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Foreword

Gloria Ladson-Billings*

University of Wisconsin-Madison

| Used to Love Science ... and Then | Went to School:
The Challenge of School Science in Urban Schools

As a child growing up in West Philadelphia in the 1950s and 1960s, I have fond memories of
my family, my community, and school. I was considered a “good” student. I read well, I did my
homework, and I was well behaved. However, in my early years, I don’t remember my elemen-
tary school as a place where I experienced much science teaching. Elementary school was a place
that focused on the three Rs, and parents and community members seemed to support that
focus. No, my science education took place at home. One of my early science memories comes
right after my older brother received a chemistry set for Christmas. As we set about trying to
perform the experiments in the accompanying handbook, we learned quickly that scientists
(or at least chemists) sometimes had to improvise. We also learned that there were unintended
consequences of scientific experimentation.

For example, when we decided to make soap as directed in the chemistry set experiment
book, we thought it would be OK to use the previously used cooking grease that my mother kept
in a can on the stove top. We didn’t know that such impure fat would create a slimy, food-flecked
glob that no one in my family would or could use. Another example was when we decided to
make the rock candy-slash-sugar crystals. Of course, as applied scientists we were less interested
in crystal formation than producing candy. We set out on that experiment during a time when
both my parents were gone and my grandfather was left in charge. Again, it did not occur to us
that using available resources—in this case, all of the sugar my mother had in the canister—
would cause a problem. Our rock candy seemed to form just fine; it was our explanation to my
mother upon her return that did not seem to go over well.

xi



Xii Foreword

Sometime around fifth grade, science became really important in our school. This was the
same time that the Russians launched a successful satellite. Suddenly, we began receiving sci-
ence books, and the Weekly Reader began to have a very deliberate science message. However,
the school’s version of science wasn’t like the kind of science my brother and I were doing from
his chemistry set. There was no mystery, no uncertainty, no unintended consequences and, most
importantly, no fun. Science—when we had it—was boring. It consisted of reading chapters,
memorizing facts, and answering the questions at the end of each chapter. I found it boring, and
I was a good reader. I cannot imagine how horrible it was for the struggling readers.

By the time I got to junior high school where Ilearned that science was a special subject. I knew
it was special because we had it in special classrooms. These rooms had big black covered table
tops with sinks on one end and what I would soon learn was a gas outlet for something called a
“Bunsen Burner.” My seventh grade teacher, Mr. McLean, had a preciseness about himself. There
was a specific way that the science notebook had to be kept, he said, because scientists work in
very precise ways. Already I was starting to get nervous. Mr. McLean insisted that we head our
papers in a particular way. He also insisted that we use specific vocabulary—hypothesis, obser-
vations, conclusions—and that we include precise diagrams and illustrations with our lab work.
I liked doing the labs—they reminded me of my chemistry set antics—but I was so nervous
about the preciseness of the reporting that I often paid little attention to what I was supposed to
be learning. For example, I could recite every single part of the microscope, but I don’t think I
knew what any of those parts really did.

One of the assignments for seventh grade science was a leaf collection assignment. We were to
locate at least ten different kinds of deciduous leaves, mount and label them, and create a book-
let. I think the one thing I understood about the assignment was the word booklet. The thing
that Mr. McLean did not understand about me was that I traveled by trolley and bus to attend
that school because my mother thought it would give me a shot at a better education. Most of my
classmates lived close to the school, and living close to the school meant that they lived close to
Bartram’s Garden, the oldest botanical garden in the country. I lived in a neighborhood where
the city had removed most of the trees and replanted one species—Sycamores. I did not have
access to the same variety my mostly White classmates did.

My mother, in her attempt to help, talked with a coworker who had a part-time job in a
greenhouse. On the eve of the day, my leaf booklet was due my mother came home proudly dis-
playing a set of leaves. They were absolutely beautiful. Unfortunately, they were not deciduous
and neither my mother nor I really knew the difference. I placed my leaves on paper, labeled each
one, covered each page with plastic wrap, and made a nice construction paper cover. I failed the
project because while my classmates turned in maples, oaks, elms, and many other leaves from
trees native to the Philadelphia environs, I turned in a booklet with orange tree, lemon tree,
rubber tree, and other leaves from a greenhouse. I felt stupid and vowed to try to do science “by
the book.”

In eighth grade, I had a wonderful teacher named Ms. Mowbray. I was excited by the idea that
we had a woman as a science teacher. Ms. Mowbray made science fun. We did lots of experiments
and got to ask lots of questions. I did well in her class. However, on one of the last extra-credit
assignments I ran into a problem. We were supposed to construct a “Cartesian Diver.” Once
again I was coming home with an assignment that was beyond my parents’ understanding. This
time I did understand what Ms. Mowbray wanted. She wanted us to understand “buoyancy”
and that an object is buoyant in water due to the amount of water it displaces. She wanted us to
know that if the weight of the water that is displaced by an object in water exceeds the weight
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of the object then the object will float. I understood that. It helped me understand why people
float in large bodies of water. My problem with the project was that it required a glass jar (we did
not have plastic bottles), an eyedropper, and a semipermeable membrane. The only component
of the project I could get was the semipermeable membrane, which was a balloon. I could not
get the glass jar because glass bottles had a 2 cents deposit attached to them. I could not get the
eyedropper because every eyedropper in my house was in use with someone’s medicine.

By high school, I had an after-school job and was in a better position to marshal school sup-
plies on my own. I was a good student and earned good grades in science courses, especially
chemistry. For a brief moment, I considered a career in the sciences, but I have always been
puzzled by the way science is seen as the special purview of some students while others are sys-
tematically excluded from participation.

Science and African-American Students

As an African-American student growing up in a working-class household and community,
I should be a science education statistic. However, a number of factors converged to ensure
that my K-12 schooling experience left me with enough social and cultural capital to enter
college and pursue advanced studies. But it is important that we look at what is happening to
African-American students in science today. In the 2003 Quality Counts report published by
Education Week, we learned that although many states are doing their best to recruit and retain
skilled teachers, few efforts are targeted at finding teachers for the students who need them most.
Teacher quality is important because the existing research indicates that effective teachers can
get an additional year’s worth of learning out of students and the effect of having a string of
ineffective teachers is cumulative.

Although we have read about the achievement gap, the digital gap, and the learning gap, we
have not addressed the “teacher gap.” This gap indicates that students of color in high poverty
schools are more likely to have teachers who do not have college majors or minors in the sub-
jects they teach. They are more likely to have teachers who are not certified in the subjects they
teach. They are more likely to be inexperienced teachers without the benefit of student teaching
before they face a classroom of students.

According to the MetLife 2001 American Teacher Study,

students overall, and black students in particular, have high expectations for their
future. However, teachers and principals in heavily minority schools have lower ex-
pectations for their students. Teachers in schools with high proportions of students
of color report lower quality teaching and teachers in schools with high proportions
of students of color are less satisfied with several school relationships (e.g. with prin-
cipals, colleagues, students) and less committed to the profession.

(p. 10)

The achievement gap we reference emerges in a context that includes a teacher gap (as well
as a resource gap). As we look at the National Assessment of Educational Progress (NAEP) data
(National Center for Education Statistics, 2000), we know that the largest achievement gaps
are in eighth grade science on which 40 percent of White students score at or above proficient
compared with only 6 percent of African-American and 11 percent of Latino students. At each
assessed grade level (4, 8, and 12), Black and Latino students score significantly lower than their
White counterparts.
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Any number of assumptions are tied to African-American students’ lack of science pro-
ficiency. Some of the “usual suspects” are that the students lack the motivation, fail to have
supportive parents, and/or do not have prerequisite skills for science learning. Haycock (2001)
indicates that when the Education Trust staff queries adults about the racial/ethnic achievement
gap, the comments tend to be:

“They’re too poor.” “Their parents don’t care.” “They come to school without an
adequate breakfast.” “They don’t have enough books in the home.” “Indeed, there
aren’t enough parents in the home.” Their reasons, in other words, are always about
the children and their families. Young people, however, have different answers. They
talk about teachers who often do not know the subjects they are teaching. They talk
about counselors who consistently underestimate their potential and place them in
lower-level courses. They talk about principals who dismiss their concerns. And they
talk about a curriculum and a set of expectations that feel so miserably low-level
that they literally bore the students right out the school door. When we ask, “What
about the things that the adults are always talking about—neighborhood violence,
single-parent homes, and so on?”—the young people’s responses are fascinating.
“Sure, those matter,” they say. “But what hurts us more is that you teach us less.”

(p. 3)

In this discussion, I want to focus on the idea that the students lack the motivation or apti-
tude for science. I want to argue that African-American students continue to be interested in
science but often attend schools where they have little or no opportunity to learn “real” science.
To “test” student interest in science, I have been interviewing preschool and kindergarten aged
African-American students to determine how their interests converge with science. I have pur-
posely not interviewed older students because the nature of their school science experiences may
unduly influence what they believe about science. I have been interviewing four- to five-year-old
children at an African-American church and five- to six-year-olds who are attending kindergar-
ten. I used Brodhagen’s (1995) and Beane’s (2002) framing questions of “What do you want to
know about yourself?” and “What do you want to know about the world?” The following are a
sample of the questions the children posed (I edited out those that were not science questions):

B Why is my shadow long sometimes and short sometimes?

Why do people have different color skin?

Why do the leaves fall off the tree in the winter and come back in the summer?

How can a big airplane stay up in the air?

Why does stuff come in your eyes when you are sleeping?

How does the weatherman know what the weather is going to be the day before?

Why does the moon look different? Sometimes it’s a big moon and sometimes it’s a little
teeny moon?

B How can the moon and sun be out at the same time?

B Why do some of my mother’s flowers come back every year and some she has to plant
every year?

Why is it late at my house and early at my grandma’s? (I think this is a time zone question.)
How does the baby get out of the mommy’s stomach?

Why does your mother say, “no jumping” when she bakes a cake?

How does the thermometer know you’re sick?
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These questions clearly illustrate that African-American students do have an interest in
the scientific world. Their questions cut across a variety of science areas—biology, astronomy,
chemistry, and physics. Yet, we are led to believe that inner city, urban students of color have
little or no interest in science.

How Science Could Be

If the students continue to come to school with interests in science, how can we maintain
and invigorate their interests? From my research with teachers who are effective teachers of
African-American students, I argue that science could be different. Science could incorporate
what I have termed “Culturally Relevant Pedagogy.” This pedagogy incorporates academic
achievement, cultural competence, and sociopolitical consciousness.

Academic achievement is in some way a misnomer for what I mean theoretically. I am not
referring merely to student performance on standard measures. Rather I am focusing on student
learning as a much broader construct. Thus, when it comes to science education I am referring to
what it is important to know. Is it necessary to study dinosaurs at every elementary grade level or
are there some science concepts and knowledge that students should learn or at least experience
at different grade levels?

In the classrooms I studied, teachers demanded that students study and learn to high levels.
One teacher taught the students from the graduate curriculum she was studying to obtain her
Master’s degree. In her classroom there were posters of the brain and its various parts. Students
use neurological terms and query their teacher each Thursday morning as to what she studied the
day before. In Barb Brodhagen’s classroom, her students discussed the earlier questions—“what
do I want to learn about myself and what do I want to learn about the world?” The students
settle on a small set of questions that become the basis for the curriculum. One semester the
students decided the question they wanted answered was “Will I live to be 100?” That question
provoked study in family and genealogical histories, actuarial charts, environmental effects on
life span, and an investigation of genetics and genetic diseases. What both of these classrooms
had in common were knowledgeable and skillful teachers who were unafraid of deviating from
prescribed curriculum and challenging students beyond conventional course materials.

The second aspect of culturally relevant pedagogy is cultural competence. This refers to the
degree to which student culture is logically and meaningfully incorporated into the curriculum.
The typical science attempts at this involve a list of famous African-American scientists and
inventors. The students rarely see the relevance or connection of these scientists—particularly
when they only show up in February—and find their presentation no more meaningful than
anything else in the curriculum. Instead, culturally relevant teachers take the time to “study”
the students, their habits, and their behaviors.

