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Chapter 1

members of the society we call scientists. We will explore this in more depth when we look
at the nature of science in Chapter 3.

From Woros te Listening for Conceptual Understanding

One of the most important watchwords for teaching for conceptual understanding will be
listening. A student’s alternative conceptions are very important, and teachers need to be
able to understand what the student is thinking. Alternative conceptions, no matter how
naive or seemingly incorrect, are the foundations for building new and more complete con-
ceptions. They provide us with a place to start teaching and with the information necessary
to plan next steps.

Because of this, one of the most important best practices that has come to the forefront is
diagnostic and formative assessment for the purpose of understanding student thinking and
making decisions based on where students are conceptually in their understanding. One
of the authors of this book (Page Keeley) specializes in science diagnostic and formative
assessment. As a nation, we have been so extremely invested in summative testing since
the advent of No Child Left Behind (NCLB) that some educators have often referred to it as
No Child Left Untested. We agree that it is necessary and important to test for achievement
and accountability, but it is evident that unless teachers know where their children are in
their current conceptual development, they cannot plan for helping their students make
changes in thinking as they design and facilitate instruction. This requires listening and
responding to children when they think out loud. In order for us to hear them out loud, we
have to give them a chance to tell us about their thinking and explain their ideas. We will
address the topic of diagnostic and formative assessment and “science talk” in more detail
when we get to Chapters 8 and 9 in this book.

One important researcher who addresses the issue of listening to children is Bonnie
Shapiro from the University of Calgary. In her book What Children Bring to Light, she exam-
ines a fifth-grade classroom and the real responses of children to a vigorously taught series
of lessons about how we see. In her research, she found that in her sample of six children,
all but one did not believe what the teacher said, even though they successfully passed the
unit by filling out their worksheets and completing their tests. The teacher never knew it
because he didn’t listen or probe the children’s thinking. We’ll examine Shapiro’s research
more fully in Chapter 4.

Often, when children and adults talk to each other, there is a problem of incommen-
surability. This term means, simply, that two people in a conversation are not speaking
the same “language.” Thomas Kuhn referred to this problem when he described a similar
problem in the history of science (1996). Not only are teacher and student using different
language, but also they are operating in different paradigms or rules about how the world
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is seen and studied. The students notice different things and focus on different questions
than do adults. The teacher must be the one to try to overcome this incommensurability.

Two philosophers, Paul Thagard and Jing Zhu (2003), point out that there can be differ-
ent emotional valences (i.e., weights or connotations) to incommensurability in conceptual
understanding. They state that the concepts baby and ice cream have positive valences for most
people, while the concepts death and disease have negative valences. People in the media, who
are adept at “spin”—using language that makes their clients appear as positive as possible—
have long been aware of this. Thagard and Zhu note that in order for conceptual change to
occur, especially in emotionally charged areas of thought, each of the communicants would
have to change their valence on the issues from negative to positive. They give as an example
a Darwinian evolutionist and a creationist trying to reach a common ground. In order for
each to achieve commensurability, each would have to change their emotional valence, and
this may be very difficult, even impossible (look at our own ideologically charged political
system). But it is important for teachers to be sensitive to the emotional impacts that the
curriculum might be presenting to the children and be aware of the language they can use to
change emotionally-based concepts to more evidence-based concepts.

Teachers often feel committed to changing a “wrong” idea as quickly as possible by
whatever means they have at their disposal. Instead, since you are cast in the role of
teacher-researchers we suggest that this is the time to listen as carefully as possible and to
question the student(s) to find out as much as possible about where the ideas originated
and how deeply the student(s) are committed to the idea to explain certain phenomena.
Make them see how interested you are in how they think, and you will encourage them
to consider their own thinking, and engage in what is known as metacognition (thinking
about their thinking). The conversation does not have to be one-on-one. Instead, we sug-
gest that students talk to each other and the teacher out loud, bringing students’ thoughts
to the front so all students can hear. Teachers have found that when they concentrate on
the conceptual history of the group, the groups itself remains interested, even when the
conversations may involve only a few members.

Intentional Conceptual Change and a Community of Learners

This leads us to consider the recent pedagogical theory on intentional conceptual change. If
we believe that both scientists and science learners gain knowledge in a community and
that that knowledge is defined as a community consensus, it leads toward a belief that the
teacher and the students are most effective when there is an intent to learn or change on the
part of the learner and the community of students are goal-oriented toward understanding
anew idea. When there is peer support and encouragement for learning, there is an atmo-
sphere more conducive to conceptual change and understanding (Sinatra and Pintrich
2003). This may certainly lead us to building a community of learners as recommended by
Bransford, Brown, and Cocking (2000). Hennesey suggests that metacognition (thinking
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about one’s own thinking) is a primary ingredient in the working of a community of learn-
ers, stating that students have to be aware of how they came to their own knowledge claims
before they can discuss them with others (2003). These knowledge claims raise the question
of how to create the community of learners (including the teacher as learner) and conduct
a class where the community is motivated toward solving a common question or problem.
However, as Vasniadou points out, making an assumption that students will intentionally
create strategies for developing intentional learning might be rather optimistic (2003).

We all know students can develop strategies for completing simple school-type tasks.
It takes more effort to create the kind of atmosphere and curriculum that “grabs” the stu-
dents and entices them into wanting to develop an inclusive community, intent on solving
a common problem. One of the authors of this book (Dick Konicek-Moran) has published a
series through NSTA Press called Everyday Science Mysteries. These mystery stories describe
a common problem that can be used to motivate and capture the interest of all students in
the class. The series provides open-ended stories that require metacognition and inquiry to
find the best solution to the problem.

The following personal author vignette describes how a community of learners helped
each other solve a common problem:

Author Vignette

| once worked in a fifth-grade classroom in New England where the
students had shown a great deal of interest in the apparent daily motion
of the Sun. This came about through the reading of the story, “Where are
the Acorns?” This story is about a squirrel that buries acorns using the
Sun’s effect on tree shadows during the Fall to predict where the acorns
will be during the winter season (Konicek-Moran 2008).

Since the shadows change in the story, the students organized their
own curriculum to find out as much as they could about the apparent
movement of the Sun on a daily basis as well as seasonally. They
predicted that the Sun would cast no shadow at midday (a common naive
conception). They had already decided, through experimentation and
discussion that midday was not necessarily noon but could be defined as
a point halfway between sunrise and sunset. The children needed to find
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the midday point for a given day. They chose to use the tables in The Old
Farmer’s Almanac. Mathematically, this is not as easy a task as it might
appear. We found that there were at least five different methods invented
by the class of 30 students.

