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Chapter 1: The Instructional Planning Framework: Addressing Conceptual Change
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“Students come to the classroom with preconceptions
about how the world works. If their initial understanding is not engaged, they may fail to grasp the
new concepts and information that are taught, or they
may learn them for purposes of a test but revert to
their preconceptions outside the classroom.”
—Donovan, Bransford, and Pellegrino 1999, p. 10
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High school biology teachers know that certain biology concepts are particularly
diﬃcult for their students. Yet these same students depend on their teachers to teach
and assess them so that they can progress in their biology learning. Teachers also
know that the reality of the world in which we live is that societal, economic, and
technological changes shape the skills and understanding required in the future
(Bransford, Brown, and Cocking 1999; Bureau of Labor Statistics 2000). With the No
Child Le Behind legislation requirements and expectations, teachers are focused
on standards and on identifying what students should know and be able to do in
core subjects such as science (NRC 1996; AAAS 1993). Such reforms have called on
teachers to place more emphasis on learning important concepts than on rote learning. This change is particularly significant in biology because of the diﬃculty that
students o en have with biology concepts. The Instructional Planning Framework
(Figure 1.1, p. 6) on which this book is based incorporates research findings and
implications for biology teachers in regard to the five hard-to-teach biology concepts
we have selected: reproduction, photosynthesis, evolution, molecular genetics, and
interdependence of living things.

Why Are There Hard-to-Teach Biology Concepts?
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As we discussed in the introduction, learning biology is hard for many students. Students o en say that learning biology is like learning a foreign language—that mastering the vocabulary alone is a struggle. Some say that they just don’t understand science
and they were never any good at it anyway. What are teachers to do about unfamiliar
terminology and students who believe they are not capable of learning biology? How
might they address their students’ needs as well as their own? Research-based strategies such as those described in this book oﬀer answers to these important questions.
According to Teaching with the Brain in Mind (Jensen 1998, p. 39), “Since what is
challenging for one student may not be challenging for another … [teachers must provide] more variety in the strategies used to engage learners be er.” As you think about
the diﬀerences among your students, we’re sure that it is obvious that all students do
not face the same challenges. What makes certain biology concepts more challenging
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Chapter 2: Instructional Approaches to Promote Student Understanding