In one classroom of African-American students a teacher asked, “How many people don’t
like to drink milk?” About a third of the students raised their hands. “What is it about milk
that you don’t like?” Even the way she phrased the question—not “why don’t you like milk?”—
invited the students to participate. Her question indicated that there was something about milk
that might be problematic. Some students talked about not liking the taste of the milk. Others
talked about not minding the taste but getting sick soon after drinking it. As the students shared
their problems with milk some of the others who were milk drinkers shared stories of siblings
and other family members who had trouble drinking milk. The teacher then asked the students
what would they think if they learned that in a classroom of White children almost all of the
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students drank milk. “Wow,” exclaimed one boy, “you mean white milk is for White people?”
That comment brought a nervous laugh among the students, but the teacher said, “Well, I don’t
know that white milk is for White people, but it is true that it is difficult for some people of
African descent to digest.”

This conversation moved the students into a school-wide survey of milk drinkers. It also
gave the teacher an opportunity to teach the students about genetic characteristics, lactose in-
tolerance, and food allergies. The science that most students want to engage in is science that
helps them answer their questions. While middle class students may acquiesce and tolerate the
science the school curriculum offers them, many of the students who are struggling to engage
with school need a curriculum that engages them.

Cultural competence is important because it helps students understand the strengths and
limitations of their culture. In Lee’s 1999 study of standards-based science teaching, she learned
that although the teachers taught exactly what the curriculum asked of them, students’ world-
views are shaped by powerful forces outside of the classroom. In the aftermath of Hurricane
Andrew, teachers tried to determine how much of the science learning helped students to under-
stand the weather disaster. Unfortunately, Black and Latino students reported that the hurricane
was the result of the wickedness and evil that pervaded the South Florida region. The hurricane
was God’s way of punishing them. The teachers did not know what to do with this worldview,
and students left the school experience with the notion that school and home are strictly sepa-
rate worlds. The fact that the students experience more success in the world of their home galva-
nizes their feelings of alienation toward the school.

The third component of culturally relevant pedagogy is sociopolitical consciousness. In my
mind, this is the “so-what” aspect of schooling. How many times have we heard students ask
the question, “Why do we have to learn this?” only to be told, “because some day you're going
to need this.” We all know how much we ALL need the periodic chart of elements in our daily
lives. Sociopolitical consciousness helps students understand the way citizens in a democratic
society need scientific knowledge to make informed decisions. Maria Torres-Guzman studied a
group of high school students in an alternative school. The students’ major project at the school
was investigating a dumpsite in their neighborhood. The students learned that the site contained
toxic materials and ultimately raised questions about the way poor communities of color are
vulnerable to environmental racism. The students’ passion for this project was fueled by the
fact that they understood that what they were doing had a payoft for the here and now, not the
“someday” that teachers often promise.

There is a science out there in which African-American students desperately want to partici-
pate. This is a science that explains the epidemic of diabetes or AIDS in their community. This is
a science that challenges social constructions like race. This is a science that people can mobilize
to fight social injustice AND intellectually empower people. This is a science that allows students
to do something rather than sit passively while something is done to them.

My focus has been on African-American students, but I have begun to see how improving
schooling for them is likely to improve schooling for all students. If we begin to strengthen sci-
ence teaching for those who are most vulnerable in our system, we are likely to strengthen it for
everyone. We are no longer in a society that can afford to have people be scientifically illiterate.
We are no longer in a society that can afford to weed out students or push them through arbitrary
sieves called biology, chemistry, and physics. We are no longer in a society that can afford to send
some students to a course called general science that actually would better be called “reading
about science.” We need every student to leave our schools excited about and engaged in science
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so that they can have more career and vocational choices open to them and can actively partici-
pate in the decision making that democracy requires. We need to turn school into a place where
our students can continue to like science. (And in case anybody knows Ms. Mowbray, please tell
her that I've made my Cartesian diver.)

Note

1 Dr. Gloria Ladson-Billings was named in 2016 as one of the most influential educational scholars in
the nation. She has a strong reputation as a researcher, advocate, and leader in education. However, as
you will discover in her story, her beginnings in science education as a child were not especially posi-
tive. Although her childhood struggles and successes occurred 50 years ago, there remains the poten-
tial for today’s students to undergo similar difficulties. When teachers fail to recognize the resources
students draw upon during science activities, this creates possibilities for miseducation. We urge you
to consider what YOU should do differently to avoid reproducing the unpleasant school science expe-
riences that the young Gloria had to endure.
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Preface

Learning to teach science greatly benefits from real-life attempts to do so. The stumbles teachers
make as they deliver a science lesson offer unparalleled professional learning opportunities.
Becoming better can almost always happen by thinking back on a partially successful attempt.
You learn which goofs to never repeat. And for the parts that went well, you retain those for
future use. Over time, error frequency goes down, and the smoothness and coherence of science
lessons improve. The continuous improvement is possible when mistakes can be identified and
alternative techniques are implemented. The challenge for someone new to science teaching is
that lessons sometimes go badly and it’s not completely obvious why. If the teacher has sufficient
insight to identify the problem, knowing what to do instead may not be obvious. During those
science teaching moments where you could most benefit from good advice, especially when you
are a fulltime classroom teacher, it is uncommon for another adult to be available to witness
your challenges, identify your problems, and offer helpful solutions. Learning from experience
doesn’t work as well in isolation. Just as students learn from the skillful guidance of the teacher,
so too will a novice teacher benefit from timely and wise mentoring. How can you learn to be-
come a better teacher of elementary and middle school students if you: (a) are expected to learn
while on the job and (b) nobody is present to coach you about your efforts?

Teaching science in ways that support every students’ learning is an incredibly complex
undertaking. As such, it can’t be fixed by looking up the problem and downloading the solu-
tion. Classrooms are rich in human drama. Fixing a challenge isn’t something that can be
accomplished with a phrase or a flourish. There aren’t any magic spells or easy answers. The
best teachers we’ve known over the years embrace the interpersonal relationships in class-
rooms and use those as resources to support efforts for everyone to learn science. Building
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those relationships requires taking risks to establish and maintain trust. Better teachers com-
municate they care by holding students to high expectations—the students feel challenged
because they sense the teacher believes in them. Interpersonal trust and positive expectations
are communicated by teachers’ actions as much as by what is said. What teachers do and what
they say arise from their commitments and ambitions. Our hope for this book is that it will
provide you with a compelling philosophy about teaching science to every child. We supply
techniques that illustrate this philosophy, but we anticipate you will acquire more strategies
as you advance through your career. This book does not pretend to serve as a how-to book.
You won’t even find a lesson plan in this text. What you will find instead are consistent
messages to guide you to teach science in ways responsive to every student who enters your
classroom.

Science Education as a K-12 Fundamental

As educators, we do not feel it is appropriate to act as if only certain individuals are capable
of learning science. At a very fundamental level, we believe science holds incredible power for
those who can apply scientific reasoning to everyday circumstances. This describes the goal of
scientific literacy. Rather than simply knowing how to read science, people who understand how
science works can take greater control over their lives. At a more political level, we believe that
a democratic society will be stronger when its citizens rely on scientific knowledge and thought
processes. Debates about the environment, energy, and other scientific topics ought to be in-
formed by wisdom and not simply emotion.

However, most science teaching methods’ resources mention student diversity in only one
section. Otherwise, science is presented as if it is free of cultural influences. From a practical
perspective, future teachers deserve to be shown techniques that deliberately and consistently
take into account student diversity. This means adjusting science instruction to be responsive to
students with varying physical and cognitive abilities. This requires providing different forms of
assistance for English learners. This demands recognizing that students may come from back-
grounds typically excluded from scientific careers. At the core, rather than offer general state-
ments about the value of teaching science to all students, as authors of a teaching textbook and
as instructors in science methods courses, we show how to do this across many facets of science
teaching. In a very real sense, we wrote the book we wished has been available to us as we began
our careers as science teachers.

Taking Your Place at the Front of a Classroom

Somewhere during your education program, you will have the sudden realization that you are
going to be a teacher. As students enter their education program that outcome is somewhat
nebulous. At some point each of us has a “glimpse” of exactly what it means to be a teacher—the
responsibilities it entails, the expertise required to do it well, the amount of work that seems
to always lie ahead. Just as with many important life goals, your progress toward becoming a
teacher probably has been a mix of your imagination and a considerable amount of hard work.
But there is often a moment when each of us realizes that what we have been working toward is
about to happen. Before too long, you won't be a student sitting in class being taught by someone
else: you are going to be that someone else. The person you have wanted to become—an adult
who inspires students, who is enthusiastic about learning, who believes that education opens
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incredible opportunities, a person who serves as a role model for the citizens of tomorrow—
believe it or not, that’s where you're headed. This realization is likely to fill you with excitement
and insecurity.

We know this feeling because we’ve had it ourselves. Even though our names are on the cover
of this textbook, most people we know perceive us as science teachers. Our job titles say we are
education professors, but we are not strangers to classrooms. We are constantly working with
teachers and working with kids, to help all of us learn science and become better at teaching it.
Over the years, it has become easier for us to step to the front of a classroom full of students. But
it still makes us nervous. Often, we don’t sleep well the night before we meet a new class. And
every now and then during a science lesson, we marvel at the fact that we are actually in charge
of a group of students who are learning science. Our intent with this book is for you to embrace
the benefits of helping students become excited about what they are learning and the fact that
they are becoming good at it.

Approaching Science as a Culture

We used to think culture was something outsiders possess, something that existed somewhere
else. For example, the news media reports cultural factors associated with tensions around the
globe. Universities describe their study abroad courses as a “cultural immersion” experience.
Even the cultural centers on campus emphasize traditions that are generally viewed as out-
side of mainstream America. What many of us fail to recognize is that each of us is the pro-
duct of a culture, even though the authors themselves resisted this possibility when they were
undergraduates. Over time, as we became associated with people raised under different circum-
stances, we came to appreciate cultural differences. These are differences that distinguish others’
cultures from the cultures that influenced us even though we may not fully have recognized the
influences upon who we have become.

We believe that treating science as a culture is one way to make the subject more accessible to
a wide range of people. Science is more than strange equipment and odd terminology. Instead,
science is embodied in how the members of the culture think, communicate, and behave. For
those comfortable participating in science, they may not even be fully aware of the cultural
norms because they feel so “natural” to them. On the other hand, we suspect that students (and
adults) who find science to be “unnatural” might feel that way because no one ever told them
about the cultural norms of science. From a teaching perspective, science learning involves stu-
dents in acquiring vocabulary and remembering procedures. But it should also emphasize the
ways of thinking and behaving that allow people to be recognized as scientific. In other words,
if science feels foreign and mysterious, then the solution is to explain to the cultural norms and
offer practice participating within the culture.

The idea of science as a culture is not an original idea. We think this book is special because
we have translated a philosophical view of science into the practicalities of classroom science
teaching. To teach science that uses culture as a starting point carries the implicit message that
science is not only a subject that should be made available to each and every student. In addi-
tion, the cultural view of science contains the belief that it is the responsibility of teachers and
schools to provide a high quality science education to all students. This is a departure from the
“junior scientist” ideal with the unexamined belief that some children are scientists-in-training
and others are not. At the very least, the authors of this book are battling against the typical
exclusion of certain students from science. However, the idea of inclusion as represented by the
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slogan “science for all” is not sufficiently specific. Evidence of this can be found in standardized
test data that continually show the inequities in science achievement based upon gender, eth-
nicity, and so on. Using culture as a starting point, this book is designed to inform and inspire
teachers to teach science in ways that are more welcoming and more effective to a wider spec-
trum of students.

Overview of This Book

Our expectation is that the material and ideas presented in this text will be complemented by
the local expertise of your science methods course instructor. That individual was selected by
your college or university because of their expertise in local classrooms. As authors of this
textbook, we view your instructor as our collaborator. We share the responsibility of setting
you on a path of science teaching excellence. In this way, we anticipate that what you will
read and what you hear will reinforce each other. That might also mean that the messages
you receive may not be 100 per cent aligned. This is because professional perspectives vary.
Every state in the USA is undergoing transformation, and it is sufficiently challenging for the
authors to stay abreast of what is occurring within our respective towns and cities. We have
necessarily aimed to describe general tendencies whereas your methods instructors can offer
valued additional insights specific to local teachers and schools. In that regard, we have had to
choose from among all the possible science teaching topics to emphasize those that are unique
and important.

This book begins with an emphasis on giving students access to science. The disparities
within scientific fields by gender, race, ethnicity, and abilities are something that we believe can
be changed. Chapter 1 provides foundational information about realizing this goal. In turn,
Chapter 2 presents a view of science that offers a more humanistic perspective. Next, we describe
how the scientific activities of scientists can be mirrored in elementary and middle school class-
rooms. We rely on “science activity” to do this. In Chapter 3 appear guidelines for supporting
students with scientific investigation. Chapter 4 takes science activity further by showing how to
support students in developing scientific explanations. Those chapters provide a view of science
education defined by contemporary reforms and portray science in ways that improve accessi-
bility to you and your students.

