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How Did This Book Come to Be?
We have pondered over the topics covered in this book for years, presented 
workshops together, and talked for hours about how conceptual understanding 
can be achieved. Page had already acquired her passion for improving conceptual 
understanding using formative assessment tools. She has written many books as 
part of the Uncovering Student Ideas in Science series (Keeley, 2005–2013) and Science 
Formative Assessment (Keeley 2008, 2014). While at the University of Massachusetts in 
Amherst, Dick spent years studying and researching children’s alternative concep-
tions in science, spending months working with Rosalind Driver, John Leach, Phil 
Scott, and other researchers at Leeds University in Great Britain, and then published 
his Everyday Science Mysteries series that contained, among other things, his collected 
thoughts about teaching for inquiry and conceptual understanding.

Our Approach to This Book
Since we realized that our work had so much in common, we decided to try to put our 
thoughts and ideas gleaned from these experiences, research fi ndings, and practices, 
into a book that would focus on this important topic. This book is a compilation of 
combined research fi ndings, practices, and our personal experiences. It is woven 
into a conversational form of research notes, anecdotes, and vignettes showing how 
the principles of science might lead to better understandings. Although we have 
connected our writing to A Framework for K–12 Science Education (NRC 2012) and the 
Next Generation Science Standards (NGSS; NGSS Lead States 2013), this book is not 
meant to be a how-to manual for implementing the NGSS or other programs. There 
are and will continue to be ample numbers of publications written with those goals 
in mind. This book is, rather, a compendium, focusing on the major goal of science 
education for the 21st century and beyond—teaching for conceptual understanding. 
It is designed to be used with any set of national, state, or local science standards.

Overview of the Book
There are 10 chapters in this book plus an appendix. In Chapter 1 we will address 
conceptual understanding: what it is and why it is important for teachers. Chapters 2 
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and 3 will focus on the history and nature of science and their importance to anyone 
teaching for conceptual understanding. Chapter 4 will present the current view of 
the nature of children’s thinking, and Chapter 5 will look back at our attempts at 
making science teaching more meaningful through the use of the research fi ndings 
available. Chapter 6 will examine A Framework for K–12 Science Education’s learn-
ing practices of science and engineering (although our focus is primarily science) 
and their role in teaching science through the learning strands, while Chapter 7 is 
devoted to describing instructional models. Chapter 8 asks the question, what are 
some instructional strategies that support conceptual understanding? Chapter 9 will 
focus on connecting instruction, assessment, and learning.  And fi nally, Chapter 10 
will address learning in informal environments. In the Appendix is a case study of 
a lesson on balancing using the principles and ideas espoused in this book and in A 
Framework for K–12 Science Education. We include refl ection questions at the end of 
each chapter for those readers who would like to extend their reading or thinking 
through book studies, professional learning groups, or science education courses as 
well as suggestions for resources available through NSTA that can be used to extend 
your learning.

Audience and Uses for the Book
This book is written for practicing teachers, administrators, professional develop-
ers, and instructors of teachers, and future teachers themselves. This may seem 
like an all-inclusive broad audience, and that is intentional. Diff erent parts of this 
book will appeal to diff erent audiences. While you may read the book cover to 
cover, you may also choose to focus on specifi c chapters that best fi t your purpose 
for using this book.
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Chapter 1
Teaching Science for Conceptual 

Understanding: An Overview

What Do We Mean by Teaching for Conceptual Understanding?
A primary goal of science education is teaching for conceptual understanding. But what does 
this mean in an environment where scores on standardized tests are equated with student 
achievement in learning science? Do passing scores on standardized tests indicate students 
deeply understand science? Does fi lling students’ heads with “mile-wide, inch-deep” 
information so they will be prepared for testing support conceptual understanding? Even 
when not faced with the pressures of testing, do our instructional routines get in the way of 
teaching for conceptual understanding? We argue that teaching for conceptual understand-
ing can and should exist alongside the pressures of testing, “covering the curriculum,” and 
instructional routines, if we change our beliefs about teaching and learning. But fi rst we need 
to examine what conceptual understanding means.

 Conceptual understanding is very much like making a cake from scratch without a 
recipe versus making a cake from a packaged mix. With the packaged mix, one does not 
have to think about the types and combination of ingredients or the steps involved. You 
make and bake the cake by following the directions on the box without really understand-
ing what goes into making a cake. However, in making the cake from scratch, one must 
understand the types of ingredients that go into a cake and cause-and-eff ect relationships 
among them. For example, someone who understands baking knows that baking soda 
and baking powder are essential ingredients, understands the eff ect each has on the cake, 
how much to add of each, and when and how they should be added to the mixture in 
order to ensure batter uniformity. In other words, making the cake from scratch involves 
conceptual understanding rather than simply following a recipe. 

