning About John James Audubon .................................. 141
The Boy Who Drew Birds: A Story of John James Audubon by Jacqueline Davies 

6 USING MATHEMATICS AND COMPUTATIONAL THINKING  157

Recommended Science Teaching Strategy: Probeware and Digital Media ................................................................157

Scientists and Engineers Are INNOVATIVE—Learning About Ada Byron Lovelace ............................. 159
Ada Byron Lovelace and the Thinking Machine by Laurie Wallmark

Scientists and Engineers Are COURAGEOUS—Learning About Galileo Galilei......................................173
Starry Messenger by Peter Sís

Scientists and Engineers Are CONFIDENT—Learning About Jacques Cousteau .................................. 182
Manfi sh: A Story of Jacques Cousteau by Jennifer Berne 

CONTENTS

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



© 2019 Hawker Brownlow Education • 9781760567569 • NST7569 v

7 CONSTRUCTING EXPLANATIONS (SCIENCE) AND DESIGNING SOLUTIONS 
(ENGINEERING) 193 
Recommended Science Teaching Strategy: KLEW Charts ............................................................................................ 193

Scientists and Engineers Are CLEVER—Learning About Elijah McCoy .................................................... 195
The Real McCoy: The Life of an African-American Inventor by Wendy Towle

Scientists and Engineers Are PERSISTENT—Learning About John Roebling ........................................ 208
The Brooklyn Bridge: The Story of the World’s Most Famous Bridge and the Remarkable Family That Built It by Elizabeth Mann

Scientists and Engineers Are INVENTIVE—Learning About William Kamkwamba ............................. 218
The Boy Who Harnessed the Wind by William Kamkwamba and Bryan Mealer

8 ENGAGING IN ARGUMENT FROM EVIDENCE 235

Recommended Science Teaching Strategy: Science Talk ..............................................................................................235

Scientists and Engineers Are RISK TAKERS—Learning About Nikola Tesla .......................................... 237
Electrical Wizard: How Nikola Tesla Lit Up the World by Elizabeth Rusch

Scientists and Engineers Are FEARLESS—Learning About Sylvia Earle ..................................................249
Life in the Ocean: The Story of Oceanographer Sylvia Earle by Claire A. Nivola

Scientists and Engineers Are CREATIVE—Learning About Waterhouse Hawkins .............................. 260
The Dinosaurs of Waterhouse Hawkins by Barbara Kerley

9 OBTAINING, EVALUATING, AND COMMUNICATING INFORMATION  273

Recommended Science Teaching Strategy: Citizen Science .......................................................................................  273

Scientists and Engineers Are PERSUASIVE—Learning About Rachel Carson .......................................276
Rachel Carson and Her Book That Changed the World by Laurie Lawlor

Scientists and Engineers Are PASSIONATE—Learning About Wangari Maathai ..................................286
Seeds of Change: Wangari’s Gift to the World by Jen Cullerton Johnson

Scientists and Engineers Are INQUISITIVE—Learning About Carl Sagan ...............................................296
Star Stuff : Carl Sagan and the Mysteries of the Cosmos by Stephanie Roth Sisson

CONTENTS

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



vi NST7569 • 9781760567569 • © 2019 Hawker Brownlow Education

CONTENTS

10 BEYOND EUREKA! TEACHING HOW SCIENTISTS AND ENGINEERS WORK 309

Recommended Science Teaching Strategy: Concept Mapping .................................................................................... 310

Scientists and Engineers Use MODIFICATION  ..................................................................................................... 311
Papa’s Mechanical Fish by Candace Fleming

Scientists and Engineers Use IDEA DEVELOPMENT .......................................................................................... 321
What Do You Do With an Idea? by Kobi Yamada

Scientists and Engineers Use DESIGN PROCESS .............................................................................................  327
Rosie Revere, Engineer by Andrea Beaty

 LESSON GUIDELINES 335
Appendix A: Overview of Featured Books ..............................................................................................................................................339

Appendix B: Timeline of Featured Scientists and Engineers ..............................................................................................................342

Appendix C: Lesson Connections to the NGSS and the Nature of Science, Grades 3–5 .............................................................343

Appendix D: Glossary of Character Traits ..............................................................................................................................................350

Appendix E: Recommended Science Teaching Strategies ..................................................................................................................351

Index ................................................................................................................................................................................................................363

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



© 2019 Hawker Brownlow Education • 9781760567569 • NST7569 1

We are so grateful you are reading this book 

right now, and as experienced classroom 

educators, our goal is to make your teach-

ing easier and more meaningful for your stu-

dents. As former teachers, we have a deep and 

long-standing passion for teaching science and 

an unwavering respect for your efforts to meet 

new demands associated with the teaching pro-

fession. Today’s classrooms are multifaceted; we 

know that what you do is challenging and that 

you have many choices for the resources you 

select in your classroom. We also realize that you 

choose to spend a great deal of your personal 

time and money to maximize learning options for 

your students. So we designed the lessons in this 

book around trade books you can borrow from 

your school library to enable you to manage the 

hands-on activities on a modest budget.