Science learning by children is the focus of Chapter 5 where you will encounter multiple
theories to assist with planning and diagnosing your science teaching. Chapter 6 offers many
strategies to assess students’ science learning in ways that will inform efforts to improve your
teaching effectiveness. Chapter 7 provides strategies for posing questions to students for ways in
which you can steer their responses in productive directions. Chapter 8 summarizes the deve-
lopment over the years of different approaches to science instruction.

An entirely new chapter appears in this edition that responds to discussions about STEM
education. Most teacher preparation programs have courses to address Science and Technology
and Math; Engineering is often neglected. Chapter 9 provides an in-depth and strategic effort to
remedy this problem. Chapter 10 addresses the logistical and managerial challenges associated
with experiential approaches to science teaching. And we round out our discussions of student
diversity and science instruction with Chapter 11. There you will encounter a teacher who strug-
gles and succeeds to realize the goals put forth by this text.

From the previous edition, the process skills and inquiry teaching that were emphasized have
been replaced. The fresh information within the Framework and the associated Next Generation
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Science Standards deserved attention. Also, the former Point/Counterpoint feature has been
removed, in large part because the field of education is changing far too rapidly to be captured
within miniaturized debates. In contrast, we have preserved portions of the text from the feed-
back we received from instructors and students. We have retained our signature writing style.
We wanted to be honest and sincere in capturing how we teach our own students. What you see
in print accurately reflects the tone and style of our classroom teaching. We hope you find value
in what we share and in how we chose to say it.

New to this edition is artwork by children who were given these prompts: draw yourself en-
gaging in science and engineering. The children who provided these drawings were participat-
ing in a summer camp at The Chicago Academy of Sciences / Peggy Notebaert Nature Museum.
The Nature Museum Summer Camp offers children ages four to eleven exciting and enriching
nature-based learning experiences to explore local urban habitats. Campers spent their day out-
side building, climbing, digging, and inventing with natural and recycled materials. The intent
was to enhance their imaginations and problem-solving skills while cultivating a love for nature
and learning. Campers were encouraged to take the lead during activities in the provided spaces
as they explored the nature of Chicago with tools chosen (or built!) by them. Campers used
the indoor and outdoor grounds of the Museum as their classroom to foster critical thinking,
social-emotional skills and science practices through hands-on experiences with museum col-
lections, exhibits and live animals. The resulting kid art appears as opening illustrations to each
chapter.
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Providing All
Students with
Access to
Science

Chapter Highlights

The science classroom is ideal for replacing stereotypes regarding science and scientists
with representations that promote student engagement and participation.

Science relies on a particular worldview based in on special habits of mind (e.g., curio-
sity, openness, and skepticism). These views carry certain values that create distinctions
between science and other worldviews.

Students can become engaged in the culture of science when science classrooms are or-
ganized around “figuring things out” and creating explanations for phenomena. This ap-
proach is framed by attending to (a) disciplinary core ideas, (b) crosscutting concepts, and
(c) scientific practices.

Scientific proficiency offers intellectual tools for students to gain control over their lives,
attain a wider range of career opportunities, and participate in a more informed citi-
zenry. The efforts to provide “science for all” include females, students from all cul-
tures, English language learners, and students with a variety of physical and cognitive
abilities.

Gaps in measures of students’” science knowledge reveal different performances by stu-
dents from various demographic groups. Rather than calling this difference an “achieve-
ment gap,” it is more instructive to consider this an “opportunity gap.”

Cultures are evident within families, social organizations, and workplaces and are signi-
fied by the cultural objects and actions. Accepting one’s own cultural legacy is an import-
ant phase of appreciating the value of other cultures. This includes recognizing that one
can have membership in multiple cultures.
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B Representing science as a culture is an approach that can increase students’ access to and
regard for a field that often feels foreign and uninviting.

B The teacher’s role in the classroom can be as a cultural ambassador who continually frames
science as a sense-making activity, and through the pursuit of sense-making, guides all
students in participating in the culture of science.

Replacing Stereotypes Regarding Science

Science has a culture all its own with certain norms, materials, and actions. However, just as
any culture can be reduced to stereotypes, science can be represented in ways that are not fully
accurate. The caricature of a scientist takes the form of a White man with wild, uncontrollable
hair who is wearing a lab coat and works in a disorganized and dangerous lab. Among famous
scientists, we could include Albert Einstein (and he did have the wild hair), Thomas Edison (his
lab was full of strange equipment), and the cartoon scientists on television and in movies. The
problem with stereotypes is that they portray the actions and behaviors of an entire group in
narrow and often inaccurate ways. The same holds for the scientist stereotype.

We are not equating racial and ethnic stereotypes with stereotypes of scientists—that would
trivialize racism and bigotry. However, there are substantial differences between how science is
portrayed in the media and the actual culture of science. What’s the harm in that? The common
scientist stereotype may cause students to feel science is not for them. In other words, the stereo-
type of the White male scientist does not serve as an effective role model to draw a wide range of
students into the culture of science. In fact, such stereotypes may repel many students from science.

One of our responsibilities as teachers is to displace stereotypes, including those that persist
for science and scientists. To accomplish this, we can immerse our students in activities, conver-
sations, and other experiences that authentically represent scientific culture. The strategy we’d
like you to consider is this: if we can help children understand what it means to be a scientist,
which includes developing their competence with the cultural norms of science, then more stu-
dents will believe they can think like scientists and use these ways of thinking to understand
their lives. That, in short, is the goal of science teaching.

The Worldview of Science

Science has a particular worldview. A worldview describes the perspective through which one
interprets the world. The scientific worldview offers a perspective that is not necessarily the most
effective in all situations. And yet, the power of a scientific worldview offers a unique method for
understanding the world. Consequently, as one approaches the role of science teacher, one ought
to give the science perspective strong consideration (Bell, Lewenstein, Shouse, & Feder, 2009).
Many dimensions of daily life benefit from our use of other worldviews: religious, aesthetic,
moral, and so on. Consider the contrasting ways in which a painter and a meteorologist might
look up toward the sky. The artist could look at the sky and consider how it could be represented
with paint: the shades of white, the edges of the clouds, and the gradations of color from straight
overhead down to the horizon. In contrast, the scientist taking in the same scene would make
sense of it differently: the shape of the clouds suggests the temperature of the air, the direction of
their movement indicates the presence of low and high pressure, and the changing color of the
clouds gives an idea about the approach of a cold or warm front.

Neither way of looking at the sky is superior. The traditions of the artist’s viewpoint and the
outlook of the scientist serve different purposes. Instead of arguing which way of looking at and
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thinking about the sky is better, we should acknowledge that artists and scientists hold differ-
ent worldviews. The criteria for the appropriateness of their perspectives rest entirely upon the
communities in which they work. The artist’s view is shaped by the ways of artists. The scientist’s
view is similarly influenced by the community of science.

One foundational and distinctive facet of the scientific worldview is the insistence on pat-
terns in the world we can understand. Scientists feel that through careful questioning and ob-
serving, humans can identify patterns and that this knowledge can be used to make accurate
predictions. You might ask, “What’s the point of identifying patterns? What’s the use of being
able to make good predictions?” Scientists are driven to understand the world, to explain natural
phenomena. Although there are times when scientists want to understand something to solve a
problem, at its essence, the scientific drive to understand and explain the universe is the ultimate
prize. The satisfaction of making good predictions comes from solving a mystery and resolving
something that was unknown. With this comes a sense of control and power resulting from
having achieved a greater sense for how the universe operates.

Scientists share certain basic beliefs and attitudes about appropriate ways of going about sci-
entific work. These dispositions hint at the culture with which scientists approach the world.
Scientists presume the universe operates in ways that are comprehensible. Scientists believe that
by using the intellect, with the aid of instruments that extend the senses, scientific activity can
identify patterns in nature. Scientists also operate with the expectation that they can trace the
causes of natural events. Within the scientific culture, there are many features shared with other
worldviews. We like to think of these as habits of mind (Dewey, 1910) that can be developed
through appropriate rehearsals and practice.

Habits of Mind

Each culture has certain value systems. Individuals within a culture are judged and shaped by
those values. The values endorsed by a given culture influence actions of those recognized as
members of that culture. For example, some of us believe working hard is its own reward and
that doing a good job should not be based on whether there is some reward that will come to us
when we finish the task. People who adhere to this value system look down on those who believe
that a person ought to be paid according to how well they did a job. These two value systems are
products of contrasting cultures. Another example of a value system is being a vegetarian. This
set of beliefs leads to certain behaviors: treating certain foods as acceptable and viewing other
foods as objectionable. Sometimes this can create conflicts because people’s value systems are
in opposition to each other. The point is that what one believes often controls how he or she will
act. Simultaneously, a person’s actions often reflect his or her beliefs.

Because the value system of science influences the way in which individuals think, these
ways of thinking are shared traditions that represent the scientific habits of mind. These habits
are not automatically embedded in the minds of certain people. There aren’t people who are
“born” to be scientific. Instead, these values are learned. They are transmitted from one gener-
ation of scientists to the next. People new to science and in the process of becoming members
of the culture have to learn the scientific habits of mind along with the behaviors consistent
with that value system. Otherwise, an individual won’t be recognized as a legitimate participant
in science.

Curiosity

The drive to understand something arises from the need to satisfy curiosity. Why do some ob-
jects sink whereas others float? Why do plants in one location seem healthy and green whereas
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similar plants in another place are weak and yellow? Why is the phase of the moon associated
with unusual human behaviors? Questions such as these are the driving force for curious peo-
ple. Being curious is one of the most important scientific habits of mind. Fortunately, most
students begin their education with a great deal of curiosity. Every child is curious about objects
that move, especially unusual animals (have you ever been at a zoo when a day care group ison a
field trip?). The curiosity is there, and it seems appropriate to state that children are predisposed
to think like scientists because of their curiosity.

However, it is possible to extinguish a child’s curiosity—and the process of schooling some-
times does just that. If a child is led to believe that there are only right or wrong answers, then
this can make curiosity seem unimportant. If the activities of science class are more about filling
out a worksheet than figuring out an answer to an interesting question, then curiosity may get in
the way. A child’s curiosity can be shoved to the side if learning is reduced to avoiding mistakes
and receiving recognition and praise. Almost inevitably, and this is one of the many wonders of
teaching science, with the right materials and a supportive atmosphere, a child’s curiosity can
be resurrected.

Openness to New Ideas

Another scientific habit of mind is a willingness to consider new ideas. In contrast to the stereo-
type of the lone scientist working in isolation, science is very much a social endeavor. Although
an individual scientist might figure out a problem on his or her own, the idea has to be consid-
ered, discussed, and debated by the scientific community before it is accepted or rejected. As
members of the scientific culture, individuals are expected to remain open to the prospect that
new and better explanations are possible.

As a culture, science allows for the possibility that the current and accepted explanations
may not be sufficient. Somebody might gather new data revealing flaws in a current scientific
theory or bring a fresh perspective to existing information. There is a long history of solid sci-
entific ideas being replaced by new and better explanations. The culture of science accepts the
likelihood that better explanations will emerge as time goes on. That cultural norm translates
into individual scientists needing to be open to new ideas and needing to consider the opinions
of others.

This can be a source of internal tension. After all, scientists are driven by a curiosity to find
and explain natural phenomena. We can imagine the excitement and relief that a scientist must
experience when he or she uncovers a pattern that has been hard to identify. Understandably,
a scientist would feel a sense of accomplishment and ownership of his or her explanation. In-
deed, there is a tradition in science where the first person to make a discovery (of a new species,
of a new star, or of a new theory) has his or her name attached to it. But to then suggest that this
person must also be open to new ideas? We can sympathize with scientists’ difficulty with this
concept. In a later chapter, we will examine a similar tension students experience as they strug-
gle to resolve their personal explanations with those of the scientific community.

Skepticism

The habit of mind of skepticism is a value that is especially distinct within science. Examples
of skepticism in action are when someone asks: “Are you sure? Can you provide some facts to
convince me? What evidence supports that claim?” In certain respects, being open to new ideas
and exhibiting skepticism work hand in hand. Even though cynicism is commonly equated
with skepticism, the scientific worldview does not treat skepticism as a negative trait. A cynic
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is suspicious of people and institutions, suspecting there is always a selfish motivation behind
the things others do. In contrast, a skeptic is doubtful about the claims people make and always
looks for more evidence to support these claims. A skeptic always needs data to become con-
vinced, whereas there is no amount of data that satisfies a genuine cynic.