The students shared their methods with each other and found that
they had all come to the same answer, although their methods were
very different. Some students spent a great deal of time and many
calculations while others took very little time. Those who found their
answer very quickly typically used a 24-hour clock method while the
others struggled with trying to work with a 12-hour clock. A very
thoughtful discussion arose, as each student tried to defend his or her
method to the others. Some had never thought of time in a 24-hour
paradigm before and resisted the acceptance of the 24-hour model. The
argument and discourse went on for some time, but finally the class
came to a consensus about a method that was the most expedient and
efficient. The beauty of the experience to the teacher and me was how
the students’ interest reached a level of discussion that left us almost
completely out of the picture. They were thinking about each other’s
ideas and their own and comparing the efficacy of the methods used. In
other words they were thinking about their thinking, comparing, making
decisions, and deepening their understanding of the concept of time as
it related to a problem they wanted to solve. | hasten to say that it works
with adults too.

—Dick Konicek-Moran
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As we all know, the ways in which schools sometimes operate make the time-consuming
option described in the vignette above difficult to implement. Lisa Schneier sums the prob-
lem up succinctly in the following quotation:

The fact remains that schools are structured to bring students to fixed points of knowledge
in a certain length of time. Teachers and students are accountable to elaborate structures
of assessments that are wielding more and more power. These assessments carry with
them assumptions about learning and knowledge that exert a constant narrowing force on
the work of schools. Often the decision as it confronts teachers is whether to short-circuit
substantive work that is happening in their classrooms in order to prepare students for
these tests. How to balance these forces against the deeper knowledge that we want for
students is a continuing question for me. (quoted in Duckworth 2001, p. 194)

We have faith that since we are now poised on the cusp of a new era in teaching for con-
ceptual understanding with the release and implementation of the Next Generation Science
Standards, teachers can focus on fewer topics each year and teach for deeper understand-
ing. With different means to assess student learning and the application of that learning,
including continuous formative assessment, we can build a bridge from learner’s initial
theories about the way the natural world works and how science is practiced to where they
need to be to understand scientific concepts and practices.

And now, in Chapter 2, we move to the history of science, to see how we may learn from
the past so we can move forward in the present to prepare our students for a future that
depends on a conceptual understanding of science and scientific practices.

Questions for Personal Reflection or Group Discussion

1.  Examine your own teaching practice. What percentage of an entire school year
do you think you actually teach for conceptual understanding in science versus
“covering the curriculum?” What initial change(s) could you make to shift that
percentage more toward conceptual understanding?

2. The term habits of practice describes teaching practices that have become so routine
that we don’t bother to question them. Can you think of a habit of practice that
interferes with teaching for conceptual understanding? What can you or others
do to change that habit of practice?

3. Dick Konicek-Moran’s NSTA Press series Everyday Science Mysteries and Page
Keeley’s Uncovering Student Ideas series are popular resources for uncovering
what students (and teachers) really think related to scientific concepts. Think of
a story or probe you may have used from one of their books that uncovered a
lack of conceptual understanding. What surprised you about your students’ (or
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teachers’) ideas? How did this chapter help you better understand why some
students or teachers harbor ideas that are not consistent with scientific knowl-
edge or ways of thinking?

4. Keep track of everyday or “sloppy use” of science terms for a designated time
period as you find them in the media, in conversations with others, or even in
your curriculum. Make a list and consider what could be done to change the way
these terms are used in the public and school vernacular.

5.  List some examples of concepts that you once may have thought you understood
but later found you lacked clarity and depth of understanding.

6.  Look at the list of crosscutting concepts on page 16. Review these concepts by
reading pages 83-101 in A Framework for K—12 Science Education (NRC 2012) or
online at www.nap.edu/openbook.php?record_id=13165&page=83. Identify examples
of ways these concepts can be included in the curricular units you teach.

7. Change is more effective when learners experience it together, whether it is stu-
dents learning a concept or teachers learning about teaching. How would you go
about setting up a climate for intentional conceptual change within a community
of learners at your school or organization?

8. React to Lisa Schneier’s comments on page 22 regarding balancing time against
deeper knowledge. How do you think the Next Generation Science Standards or
your own set of state standards will fare against this issue of time for teaching
versus depth of understanding?

9.  Choose one “golden line” from this chapter (a sentence that really speaks to
or resonates with you). Write this on a sentence strip and share it with others.
Describe why you chose it.

10.  What was the biggest “takeaway” from this chapter for you? What will you do or
think about differently as a result?

Extending Your Learning With NSTA Resources

1. Read and discuss this article, which shows how elementary children connect
newly learned material to their existing knowledge: Kang, N., and C. Howren.
2004. Teaching for conceptual understanding. Science and Children 41 (9): 29-32.

2. Read and discuss this article, which explains how to create and use an interactive
word wall: Jackson, J., and P. Narvaez. 2013. Interactive word walls. Science and
Children 51 (1): 42—-49.

3. Read and discuss this article, which describes how thought and language are intri-
cately related: Varelas, M., C. Pappas, A. Barry, and A. O’Neill. 2001. Examining
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10.

11.

language to capture scientific understandings: The case of the water cycle. Science
and Children 38 (7): 26-29.

Read and discuss this article, which describes the crosscutting concepts: Duschl, R.
2012. The second dimension: Crosscutting concepts. Science and Children 49 (6): 10-14.

Read and discuss this article about use of the words theory and hypothesis:
McLaughlin, J. 2006. A gentle reminder that a hypothesis is never proven correct,
nor is a theory ever proven true. Journal of College Science Teaching 36 (1): 60-62.

Read and discuss this article about how word choice affects students’ understand-
ing of the nature of science: Schwartz, R. 2007. What's in a word? How word
choice can develop (mis)conceptions about the nature of science. Science Scope 31
(2): 42-47.

Read and discuss this NSTA Press book about building data literacy: Bowen, M.,
and A. Bartley. 2013. The basics of data literacy: Helping your students (and you!) make
sense of data. Arlington, VA: NSTA Press.

Read and discuss Chapter 3 “Foundational Knowledge and Conceptual Change”
in Michaels, S., A. Shouse, and H. Schweingruber. 2008. Ready, set, SCIENCE! Wash-
ington, DC: National Academies Press.