The Book’s Title
The book’s title is inspired by a familiar, centu-

ries-old expression: “Eureka, I’ve found it!” This 

saying comes from a legend about Archimedes, 

one of the very first scientists (and the founder 

of modern-day physics). As the story goes, Heiro, 

the king of Syracuse in that day, was skepti-

cal about the goldsmith who had made his new 

crown, suspecting that instead of using pure 

gold, the goldsmith had mixed in some silver. 

King Heiro sought someone who could prove 

whether the crown was made of pure gold, and 

he summoned Archimedes, the greatest math-

ematical thinker of the time. Archimedes mulled 

over the problem night and day—and then one 

day, the answer came to him as he was stepping 

into his bath. He was so excited about solving the 

problem that he forgot he wasn’t wearing clothes 

and, wearing nothing but his birthday suit, ran 

up and down the street yelling, “Eureka! Eureka! 

I have found it! I have found it!”

You might be wondering, “How did the bath-

tub help Archimedes answer his question?” 

Well, as Archimedes stepped into the bathtub, 

he noticed that his body caused the water to rise 

and some of it to flow over the sides of the tub. 

He connected this experience to the problem with 

the king’s crown. Archimedes expected that the 

specific weights of gold and silver would be dif-

ferent, which would allow him to easily discern 

how much water a gold crown should displace 

and thus show whether King Heiro’s crown was 

made of pure gold.

Teacher’s note: The children’s book Mr. Archimedes’ 
Bath (1980) provides a whimsical rendition of this 

story, with some detail about how Archimedes might 

have measured the displaced bathtub water. You are 

likely to find this book in your school library. We cau-

tion you to read this story yourself before sharing 
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it with your students because some teachers have 

expressed concern about the “naked man” illustra-

tions (which are cartoon-like views of Archimedes’ 

backside).We have found that children do under-

stand the author–illustrator’s intended humor.

We were inspired to use the word eureka 

because we expect many people to be familiar 

with that old expression and the storied connec-

tion it has to the character and work of a scientist. 

There are many wonderful stories about scientists 

and engineers and their work, and we incorpo-

rate 27 of them in the activities of this book. We 

believe these biographical stories will expand stu-

dents’ knowledge and understanding of who sci-

entists are, what scientists do, and why science is 

important—and will inspire children to see them-

selves as budding scientists. We hope, too, that 

the activities will help children recognize their 

own character traits and encourage them to think 

about their potential as future scientists.

Chapters and Lessons
We created 27 lessons linking nonfiction histori-

cal trade books and science content that uniquely 

enable you to model scientific thinking by link-

ing stories of scientists with your elementary 

(grade 3–5) science lessons. Our bold new idea 

is that biographies of scientists can allow you to 

highlight the human dimension of scientists and 

engineers while you encourage science learning. 

We think these stories will broaden students’ per-

ceptions of scientists and engineers as real people 

and add explicit and implicit opportunities for 

them to consider science and engineering careers.

We like to think of this book as a way to invite 

scientists and engineers into your classroom 

without the hassle of finding and scheduling 

guest speakers. Each chapter of this book pres-

ents three lessons based on a children’s literature 

biography of a scientist. Each lesson is organized 

according to its Next Generation Science Standards 

(NGSS; NGSS Lead States 2013) support, a recom-

mended science teaching strategy, the learning-

cycle format, and the character trait of the scientist 

or engineer that contributed to his or her success. 

Appendix A (p. 339) lists all of these biographies 

with their publication information, and Appendix 

B (p. 342) places these scientists and engineers into 

a timeline. Each lesson includes a sample rubric to 

evaluate your students’ understanding of practices 

and concepts associated with these lessons.

Next Generation Science Standards
Each book chapter supports the science and engi-

neering practices outlined in the NGSS (NGSS 

Lead States 2013) for grades 3–5. The NGSS con-

nections provide the most universal organiza-

tional structure; however, we expect that teachers 

will approach these lessons from the standpoint 

of a variety of state standards and expectations. 