The need for data and evidence is central to the skepticism habit of mind. The more evidence
someone uses to support his or her ideas, the more likely other scientists will accept these ideas.
Arguments in other fields such as politics or the arts or philosophy are not as dependent upon
data. Individuals involved in those fields rely on persuasiveness, emotion, and beliefs, but in
science, high-quality data that address the question being explored are like gold.

Skepticism could be the reason science is often in conflict with other cultures. Skepticism and
faith are exact opposites. Skeptics will demand the reasons that support what we know, whereas
people with faith do not expect justification for what they know. Because faith and skepticism rely
upon conflicting criteria for claims of truth, the worldviews are in opposition to each other. The
way to resolve this dilemma is to consider the idea of cultural membership: each of us is a member
of multiple cultures. Just as you change your role when you go from your home to work, to school,
and to worship, individuals can shift their worldviews depending on the situation. While various
culture may contradict, that doesn’t force those into being completely incompatible.

Emotions as Habits of Mind

A last habit of mind characteristic of science is made up of the emotional components. While our
stereotype of scientists may share more with Spock from Star Trek (i.e., thinking divorced from
emotions), it is important to note that a scientist’s quest for understanding and explaining comes
with and is driven by an assortment of emotions—interest, puzzlement, bafflement, curiosity,
even joy—what Keller calls the “joy of going at it” (1983, p. 125). Far from being detrimental or in-
cidental to the work of scientists, emotions are intimately tied with the doing of science (Jaber &
Hammer, 2016). The frustration of a failed experiment as well as the thrills from discoveries are
exceedingly familiar to professional scientists. The space for genuine emotions ranging from ex-
citement to disappointment should be acknowledged as consistent with scientific activity—in the
world of professional scientists as well as during your classroom’s science activities.

For Reflection and Discussion

How do scientific habits of mind correspond to the way science is typically repre-
sented in schools? What sorts of activities might we expect an instructor to use if
he or she decided to emphasize the habits of mind throughout the science cur-
riculum? What sorts of comments might a teacher offer to students in an effort to
nurture the scientific habits of mind?

Science as the Work of “Figuring Things Out”

Science is not just a body of knowledge that reflects current understanding of the
world; it is also a set of practices used to establish, extend, and refine that know-
ledge. Both elements—knowledge and practice—are essential.

(National Research Council, 2012, p. 26)
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Scientists do their work by constructing and refining explanations of the natural world. Ac-
cordingly, the Framework for K-12 Science Education (National Research Council [NRC], 2012),
which served as the foundation for the Next Generation Science Standards (NGSS; NGSS Lead
States, 2013), emphasizes the necessity of students experiencing knowledge construction. The
processes consist of three integrated dimensions: core ideas, scientific practices, and cross-
cutting concepts. Together, these are known as three-dimensional science (Krajcik, Codere,
Dahsah, Bayer, & Mun, 2014):

Disciplinary Core Ideas. The core ideas are the material commonly thought of as classroom
science. Rather than attempting to be comprehensive, disciplinary core ideas are most essential
to students as they become more scientifically knowledgeable.

Crosscutting Concepts. Certain scientific concepts cut across all the disciplines (i.e., biology,
physics, chemistry, etc.). These concepts unify scientific thinking and support students as they
develop productive explanations about the natural world. Students will encounter these cross-
cutting concepts throughout their K-12 science education and will develop increasing depth of
understanding and appreciation.

Scientific Practices. More than just process skills, scientific practices describe the combined
physical and mental activities that students apply as they build explanations of the natural
world. The key scientific practices are:

Asking scientific questions and defining engineering problems
Developing and using models

Planning and carrying out investigations

Analyzing and interpreting data

Using mathematics and computational thinking

Constructing scientific explanations and designing engineering solutions
Engaging in argument from evidence

Obtaining, evaluating, and communicating information

© N U AW N

Science learners build useful science content knowledge while participating in scientific
practices. Conversely, students develop greater capacity with science practices as those are em-
ployed while pursuing scientific understandings. Teaching the three dimensions should not oc-
cur in isolation. Rather, science instruction should coordinate across the dimensions with the
expectation that these will mutually support students’ science learning. These three dimensions
reflect how science is practiced in the real world and are to be used by students as they work to
make sense of phenomena.

How is three-dimensional science learning to be achieved in the classroom? We may need
to fundamentally rethink the purpose of hands-on science activities. Instead of treating
investigations as “kinesthetic” experiences or simply a way to mix things up by not doing
book work, classroom science experiences provide a rich intellectual context for developing
scientific explanations. Clearly, this is much more complex than having children keep track
of cloud types or observing animal behavior. Teachers are being asked to make these shifts
because the three dimensions accurately mirror the work of scientists. In short, rather than
design lessons where kids pretend to be scientists, the three-dimensional approach engages
students in authentic science rather than a make-believe version.
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Philosophically, by approaching science teaching and learning using a three-dimensional
mindset allows students to participate in the culture of science. Too often, students are left to
their imaginations about what adult scientists do. Typical elementary or middle school students
are rarely able to shadow scientists while those professionals collect evidence or collaborate with
others to make sense of data. While that type of exposure might be ideal, placing students in the
scientists’ workplace is not feasible. Just as physical education teachers give students the chance
to personally engage in sporting activities, and music teachers provide students the opportuni-
ties to participate in musical production, so too should teachers of science provide instruction
where students are not pretending but are instead participating in science.

Science instruction compatible with three-dimensional learning will not seem attainable if
teachers view science as occurring during a specific lesson. Previous generations of teachers
might have believed they had covered a concept because students did one activity. The provided
curriculum may reinforce this compartmentalized view of science. But as science teaching be-
comes a more refined profession, there is widespread agreement that a checklist mentality has
not been sufficient. Consequently, the scope of science concepts has been reduced even as teach-
ers are expected to spend more time addressing these essential ideas. Children require multiple
opportunities to master the disciplinary core ideas. Three-dimensional learning supports such

Patterns. Observing regularities in the natural world, develop mechanisms for classifying
this information, and considering the factors that could have produced the patterns.

Cause and Effect. Pattern identification leads to questions about what prompted those
outcomes to occur. This requires more than identifying the sequence of events. Instead
there is the need to identify whether one factor caused the next event to happen. This
becomes the basis for experimentation.

Scale, Proportion, and Quantity. The mathematics of bigness and smallness is crucial for
understanding natural phenomena. Quantifying changes in amounts and appreciating
probabilities are concepts important across studies of the living and nonliving world.

Systems and System Models. Thinking about systems requires the identification of all
components within a defined system and excluding everything external to that sysem.
Systems involve components as well as the complex ways those interact with one
another. Creating physical and conceptual models helps test and explain the system.

Energy and Matter. Energy causes changes within systems and matter moves around
within systems. Being able to trace those cycles and appreciate the conservation of the
stuff are scientific concepts applicable across the disciplines

Structure and Function. How an object or organism is put together influences how it
responds and performs. Sensitivity to these interactions is as important to study anatomy
and physiology as it is to building devices to solve engineering challenges.

Stability and Change. The universe tends to push everything towards randomness.
Living systems resist these forces through stabilizing processes. Engineered systems are
designed to respond to change. Preservation in the response to outside pressures allows
life to continue and for structures to remain.

FIGURE 1.1. Crosscutting Concepts (National Center for Education Statistics, 2015).
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curricular goals. A one-day science activity to cover an idea such as the water cycle instead
requires a series of activities, conversations, and projects that build robust understandings for
students. The rush to move onto the next topic is falling into disfavor and being replaced by
three-dimensional science learning in which scientific practices and crosscutting concepts are
developed.

The overarching instructional goal of science teaching is to generate opportunities for stu-
dents to apply scientific practices, create explanations of phenomena that address core ideas,
and connect these actions and information to crosscutting concepts. That is, science classrooms
should be framed as places for students to “figure things out” as they solve intriguing problems
or questions. Science lessons become less about what a teacher delivers to students. Instead,
science lessons represent teachers’ efforts to guide students toward generating productive ex-
planations of phenomena. Learning vocabulary and completing worksheets will continue but as
supports of three-dimensional science learning.

In order to be fully engaged in the practices, it’s simply not enough to merely learn
about the science idea, however creative and hands-on the task may be. To engage
in the practices, really participate in them, a student has to frame the task as an ex-
ploration. The intellectual work of the classroom has to be centered on figuring
out how or why something happens.

(Passmore, 2014)

Throughout the United States, there is a discernible transition from activity-based science
activities toward three-dimensional science learning. To illustrate this transition, let’s compare
the two approaches centered on the same science content. In the first approach, students place
beans on damp paper towels that are sealed into plastic bags. Days later, the students are asked to
dissect the beans. They are challenged to identify the various structures found in the sprouting
seed by referring to various informational resources such as textbooks or online sites. In addi-
tion, they are expected to describe the functions those structures serve. As we might expect, the
students are excited to see the changes in the beans over time. On dissection day, they carefully
pulled apart the beans and sketched the structures. The students were engaged, and studying the
objects promoted great interest.

The second approach relies on essentially the same materials: bean seeds and dampened pa-
per towels sealed into plastic bags. However, the teacher in this class begins the study of seed
germination with an investigation: comparing the growth of bean seeds in a closet versus equi-
valent bean seeds placed on the windowsill. When students discover that, contrary to their ex-
pectations, the bean seeds germinated equally well in both conditions, the teacher challenges
them to address this question: “How can a seed grow in the dark?” Students discuss the possi-
bilities and decide on a plan. They assemble many seed-in-bag set-ups so they can dissect beans
at different stages of germination. After about a week, they will compare the findings for closeted
versus windowsill seeds. Each day, a new team of students pulls apart beans, draw structures,
and presents its findings to the class. As a whole group, they compare the results across the days.
An idea emerges the first leaf that emerges for a seed is vital. They learn that this structure is
called the cotyledon, and they speculate that this seed part provides energy to the plant to sup-
port its growth during germination. The evidence for this idea? This class documented that this
structure shrinks over time. Throughout their work activity, the students were engaged, excited,
and in more than a couple of instances, arguing about the results and interpretations on the
way to lunch.
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This “figuring out” taking place in the second classroom was not a free for all. Rather, the
teacher was strategic in setting up such a productive learning opportunity. To the untrained
eye, this might be perceived as mere messing about—as if playing with natural materials would
lead to the spontaneous understandings of scientific concepts (Hawkins, 1965). The teacher de-
cided in advance on the targeted ideas, crosscutting concepts, and scientific practices that would
likely arise as the class sought to explain the seed germination process. The crosscutting concept
was Structure & Function (see Figure 1.1), a key scientific practice was “engaging in argument
from evidence,” and the disciplinary core idea was “plants depend on water and light to grow.”
By comparison, the first approach to this activity felt less aligned to the scientific culture. In
addition, the students worked on things that did not feel quite so rigorous and meaningful.
The contrasts between the two approaches are subtle yet substantial. Central to the teacher’s
planning and actions was providing classroom conditions that encouraged student interactions
allowing them to generate meaning from firsthand experiences. Science learning, as advocated
within the Framework and subsequent NGSS, obliges teachers to guide students as they engage
in productive, meaning-making work in the classroom—work that involves talk, joint attention,
and shared activity aimed at the construction and critique of explanations (Ford, 2008).

The Goal of Proficient Science Students

Think back upon the science you experienced as a young learner. What do you remember? Some
adults recall keeping a journal of the moon’s phases or rolling toys down ramps. Others recollect
long lists of words they had to define. These memorable activities don’t provide adequate sign-
posts for guiding science teaching in this era. Gone is the acceptability of teachers doing science
activities that have little relationship to authentic science. Students in such settings might be
interested or engaged. But this approach ignores contemporary policy and the emerging con-
sensus about effective classroom science. As guides for teacher planning, student “enjoyment”
is no longer a sufficient goal. Instead, teachers and schools are being asked to aim for something
different. Simply having fun is not the endpoint of classroom science anymore.