The authors” NSTA Press series Everyday Science Mysteries (Konicek-Moran) and
Uncovering Student Ideas in Science (Keeley) contain a wealth of information on
children’s alternative conceptions and strategies for eliciting children’s ideas.
Read and discuss sections from these books. You can learn more about these books
and download sample chapters at the NSTA Science Store: www.nsta.org/store

Watch the NSTA archived NGSS webinar on developing and using models: http://
learningcenter.nsta.org/products/symposia_seminars/NGSS/webseminar6.aspx

View videos of authors Dick Konicek-Moran and Page Keeley discussing the
importance of understanding children’s ideas: wwuw.nsta.org/publications/press/
interviews.aspx
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definition of, 71, 130
engaging in argument from evidence, 128-132, 133
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goal of, 130, 161
instructional models for, 130
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relationship between conceptual understanding and,

161
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VDR (vote-discuss-revote) strategy for, 162—166
written arguments, 166—168
Aristotle, 26, 31, 34, 38
Asking questions and defining problems, 98—-99, 100.
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Assessment, 4
formative, xiii, 18, 66, 191-212 (See also Formative
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high-stakes testing, 210
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Trends in International Math and Science Study
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Atlas of Science Literacy, 25, 54, 86
Ausubel, David, 170
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“Balancing” case study, 221, 221-225

The Basics of Data Literacy: Helping Your Students (and
You!) Make Sense of Data, 117

Beck, T., 98-99

Benchmarks for Science Literacy, 25, 32, 37-38, 40, 86,
88, 93, 96

Big ideas in science, 16, 96. See also Crosscutting
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Biological Sciences Curriculum Study (BSCS), 83-84,
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5E Instructional Model, 143, 143-144, 152, 153
formative assessment in, 144, 145, 196-198
modifications of, 144, 144-145, 152

Black, Joseph, 29

Blickenstaff, Jacob, 216
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Brooks, Michael, 47
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Bybee, Rodger, 89, 92, 139, 143, 152
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“Can it reflect light?” probe, 205-206, 206
Card sort technique, 10, 192, 193, 206, 207, 208
Careers in science, 89, 132
Carey, Susan, 28, 29, 32, 34, 41, 59, 68
Causal cognition, 179
Causal Patterns in Density, 180
Causal Patterns in Science Project, 180
Causal relationships, 61, 179-180
Chemical reactions, 31, 34-35, 75
Chen, Zhe, 40
Children and Nature Network, 217
Children’s Learning in Science (CLIS) project, 62, 102
Children’s thinking, 5577
current models of cognitive development and
conceptual change, 59-61
causal models, 61
conceptual ecology, 61

conceptual “facets,” 60
phenomenological primitives, 60
theory-theory model, 59
how education research is done, 55-56
how to effect conceptual change, 62—-64
keeping long-term perspective of learning, 74-75
models of conceptual development, 57-59
constructivism, 58-59
Piaget, 57-58
NSTA resources on, 76-77
questions for reflection or discussion on, 75-76
relationship to talking and language, 69-73
argumentation, 71
attempting consensus and civility, 72-73
classroom argumentation, 71-72, 76
dialogic teaching, 70-71
sorting through conceptual change models, 62
alternative conception research, 62
techniques for teaching for conceptual change,
65-69
asking questions, 66—-69
listening and probing, 65-66, 76
understanding the “pain” of changing ideas, 73-74
what children are capable of learning in science,
56-57, 76
Christensen, Bonnie, 25
Chromosome number, 13, 29
Circuits, 140
Claim-support-question (CSQ) strategy, 168—169
Claims, Evidence, and Reasoning (C-E-R) Framework,
125-126, 128-129
Claims, scientific, 12, 20, 27, 72, 88, 103-105, 116—-117
argumentation for validation or refutation of, 130—
132
evidence-based, 12
test of replication of, 27
Clement, John, 62, 102, 172, 160
CmapTools software, 170
Cocking, R. R., 20, 143-144
Cognitive development. See Children’s thinking
Cognitive research, 88-89
Cold fusion claim, 27
College Board Standards for College Success in Science,
93
Common Core State Standards in English Language Arts,
72
Common themes of science, 96. See also Crosscutting
concepts
Communication
engaging in argument from evidence, 71-73, 128—
132, 133 (See also Argumentation)
importance of questions, 47—-48, 66—69
language of science, 6-19
listening to children, 18-19, 65-66, 76, 160, 203
obtaining, evaluating, and communicating
information, 132-135, 136
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41, 66, 67, 68
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192, 199
talk moves, 180-183
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classroom argumentation, 71-72, 76
dialogic teaching, 70-71
for formative assessment, 203
triad nature in classrooms, 72
Community of learners, 19-22, 23, 139
Computational thinking, 117-124, 124. See also
Mathematics
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alternative (See Alternative conceptions;
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analogies and metaphors for, 6, 102—103, 105, 146,
153, 155, 159-161
counterintuitive, xv, 6, 46, 160
crosscutting, 16-17, 23, 24, 39, 50, 89-90, 94, 96
definition of, 5-6
labels for, 5
operational definitions of, 172-173
in science, 5-6
Concept mapping, 5, 169, 169-170, 171
Conceptual change, xiii, 14
commensurability in, 28
vs. conceptual exchange, 6364, 76
current models of cognitive development and, 5961
causal models, 61
conceptual ecology, 61
conceptual “facets,” 60
phenomenological primitives, 60
theory-theory model, 59
emotional valence and, 19
factors associated with, 62
history of science and, 27-30
Black’s conceptual revolution in heat, 28-29
science textbooks and current science, 29-30
how to bring about, 62—-64
inquiry for, 50-52, 203
intentional, 19-20, 23, 63, 146
keeping long-term perspective of learning, 7475
nature of science teaching and, 50
sorting through models of, 62
alternative conception research, 62
understanding the “pain” of changing ideas, 73—-74
Conceptual Change Model (CCM), 145—-147, 152, 153
formative assessment in, 146, 196197
revisions of, 146
Conceptual ecology, 61, 76
Conceptual exchange, 63-64, 76
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202, 209-210
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language for, 6-9
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engineering design, 126—128
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Constructivism, 58-60, 77, 87, 88, 106, 145, 176
Continental drift theory, 73
Copernicus, 15, 17, 26, 38
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160
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Curie, Marie, 27
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analysis and interpretation of, 112-117, 118
collection and organization of, 110, 112, 114
in Argument-Driven Inquiry model, 148, 149
extrapolation or prediction from, 114-115
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117
statistical thinking about, 119-121
validity of data sources and, 116
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Developing and using models, 100-108, 109. See also
Models in science
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“Earth or Moon shadow?” probe, 193, 193-194
Earth Science Curriculum Project (ESCP), 84
Education research, 55-56
Einstein, Albert, 14, 30, 38, 41, 86
Einstellung, 37
Eisenkraft, Arthur, 85, 123, 144, 152, 157, 189
Electric charge, 162—-166
Elementary Science Study (ESS) program, 82, 110
Elicitation of student ideas, 64, 94. See also Formative
assessment; Probes
concept mapping for, 170, 171
in Constructing Physics Understanding model, 142
in 5E Instructional Model, 143, 144, 196
formative assessment for, 198, 199, 203, 205, 205,
206
technology and, 204-205
in Group Interactive Frayer Model, 172—173
KWL strategy for, 175
in predict-observe-explain sequences, 177
to promote metacognition, 185
in 7E Instructional Model, 144, 152
Elicitation of teachers’ ideas, 43
Engaging in argument from evidence, 128-132, 133. See
also Argumentation
Claims, Evidence, and Reasoning (C-E-R)
Framework, 128—-129
Initiate, Respond, Evaluate method, 129-130
Engineering design, 126—128. See also Scientific and
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English language learners, 7
Epistemology, xiii—xiv, 40, 57, 106, 135
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Everett, J., 160
Everglades National Park, 216, 217
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Everyday Life Science Mysteries, 193
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72,99, 109, 123, 126, 158, 162, 176, 20, 22, 33, 38,
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Evidence, 12
arguments based on, 161-168
Claims, Evidence, and Reasoning (C-E-R)
Framework, 125-126, 128-129
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evaluating strength of, 116-117
inferential, 116—117
Exemplary Science in Informal Education Settings, 219
Experimentation, 12-13
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Exploring Physics, 85
Extrapolation from data, 114-115
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Falk, J., 219
“Falling through the Earth?” probe, 186, 186
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in Claims, Evidence, and Reasoning Framework,
126
dialogic teaching for, 70
formative assessment for, 197, 198, 199, 208-209,
210
Fermi, Enrico, 45
Finklestein, Nancy, 64
Firestein, Stuart, 45
5E Instructional Model, 143, 143—144, 152, 153
formative assessment in, 144, 145, 196-198
modifications of, 144, 144—145, 152
Fleming, Alexander, 45-46
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Forbus, K., 160
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benefits of, 198—199
big idea of, 198
in Conceptual Change Model, 146, 196-197
definition of, 195
to encourage reflection, 204
in 5E Instructional Model, 144, 145, 196198
grading and, 204
linking with instruction and learning, 22, 191-212
NSTA resources about, 199, 211-212
purpose of, 195-196, 202-203, 210
questions for reflection or discussion on, 210-211
research support for, 195
sample lesson framework for use of, 205, 205-210
strategies that support conceptual understanding,
198-202
suggestions for use of, 202—-204
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in talk format, 203
technology and, 204-205
Formative assessment classroom techniques (FACTSs),
199-200, 202, 205, 206, 209, 211
Frayer, Dorothy, 172
Frayer Model, 172-174
Freyberg, P., 196
“Friendly talk” probe, 184
Full Option Science System (FOSS), 85