Let’s begin with the term understanding. One of the impediments to teaching for under-
standing lies in the way science instruction is sometimes delivered through direct instruc-
tion involving the passing on of information from the teacher to the student through 
techniques such as lecture, which involve little or no student interaction with the content. 
There is the story of the teacher who, upon seeing that most of the students had failed a test 
given at the end of a unit, responded, “I taught it, they just didn’t learn it.” The diff erence 
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here, of course, is in the distinction between teaching and learning. Teaching does not 
automatically produce understanding. An important aspect of teaching is communication, 
yet “teaching as telling,” even when combined with diagrams, computer simulations, and 
demonstrations, ignores how the student is making sense of the information if instruction 
is primarily focused on presenting information. A teacher can utter words and sentences, 
write symbols and equations on the board, use PowerPoint slides, and perform virtual or 
live demonstrations without eff ectively communicating ideas or concepts. In 1968, Robert 
Mager wrote, “If telling were teaching, we’d all be so smart we could hardly stand it” (p. 7). 

Reading science textbooks, defi ning vocabulary, fi lling out worksheets, and answering 
low-level questions at the end of the chapter are also forms of passive instruction. These 
activities often involve pulling information from text with minimal intellectual engage-
ment. The student may be able to reproduce the words or symbols she receives without 
understanding the meaning behind them or the power of using them to argue or predict 
and delve deeper into the ideas involved. People who are very good at memorizing facts 
and defi nitions often engage in what may be called literal understanding. Do you recall 
students who did well in school because they had eidetic or photographic memories? They 
could tell you what was on any page in the textbook or reproduce any graph or picture 
at a moment’s notice exactly as it appeared in the book. Usually, because of the nature of 
testing, they scored very well. Yet, these students might not have been able to understand 
basic concepts that provide explanatory evidence for ideas about phenomena.

Take the concept of evaporation as an 
example. A student who is taught the 
water cycle may be able to recite word 
for word the defi nitions of evapora-
tion, condensation, and precipitation. 
Furthermore, the student may be able 
to reproduce in detail a drawing of the 
water cycle, including a long arrow 
that points from a body of water to a 
cloud, labeled evaporation. On a stan-
dardized test, the student can answer 
a multiple-choice item correctly by 
matching the water cycle processes 
with the correct arrow on a diagram. 
All of this knowledge retrieved from 
memory may pass for understand-
ing. However, when presented with 
an everyday phenomenon, such as 
the one in Figure 1.1, many students 
do not understand conceptually that 
when water evaporates, it goes into 

Figure 1.1. “Wet Jeans” Probe

Source: Keeley, Eberle, and Farrin 2005.
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the air around us in a form we cannot see called water vapor (Keeley, Eberle, and Farrin 
2005). They rely on their memorization of the term evaporation and the details of a water 
cycle diagram showing long arrows labeled evaporation to select distracter D: “It moved 
up to the clouds.” The student lacks the conceptual understanding of what happens after 
water evaporates. This student may also have diffi  culty explaining why there is dew on 
the grass in the morning or why water forms on the outside of a cold drink on a hot sum-
mer day. The student may use the words evaporation and condensation, yet not understand 
where the water went or where it came from to explain a familiar phenomenon. 

A typical routine in science classrooms 
is to assign a reading from a textbook or 
other source and have students answer a 
set of questions based on the reading. The 
text becomes the “deliverer” of informa-
tion. Take for example, the passage, The 
Chemovation of Marfolamine in Figure 1.2.

Now answer the following questions 
based on the passage:

1. What is marfolamine?

2. Where was marfolamine discovered?

3. How is marfolamine chemovated?

4. Why is marfolamine important to us?

Were you able to answer all four of the questions correctly, including the essential question 
in #4? Then you must know a lot about marfolamine! But do you understand anything 
about marfolamine? No, all you did was look for word clues in the text and parrot back the 
information. You did not need to intellectually interact with any of the concepts or ideas 
in the text. You did not share any of your own thinking about marfolamine. Probably you 
didn’t need to think at all! While this is an exaggeration of a familiar instructional scenario, 
it is also typical of what some students do when asked to answer questions based on read-
ing science text, especially text that is heavily laden with scientifi c terminology.