The National Research Council has proposed that the new goal of science education is in-
dividual student proficiency. The Framework for K-12 Science Education (National Research
Council, 2012) calls for all students to become proficient in science by the time they graduate
from high school. Framing science educational goals as proficiency indicates that students need
to learn how to generate and evaluate scientific explanations, understand how scientific know-
ledge is developed, appreciate what makes science different from other ways of knowing, and
how to participate in the practices of science (Duschl, Schweingruber, & Shouse, 2007). Science
proficiency includes the learning of vital science concepts. Added to this fundamental store-
house of knowledge is learning how to do science—to participate in sense-making about the
natural world (National Research Council, 2012). Students’ science learning is intimately tied to
the investigating phenomena and constructing explanations tied to the observations and data.
For this to be realized will require a “fundamental change in the way science is taught” (NAS,
2015, p. 1), and that begins with re-envisioning science instruction by teachers. These shifts
are a substantial departure from previous science reform efforts but perhaps not in ways most
people fully realize. This newness is not about setting aside books in favor of activities; that has
been something science educators have been advocating for nearly 100 years (Champagne &
Klopfer, 1980; Craig, 1928). Another mistaken belief is that what is newly beneficial to science
education is integrating technology into instruction. The fancy digital devices, some claim as
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transformative, are being described in the very same way as innovations that are now extinct
(Standage, 2014). What elevates the current move to reform science education is its scope. Rather
than focusing on creating new instructional materials and training teachers to appropriately
implement those, the science reform movement is more systematic than ever before. That is, the
units of change are organizations. To realize the goal of universal science proficiency requires
coordination across systems. Teachers are essential, but there is increasing recognition that we
should not leave them to thrive or perish by continuing to isolate them in their individual class-
rooms. Just as students need support, guidance, and feedback, so too are classroom teachers
going to require continual and collaborative participation in the work at hand.

Who Should Become Science Proficient?

By the end of the 12th grade, students should have gained sufficient knowledge of
the practices, crosscutting concepts, and core ideas of science and engineering to
engage in public discussions on science-related issues, to be critical consumers of
scientific information related to their everyday lives, and to continue to learn about
science throughout their lives. ... It is especially important to note that the above
goals are for all students, not just those who pursue careers in science, engi-
neering, or technology or those who continue on to higher education.

(National Research Council, 2012, p. 9)

Why do we teach literature? Why do we teach mathematics? Is it because we expect all stu-
dents to become best-selling authors or accountants? Probably not. Language arts and mathe-
matics are commonly understood to be the essential components of a broader education. They
represent a body of knowledge schools are to help students master so they have a better chance
to lead productive and fulfilling lives. We propose that science is no different. The goal of science
teaching has moved away from the desire of the 20th-century United States to assemble the next
generation of scientists. Instead, science teaching now focuses on supporting every student to
develop abilities to scientifically approach problems. Whether a student ultimately ends up in
science field is left for that individual to decide. And neither the adults nor the student in ele-
mentary or middle school has enough insight to make such determinations until after a child
has had years of high quality exposure to science. When does a student make that decision to be
a science person or not? Maybe not until college. In the meantime, educators and educational
systems should be designed to ensure that when that decision is being made it follows a consid-
erable amount of time of participating in authentic science.

To teach science in ways that encourage certain students to become scientists and discourage
others is an unacceptable scheme. Instead, our educational system should consider all students
as deserving our attention to move them toward scientific proficiency. Withholding opportu-
nities to participate in science because of a mistaken belief about who will become a doctor
or engineer or physicist borders on negligence. Rather than treating science classes as a filter
for separating the potential scientists from the nonscientists, scientific proficiency is a baseline
feature of being educated. In addition to expecting high school graduates to be able to read and
write, everyone who earns a diploma should enjoy “scientific literacy.” As indicated in by the
quote that began this section, schools should provide every student with their deserved oppor-
tunities to learn science.

Scientists and science educators acknowledge that scientific knowledge and skills are nec-
essary for an everyday life in the 21st century. In a sense, science helps empower citizens.
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Individuals who are more scientifically proficient will have greater control over the choices they
make about their lives. As a consequence, science instruction should not exclusively, or even pri-
marily, focus on producing the next generation of scientists. Instead, the goals are to engage all
students in making sense of the world scientifically. Again, this is a systemic undertaking that
requires individual teachers to commit themselves to these goals as well as providing teachers
with organizational structures to support those efforts. All of this needs to occur without delay
because waiting until upper elementary is far too late. As early as pre-kindergarten, students can
begin developing the practices and knowledge to support their growth toward scientific profi-
ciency by the time they reach twelfth grade. Reading skills in kindergarten are substantively
different from reading in high school, and not just because the words are bigger and the books
are heavier. There is increased sophistication from being incrementally educated about how to
interact with texts. The same applies to science. Exposure to scientific phenomena by very young
children might look like play. Those concrete experiences are foundational to high school gradu-
ate science proficiency. Letter recognition and phonemic awareness for reading have their par-
allels in science. Those are described in greater detail in the subsequent chapters. At this point,
we simply want to elevate the regard for science education as something much more than some-
thing for “science types” or that can begin after children have been in school for several years.

Diversity in Many Forms

As we rise above the misbegotten sense that the purpose of teaching science is preparing certain
students to become scientists, we redirect our attention to the value of teaching science for all
students. It is one thing to say “all students” but what were members of the National Research
Council thinking. Who exactly is the “all”? The following definition leaves little room for doubt:

SCIENCE IS FOR ALL STUDENTS. This principle is one of equity and excellence. Sci-

ence in our schools must be for all students: All students, regardless of age, sex, cultural

or ethnic background, disabilities, aspirations, or interest and motivation in science.
(National Research Council, 1996, p. 20)

The ambition is clear: scientific proficiency is not a goal reserved for a subset of students.
Students from all backgrounds, all abilities, and all personality types are to receive science in-
struction that aligns with the three-dimensional ambitions identified by the Framework. Why
this emphasis on the “all”? Part of the rationale comes from past patterns of science achievement
among groups of students, part comes from demographic changes in the American population,
and part comes from changing educational policy. In the following sections, we will explore
some of the categories of students now being targeted for scientific literacy.

Ethnic Diversity

Most students from non-European American cultures do not score as well in science as their
more Western, mainstream counterparts. Figure 1.2 shows science NAEP scores for two grade
levels and across ethnic categories (fourth grade science was not tested in 2011). The graphs show
the average scores on the science test.

What can we surmise from these data? Clearly, there have been gains as average scores within
each ethnic group have increased over the years. As a whole, fourth and eighth graders are show-
ing elevated science scores. On the other hand, the differences between students designated as
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FIGURE 1.2. Science performance on the National Assessment for Education Progress
with results presented by ethnicity (National Center for Education Statistics, 2015).

White and their Black and Hispanic peers remain large. These disparities are commonly referred
to as achievement gaps. The achievement gaps for fourth graders went from 36 to 30 (comparing
Whites to Blacks) and from 32 to 27 (comparing Whites to Hispanics). This pattern is quite simi-
lar for eighth graders who took the NAEP Science test. These might be viewed as improvements
because the science performance disparities based on ethnicity are shrinking. The issue is that at
the current pace, you may be retiring from teaching by the time those gaps are gone. Thirty years
of ethnic disparity is a very long time—and that assumes we continue to make progress.

Socioeconomic Diversity

Related to the patterns of science achievement by ethnic groups, students of lower socio-
economic status tend to struggle in school more than their more affluent peers do. This rela-
tionship between socioeconomic status and student science proficiency is particularly troubling
as 21 percent of school-aged children in the United States are currently living in poverty—a
23.5 percent increase in two decades—and the highest rate of children living in poverty of any
of the Western democratic nations (National Center for Educational Statistics, 2016). Students
are commonly categorized as poor if their family income is low enough to qualify for financial
assistance for food. Students who do not qualify for this program are not necessarily wealthy.
This means there is a considerable range of family wealth concealed within the category “does
not qualify for free/reduce priced lunch,” which is why we must be cautious with these compari-
sons. Regardless, the achievement gaps for students categorized as FRPL versus not-FRPL reveal
another type of science disparity (Figure 1.3).
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FIGURE 1.3. Student science performance on the National Assessment of Educational
Progress with results disaggregated by income level. FRPL refers to Free and Reduced
Price Lunch and is based on family income falling below a poverty level (National Center for
Education Statistics, 2015).
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Ability Diversity and Physical Disability

Approximately 12 percent of the student population of the United States had a disabling condi-
tion (Lynch, 2000). These conditions include learning disabilities (45 percent of the total num-
ber of disabled students), speech and language impairments (20 percent), mental retardation
(10 percent), serious emotional impairments (roughly 10 percent), orthopedic impairments
(1 percent), hearing impairments (1 percent), and other impairments, including attention deficit
disorder (1 percent). With the passage of the Individuals with Disabilities Education Act, many
more students with disabilities are being integrated into mainstream classrooms. Science edu-
cation reform includes those who have cognitive disabilities or who are in some way physically
challenged as part of the population deserving quality science experiences.

Those who might claim that students with difficulty processing ideas ought not to engage in
science are probably taking a too-narrow view of the subject. A deliberate and thorough obser-
vation of materials and events is an essential feature of doing science. Manipulating objects to
appreciate causes and effects is also considered scientific. When we embrace the complexity of
science and realize that mastery of knowledge is not all that is involved, we have a new vision of
who is capable of learning science.

The challenges that people with physical disabilities face can often be regarded as mainly a
matter of access, although teacher expectations weigh heavily as well. As teachers, we should
strive to provide every student with access to science, not just for legal reasons but also because
of a commitment to the goal of teaching science to all students. Sharon Lynch (2000) brought up
a wonderfully insightful point: Albert Einstein, Niels Bohr, and Leonardo da Vinci, all scientific
visionaries, had learning disabilities and overcame their disabilities in ways that factored into
their eventual success.

Causes of Science Achievement Gaps

It is one thing to claim to teach science to all the children in our classrooms and quite another
thing to be successful in doing it. An important step is to consider possible reasons for gaps
in scores on nationwide measures for students from different demographic groups. Why is it
that girls, students of color, students learning English, and students with disabilities tend to
lag behind their White, male counterparts in terms of science performance and participation?
Typically, speculations focus on the students. Girls are often described as being less interested in
science than boys and, for whatever reason (biology or culture), having lower science aptitude.
Simply put, some people continue to suggest that it is harder for girls to think scientifically. In
the 21st century, with women doctors, astronauts, and physicists, this is clearly a controver-
sial remark—and so the ability of women in science continues to be a source of public debate
(e.g., Newkirk, 2005).

As we consider uneven performance in science, a common and misleading suggestion is that
the student and the student’s family are the source of difficulty. If students are not successful in
science, then using this mindset, it is because their homes, upbringing, or even genetics fail to
prepare them for the rigors of school. Attributing failure in this manner uses deficit perspec-
tives (Milner, 2012), inaccurate beliefs that children who come to school without prerequisite
skills, knowledge, and abilities are destined to always fall beyond their peers. In this fashion,
we sometimes hear opinions about the source of disparities residing within the individual stu-
dents, as if there is deficiency in their character, grit, or persistence. Interventions have been
attempted to “fix” individual problems (such as self-regulation) but those projects deserve to be
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viewed with skepticism (Andrzejewski, Davis, Bruening, & Poirier, 2016). One problem with
deficit mentality is that it fails to explain the science success of students from historically under-
represented groups. In settings where teachers and schools do not ascribe to a deficit mentality,
students from a wide range of backgrounds can display exceptionally high science achievement.

Unequal Science Opportunities within the Same Setting

Geneva Gay (2000), in her book Culturally Responsive Teaching, reminded us that teacher ex-
pectations substantially influence the teaching provided to students. Although teachers may be-
lieve that all students can learn, they may not expect some students fo learn. Thus, teachers may
challenge and support some students while allowing others to be in classrooms without insisting
they be engaged or holding them to high expectations. Good and Brophy (1994) labeled this situ-
ation a “self-fulfilling prophecy”—a phrase originating from Merton (1948). If teachers expect
students to be either high or low achievers, teachers will act in ways that communicate these
expectations. Although often subtle, the expectations are recognized by students with science
performance corresponding to those messages. Ultimately, the expectations held by teachers
become true. This relationship between teachers’ expectations and students’ performance has
been documented in a wealth of research conducted in a variety of settings (Workman, 2012).

