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This textbook is about how students learn and how teachers can teach well. Although this
textbook assumes no prior knowledge about educational research, it is intended to be much more than just
an “introduction” that will lay the groundwork for you to learn to teach later on. On the contrary, as you
read this book, you will learn theory- and research-based skills that you could apply right away as a
teacher. My expectation is that you will gain a deep understanding of educational theory and practice
grounded in many, many examples of classroom learning and instruction. You will have the opportunity to
learn teaching skills that will make you a very successful teacher (if you have not taught before) or will
help you to become a more successful teacher (if you are already teaching).

This textbook is grounded in my conviction that educational researchers have generated a body of
potent knowledge that can help teachers teach very effectively. This knowledge can guide teachers as they
develop their goals, their assessments, and their instruction. I am tremendously excited about this research,
and | hope that you, too, will “catch” this excitement.

WHY STUDY EDUCATIONAL RESEARCH?

Why study educational research? My answer is simple: Educational researchers have developed
very powerful ideas about learning and teaching over the past several decades. By applying these ideas,
teachers can teach much more effectively than they could had they not learned these ideas.

Let me start with a personal example. After earning a master’s degree in Teaching English as a
Foreign Language, | began my teaching career teaching English in Japan. | taught for over four years in
Japan before | entered a doctoral program to become an educational researcher. My master’s degree had
not focused much on the research on learning and teaching, so my doctoral program was my first exposure
to such research. About three years into my doctoral program, it struck me that my ideas about how to
teach were now completely differently from when | was teaching in Japan, as a result of what | had
learned about learning and teaching in my courses. | realized that if | were to go back and teach English in
Japan again, | would do virtually everything differently.

What had | learned that was so transformative? | had learned completely new ways of motivating
students--ways | had never considered before Error! Bookmark not defined.. | had learned about the
importance of metacognition, which refers to students’ awareness of how they are learning and how they
can learn more effectively by using better study strategies (Azevedo & Hadwin, 2005; A. L. Brown,
Bransford, Ferrara, & Campione, 1983). (We will discuss metacognition in more detail later in this
chapter.) 1 had completely new ideas about which study strategies are most effective. | had also learned
completely new approaches of organizing group work effectively (A. King, 1991, 2002; O'Donnell, 1999,
2006; Webb, 1982; Webb, Farivar, & Mastergeorge, 2002). And perhaps most importantly, | had learned
about the importance of paying very detailed attention to my students’ ideas. | had learned that students do
not come to learning tasks with “empty heads” waiting to be filled with information provided by the
teacher. Instead, students come to class with their own ideas about what they are learning, and these ideas
profoundly affect what they learn (R. Driver & Easley, 1978; Shtulman, in press). Therefore, to
understand how students are learning and how I should teach to help them learn more effectively, | really
had to understand my students’ thinking. Indeed, this idea is so important that it has become the subtitle of
this textbook: Understanding students’ thinking.

Reflecting on all that | had learned in my doctoral program, | wish that | had learned all these
powerful ideas before | had begun teaching! Although I worked hard and conscientiously as a teacher in
Japan, | now realize that I could have been far more successful if I had only known what I had learned in
my doctoral program. My goal in writing this book is to try to help you, as a future or present teacher,
learn about these powerful ideas now.

As a researcher working in classrooms, | have repeatedly observed the transformations that occur
in classrooms when teachers implement good instruction grounded in research. My research has covered a
wide range of topics in both elementary and secondary schools. | have worked with research teams and
with teachers on improving discussions in fourth-grade reading classes (Chinn & Anderson, 1998;
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Waggoner, Chinn, Anderson, & Yi, 1995), on improving students’ thinking and writing in sixth- and
eighth-grade social-studies classes (Chinn & Flynn, 1999), and on improving students’ science
achievement in elementary and middle schools (Chinn, Duschl, Duncan, Pluta, & Buckland, 2008b; Pluta,
Buckland, Chinn, Duschl, & Duncan, 2008a). In each of these projects, teachers, principals, and
supervisors have been enthusiastic about the new, research-based ways of teaching that we have
introduced. The teachers working with us have found that their students are capable of far higher levels of
performance than they had imagined. Indeed, when a group of seventh grade teachers participating in my
most recent project presented some of their students’ work at a recent state science convention (Ambos,
Buckland, & Hung, 2007; Robbins, Piegaro, & Chinn, 2007), some of the middle-school teachers in the
audience expressed amazement (and even disbelief!) that the work had been done by seventh graders,
rather than by older students.