G
Gagne, Robert, 81
Galileo, 17, 25, 26, 34, 41, 118-119, 185
Gallas, Karen, 48, 98, 99, 131
Galton, Francis, 35
Gentner, D., 160
Gertzog, W. A., 145-146
Glass, H. Bently, 83
Go-cart test run graph, 121, 121
Goldberg, Fred, 142
Golden age of science education, 80
Goodall, Jane, 46-47, 53
Gordon, William, 159
Grahame, Kenneth, 82
Graphs, 115, 119
go-cart test run, 121, 121
histogram of peas in pea pod, 122, 122
time-distance, 119
understanding, 121-122
Gravity, 36, 82, 102, 118, 160, 168, 186
Grobman, Arnold, 83
Grotzer, Tina, 61, 180
Group Interactive Frayer Model, 172-175, 175
Grouping students, 203-204

H

Habits of practice, 22

Hakim, Joy, 38

Hand, Brian, 134

Hands-on, minds-on learning, 7, 82, 94, 108, 129

Hands-on activities, 7, 50, 51, 52, 81, 82, 97, 108, 187,
200, 201

Harvard Project Physics, 84

Harvard Smithsonian Center for Astrophysics, 64, 86, 94

Harvey, William, 159

Hattie, John, 195

Hawkins, David, 82, 118

Haysom, J., 176, 189

Heat and temperature, 6, 28—-29, 32-35, 38, 158, 201-
202

Hein, George, 66

Hennesey, M., 20

Hewett, Paul, 123

Hewson, P., 63, 145-146, 147
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History of science, 15, 18, 22, 25-38, 45, 224
Aristotle, 26
case study on examination of heat in the classroom,
32-35
conceptual change and, 27-30
Black’s conceptual revolution in heat, 28-29
science textbooks and current science, 29-30
correlations between historic and classroom
persistence of theories, 35-36
modern science, 27
NSTA resources on, 37-38
paradigms and revolutions in science, 14—-16, 30-31
questions for reflection or discussion on, 36—-37
religion and science, 15, 17, 26-27, 159
similarity of science classrooms to historic
communities, 32
History of science education, 79-92, 139
analysis of early programs, 85
Dewey, 79-80
early standards of development and cognitive
research, 88-89
A Framework for K—12 Science Education and
NGSS, 89-91
golden age of science education, 80
NSTA resources on, 92
other influential reform movements and projects, 86
A Private Universe and alternative conceptions,
86-88
programs for elementary schools: “alphabet soup”
programs, 80-83, 91
programs for secondary schools, 83—85
questions for reflection or discussion on, 91
Holden, Gerald, 84-85
“How far did it go?” probe, 123, 123
“How long is a day on the Moon?” probe, 4
How People Learn, 88, 143—-144
Hume, David, 97
Hurd, Paul DeHart, 81
Hypothesis, scientific, 8—11
“what is a hypothesis?” probe, 10, 53