Working from a wealth of research literature, Gay described how White boys tend to be
provided with disproportionate learning opportunities within classrooms. Again and again,
researchers have documented that male students in science classroom are asked the more dif-
ficult questions, given more challenging responsibilities, and provided with stronger acknow-
ledgments of their efforts by teachers. These students are expected to succeed in science because
of a twisted belief about biological destiny. The adults’ beliefs about who can become a scientist
manifest as explicit and subtle messages. They become signals that support one segment of the
school population while also discouraging the others. Teachers typically do not hold the same
science expectations for girls, students of color, students of poverty, or students with disabili-
ties. A considerable body of research describes how students in these demographic categories
are asked fewer and lower-level questions, are provided with less critical feedback, are assigned
easier tasks, and are given less acknowledgment of their success (Workman, 2012). Less is ex-
pected concerning these students’ science capabilities. The wrong-headed prediction that stu-
dent success is related to gender, socioeconomic class, and ethnicity promotes a climate where
preferential treatment dominates. Tragically, these expectations prove to be “true” when student
outcomes are viewed through these biased perspectives. Students expected to be successful pro-
duce high scores and more learning gains. What often goes unacknowledged is that even though
students may be in the same classroom, the differences in their outcomes reflect unequal oppor-
tunities because of teachers’ actions.

To unreflective educators, a teacher’s role in this situation often goes unrecognized while their
inequitable regard and treatment of students reinforces their view of who has the “capacity” to
learn. Yes, teachers can exert powerful influence on students’ science achievement through their
expectations of students, but this doesn’t always have to be negative. Promisingly, we can also
communicate more equitable expectations by monitoring who we select to ask questions, the
difficulty of the challenges we present various students, and the nature of the praise and feed-
back we offer to different students.

You may have seen the graphic showing three children of different heights who try to watch
a sporting event but are blocked by a fence. The second picture shows a failed effort to fix each
child’s limitations. Under the caption “equality” each child is now standing on the same-sized
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box. However, because of their different heights, only the tallest individual can now watch the
game. The next image is labeled “equity” because each child is standing on a different number
of boxes, and all three can see the game. The shortest kid stands on three boxes and is now high
enough to see over the fence. The medium child needs just two boxes to have a clear view, and the
tall kid only has to use one box. This graphic is used to illustrate the difference between equality
and equity. Giving every child the same amount of support constitutes an equal distribution. An
equivalent would be serving the same-sized lunch to every student from kindergarten through
high school: it’s “fair” because nobody gets an unequal share. The problem with this thinking
is that it ignores the practical question about what is enough. In contrast, equity pays attention
to the amount of support the individual requires. Rather than choosing an arbitrary level of
support, an equity-oriented approach would supply each person according to his or her needs.
In the fence and box example, not every child was given the same number of boxes. Instead, the
resources were distributed to provide equal access.

Missing in this allegory is the construction of the fence. Instead of seeing inequities as defi-
cits in the children, we might need to consider why the fence is there in the first place. Maybe
the fence is intended to provide limited access—as if being tall was desirable and being short
was not. This is not just a fictional or philosophical discussion about equity and science. Just a
few generations ago, there were practices within schools that segregated girls from being able
to access science: there were fewer female science teachers, there were societal biases against
girls going into science, and the lists of required courses were different for boys and girls. None
of this should be interpreted as implying that all students should not be fairly treated. In many
situations, the level of support and intervention may need to vary depending on the individual.
But society is also capable of imposing barriers that are preferentially harmful and potentially
discriminatory to a subset of the larger population.

Lessening Inequitable Access to Science

The content of science may spawn opportunity gaps. Given that even the National Science Founda-
tion (1994) recognizes science as a Western, masculine way of thinking, it seems almost inevitable
that some students will find science more accessible than do others. However, just as a teacher
ought to hold high expectations for all students, the teacher also has the responsibility for helping
students understand scientific ways of thinking. We advocate that this can best be accomplished by
reconsidering science as a culture. In other words, science is not merely a fixed body of knowledge
that resides on a shelf. Instead, it is a way of knowing shaped by those legitimately participating in
science. As teachers, making explicit the culture of science becomes a way of increasing opportuni-
ties for students. This cultural orientation toward science teaching is the focus of the next section.

A Clearer Sense for Culture

Throughout our lives, we shift our associations based on our desire to belong to a group. For a
child, this happens by being part of a family. This starts with an awareness of parents and siblings
and may expand to include the extended family: grandparents, cousins, and so on. What an in-
dividual includes within “me” is more than just himself or herself. The self also encompasses his
or her position within the family unit. As the child grows, the “we” expands to include friends,
neighbors, coworkers, and teammates. As a group member, the individual acquires an under-
standing of the group’s standards: what to wear, when to speak, how to behave, and so on. Such is
the process of becoming a social being. Part of going to school involves learning how to function
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within a wider variety of groups. Labaree (2010) has even gone so far as to say that this is exactly
what American schools do best: bring people together to develop a sense of being within a group.
We consider these groups as cultures given our alignment to Sonia Nieto’s definition of culture:

Culture can be understood as the ever-changing values, traditions, social and politi-
cal relationships, and worldviews shared by a group of people bound together by a
combination of factors that can include a common history, geographic location, lan-
guage, social class and/or religion. Thus it includes not only tangibles such as foods,
holidays, dress, and artistic expression but also less tangible manifestations such as
communication style, attitudes, values, and family relationships.

(Nieto, 1992, p. 111)

When a culture is self-contained and insulated from other cultures, its members may not recog-
nize the unique and distinctive aspects. When people spend much of their life isolated within a
culture, they may suppose their cultural traditions are normal. To a certain extent, this is accurate.
A norm is defined as a typical aspect of a group. In testing, the most common score within a group
is the norm. Standing when you hear the national anthem broadcast is a cultural norm.

Being confined within a particular culture may leave defining traditions unexamined. As a
result, people may claim they do not have any culture because the norms are felt to be universal.
Their thinking and actions are pretty much standard and if other traditions are encountered
those variations seem peculiar, quirky, or weird. Quite naturally, people associate with other
people who share their traditions. It would be an unusual person who is constantly an outsider
from all traditions. But in an increasingly connected and complex world, students need assis-
tance with recognizing that each of us is a member of a culture and to also accept other cultures
as legitimate even though they are different. It can be challenging for many of us to recognize
that our upbringing influenced how we think, what we say, and how we act. In short, we’re in-
stilled with cultures even if we don’t fully appreciate those influences.

Two Components of Culture

Cultures consist of two components: the objects and the actions. The objects of a culture are the
physical tools and culturally specific ways in which those tools are used. The actions of a culture
are the ways in which participants in the social group interact with each other. In the culture
of a particular ethnic group, the objects would
include clothing, language, food, and know-
ledge base, and the actions would include their
traditions, social structures, gender roles, and
communication styles.

When we travel to a place where the culture is
different from our own, we aren’t always sure how
to fit in. We may not know the language, wear the
appropriate clothes, or understand the road signs
(see Figure 1.4). Each of those aspects represents
the objects of a culture. Certain actions of another
culture can feel foreign to us: were not sure about

FIGURE 1.4. Successfully navigating an-
other culture includes an understanding of  the traditions for forming a line, how to appro-
symbols: This sign from Mexico indicates a priately acknowledge an older person, or which
no-parking zone. of our behaviors might be viewed as insensitive.
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Such an awareness of cultural differences occurs when we find ourselves in unusual circum-
stances. This doesn’t mean one must travel to a distant country to experience these sensations.
Even without object and actions labeling to sort through the sensations, you may experience these
when attending a celebration in someone’s house of worship, shopping in an ethnic store, or eating
a meal in a unique restaurant. In those instances, the “insiders” were comfortable with the sur-
roundings and sensations. As the “outsider,” your daily and unexamined way of acting and think-
ing didn’t feel quite so natural. The odd and often uncomfortable sensations when you are quite
literally “out of place” highlight other cultures as well as your own. There may be glimmers of real-
ization that someone has a culture that differs from the one you've been temporarily experiencing.

Often it isn’t until we become immersed in another culture that we become aware of the defin-
ing features of our own culture. When a person can seize the novelty, he or she can recognize that
culture is not something exotic, foreign, and remote. Instead, there is an elevated appreciation
that culture is a part of each of us. Those who claim that they do not have a cultural affiliation or
regard their traditions as just normal have not had enough thoughtful exposure to other cultures.
When someone from a different culture asks you to explain your holiday traditions and you
recognize that your experiences are not necessarily shared by everyone, then you are closer to
seeing that you are a member of a culture. It seems necessary to acknowledge a personal cultural
identity to become effective in working with students from a wide array of cultural backgrounds.

Rather than discussing cultures that feel alien and remote, we will examine two cultures very
close to home. We begin by considering the cultural elements of a classroom and then consider
science’s cultural features. The purpose is to reinforce culture as more than something “out
there.” This will move us closer to the goal of seeing that culture shapes who you are and how
others perceive you.

Describing a Classroom Using a Cultural Lens

Picture a typical classroom. Maybe you could imagine the classroom where you learned from
your favorite teacher. Or it could be a classroom you recently visited. It doesn’t have to be an
ideal classroom, but it should be an easy one for you to visualize. Consider how you would de-
scribe it to a person who had not visited that place. What features of the classroom you would
you describe to someone employed by a construction firm? If your classroom description is to be
effective, you would need to anticipate the features in which a construction expert would have
an interest. Someone from the construction “culture” tends to view his or her world from the
vantage point of ceilings and floors, lights and windows, ventilation and acoustics, and other
parts of the physical environment. You might describe how the classrooms looks and feels at
different times of the day and during various seasons. If your classroom has windows, then the
incoming light’s qualities might be noteworthy as would the view one has when looking out.
Given the construction person’s professional interests, he or she would probably be curious more
about where and how the books are stored within the classroom than about the types of books
available to the students to read.

Imagine a different challenge—describing the classroom to an anthropologist. This anthro-
pologist is going to want to learn about people within the classroom rather than the heating
and cooling system. To describe a classroom to the anthropologist, you would emphasize the
people’s interactions: the manner in which they talk to each other, the ways they organize them-
selves into groups, the types of objects they use, and the routines in which they participate. This
description would include the changes taking place throughout a school day and the types of
activities occurring at various points in the school year. The furniture of the classroom would
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be relevant to the extent that it informs the anthropologist’s appreciation for the human and the
social aspects of the classroom.

There are all kinds of things special about classrooms that make them very different from
other spaces where people work. One obvious difference is the furniture: it’s all built in pro-
portion to the children, which can make for a comical situation when adults gather in a class-
room. Another characteristic of classrooms are the learning tools: crayons and paper, posters
and chalkboards, large calendars, and pencil sharpeners. Many teachers organize materials so
they are available at the instant they are needed and there are enough for every person.

Is there only one correct way to organize the classroom: the furniture, the schedule, the cli-
mate, and the books? No, there are hundreds of arrangements that could promote an effective
learning environment. Teachers are constrained by the desks the school provides, the types of
educational materials the board of education adopts, and the size and shape of the room. And
yet, teachers have immense influence over the classroom, especially when we take into account
the features of a classroom that we would describe to an anthropologist. In short, the culture of
the classroom is one of its most defining aspects.

A dozen teachers provided with identical materials for use in the exact same space would, not
surprisingly, create different classroom cultures. The classroom culture is partially an extension
of the teacher: his or her views about the purposes of education, his or her own experiences as a
student, and his or her beliefs about the ways to help children learn. The classroom’s culture also
reflects the students in this room. Just as the teacher brings his or her background into work, so
do the children. The ideals of the students, their ways of communicating, their personal aspira-
tions, and the need to define themselves as members of society all contribute to the classroom
culture that is formed.

Not only is the classroom culture the by-product of the personalities of those present but
it is also an ever-evolving entity. We would expect a classroom to change from the first day of
school to two months later. In more subtle ways, the classroom would be perceptibly different
at the start of the school day and partway through. The physical arrangement of the students
(doing independent writing versus participating in a whole group discussion), the kinds of tools
being used (watching a video versus working with manipulatives), and the general tone of voices
(teacher giving directions as the class prepares to leave the room versus children telling each
other about their favorite music) are all examples of shifts in the classroom culture. Altogether,
these features and many others define a culture. Classrooms are a type of culture, and it can be
enlightening to consider what teachers might do to define and sculpt a classroom so it becomes
an environment supportive of everyone’s learning. Classroom culture signals the science learn-
ing opportunities made available to students.