9. Science does not presume to answer all questions. Sometimes, especially in regard to
morality, ethics, and faith, we must turn to other sources for the answers we seek.
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We believe that these aspects of the NOS and the HOS should be embedded in the
teaching of content. This means helping our students to think scientifically and, like
scientists, to pose questions using evidence in support of claims and to communicate
and discuss their results. Students do not understand the NOS by doing science activities alone. Instead, selected aspects must be planned for and integrated into our lessons (Lederman and Lederman 2004). Instructional Tool 2.7 (p. 51) summarizes some
strategies that can help us to just that.
A teacher’s illustration and promotion of the NOS must be explicit. Many traditional science experiences inadvertently establish misconceptions about NOS. Some
of the more common ways that teachers accidentally promote these misconceptions
include the language that they use when teaching content, the use of cookbook labs
common to textbooks, the use of texts that report the end products (facts) of science
without relating how that knowledge was developed, and the use of assessment strategies that stress vocabulary and knowledge end products but not the NOS (Clough and
Olson 2004). Concerted eﬀorts to counter the impact of these influences require that
teachers do not approach the NOS as an add-on strategy. Instead, it must be an overarching strategy used in a complementary way with other strategies, so that the NOS
is a process that students learn and apply during their science learning.
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Sense Making: Linguistic and Nonlinguistic
Representational Tools
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It is not always easy to know what your students are thinking. Their knowledge tends
to be implicit, so they themselves are not entirely aware of their thinking or of assumptions they make. On top of that, they are not o en encouraged to voice these thoughts,
so that even when their knowledge is explicit, they learn to keep it to themselves.
Finally, traditional classrooms limit opportunities for students to express themselves
in nonverbal ways (Fisher, Wandersee, and Moody 2000). Yet explicit communication
is essential to sense making for student learning. It is also essential for teachers so that
they can recognize what their students understand and do not understand.
Strategies that support sense making are important throughout the responsive
phase, but particularly when teachers confront and address preconceptions. (See the
Sense-Making Strategy Instructional Tools, 2.8–2.14) There are both linguistic and nonlinguistic strategies for sense making. We categorize them using Marzano’s (1992) organization: speaking (linguistic), writing (linguistic), and symbolizing (nonlinguistic). All
three are not only important for learning; they are also aligned with ways in which
scientists work.
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Instructional Tool 2.7
Standards-Based Approaches: Nature of Science (NOS)
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Teachers should model theory/evidence interactions so they link conceptual, procedural, and
NOS understandings (Rangahau 2002).
• Key features of NOS should be made visible to students so they can metacognitively compare
their theorizing with scientiﬁc theorizing (Rangahau 2002).
• The card-exchange activity described by Clough and Olson (2004) can be very effective.
• Use puzzle-solving activities (e.g., the black box activity) that have students solve problems and
then discuss in a whole group how solving these puzzles is like doing science (Clough and
Olson 2004).
• Pictorial gestalt images (e.g., rabbit/duck and old lady/young lady) are good ways to show
that observations are not as objective as we think but are dependent on prior knowledge.
This can show how different explanations can be based on the same data (Clough and Olson
2004).
• Infusion of historical and contemporary stories and manuscripts of science episodes can be used
to formally introduce the NOS because they portray how science works. The resource list for the
HOS includes websites with links to appropriate video.
• Develop and implement a quiz that poses common misconceptions about the NOS. This type
of quiz can be used at the beginning and end of lessons. See Chiappetta and Koballa’s (2004,
p. 59) “Myths of Science” quiz.
Details for a mini-lesson (Theory, Theory, Who’s Got the Theory) that focuses on the scientiﬁc
meaning of the word theory are found at www.indiana.edu/~ensiweb/lessons/theory.html. Groups
are assigned different scenarios that describe a “theory” about how diverse life came into existence.
They use a theory evaluation form and share ﬁndings for their “theory.” The discussion clariﬁes the
difference between the use of the word theory in science and in the vernacular.
• To infuse historical stories and manuscripts, digital libraries are good sources for archived
source documents. Examples include the National Science Digital Library (NSDL), the Library
of Congress, the Chemical Heritage Foundation, the U.S. Patent Ofﬁce, and the Alsos Digital
Library for Nuclear Issues. NSDL has a new initiative called Classic Articles in Context
that has scientists comment on the impact of seminal scholarly works (http://nsdl.org/
pd/?pager+classic_articles).
• Science is moving increasingly toward open, collaborative online and networked processes.
There are many labs and researchers who are good about documenting their work, sharing
virtual expeditions to the ﬁeld, and offering citizen science opportunities in which students can
participate.
The Science Teacher special focus issue on the NOS (November 2004) is helpful on this topic.
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Classroom
Implications

These are speciﬁc activities designed to introduce the aspects of NOS. Examples are detailed in the
“classroom implications” section of this Instructional Tool.
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Chapter 3: Reproduction: Meiosis and Variation

Figure 3.4

To NATURAL

New heritable characteristics can
result from new combinations of
existing genes or from mutations of

SELECTION

genes in reproductive cells. 5F/5…

9–12

Genes are segments of
DNA molecules.
Inserting, deleting, or
substituting segments
of DNA molecules can
alter genes. An altered
gene may be passed on
to every cell that
develops from it.
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The sorting and recombination
of genes in sexual reproduction
results in a great variety of
possible gene combinations in
the offspring of any two
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Concept Map for Heredity: “Variation in Inherited Characteristics”

molecules. 5B/3
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5B/4…

The information
passed from
parents to
offspring is
coded in DNA

parents. 5B/2

The fertilized egg cell, carrying
genetic information from each
parent, multiplies to form the
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6–8

complete organism…5B/2…
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In organisms that
have sexes,
typically half of
the genes come
from each
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In sexual reproduction, a single
specialized cell from a female
merges with a specialized cell

parent…5B/1

from a male. 5B/2…5B/2…
sexual reproduction

mechanism of inheritence
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variation

Source: American Association for the Advancement of Science (AAAS). 2001. Atlas of science literacy. Washington, DC:
AAAS, p. 71. Extract printed with permission
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Abbreviations: 5B/1, 5B/2, 5B/3, 5B/4, and 5F/5 refer to the chapter, section, and number of the corresponding goal
statement in Benchmarks for Science Literacy. American Association for the Advancement of Science (AAAS). New
York: Oxford University Press, 1993.
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Based on this information, it is critical that Brenda make sure that her students
have these understandings and, if not, she should provide them the opportunity to gain
them. She should make sure that (1) her students’ prior understandings prepare them to
connect, through the process of meiosis, their concrete middle school experiences with
observable traits to both life cycles and the molecular basis of genetics and (2) her lesson
targets the grade-level appropriate aspects of the standards in a conceptual ways without an overemphasis on phases and vocabulary. Later in the chapter we demonstrate
how this might be done.
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Instructional Planning Framework: Responsive Phase