The research literature is filled with many, many examples of how classrooms and schools can be
transformed through applying the findings of contemporary educational research (e.g., Britt & Aglinskas,
2002; Chinn, in press-a; Hapgood, Magnusson, & Palincsar, 2004; Langer, 2001; Lehrer & Schauble,
2004; R. Slavin, in press; C. L. Smith, Maclin, Houghton, & Hennessey, 2000; Wilkinson, in press; T.
Wood & Sellers, 1996). Many studies document the high levels of student learning and engagement that
result when teachers apply instruction grounded in educational research. Educational researchers have
developed ideas that can transform teaching and make a tremendous difference in the lives of their
students. In writing this textbook, my overarching goal is to help you master many of these ideas so that
you can apply them to your own teaching.

THE STRUCTURE OF THIS TEXTBOOK

This textbook has four units: theories of learning and development (chapters 2, 3, and 4),
influences on learning (chapters 5, 6, and 7), instructional goals and assessment (chapters 8 and 9), and
creating effective learning environments (chapters 10 through 15). This organization of units and chapters
has grown out of my thinking about what teachers need to know to be effective teachers. We’ll discuss the
rationale for this organization in this section.

Unit 1: Theories of Learning and Development

Immediately after this introductory chapter, we begin Unit 1, which presents an overview of
theories in three main areas: theories of learning, theories of cognitive development, and theories of social
development. Theories in all of these areas can inform educational applications to teaching. There is no
one-to-one relationship between theories of learning and educational applications. Most of the educational
applications we discuss in this book are closely related to two or more of the theories of learning and
development. For example, recommendations about the best study strategies for students to use are closely
related to theoretical ideas developed within several different theories of learning and development. My
goal is to help you see how important educational applications are related to multiple theories.

To achieve this goal, we will first set the stage by examining the important theories of learning
and instruction. Later we will examine how the theories are jointly applied in educational applications.
The first three chapters provide a basic overview of theories of learning, theories of cognitive
development, and theories of social development. In later chapters, we will note how different educational
applications are related to one or more of the theories that you have studied in Chapters 2, 3, and 4. For
instance, when we discuss instructional methods for using groups effectively in Chapter 16, we will note
how different methods are related to the different theories of learning that we have examined in Chapter 2,
different theories of development examined in Chapter 3, and different theories of social development
examined in Chapter 4.

One of the features of this textbook is especially designed to help connect educational applications
to the theories in Chapters 2, 3, and 4. This feature is the “Link to Theories” feature that recurs
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throughout the chapters of this book. Each time we see how a theory is related to a new educational
application, we will gain new insights into that theory; we will also gain new insights into the application.

Unit 2: Influences on Learning

The second unit of the book contains three chapters about important influences on learning.
Chapter 5 discusses individual and group differences and how these differences can influence learning.
Chapter 6 addresses students’ prior conceptions about academic topics and how these conceptions
influence learning. Chapter 7 addresses the strategies (such as study strategies) that students use and
how their choice of strategies influences learning. Only by understanding all these influences can
teachers design instruction that is maximally effective in helping students learn.

Chapter 5 (Individual and Group Differences) discusses individual and group influences on
student learning. Individual differences include factors such as students’ gender, their intelligence, and
whether they are learning disabled. Group differences include factors such as cultural norms and the
language spoken by a community. It is important for teachers to understand how individual factors such
as having a learning disability can affect how students learn. It is also important for teachers to
understand how group factors such as a student’s cultural background can influence students’ learning.
Chapter 5 develops initial ideas about individual and group influences on learning that we will continue
to expand upon throughout the textbook.