The Boundaries of a Culture

A culture is described by the traditions of a group of people. Individuals sharing a culture have
a common language, common clothing styles, favored foods, and music preferences. There are
certain routines distinguishing a group, such as the holidays that are celebrated, the ideas that
are honored, and other features that bind and unify them as a group. The forces causing some
individuals to hold higher status than others within a culture are yet another cultural arti-
fact. These sorts of power relationships also define who is included and who is excluded from
a culture. You cannot simply join a new culture because you want to. To become a member
of a culture, you must be able to function within the norms of that culture, and your ability to
demonstrate your understanding of those norms will determine your acceptance by the culture.
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When people refer to a cultural group, they often think about a nationality and all the stuff
associated with the culture (styles of communicating, ways of dressing, types of food). A person
who is born and raised within a city in Taiwan is a member of a culture that is very different
from that of someone who grew up within a Navajo community. If we would bring together per-
sons from these two cultures, they would not automatically understand each other for reasons
that go beyond language differences. A substantive difference between the two people would be
the ways they interact with other people within their culture. Another difference would be their
ways of engaging in worship. Individuals from the two cultures might legitimately feel their own
ways are normal and that the traditions of the other person are odd.

We might anticipate that a child would be proud of his or her culture. This child would see
that the person he or she is becoming is an extension of the cultural traditions of the family and
community. Certainly, cultures change over time as new words are invented and new tools be-
come incorporated into the culture. But we hope that a child would not be taught to believe that
other cultures are automatically odd, inferior, or wrong. Instead, we expect that people would
come to accept other cultures. We feel most comfortable and natural when we function within
our own culture, and we expect that others will respect our culture for that very reason.

Membership in Multiple Cultures

Up to this point, we’ve associated cultures with nationalities. This doesn’t mean just geographic
boundaries because someone can be a member of a culture even when he or she moves beyond
the national borders. We wouldn’t expect someone to stop being Senegalese or Turkish just be-
cause he or she traveled outside of their country. Being a member of a culture involves much
more than simply where you live.

Most of us are members of more than one culture. This statement requires us to recognize
that culture has a more specific definition than one’s nationality. Imagine a group of friends
who share certain music preferences, enjoy special types of food and beverages, have particular
words or phrases they use all the time, and share a relatively similar type of clothing. We could
describe this circle of friends as a cultural group.

If a culture is defined by a collection of shared and accepted traditions, then we can begin to
recognize the incredible variety of cultures that exist. A group of women who meet to play cards
and socialize represent a culture. Forest firefighters who work, eat, and live together throughout
the fire season are a culture. People who gather online to discuss their lives and fears are also a
culture. In each instance, characteristics define the culture, such as ways of communicating and
interacting. Someone who is not a member of a certain culture has a hard time understanding
the vocabulary or recognizing the acceptable ways of behaving. He or she would probably feel
awkward trying to fit in. But over time, a new person might begin to get the hang of the abbrevi-
ations that are used in the chat room or the significance of the bids made in the card game. Over
time, the person might learn enough of the cultural norms to become accepted into that culture.

Perhaps you are contemplating the cultures with which you are associated. Anytime you join
a group with which you develop specific ways of thinking or acting, you become a member of a
new culture. These groups might be found at school, church, or work. If you have a job, then you
know there are certain words and phrases one needs to know. In addition, there are certain ways
in which things are done, whether it’s how to answer the phone or how to arrange the utensils
on the table. You may have different ways of acting when you are in the role of a student. An
important part about learning to become a teacher is developing skills at functioning within the
culture of teaching.
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A Broader View of Culture

A cultural group is defined by its traditions. We might stretch our definition of culture and use
it to talk about cliques. Often a group of children from widely varied family backgrounds will
have a common passion for a certain artist or author, and that shared interest will come to define
who is in their group and who is not—this could be appropriately identified as a cultural group.
Professions also act to define cultural groups. Nurses can be thought of as a cultural group, as
can bus drivers, bank tellers, and bartenders. Even though members of these groups may all
speak English and live in the same town, features of their work lives distinguish them from
other professionals: accepted attire, the hours they work, the equipment they use, and the ways
they communicate.

A clique, a club, a gang, the prisoners in a jail, provide educative environments ...
as truly as a church, a labor union, a business partnership, or a political party. Each
of them is a mode of associated or community life, quite as much as is a family, a
town, or a state. The activity of each member is directly modified by knowledge of
what others are doing.

(Dewey, 1916/1944, p. 82)

People learn to be members of a cultural group. If you grew up with others who had a shared
set of religious beliefs, then you learned about that religion by being associated with others who
were practicing it. In this regard, a culture becomes a force that can educate its members, also
expressed by John Dewey.

One purpose of education is to guide students to be able to learn to think about their world
in many different ways. Although it’s an oversimplification, we could think about the school
curriculum as a collection of appreciation courses. Students cannot be realistically expected to
learn all the content in science, history, music, economics, math, sports, and so on. But we would
like for them to develop a taste for all of these. If we wanted to design a curriculum that used
subject-area appreciation as a guiding principle, what sorts of learning would occur? Obviously,
we wouldn’t be satisfied with having the students memorize terms associated with every subject
area. Instead, we would want the students to experience these subjects in ways paralleling the
ways that professionals enact them. Our curriculum would require a thoughtful combination
of concepts (the “nouns”) and skills (the “verbs”). For art, this would mean learning some color
theory and some painting techniques. For math, this would be learning shapes and how to solve
problems. Let’s consider how this might apply to science.

The objects and actions of a culture should parallel the concepts and skills of an academic
field. Art and math might share an interest in shapes, but the way that artists and mathema-
ticians approach their subjects is quite different. Learning to become a skilled member of a
culture includes recognizing and using the tools and objects of that culture. Cultural objects
include boomerangs, kayaks, and weaving looms; we can add Bunsen burners, magnifiers, and
thermometers—just to reinforce that the scientific culture has its unique objects. What is maybe
less obvious to you, and perhaps entirely unfamiliar to your future students, is an appreciation
of the cultural aspects of science. This is perhaps why the idea of studying (or teaching) science
makes so many people uncomfortable. When you aren’t sure about the proper etiquette of a
different country, you're naturally concerned about making a major mistake (or, if in France,
a faux pas). But if someone familiar with the culture educates you about the proper way to think
and behave, then your comfort level rapidly rises. This same diplomacy is useful when teaching
science. To help students become comfortable and proficient within the culture of science, you
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can serve as their tour guide. You could imagine science teaching as the task of introducing a
group of students to this culture by providing them with terms, skills, and thought processes
that will permit them to participate within the culture. In what follows, we will provide infor-
mation about important actions within the science culture.

Science as a Culture for Students

Perhaps the closest you've been to learning about the actions of science before college occurred
when a teacher encouraged you and your classmates to “think like scientists”—and you were left
to imagine how to go about doing such a thing. Our position is that learning the culture of sci-
ence should not be left to students to figure out for themselves. Instead, their teacher must make
the traditions clear, acting as if he or she is a cultural emissary for science. Our list of scientific
habits of mind is a reasonable starting point. Curiosity, openness, and skepticism are traits we
can define for students and encourage them to use as they do science. A teacher is doing a much
better job by telling the class “As we discuss this activity, I would like for you to practice your
skepticism” rather than saying: “Use your scientific minds.” Making the subtle features of the
science culture obvious to students removes the guesswork.

Imagine how much easier it would be if, when faced with a new setting, the cultural tradi-
tions were made perfectly clear. Having someone willing to explain the traditions would make
you more comfortable and allow you to navigate within the culture. Consider the common
cross-cultural misunderstanding of physical proximity. In some situations, an individual may
feel as if his or her personal space is being violated by the closeness, if not actual physical contact,
that members of another culture initiate. In contrast, an individual might perceive a culture as
being too remote and cold because others don’t greet each other warmly or embrace when they
meet or even maintain eye contact during conversation. Think about your willingness to engage
with members of another culture. Having a complete knowledge of another culture would pro-
vide you with a greater sense of being able to regulate your actions and the ways others perceive
you. You would feel competent, and there would be very few occasions of awkwardness—all
because you understand the objects and actions of the culture.

We are suggesting this is the same disposition when teaching science. Teachers of science
can serve as ambassadors who guide students to understand the norms and expectations of the
science culture. Rather than expect students to absorb the culture of science by being immersed
in it, a teacher can support students by providing unambiguous information about the cultural
objects and actions. There is no single approach that will accomplish this. A skillful tour guide
will be on the lookout for examples to illustrate the points he or she wants to make. Likewise,
when teaching science, the teacher should be attentive to opportunities to highlight habits of
mind unique to the science culture. One might say that the goal of science teaching is to commu-
nicate the source of power to students so they can become confident as they move about within
the culture of science. By being more explicit about the cultural norms of science, the teacher
can guide students to know when and how to act in ways appropriate to that culture.

Science is not a subject that attracts a sufficiently diverse range of individuals. Our hunch is
that the dynamism of science has not been made explicit to students. The objects and actions
of science, which represent the culture of science, may feel too unchanging to appeal to many
students. Increasing students’ interest in science and their confidence in their abilities requires
teachers providing them with a better sense of the culture of science. The habits of mind we
have introduced are just one component. There are additional actions of the science culture,




22 Providing All Students with Access to Science

including inquiry and the nature of science, which you will encounter in subsequent chapters.
But for right now, we want to introduce the idea of the actions of science and explain how this is
fundamental to learning science.

We can create a considerable mess if certain cultures are presumed to be superior to others.
This applies especially when helping students make the connections between their home cul-
tures and the culture of science. We advocate for classrooms that create a healthy and respectful
balance between the culture of science and the cultures of the students (Aikenhead, 2000). Sci-
ence, for all its marvelous accomplishments, has its limitations. There are questions we might
ask that science is unable to answer. If you’ve heard about multiple intelligences, then you are
aware there are many ways of being “smart.” You can have musical smarts, interpersonal rela-
tionships smarts, athletic smarts, and so on. Scientific smarts cannot substitute for these other
types of intelligences because thinking in a scientific way is constrained by the need for data.

A Deep and Systemic Look

Today’s classrooms are not homogeneous places. The very dynamics that are changing the na-
tion (i.e., economics, politics, globalization, climate change, and so on) are influencing schools.
Altered economic conditions, shifting demographics, and revisions to legislation have brought
students who have a wide variety of ethnic backgrounds, socioeconomic conditions, primary
languages, and behavioral and cognitive abilities. One thing that is certain is that this variety,
this heterogeneity, will continue as features of public education throughout your teaching career.

Teaching science in ways that are effective for a diverse student population obliges us to re-
consider unexamined assumptions. In addition, having the belief that all children are capable
of learning science is essential. The “ordinary” teacher has tremendous opportunities, if not the
duty, to make this happen. One step toward this goal is to regard science as a culture. Adopting
a perspective of science as a culture implies that teachers must become skilled at doing science,
but students must also be provided with access to the scientific culture. The scientific world-
view will seem more familiar to some students and stranger to others. For many students from
non-Western, non-European backgrounds, the culture of science can seem foreign and fright-
ening. Understanding the cultural aspects of science encompasses learning about the actions
(ways of thinking and inquiring) and objects (physical tools, such as microscopes and graph
paper), and science concepts such as gravity. We can learn about a culture by reading stories or
watching videos; learning to function in that culture can only occur by participating in it while
being coached about the norms regarding objects and actions. Only by making science a clearly
human pursuit can we expect a wider variety of students to willingly engage in it. The benefits
of such a shift extend beyond issues of mere motivation. Interest translates into persistence,
which in turn promotes heightened self-confidence. These are powerful foundations on which a
teacher can build a science teaching agenda that opens students to a wide array of life’s options.

Chapter Summary

B Students can develop more positive views about their scientific capabilities when scientist
stereotypes are replaced with a cultural view of science.

B Thinking in a scientific manner draws on multiple mental habits that distinguish it from
other ways people understand the world. These habits of mind include having curiosity
and skepticism and being open to new ideas.
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B Three-dimensional science learning refers to the necessary interweaving of three com-
ponents, core ideas, scientific practices, and crosscutting concepts, required for the deve-
lopment of science proficiency.

B Science proficiency centers on the students’ ability to thoughtfully and productively par-
ticipate in the activities of science. Although science education was once seen as a way to
supply the future scientist pipeline, the current goal is viewed as “science for all.” This “all”
includes every student who attends school and does not exclude participation in science
because of gender, native language, cultural background, physical impairment, or cogni-
tive ability.

B Discriminatory practices of the past, such as excluding women, people of color, and spe-
cial needs populations, still reveal themselves in science achievement. Even though our
path to overcoming these inequities is not completely clear, we recognize that teacher ex-
pectations have the potential for reversing these tendencies.