|
“Ice water” probe, 157, 157
Ideal gas laws, 161
Ignorance: How It Drives Science, 45
Incommensurability, 18-19, 28, 29, 37, 41, 66, 67, 68
Inferences, 116
Inferential evidence and inferential distance, 116-117
Informal science education, 213-219
curricula for, 217-218
misconceptions resulting from, 218
museums, 214-215, 218
NSTA resources on, 216, 219
questions for reflection or discussion on, 218
state and national parks, 127, 216-217
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strands of, 213
technology sources for, 216, 218
Inhelder, Barbell, 40
Initiate, Respond, Evaluate (IRE) method, 129-130, 181
Inquiry: The Key to Exemplary Science, 153
Inquiry-based education, 5, 20, 39-40
for conceptual change, 50-52, 203
emphasis in National Science Education Standards,
88
formative assessment and, 201
scientific and engineering practices and, 97
Inquiry boards, 110
The Inquiry Project/Talk Science, 71, 131, 183, 188
Insights program, 85
Instructional models, 139-153, 155
adult-led, 139
Argument-Driven Inquiry model, 147-149, 148-151,
152, 153
child-led, 139
community of learners, 19-22, 23, 139
Conceptual Change Model, 145-147, 152, 153
formative assessment in, 146, 196—-197
revisions of, 146
definition of, 139
5E Instructional Model, 143, 143—144, 152, 153
formative assessment in, 144, 145, 196-198
modifications of, 144, 144—145, 152
vs. instructional strategies and curriculum, 139
Learning Cycle Model, 81, 82, 139-142, 140, 141,
152
NSTA resources on, 152—-153
questions for reflection or discussion on, 151-152
7E Instructional Model, 144, 144-145
Instructional Science, 146
Instructional strategies, 155-190
ABC-CBYV (activity before concept, concept before
vocabulary), 157—-159
analogies and metaphors, 6, 102—-103, 105, 146,
153, 155, 159-161
argumentation, 161-168, 188
claim-support-question (CSQ), 168—169
concept mapping, 169, 169-170, 171
discrepant questions used with a visual model, 172
Group Interactive Frayer Model, 172-175, 175
vs. instructional models, 139
KWL, 175-176
list of, 155-156
NSTA resources on, 189-190
Our Best Thinking Until Now, 176
personal selection of, 187-188
predict-observe-explain sequences (POE), 176—
178,178
questions for reflection or discussion on, 188-189
RECAST activities, 179—-180
role-playing, 179
talk moves, 180-183

thinking about thinking: metacognition, 183-185
thought experiments, 185-187
Intentional conceptual change, 19-20, 23, 63, 146
Invention Convention, 127
Investigating the Earth, 84
Investigations, planning and carrying out, 108-112, 113
“Is it a model?” probe, 107, 107
“Is it a rock? (version 2)” probe, 174, 174
“Is it a solid?” probe, 103—105
“Is it a theory?” probe, 8, 9, 53
“Is it matter?” probe, 191, 191
“Is the Earth really round?” probe, 166, 167

J

Journal of College Science Teaching, 24
Journal of Learning Sciences, 60

Journal of Research in Science Teaching, 56, 83
Journal of Teacher Education, 56

Junior Ranger Program, 216

K
Karplus, Robert, 81, 140, 141
Keeley, Page, 18, 22, 24, 66, 90
Science Formative Assessment, 199, 211
Uncovering Student Ideas in Science series, xiii, 22,
24, 33, 53, 66, 72, 99, 109, 162, 184, 196, 199,
201, 202, 204, 206, 210, 211
vignettes by, 10-11, 15-16, 43—44, 51-52, 59, 87,
90-91, 103-105, 115, 120-121, 142, 156, 162—
166, 184-185, 187, 201-202, 217
What Are They Thinking?, 53, 103, 189, 211
Kelly, George, 58
Kepler, Johannes, 26, 45, 119
Klahr, David, 40
KLEW model, 175-176
Kolb, David, 58
Konicek-Moran, Richard, 20, 22, 24, 66, 68, 202, 214,
216, 217, 218
Everyday Science Mysteries series, 20, 22, 33, 38,
66, 72, 99, 109, 123, 126, 158, 162, 176, 193,
196, 206, 210, 211
vignettes by, 20-21, 31, 4749, 51, 64, 67-69, 72,
74,75, 83-84, 94, 101, 110-111, 114, 116, 122,
127-128, 131, 173, 214-215
Kuhn, Deanna, 40
Kuhn, Thomas, 14, 15-16, 18, 28, 30, 32, 41
Kukele, Friedrich, 52
KWL model, 175, 189

L

Laboratory experiences, 55, 108, 155, 189
Argument-Driven Inquiry and, 147-149

The Lagoon: How Aristotle Invented Science, 26
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Language of science, 6-18, 40
activity before concept, concept before vocabulary
strategy, 155, 157-159
data, 12
evidence, 12
experiment, 12-13
hypothesis, 8—11
learning of, 13—18
alternative conceptions, 13
conceptual change, 14
crosscutting concepts, 16—17
models, 17-18
paradigm, 14-16
science talk, 18, 48, 70, 88, 161, 181-182, 183,
192, 199
“sloppy” use of terms, 13, 23
talk moves, 180-183
theory, 7, 8,9
Last Child in the Woods: Saving Our Children From
Nature-Deficit Disorder, 217
Leach, John, 68, 83
Learning Cycle Model, 81, 82, 139-142, 140, 141, 152
Learning goals
for laboratory experiences, 147
lesson-specific, 207, 209
performance expectations and, 89, 205, 207
in science education standards, 32, 39, 88, 89, 93, 96
as target of formative assessment, 196, 200, 205,
207
Learning partners, 203-204
Learning progressions, 89
Learning Science and the Science of Learning, 89
Learning Science in Informal Environments, 213
Learning strands, viii, 136—-137, 138, 213, 221, 225
Learning Style Inventory, 58
Lecturing, 1, 3, 50, 51, 83, 132, 150
Leishman, E., 98-99
Leroi, Armand Marie, 26
Life cycles, 179
Light reflection, 205-210
“apple in the dark” probe, 209, 209
“can it reflect light?” probe, 205-216, 206
Listening to students, 18-19, 65-66, 76, 160, 203
Livio, Mario, 35-36
Logical reasoning, 40, 41
Looking at Learning, 64
Looking at Learning Again, 64
Louv, Richard, 217