uc

at
io
n

You are now ready to consider the responsive phase of the Instructional Planning Framework and determine how to help your students reach each target in the learning sequence shown in Table 4.1 on page 134. Remember that the responsive phase is not a
linear process but rather iterative in nature. Teachers need to use ongoing formative
assessment processes to determine what their students do or don’t understand and address these gaps with instruction (Hipkins et al. 2002). Though teachers can flesh out
an initial instructional plan, conducting formative assessments along the way might
require that they modify instruction. Regardless, the work for the responsive phase must
be completed, and it is to that work that we turn our a ention.
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Identifying Preconceptions
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The primary purpose of this chapter is to model the first portions of the Instructional
Planning Framework’s responsive phase: identifying, eliciting, and confronting preconceptions and becoming aware of research-identified misconceptions (Figure 4.5, p. 126).
Why do teachers need to be concerned about their students’ preinstructional ideas
or about typical misconceptions that have been identified in the research? The answer
is that learning occurs when students make connections and construct pa erns, and
doing so depends on their prior knowledge (Lowery 1990).4 This means that teachers
must gear their lessons to the developmental level of their students and provide multiple pathways to understanding (Weiss et al. 2003). They must provide opportunities
for their students to express and confront their own preconceptions and those of their
classmates if the students are to develop conceptual understanding.

Learning About Research-Identified Misconceptions
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You can learn a lot by conducting your own review of your students’ misconceptions
about photosynthesis. It can be time consuming, but if you are, for instance, involved in
a study group with other biology teachers and want to improve instruction for a specific
standard, research on misconceptions and eﬀective strategies to address those misconceptions might be a rich area of study for your group. Or if there is a content area in which
you are not as strong as in others, this type of review can help you dig deeper into the
content. If you decide that this is something you want to do for another topic, consider
the steps and resources shown in Figure 4.6 on page 126. These steps are sequenced,
based on how easy it may be for you to obtain the resources. They are also sequenced by
simplicity of use.
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Chapter 7: Interdependence: Environmental Systems and Human Impact

What Is a Logical Learning Sequence?
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The next step in the predictive phase requires that we identify learning targets and
determine the logical sequence for these targets. Refer back to Figure 7.1 (step #2). According to that step, teachers must consider students’ middle school experiences in order to build on the understandings that arose from those experiences, outline the key
ideas embedded in the high school standards and benchmarks, sequence the key ideas
in a way to build student understanding, and consider connections from one lesson to
the next. Let’s see how we used these steps for our lesson on interdependence.
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Build on Middle School Experiences

ow

nl

ow

Ed

In middle school, students should have experiences with field and laboratory work
that focus on specific examples of interdependency of organisms, and they should begin to understand the types of interactions that occur among organisms (AAAS 1993;
Rakow 2000). High school teachers need to build on that foundational learning. Students should also have general understandings about population growth and the role
of resources in limiting that growth. High school teachers will build on those understandings to help students learn about the rough equilibrium that can be established
in ecosystems and how this tentative equilibrium can be disrupted by natural and
human events.
In other words, teachers need to help students move from specific examples from
contexts they understand to more complex interactions with multiple variables that
more clearly reflect how systems work (AAAS 1993). The first learning target should
build on these middle school experiences before the more complex aspects of system
dynamics are introduced.
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Tease Apart the Components of the High School Standards
Let’s look at the following group of standards, which we selected for this lesson’s focus. Key ideas are in italics.
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• Organisms both cooperate and compete in ecosystems. The interrelationships and interdependencies of these organisms may generate ecosystems that are stable for hundreds
or thousands of years (NRC 1996, p. 186).
• Living organisms have the capacity to produce populations of infinite size, but environments and resources are finite. This fundamental tension has profound eﬀects on
the interactions between organisms (NRC 1996, p. 186).
• Ecosystems can be reasonably stable over hundreds or thousands of years. As any
population of organisms grows, it is held in check by one or more environmental
factors: depletion of food or nesting sites, increased loss to increased numbers
of predators, or parasites. If a disaster such as flood or fire occurs, the damaged
ecosystem is likely to recover in stages that eventually result in a system similar to the
original one (AAAS 1993, p. 17).
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