Within the NGSS connections, we focused on the 

NGSS language but linked the activities to grades 

3–5 as a group rather than to the specific grade-

band end points in the Framework (NRC 2012).

The real innovation of the NGSS is its inte-

grated, three-dimensional performance expecta-

tions (NRC 2012): disciplinary core ideas (DCIs), 

science and engineering practices, and crosscut-

ting concepts (ideas and practices that cut across 

the science disciplines). To help you and your stu-

dents recognize science as a human endeavor, we 

encourage applying a fourth dimension of perfor-

mance expectations: the nature of science. In each 

lesson, we suggest a variety of options, and we 

encourage you to choose components of all four 

dimensions as you hone each lesson to fit your 

own classroom needs.

Thus, we structured the lessons in Eureka! to 

include four elements—the three dimensions of 

high-quality science (DCIs, science and engineer-

ing practices, and crosscutting concepts), as well 

as their connections with the nature of science, 
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as outlined by the Framework (NRC 2012). First, 

each chapter is organized according to one of the 

eight science and engineering practices. Three sci-

entist and engineer biographies in each chapter 

help students recognize these practices, and the 

lessons related to these biographies will guide 

students’ active experiences in these practices. 

Next, each biography and its associated lesson 

are connected to the crosscutting concepts and 

the science and engineering practices in the DCIs. 

Teachers’ decisions about how to implement each 

lesson may vary, and these NGSS references will 

help to guide teachers in lesson selection and 

implementation. Appendix C (p. 343) lists the 

NGSS connections by chapter and by scientist or 

engineer.

Character Traits
Each featured scientist and engineer is introduced 

with a character trait. These capture the unique 

human qualities of the scientists and introduce 

the human assets of scientists’ dispositions. It is 

important to mention that every individual has 

such traits, and the focus here is on helping stu-

dents understand that scientists and engineers 

are people and express personal, human traits 

that enable them to be successful.

Character traits will be a familiar focus for your 

students from their previous learning involving 

review of fictional literature and development 

of insight into the specific events in a story (e.g., 

“Why was Goldilocks asleep in the mother bear’s 

bed when the bears returned home?”). Character 

traits include a person’s behaviors, thoughts, and 

beliefs related to universal principles, moralities, 

and integrity and their commitment to live by those 

principles. Positive character traits can engender 

personal and societal benefits and encourage other 

people to believe in you—and have been integral 

to the successful endeavors of the historic men and 

women of science and engineering depicted in the 

biographies in this book.

Scientists’ and engineers’ character traits also 

describe their dispositions toward science and 

engineering. Binns, Koehler, and Bloom (2015) 

became interested in the universal nature of the 

character traits and dispositions of scientists 

(DOS) because these guide our perception of 

scientists and their work. Through their study 

of popular films about scientists, they identi-

fied nine such dispositions: passion, excitement, 

pragmatic, collaborative, intuitive, inquisitive, 

creative, risk-taking, and persistent. In this book, 

we followed on the work of Binns, Koehler, and 

Bloom (2015) to identify the character traits of the 

24 scientists and engineers introduced through 

the biographies. (See Appendix  D, Glossary of 

Character Traits [p. 350].) We believe explic-

itly teaching a human character trait along with 

learning the stories of scientists and engineers 

will help to humanize children’s conception of 

scientists and engineers and the nature of their 

work. As we suggest later in this chapter, this 

improved awareness of the nature of scientists’ 

and engineers’ work may be integral to inspiring 

the next generation of science, technology, engi-

neering, and mathematics (STEM) workers.

Recommended Science Teaching 
Strategies
In each chapter, we recommend a science teach-

ing strategy that relates to each of the science and 

engineering practices. These include our own 

stories of tried and true experiences in the science 

classroom—often lessons learned by the teacher!

As an example, Donna remembers the fall she 

grabbed her fading sunflowers out of the ground 

(roots and all) and took them to school to teach 

students about making observations. She directed 

her students to observe the sunflowers, draw a 

picture of them, and write five observations about 
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them in sentence format. Donna thought she had 

given her third graders a simple, straightforward 

task but was disappointed to read their simplistic 

notes: “The stalks are green,” “the plants are tall,” 

and the “flowers are beautiful.” In this teacher 

lesson moment, Donna learned how to teach her 

students to observe like scientists.