M
Mager, Robert, 2
Magnetic force, 168—-169, 178
Mathematics, 117-124, 124
statistical thinking, 119-120
understanding concepts first, 123, 123
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understanding visual representations of numbers,
121-122
Matter, 191, 191-192
McClintock, Barbara, 27
McDermott, Michael, 134
Meaningful learning vs. rote learning, 170
Measurement, 123
Memorization, 2, 3, 31, 95, 106, 119
Mendel, Gregor, 35, 37
Metacognition, 19, 20, 73, 97, 101, 135, 147, 156, 183—
185, 195, 198, 199, 200
Metaphors, 6, 61, 102, 155, 159-160
Metz, Kathleen, 57
Michaels, S., 77, 138, 181
Mile wide and inch deep (“M&M”) curriculum, 1, 89, 95
Miller, Robert, 204—205
Minds of Our Own, 63, 91, 140
Minstrell, Jim, 60, 62, 94
Misconceptions/preconceptions, 13, 44, 51, 53, 54, 60,
76, 87, 170. See also Alternative conceptions
about causality, 179, 180
challenging of, 155, 156
children’s building on, 80
in Conceptual Change Model, 145, 146
conceptual ecology of, 61
about condensation, 156
about density, 13, 187
in 5E Instructional Model, 143
about heat, 201
informal science resources and, 218
in learning cycle model, 141
listening and probing for uncovering of, 65-66, 146,
199, 203, 205, 205207 (See also Formative
assessment; Probes)
about models, 107
about Moon phases, 14, 193
patterns of, 62
about pendulums, 109
phenomenological primitives and, 61
recognition and evaluation of, 72, 87-88, 99
refutational text on, 106—-107
student self-evaluation of, 97
theory-theory model of, 59
“Mixing water” probe, 33, 33, 38, 120
Models in science, 17-18
analogy and, 102—-103, 105
creating and changing, 101-106
developing and using, 100-108, 109
epistemology and, 106
interest in topic and, 106
“Is it a model?” probe, 107, 107
refutational text and, 106—107
understanding concept of, 107, 107-108
Montessori, Maria, 58
Moon, xiv, 13, 14, 107, 132
“Earth or Moon shadow?” probe, 193, 193-194
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“how long is a day on the Moon?” probe, 3—4, 4
Morrison, Philip, 82
Motivation of students, 20, 55, 108-109, 146, 176, 188,
196, 213, 215
MTV (make your thinking visible) technique, 184
Museums, 214-215, 218

N

National Association for Research in Science Teaching
(NARST), 56

National Defense Educational Act (NDEA), 80, 81

National Park System’s Environmental Education section,

127

National Research Council (NRC), 88, 89, 90, 93, 95, 213

National Science Education Standards (NSES), 88, 93,
95, 96
National Science Foundation (NSF)
Instructional Materials Development Program, 85
projects funded by, 80, 81, 82, 83, 84, 85, 142, 180
National Science Teachers Association (NSTA)
NSTA Learning Center, 92, 152, 153, 190, 212
position statements of
on importance of informal science, 219
on nature of science, 39
resources of
on classroom argumentation, 71-72
on development of conceptual understanding
through three dimensions and learning
strands, 137
on formative assessment, 199, 211-212
on history of science, 37-38
on history of science education, 91
of informal education, 216, 219
on instructional strategies, 189-190
on nature of children’s thinking, 76-77
on nature of science, 53-54
on NGSS, 89, 92, 138
Outstanding Science Trade Books for Grades
K-12, 25, 37
on teaching for conceptual understanding,
23-24
on use of instructional models, 152—153
role in development of NGSS, 90-91
Science Anchors project, 90
Science Matters website, 219
Nature, 216
Nature-deficit disorder, 217
Nature of science, 15-16, 18, 24, 27, 30, 36, 39-54, 97,
150
attributes of, 40
connections in NGSS, 39, 53
creating the prepared mind, 45-46
driven by “ignorance,” 45
importance to science educators, 39
inclusion in NGSS, 39

language and social constructs of, 46—49
language of, 8—13
misrepresentations of, 11
models of, 40—41
logic and reasoning, 40
participation in science societies, 41
theory change, 41
NSTA position statement on, 39
NSTA resources on, 53-54
questions for reflection or discussion on, 53
science teaching and, 50-52
substituting science practices for the scientific
method, 41-44
“Needs of seeds” probe, 192, 192-193, 210
Newton, Isaac, 27, 30, 31, 36, 38, 41, 45, 119
Next Generation Science Standards (NGSS), 16, 22, 23,
25, 32, 50, 57, 76, 80, 85, 89-91
Appendix F matrix in
analyzing and interpreting data, 117, 118
asking questions and defining problems, 99, 100
constructing explanations and designing
solutions, 128, 129
developing and using models, 108, 109
engaging in argument from evidence, 132, 133
obtaining, evaluating, and communicating
information, 135, 136
planning and carrying out investigations, 112,
113
using mathematics and computational thinking,
124,124
challenges in transition to, 91
development of, 90-91
instructional models and, 143, 147
nature of science connections in, 39, 53
performance expectations in, 89, 205, 207
role of argumentation in, 71
scientific and engineering practices in, 44, 50, 52,
63, 44, 50, 52, 89-90, 94, 97-138 (See also
Scientific and engineering practices)
use by Environmental Education section of National
Park System, 127
No Child Left Behind (NCLB) legislation, 18
Normal science, 15, 30, 31
Nova, 57, 216
Novak, Joseph, 5, 169
Novick, N., 146
NSTA Learning Center, 92, 152, 153, 190, 212
NSTA Reports, 216
NSTA Toshiba Exploravision competition, 127
Nussbaum, J., 146

o

Observations and inferences, 116

Obtaining, evaluating, and communicating information,
132—135, 136. See also Communication
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Ogle, Donna, 175