B A cultural perspective can provide science teachers with a fresh way to think about the
subject and their role in helping students learn it. Teachers and students can develop more
refined and generous views about culture, which include recognizing cultural influences
on their individual perspectives.

B As with all cultures, science is distinguished by its objects and actions. The goal of
scientific literacy requires having students become participants within the science
culture.

B Classroom teachers can serve as cultural ambassadors as they support students in moving
in and out of the scientific culture but without discarding the cultural heritage from their
families and communities.

Key Terms

Achievement gap: typically the difference in test performance of students in different demo-
graphic groups. The persistent gaps between White and Black students have troubled educators
because they suggests students are not being provided equal opportunities to become science
proficient.

Actions (of a culture): the ways in which participants in the social group think and interact
with each other.

Culture: the shared views of a group of people about their values and traditions, united by a
common language, physical location, shared history, or belief system.

Culture of science: includes both the objects of the culture (its physical tools and accumulated
knowledge) and the actions of the culture (the commonly held patterns of thought and patterns
of behavior).

Deficit mentality: the inaccurate belief that many learners come to school without the pre-
requisite skills, knowledge, and abilities needed to learn science and that until deficiencies are
corrected in the learner or the learner’s life, then academic learning is not possible.

Objects (of a culture): the physical tools and knowledge that accompanies those tools shared
by a social group.

Scientific habits of mind: the values of science that influence the way in which individuals
participating in the culture of science think and act. Components of this value system include
curiosity, openness to new ideas, and skepticism. A wide variety of emotions that are intimately
tied to scientific pursuits accompanies this value system.
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Science proficiency: centers on the students’ ability to thoughtfully and productively engage
in the activities of science and requires that students view science as a body of knowledge and
an evidence-based model and theory-building enterprise that continually extends, refines, and
revises knowledge. Proficiency in science expands career options, advances the intelligence of
the voting public, and gives individuals the resources to make informed decisions as voters and
in their daily lives.

Self-fulfilling prophecy: the prevalent pattern throughout all of education that says if teachers
expect students to be high or low achievers, students then act in ways that will cause this expec-
tation to become a reality.

Skepticism: the expression of doubt or caution about a claim, often accompanied by a desire for
more facts and stronger evidence.

Suggested Readings

Melber, L. M. (2003). True tales of science. Science and Children, 37(7), 24-27.

This article describes going directly to the sources to obtain an accurate view of the work of scien-
tists. Through a variety of nonfiction books, students can read entries scientists made in their note-
books and journals as they went about their research. The benefits of this strategy is that a teacher
doesn’t have to rely on what he or she has to say about what scientists do—students can learn this
information directly through nonfiction texts written by scientists.

Engblom-Bradley, C., & Reyes, M. E. (2004). Exploring native science. Science and Children, 41(7), 25-29.

During a summer camp experience, students learned about the connections between science and
Native Alaskan cultural traditions. One example of such integration was an experiment comparing
the insulation of wolf fur with that of caribou fur. Students gathered data and interpreted them to
show that caribou fur is the superior insulator.
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two
Nature of

Science
Seeing Science from
a Bird’s Eye View

Chapter Highlights

The nature of science is central to the scientific culture. Awareness of the nature of science
helps students gain access to science.

Science is a distinctive way of knowing that requires evidence to support knowledge
claims. Other worldviews may not require such an emphasis on empiricism. Recognizing
this is a valuable realization about the nature of science.

Creativity is just as essential to science as it is to other ways of knowing. Students can be
creative in science as they develop multiple ways to observe, interpret findings, and pro-
pose explanations.

Scientists endeavor to identify the opinions and biases that can influence their observa-
tions and explanations. Prior knowledge can help us make sense of what is taking place,
but it also places constraints on our thought processes.

Even though it is a prevalent idea in textbooks and classrooms, there is no singular sci-
entific method. Although certain actions are characteristic of people doing science, it is
improper to believe that science proceeds by a fixed sequence of steps that culminates with
scientific truth.

Collaboration by students in their science learning echoes the social nature of practicing
scientists. Just as professional scientists do, students should present their work and ideas
to others as part of the science community.

Scientific explanations are tentative and open to revision if sufficient evidence or argu-
ments can be provided. Scientific knowledge advances as old ideas are replaced by better
explanations. In a similar way, students’ initial ideas can be replaced with more scientifi-
cally acceptable explanations.
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Scientists and science teachers agree that science is a way of explaining the natural
world. In common parlance, science is both a set of practices and the historical ac-
cumulation of knowledge. An essential part of science education is learning science
and engineering practices and developing knowledge of the concepts that are foun-
dational to science disciplines. Further, students should develop an understanding
of the enterprise of science as a whole—the wondering, investigating, questioning,
data collecting and analyzing.

(NGSS, Appendix H)

Too often, science is viewed as a fixed body of somewhat obscure knowledge. For example,
many of us have seen the Periodic Table but perhaps have not seen its usefulness. Insiders to the
culture of science recognize that the Periodic Table is not only a clever way of organizing all the
elements but is also the by-product of centuries of debate. In addition, the Periodic Table contin-
ues to undergo change. Four new “superheavy” elements were added in 2015 (elements 113, 115,
117, and 118), completing the 7th period in the Periodic Table. This example may not be a topic of
a conventional lunchtime conversation and probably is not relevant to the students at your field
placement site. But this example alerts us to the ever-changing aspect of science.

Like all other cultures, science is defined by its objects and actions. In addition, few cultures
are fixed and unchanging. Instead, a culture can shift over the years in response to adjustments
as old members move along and new members come in to the group. This is all to say that to ap-
preciate science as a culture requires recognizing that science, despite its distinctive features, is in
continuous flux—both in terms of what we know (as the Periodic Table example shows) and how
we have come to know it. The nature of science is a phrase referring to both actions of science and
the characteristics of the knowledge produced through these actions. We think of it as a “bird’s
eye” view of science—the broadest perspective one holds onto even if details become blurred.

Understanding the discipline you are teaching has always been important. With the recent
shift toward three-dimensional science learning as described by the Framework for K-12 Science
Education, knowing the nature of science is increasingly relevant. As described in the Frame-
work, the classroom teacher is expected to engage students in authentic disciplinary activity—
that is to involve them in doing science. Through active participation, students develop their
abilities to participate in the practices of science and hone their knowledge about the ideas and
concepts of science (i.e., become proficient in science). For this to happen, teachers possess a
strong grasp about the nature of science in order to understand science as a broad “enterprise”
to use the quote from the NGSS. Providing that “bird’s eye” view, that portrait of science as an
enterprise, is the focus of this chapter.

What Is the Nature of Science?

We often face a flurry of seemingly contradictory information. For example, here are actual sci-
entific statements related to nutrition: “A low-carbohydrate diet helps you lose weight and control
cholesterol levels”; “A low-carbohydrate diet is unsafe because it is often high in fat and places too
much stress on the kidneys”; “Eat high amounts of grains and fruits and a minimum of meats
and dairy for a well-balanced diet”; and “Eat a limited amount of grains and a high amount of
meats and other protein for a well-balanced diet.” How can scientists produce these contradictory
messages? Isn’t there some mechanism for resolving these contradictions? Shouldn’t scientists

all say the same things? These questions and contradictory messages are evidence that scientific
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knowledge about nutrition is being developed; the community has not reached even a tentative
consensus on what constitutes a healthy diet. The goal of this chapter is to examine how scien-
tific knowledge is produced, and knowledge production is at the core of the nature of science. A
deepened understanding of the nature of science by a teacher will shape how science is taught in
the classroom. This in turn will benefit the students: their appreciation for science will be more
accurate, and their perceived opportunities to participate in science will be greater.

The phrase nature of science describes actions of scientists (as individuals and as part of a
larger cultural group), and the underlying tendencies and unspoken assumptions that guide
those actions. The actions scientists engage in as part of their work culminates in knowledge that
retains these embedded characteristics. It is as difficult to list the components of the nature of
science just as it is challenging to summarize the parts of any culture. It is unwise to reduce any
group of students to a list of specific characteristics (e.g., girls like to work in groups, children
with disabilities don’t like to be singled out, English language learners will need particular help
in the sciences) because there is so much individual variation among group members. Likewise,
it is challenging to reduce the nature of science to an accurate list of characteristics. So why
should we try? Think about it this way: if you were trying to explain your cultural traditions to
outsiders, you would need to help them recognize major features of your culture. Knowing the
timing of special events, the kinds of food that are eaten, and special phrases that are used are
only surface features. A genuine cultural tradition consists of much more than its rituals.

Traditions have their bases in underlying beliefs. When outsiders simply attend to surface
feature of a culture, they fail to recognize the significance of those traditions to the members
of the culture. To study science without an understanding of the nature of science is to become
familiar with simplistic dimensions but never fully understand, be comfortable with, or work
within the culture of science. Our goal for this chapter is to provide you with a sense for what is
included within the nature of science as an important step toward understanding what is meant
by the culture of science. The short-term goal is strengthening your understandings of the na-
ture of science in ways that will make that knowledge more functional. Functional knowledge
describes information and skills that allow you to skillfully engage in particular activities. A
functional knowledge of science would be evident by someone adept at participating in science.
The long-term goal is for you to use this knowledge to design meaningful science experiences
for your students.

Unpacking Students’ Ideas about the Nature
of Science

When we ask students, “What is science?” we often receive the same sorts of responses whether
they are elementary school, middle school, high school, or college students. Students point to a
biology book and say, “That is science.” Or they may give a list courses; geology, physics, biology,
and chemistry. With additional probing, they’ll cite the scientific method as the way science is
done. As we spend even more time discussing these matters, students (again from across the age
and grade spectrums) explain that science is a large body of very sure facts, facts that are “dis-
covered” by objective scientists as they study all aspects of the world, a study that is sometimes
described as “prying open” the natural world as if the answers are hidden inside like a prize.
These scientists are often viewed as “lone rangers” who work in isolation and surprise the world
with their discoveries after long hours of diligent work.
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For Reflection and Discussion

If you were asked to draw or describe a scientist without thinking about it too
deeply, what characteristics would you include? If elementary or middle school
students held the same views of scientists, how might that influence their desire to
become participants in that culture?

How do we develop our ideas about science and scientists? It is notable that students’ re-
sponses are very similar across ages. This suggests that these ideas are first learned early in life
and that little occurs to alter these perceptions. Elementary schooling might contribute to this
situation. Unfortunately, not many students actually participate in science while in elementary
school. So where do these ideas come from? It seems that much of what students “know” about
the culture of science comes from the media—the news, movies, cartoons, and so on. Think
about the scientists you've seen on television and in movies, fictional stories, and educational
programs. What do these scientists have in common? They are usually seen as White men with
wild hair who are just a bit different from all the others around them. Even programs supported
by the National Science Foundation for educational purposes, such as Bill Nye the Science Guy,
can reinforce such stereotypes.

Few accurate portrayals of science, as performed by actual scientists, are available to most of
us. The stereotypical versions of science, although comical, send a clear message to students that
only certain people can become scientists. These misperceptions of science may actually cause
students to believe that science is not something they can do or would want to do. Our work-
ing hypothesis is that if students’ mythical notions are examined, if we can help teachers and
students to understand the actual nature of science and scientific inquiry and who does it, then
more students will understand that they can be capable science learners.

Students will enter their formal studies of science class holding many perceptions about the
nature of science. In the following section, we will describe actions of science through a discus-
sion of the spheres of scientific activity. Following this, we will examine the characteristic of the
knowledge produced through those actions—at least the most relevant aspects of the nature of
scientific inquiry for elementary and middle school students. As we examine the nature of sci-
ence concepts, we point out the common myths held by students (and far too many people from
the general public). Next, we address the aspect of the nature of science that may be the most
pertinent for effectively teaching science in a diverse setting. Finally, we will circle back to the
central role the nature of science plays in three-dimensional science learning.

Characterizing the Actions of Science: Spheres
of Activity and the Mangle of Practice

The actions of science include: (a) the tasks of collecting information (data or evidence) about
the world and (b) the objects of science, which are the explanations that scientists construct to
make sense of that world. One defining feature of the actions of science is that they center on
a process of inquiring into the physical world. Passmore (2014) describes these actions as what
we do to “figure things out.” That is, at some level, the actions of science can never stray too far
from the world surrounding us or from our questions about it. But neither can it stray from the