Although observation can be interpreted as 

a simple process skill, its value should not be 

underestimated. Scientists often begin their work 

with long-term observations to help them form 

their research questions—but one does not need 

to be a professional scientist to observe. Observ-

ing people, places, and things is a natural inclina-

tion for the youngest of people—and yet is one 

of the most misunderstood and underused of the 

process skills. The broader application of the term 

observation includes the use of all of the senses as 

a means of understanding the world in which we 

live (Bell 2007). Observations are subject to inter-

pretation, and it is important to teach children to 

focus on the facts and not their opinions.

What Donna learned was that children need 

explicit instructions about how to observe like 

a scientist observes. She began teaching them 

this  by asking students to make observations 

about her as a teacher. As soon as one child 

suggested something such as “You’re pretty,” 

Donna began to question the list of observations 

and focus on the evidence (or lack thereof). As 

Donna questioned students, “Am I as pretty as 

Jennifer Aniston?,” the class began to giggle. 

Now she could help the class focus on factual 

observations. She pointed to the list of statements 

and asked which were true: “How about the fact 

that the teacher is wearing glasses or a green 

sweater?” Students nodded their heads, “Yes, 

those are facts.” Well, let’s talk through how 

those are different.

The trouble with teaching observation is that 

humans observe 100 times a day, every day, and 

have done so since the moment we were born. 

Because of this, we automatically assume that 

children already know how to do it. However, it’s 

true that they may understand how to observe, 

but not in the sense of observation as a founda-

tional skill for science. And it is an ever-important 

foundational tool in the early years. In teaching 

it specifically, Donna and the students learned so 

much more (including how to write a complete 

thought in a sentence), and it became a bench-

mark lesson Donna could refer to when observing 

anything else that year. Donna learned that her 

students needed to be taught how to make and 

record observations. And the students learned 

how to be more specific in their observations. 

For the rest of the year, all Donna had to say 

was “Think about the sunflowers,” and the stu-

dents would carefully prune their observations to 

remove opinions and generalities. Observations 

quickly made it into Donna’s yearly repertoire 

of teaching. Asking children to search for obser-

vations and illustrate them became opportuni-

ties for them to think like scientists. It no longer 

mattered whether Donna brought in soil, old 

bones, or sunflowers each year. What mattered 

was giving her students many opportunities to 

observe and sharpen their skills. That’s how this 

became a benchmark lesson Donna could refer to 

throughout the year: “Remember the sunflow-

ers?” continued to guide detailed, factual obser-

vations sans opinion. Asking students to observe, 

illustrate, and think like scientists and engineers 

allowed lessons about observations to be much 

more than simple observation exercises.

The science teaching strategies we recommend 

in these chapters not only introduce commonly 

held standards for science teaching practices but 

also tie the science lessons to our personal expe-

riences as science teachers. These strategies are 

fully described in each chapter and briefly out-

lined in Appendix E (p. 351).
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Learning-Cycle Format
Each science lesson was developed in the 5E 

learning-cycle format, as described in Settlage 

and Southerland (2007) and based on the original 

learning cycle designed by Robert Karplus (1964). 

Although there are many variations on the pro-

cess commonly referred to as the learning cycle, it 
remains a model for hands-on, inductive science 

teaching that helps students use the experiences 

the teacher provides in the classroom to build 

on personal understanding. The structure of the 

learning cycle is important because each part 

represents an important process in learning. We 

include it here because we both have extensive 

experience with following this lesson structure, 

and we expect it to support the types of lessons 

we have developed. The purpose of each stage is 

as follows:

• Engage: To awaken student interest or 

prior knowledge and to lead students into 

the topic of the lesson and connect it with 

their previous experiences.

• Explore: To provide a shared experience to 

guide students’ investigation of concrete 

materials and recording of their work.

• Explain: To provide (1) an opportunity for 

students to express differing experiences 

and refine and deepen their understanding 

of the central science concepts (via 

inferences and predictions) and (2) an 

opportunity for teachers to identify the 

focus of the science lesson and introduce 

scientific vocabulary.

• Extend: To help students take their 

new knowledge and apply it to another 

situation.

• Evaluate: To assess what students have 

learned and inform them about how well 

they understand the lesson at hand. 

Importantly, this evaluative step of the learning 

cycle is a bit different in that it can happen (for-

mally and informally) at several points through-

out the lesson, although most teachers make sure 

to include an assessment at the end of the lesson.