Chapter 6 addresses students’ prior conceptions about what they are studying in school. Prior
conceptions refer to the ideas about the physical, natural, and social worlds that students have before
they begin new instruction on these topics. For instance, many students have the conception that water is
made up of drops of water. For a student who thinks that water is made up of drops of water, the notion
that water is composed of hard, elastic, not-wet molecules is a strange idea that is extremely difficult to
understand (Andersson, 1990; Liu & Lesniak, 2006). How could something wet like water be made of
hard molecules that are not themselves wet? It makes no sense to these students. Students’ prior
conceptions can thus make it difficult to learn ideas that conflict with these conceptions. Conversely,
when students’ prior conceptions are congruent with what they are learning, their prior conceptions can
make learning new ideas easier. When students already know some key ideas about the industrial
revolution, they will learn more from a lecture about the industrial revolution than students who knew
nothing about it.

Students’ knowledge of strategies is also important. Strategies are the actions that people take
to achieve goals. For example, when students have the goal of learning the key ideas in a textbook
chapter, they may use strategies such as outlining the chapter or summarizing the main sections of the
chapter. When students have the goal of solving a difficult problem, they may use strategies such as
brainstorming possible solutions, trying out different alternative solutions, and checking the answer to
make sure it makes sense. Students’ strategies are an important determinant of what they learn in class
(Zimmerman, 1998). Many students use ineffective study strategies instead of the more effective
strategies that we will discuss throughout this textbook. An important job for teachers is to help students
learn to use more effective strategies.

Together, prior conceptions and prior strategies strongly affect learning. When teachers gain a
deep understanding of students’ prior conceptions and strategies, they typically find that they cannot
teach in their old ways. One of the middle school teachers I have recently been working with said in an
interview, “I used to think that my job was to pour information into my students’ heads. And then one
day I realized that their heads weren’t empty. There was already stuff in there! And once you realize that
there’s stuff in there, your life changes!” Her life had changed because she realized that students’ prior
conceptions and strategies meant that she needed to teach in new ways that took those conceptions and
strategies into account. She found it fascinating to find out about her students’ initial conceptions and
strategies, and then to figure out how to help them learn new conceptions and strategies that were
sometimes dramatically different from their initial conceptions and strategies. A deep understanding of
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how students think (including their prior conceptions and the strategies they use) is fundamental to good
teaching.

Unit 3: Instructional Goals and Assessment

The third unit of the book addresses instructional goals, assessment, and the importance of
integrating instructional goals and assessment with instructional activities. Goals refer to the objectives or
aims that the teacher sets for what students should learn. Assessments refer to all the different ways in
which teachers gather evidence about how well the students are progressing toward the goals (Mislevy &
Haertel, 2006; M. Wilson & Sloane, 2000). Assessments include quizzes, unit tests, and standardized
tests. But assessments also include more informal indicators of students’ progress, such as daily
assignments and even what students say in class. Instructional activities are the learning activities that
are designed to help students learn what they need to achieve the goals, as evidenced by their performance
on the various assessments.

In effective teaching, the teacher’s instructional goals, the assessments, and the instruction are
tightly coordinated. Designing assessment goes hand in hand with setting the goals for the class. As
teachers develop their goals and their assessments, they also design instruction that is closely coordinated
with their goals and assessments.

Figure 1.1:
The instructional cycle

Plan

instructional
Plan activities Plan
instructional assessments
goals

Figure 1.1 highlights the tight alignment that should exist among setting goals, developing
assessments, and developing instruction (Smith & DeLisi, 2000). Goals, activities, and assessments need
to fit seamlessly together. Serious problems can arise when goals, activities, and assessments are not in
alignment. Here is an example. Consider a high school teacher who tells students that her most important
learning goal is that they will learn to “think historically.” She wants her students to learn to evaluate
historical documents to reach their own conclusions about what happened in important historical periods.
Accordingly, she focuses her instructional lessons on discussions in which students debate what can be
concluded from historical documents. Her exams consist of 30% multiple choice questions about the
textbook, 50% short-answer questions about the textbook, and 20% essay questions in which she provides
them with original source documents and asks them to draw conclusions and explain their thinking. As the
semester progresses, she finds that students participate less and less in the discussions. Lately she has been
dreading going to class. She supposes that her students just don’t like to think.