Ohm'’s Law, 103

Operational definitions, 172—-173

Opportunity Equation, 95

The Origin of Concepts, 28

Osborne, R., 196

Our Best Thinking Until Now strategy, 176, 222

Outdoor Biological Instructional Studies (OBIS)
curriculum, 217-218

Outstanding Science Trade Books for Students K-12,
25, 37

P
Pangenesis, 35, 37
Paradigm shifts, 15-16, 17, 37, 41, 51, 88
Paradigms in science, 14-15, 30-31, 37
Parks, state and national, 127, 216-217
Participation in science societies, 41
Pasteur, Louis, 46
PBS Market Report Science, 216
Peck, Alesia, 111, 114
Pendulums, 7-8, 12, 16, 82, 97, 109, 110, 176
Performance expectations, 89, 205, 207
Perkins, David, 4, 61
Personal Construct Psychology, 58
Phenomenological primitives (P-prims), 60
Physical Science Study Committee (PSSC) Physics
program, 80, 83
Piaget, Jean, xiii, 40, 57-58, 68, 81, 140, 224
Picture-Perfect Science series, 153
Pines,A.L., 5
Planning and carrying out investigations, 108-112, 113
Posner, G., 62, 145-146
Pratt, Harold, 89
Precipitation, 2, 2-3
Preconceptions. See Alternative conceptions;
Misconceptions/preconceptions
Predict, Observe, Explain: Activities Enhancing Scientific
Understanding, 176
Predict-observe-explain (POE) sequences, 176-178,
178, 189
Prediction from data, 114-115
Prince, George, 159
Probability, 119
Probes, 6566, 146. See also Formative assessment
“apple in the dark,” 209, 209
“can it reflect light?”, 205-206, 206
“does the example provide evidence?”, 162—163
“doing science,” 42, 43, 53
“Earth or Moon shadow?”, 193, 193-194
“falling through the Earth?”, 186, 186
“food for corn,” 184
“friendly talk,” 184
“how far did it go?”, 123, 123
“how long is a day on the Moon?”, 4
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“ice water,” 157, 157
“is it a model?”, 107, 107
“is it a rock? (version 2)”, 174, 174
“is it a solid?”, 103—105
“is it a theory?”, 8, 9, 53
“is it matter?”, 191, 191
“is the Earth really round?”, 166, 167
“mixing water,” 33, 33, 38, 120
“needs of seeds,” 192, 192-193, 210
“the mitten problem,” 202
“the swinging pendulum,” 109, 110
“wet jeans,” 2, 2-3
“what bugs me?”, 127
“what is a hypothesis?”, 10, 53
“what’s in the bubbles?”, 194, 194—-195
Process skills, 81, 97, 137, 143
Project 2061, 86, 90, 91
Project Learning Tree, 219
Project Physics Course, 84
Project Wet, 219
Proxy experiments, 185
Public Media International (PMI) radio reports, 216
Public understanding of science, 39-40

Q
Quantum theory, 30
Questions, 47-48, 66—69
for argumentation, 162
asking questions and defining problems, 98-99, 100
claim-support-question (CSQ) strategy, 168—-169
dialogic teaching, 70
discrepant, 155, 172
for talk moves, 181-182
Questions for reflection or discussion
on formative assessment, 210-211
on history of science, 36-37
on history of science education, 91
on informal science education, 218
on instructional models, 151-152
on instructional strategies, 188-189
on nature of children’s thinking, 75-76
on nature of science, 53
on teaching for conceptual understanding, 22—-23

R
Rabi, Isadore, 47, 98
Ratio, 119

Ready, Set, SCIENCE!, 12, 17, 24, 77, 93, 112, 138, 161,
180, 181
Reasoning
analogical, 160
asking students to applying their own to someone
else’s reasoning, 182
asking students to explicate, 182
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asking students to restate another student’s
reasoning, 181-182
Claims, Evidence, and Reasoning (C-E-R)
Framework, 125-126, 128-129
logical, 40, 41
RECAST (REveal CAusal STructure) activities, 179-180
Refutational text, 106—107
Religion and science, 15, 17, 26-27, 159
Renner, John, 141
The Review of Educational Research, 56, 57
Revoicing technique, 181
Revolutions in science, 14-15, 17, 27, 28, 30-31, 41, 51,
52, 53
Rogoff, B., 139
Role-playing, 179
Roman Catholic Church, 15, 17, 26
Rosenwald, Julius, 215
Roth, Kathleen, 61
Rowe, Mary Budd, 70, 182-183
Ruffman, Ted, 40
Rutherford, F. James, 84-85

S
Sadler, Philip, 64, 86
Sagan, Carl, 36
Samples, Bob, 159
Sampson, Victor, 71, 148
Schauble, L., 126
Schneier, Lisa, 22, 23
Schneps, Matthew, 64, 86
School Science Review, 56
Schweingruber, H., 77, 138, 181
Science, 216
Science: A Process Approach (SAPA), 81-82
Science Anchors project, 90
Science and Children, 23-24, 38, 54, 76, 92, 110, 134,
137, 152, 189, 211
Science and Technology for Children (STC), 85
Science Curriculum Instructional Strategy (SCIS), 81, 140
Science Education, 56
Science for All Americans, 25, 37, 40, 86, 96, 108
Science Formative Assessment, 199, 211
Science Friday, 216
Science Matters website, 219
Science Media Group, 86, 87
Science notebooks, 47
Science Scope, 24, 38, 54, 77, 92, 116, 134, 152, 170
Science societies, participation in, 41
Science talk, 18, 48, 70, 88, 161, 181-182, 183, 192,
199. See also Argumentation
The Science Teacher, 38, 77, 92, 140, 152, 153, 170, 189
Science textbooks, 2, 3, 13, 26, 44, 31, 37
current science and, 29-30
Project 2061 analysis of, 86
Scientific American, 216