Safety Considerations for Hands-On 
Activities
With hands-on, process-based, and inquiry-based 

classroom and laboratory activities, the teach-

ing and learning of science and STEM today can 

be both effective and exciting. The challenge to 

securing this success needs to be met by address-

ing potential safety issues as appropriate relative 

to engineering controls (ventilation, eye-wash sta-

tion, and so on), administrative procedures and 

safety operating procedures, and use of appro-

priate personal protective equipment (indirectly 

vented chemical splash goggles or safety glasses 

meeting ANSI/ISEA Z87.1 D3 standard, chemi-

cal-resistant and nonlatex aprons and gloves, and 

so on). Teachers can make it safer for students 

and themselves by adopting, implementing, and 

enforcing legal safety standards and better pro-

fessional safety practices in the science classroom 

and laboratory. Before undertaking any science or 

STEM activity or investigation, a hazard analysis, 

risk assessment, and review of safety actions need 

to be done to ensure a safer teaching and learning 

experience. Also remember that personal protective 

equipment should be worn during the setup, hands-

on, and takedown segments of the activity.

Always provide safety training and demonstrate 

proper use of hand tools, lab equipment, personal 

protective equipment, and so forth before having 

students undertake any hands-on activities. Also 
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provide follow-up safety reminders before each 

activity.

Throughout this book, safety precautions are 

provided for classroom and laboratory activities 

and should be adopted and enforced to provide 

for a safer teaching and learning experience. 

Teachers should also review and follow local 

policies and protocols used within their school 

district and school (e.g., chemical hygiene plan, 

Board of Education safety policies).

Additional applicable standard operating proce-

dures can be found in the National Science Teach-

ers Association’s “Safety in the Science Classroom, 

Laboratory, or Field Sites” position paper (www.
nsta.org/docs/SafetyInTheScienceClassroomLabAnd
Field.pdf). Students should be required to review the 

document or one similar to it under the direction 

of the teacher. Both the student and the parent or 

guardian should then sign the document, acknowl-

edging procedures that must be followed for a safer 

working and learning experience in the laboratory. 

The Council of State Science Supervisors 

(CSSS) provides information about classroom sci-

ence safety, including a safety checklist for science 

classrooms. See the CSSS website at www.csss-
science.org/safety.shtml to access this informa-

tion and for links to other science safety-related 

resources.

Disclaimer: The safety precautions of each activ-

ity are based in part on use of the recommended 

materials and instructions, legal safety standards, 

and better professional practices. Selection of alter-

native materials or procedures for these activities 

may jeopardize the level of safety and therefore is 

at the user’s own risk.

The Backstory
Our experiences have taught us about the impor-

tance of children understanding scientists’ work  

as a human endeavor. Several other research-

ers have examined how children view scientists 

and determined that students hold stereotypical 

views of scientists as white males, occasionally as 

monsters, who primarily work indoors (Barman 

1997; Finson 2003; Finson, Beaver, and Cramond 

1995; Losh, Wilke, and Pop 2008). We, too, have 

each conducted a number of studies using the 

Draw-a-Scientist Test (DAST) or a modified DAST 

(mDAST). We have also developed new prompts 

and scoring rubrics for the DAST (Farland-

Smith 2012) and a new instrument, the Draw-an-

Engineer Test (Thomas et al. 2016).

Donna Farland’s (2003, 2006) research exam-

ined the influence that reading historical, non-

fiction trade books has on children’s images of 

scientists. The finding was that in Full Option 

Science System (FOSS) unit instruction, when 

teachers read biographies to their students, the 

students more fully recognized the science pro-

cesses they were applying in their lessons. The 

Farland (2003, 2006) study involved students 

(N = 156) in 13 classrooms, each with one teacher. 

Six classrooms/teachers (n = 72 students) were 

randomly assigned to supplement their third-

grade FOSS instruction by reading one scientist 

biography each week for six weeks (FOSS + Biog-

raphy [FB] group). Seven classrooms/teachers 

(n = 84 students) followed the usual FOSS lesson 

procedures (FOSS-Only [FO] group). 

To evaluate the difference between the FO and FB 

classes, Farland reviewed scientist drawings com-

pleted by all students before the unit of instruction 

and another set of drawings from a readministered 

test after the unit instruction. Farland found that, 

compared with the FO students, the FB students 

demonstrated a broader perception of who does 

science, where science is done, and what activities 

scientists do.

Julie Thomas and her graduate students 

(Hulings, Thomas, and Orona 2013; Thomas 2012) 

used the DAST to learn what influenced rural fifth 

graders’ (310 boys and 385 girls) thinking about 
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