Lectures and recalling information from text are not the only instructional routines that 
fail to develop conceptual understanding. Picture the teacher who does a demonstration to 
show how the Moon’s orbit around the Earth is synchronous with its rotation. The teacher 
provides the information about the Moon’s orbit and rotation and then demonstrates it in 
front of the class using a lamp to represent the Sun, a tennis ball to represent Earth, and 
a Ping-Pong ball to represent the Moon. The students watch as the teacher demonstrates 
and explains the motion. But what if, instead, the teacher starts by asking students an 

Figure 1.2. The Chemovation of 
Marfolamine

Marfolamine is a gadabolic cupertance 
essential for our jamination. Marfolamine was 
discovered in a zackadago. It was chemovated 
from the zackadago by ligitizing the pogites 
and then bollyswaggering it. Marfolamine will 
eventually micronate our gladivones so that we 
can homitote our tonsipows more demicly.
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interesting question such as the one in 
Figure 1.3, listens carefully to their ideas, 
and then plans instruction that involves 
the students creating and using a model 
to fi gure out the best answer to the ques-
tion? Clearly this example, which gives 
students an opportunity to think through 
diff erent ideas and interact with a model 
used to explain the phenomenon, is 
more likely to result in conceptual 
understanding.

Teaching for conceptual understand-
ing is a complex endeavor that science 
teachers have strived for throughout their 
careers. David Perkins, a well-known cog-
nitive scientist at Harvard University, has 
been examining teaching for understand-
ing for decades. He says that while teach-
ing for understanding is not terribly hard, 
it is not terribly easy, either. He describes 
teaching for understanding as an intricate 
classroom choreography that involves six 
priorities for teachers who wish to teach 
for conceptual understanding (Perkins 
1993):

1. Make learning a long-term, 
thinking-centered process.

2. Provide for rich, ongoing assessment.

3. Support learning with powerful representations.

4. Pay heed to developmental factors.

5. Induct students into the discipline.

6. Teach for transfer.

These teaching priorities identifi ed two decades ago apply to current science teaching. 
In addition, recent research on learning in science is helping us understand even more 
what it means to teach for conceptual understanding in science. We will dive into past and 
present research and eff orts to support teaching for conceptual understanding in science 

Figure 1.3. “How Long Is a Day on the 
Moon?” Probe

Source: Keeley and Sneider 2012.
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throughout this book, but fi rst we need to defi ne what we mean by a concept and explore 
factors that aff ect how we teach and learn science concepts.

What Do We Mean by Concept?
The word concept has as many diff erent meanings to science educators as the word inquiry. 
In this book, we equate it with a general idea that has been accepted by a given community. 
A. L. Pines defi nes a concept as “packages of meaning [that] capture regularities [similari-
ties and diff erences], patterns or relationships among objects [and] events” (1985, p. 108). 
Joseph Novak, known for his research on concept mapping, similarly defi nes a concept as 
a perceived regularity in events or objects, or records of events or objects, designated by 
a label. The label for most concepts is a word, but it could be a symbol, such as % (Novak 
and Cañas 2006).

To give an example, table is a concept. Once a person has the concept of table, any 
object that fi ts a general description or has common attributes can be called a table. It 
may have three legs, be round or square or rectangular, or sit on the fl oor as in a Japanese 
restaurant. It may be made of many substances. But if we have internalized the concept of 
table, we know one when we see it. The same would be true of the concept dog. Whether 
it is a St. Bernard or a Chihuahua, we know a dog when we see one. Before a child is 
familiar with the superordinate concept of dog, she may call any furry four-legged animal 
a dog. But once she has internalized the characteristics of “doggyness” she recognizes 
one, regardless of breed. 

A concept is an abstraction. Tables did not come into this world labeled as such. In fact, 
depending on where you live in this world, a table is called by many names, depending on 
which language you use. However, whatever the language, whatever the name, the con-
cept of table remains the same in all cultures. The concepts of table or dog are constructions 
of the human mind. A concept is basically a tool constructed for the purpose of organizing 
observations and used for the prediction of actions and classifi cation. 

In science, we use fundamental building blocks of thought that have depth and call 
them concepts. Words, such as energy, force, evaporation, respiration, heat, erosion, and accelera-
tion, are labels for concepts. They are abstractions developed in the minds of people who 
tried to understand what was happening in their world. Concepts may also consist of 
more than one word or a short phrase such as conservation of energy, balanced and unbalanced 
forces, food chain, or closed system. Concepts imply meaning behind natural phenomena such 
as phases of the Moon, transfer of energy, condensation, or cell division. When we use a 
concept, there is usually some understanding of what is associated with it. For example, 
condensation is the concept. It conjures up an image of water drops formed on an object. 
The concept becomes an idea when we try to explain or defi ne it. For example, the concept 
of condensation becomes an idea when we associate water vapor in the air reappearing as a 
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