Scientific and engineering practices, 44, 50, 52, 89-90,
94, 97-138
analyzing and interpreting data, 112-117, 118
asking questions and defining problems, 98-99, 100
case study on balancing using, 221-225
constructing explanations and designing solutions,
124-128, 129
developing and using models, 100-108, 109
engaging in argument from evidence, 128-132, 133
obtaining, evaluating, and communicating
information, 132-135, 136
planning and carrying out investigations, 108112,
113
vs. process skills, 97
using mathematics and computational thinking,
117-124, 124
Scientific Argumentation in Biology: 30 Classroom
Activities, 71, 130
Scientific literacy, 40, 132
Scientific method, 10-11, 26, 53, 54, 111
substituting science practices for, 41-44
Scott, Phil, 101-102
Seamless Assessment in Science, 212
Seed germination, 192, 192-193, 210
Self-regulated learners, 183
Serendipity, 46, 50, 52
7E Instructional Model, 144, 144-145
Shapiro, Bonnie, 14, 18, 65, 68, 87, 125
Shapiro, Irwin, 86
Shouse, A., 77, 138, 181
Shymansky, James, 83
Simulations, 2, 100, 117, 119, 142
Sinking and floating, 172-173
Smaller grain axioms, 60
Smith Ill, John P., 60
Sneider, Cary, 90
Social interactions, 63, 69-70, 145, 203-204
Social media, 50, 214
Sohmer, Richard, 161
Speaking skills, 131, 132, 134
dialogic teaching, 70
language of science, 6-8, 18, 29
science talk, 18, 48, 70, 88, 161, 181-182, 183,
192, 199
talk-facilitation strategies, 181-183
Sputnik, 80, 84, 85
Standardized tests, 1, 2
Standards-based science teaching, 88. See also Next
Generation Science Standards
Statistical thinking, 119—121
Stepans, Joseph, 146
Sticky Bars technique, 43
Strike, K. A., 145-146
The Structure of Scientific Revolutions, 14, 15-16, 30
Summative assessment, 18, 66, 88, 195, 198, 209
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T
Taking Science to School, 93, 101, 136-137
Talk moves, 180-183
Talking Their Way Into Science: Hearing Children’s
Questions and Theories, and Responding With
Curricula, 48, 98
Teaching for conceptual understanding, 1-24
definition of concept, 56
formative assessment and, 191-212
habits of practice that interfere with, 22
instructional models for, 139-153
instructional strategies for, 155-190
intentional conceptual change and community of
learners, 19-22, 23
language of science, 6-18
listening to children, 18-19, 65-66, 76, 160, 203
NSTA resources for, 23-24
priorities for, 4
questions for reflection or discussion on, 22-23
teaching methods that are impediments to, 1-4, 22
techniques for, 65-69
asking questions, 66—-69
listening and probing, 65-66, 76
Technology, 86, 88, 93, 95, 96, 112, 119, 126, 142
formative assessment and, 204—205
for informal science education, 216, 218
Tell Me More, 65
Temperature and heat, 6, 28—-29, 32-35, 38, 6, 28-29,
32-35, 38, 158, 201-202
TERC'’s The Inquiry Project/Talk Science, 71, 131, 183,
188
Thagard, Paul, 19
“The mitten problem” probe, 202
The Story of Science book series, 38
“The swinging pendulum” probe, 109, 110
Theories, scientific, 7, 8, 9
alternative conceptions and, 13
correlations between historic and classroom
persistence of, 35-36
“is it a theory?” probe, 8, 9, 53
Theory change, 41, 53
Theory-theory model in cognitive development, 59
Thermal energy, 28-29, 32-35, 38, 158
Thermodynamics, 6, 29, 33, 38
Thier, Herbert, 81
Thinking about thinking. See Metacognition
Thought experiments, 185-187
Through the Wormhole, 216
Tools for Ambitious Science Teaching website, 183
Toulmin, Stephen, 61
Transfer of energy, 157, 157-158
Trends in International Math and Science Study (TIMSS)
test, 88
Tyson, Neil deGrasse, 36
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U
Uncovering Student Ideas in Primary Science, 211
Uncovering Student Ideas in Science series, xiii, 22, 24,
33, 53, 66, 72, 99, 109, 162, 184, 196, 199, 201, 202,
204, 206, 210, 211. See also Probes
digital videos of probes in, 204
Understandings of Consequence Project, 179-180
Using mathematics and computational thinking, 117—124,
124
statistical thinking, 119-120
understanding concepts first, 123, 123
understanding visual representations of numbers,
121-122

\")
Variables, 115, 117, 161
identification and control of, 12, 56, 108, 109-110,
126, 176
The Variation of Animals and Plants Under Domestication,
35
Vasniadou, S., 20
Videos of formative assessment probes, 204
Vocabulary development, 2, 7-8, 66. See also Language
of science
activity before concept, concept before vocabulary
strategy, 155, 157-159
Frayer Model, 172
Volkmann, Mark, 212
Von Glaserfeld, Ernst, 58
Vote-discuss-revote (VDR) strategy, 162—166
Vygotsky, Lev, 69-70

w

Wait time, 182-183

Water cycle, 2-3, 24, 169

Watson, Fletcher, 84, 85

Wegener, Alfred, 73

“Wet jeans” probe, 2, 2-3

What Are They Thinking?, 53, 103, 189, 211

“What bugs me?” prompt, 127

What Children Bring to Light, 14, 18, 87

“What does it tell you and what do you want to know?”
game, 116

“What is a hypothesis?” probe, 10, 53

“What'’s in the bag?” activity, 48—49

“What's in the bubbles?” probe, 194, 194-195

Wheeler, Gerry, 90

Whitehead, Alfred North, 29

Wiliam, Dylan, 198

Wind in the Willows, 82

Wiser, Marianne, 35

Wolfe, Sylvia, 70

“Word walls,” 7

Writing activities, 44, 72, 101, 111, 125, 162, 197
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in Argument-Driven Inquiry model, 150, 151 Y

for communicating information, 132—-135, 137 Yager, R., 219

for formative assessment, 193, 198, 203 Yet More Everyday Science Mysteries, 33
lab reports, 134, 135 Young People’s Images in Science, 39

in predict-observe-explain sequences, 177
written arguments, 166—168
Wu, M., 160 Z
Zacharias, Jerrold, 83
Zhu, Jing, 19
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hat do you get when you bring together two of NSTA’s bestselling
authors to ponder ways to deepen students’ conceptual
understanding of science? A fascinating combination of deep
thinking about science teaching, field-tested strategies you can use

in your classroom immediately, and personal vignettes all educators can relate
to and apply themselves.

Teaching for Conceptual Understanding in Science is a collaboration between
Richard Konicek-Moran, a researcher and professor who wrote the Everyday
Science Mysteries series, and Page Keeley, a practitioner and teacher educator
who writes the Uncovering Student Ideas in Science series. Written in an
appealing, conversational style, this new book

explores where science education has been and where it's going;

e emphasizes how knowing the history and nature of science can help
you engage in teaching for conceptual understanding and conceptual

change;

e stresses the importance of formative assessment as a pathway to

conceptual change; and

e provides a bridge between research and practice.

This thought-provoking book can truly change the way you teach. Whether you
read each chapter in sequence or preview topics covered by the vignettes,
Konicek-Moran and Keeley will make you think—really think—about the major
goal of science education in the 21st century: to help students understand
science at the conceptual level so they can see its connections to other fields,

other concepts, and their own lives.
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