This teacher’s problem is a mismatch between her goals and activities, on the one hand, and her
assessments, on the other. Although nearly all of her classes are focused on historical thinking, which
matches her stated goals for the class, only 20% of her exams focus on her stated goals. It is no wonder
that students become less and less willing to participate in activities that are poorly represented on the
exams. They become angry that she is not preparing them for the tests she gives. This is an example of a
teacher’s failure to align assessments with goals and instruction.

Here is another example of a mismatch among goals, assessments, and instruction. Consider another
high school history teacher who has the same goal of promoting historical thinking. Unlike the first
teacher, this teacher’s exams are clearly focused on this goal. But during his classes, although he does
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engage students in debate about historical documents, he never teaches them how to do it. He does not
help them learn any particular strategies for thinking about historical documents but assumes that they
will somehow just learn just by doing it. He is baffled at the end of the year when he discovers on
RateMyT eacher.com that that almost all of the students who rated him think that he is a bad teacher who
does not actually teach them anything.

This history teacher’s problem is a mismatch between his goals and assessments, on the one hand,
and his class activities, on the other. His assessments are admirably tied to his goals, but he does not
provide instruction during class activities that prepares students properly for the assessments. He does not
teach them useful strategies that can help them think about historical documents. If he wants students to
learn the difficult strategies involved in thinking like a historian, he must provide instruction that helps
them understand how to tackle historical documents—how to interpret them, how to evaluate their
credibility, and how to draw conclusions from them. This instruction would enable his students to benefit
from the many opportunities he gives them to engage in historical thinking.

These two examples illustrate some of the problems that can arise when goals, class activities, and
instruction are not tightly aligned. Goals, assessments, and instruction must be considered together.

Unit 3 emphasizes that assessment needs to be part of each and every lesson—not just the unit test
at the end of a set of lessons. In each lesson, effective teachers are gathering evidence from a variety of
formal and informal assessments of students’ understanding, and this evidence should feed back into
teachers’ day-to-day plans. Teachers assess student learning through a diverse array of methods—not only
through formal tests and quizzes but also through short quizzes, students” written assignments, carefully
listening to students during group work and class discussion, and so on. These frequent assessment
activities are called formative assessments, because they guide teachers as they form their ideas about
how to teach each day.

Let’s consider a third high-school history teacher, this time focusing on the teacher’s formative
assessment. Like the second history teacher, this history teacher tightly aligns her assessments with her
goal of promoting historical thinking using primary source documents. Unlike the second teacher, this
teacher also strives each day to help students learn to think historically with primary source documents.
Over a period of six weeks, she coaches students and conducts mini-lessons on different strategies for
engaging in historical thinking. Her students seem quite interested and excited about the classes. Then, at
the end of the six weeks, she gives them the unit test and discovers, to her dismay, that her students have
not performed as well as she had expected. She realizes from the tests that the students had difficulty
understanding that the authors of historical documents may be biased, and they did not know how to take
these biases into account when they evaluated the documents. Regrettably, she did not gather any
formative assessment data during the unit that would have allowed her to provide some remedial help.

Frequent formative assessment could have greatly improved this third teacher’s unit. Because she
waited until the end of the unit to gather careful information about how her students were doing, she lost
the chance to revise her instruction mid-course. If she had systematically gathered information about how
her students were doing week by week along the way, she could have made needed changes to her
instruction before it was too late.

We will discuss formative assessments as well as other kinds of assessments in Chapters 8 and 9.
These chapters will give you many ideas about how you can use assessments to improve your instruction.

Unit 4: Creating Learning Environments

The fourth and final unit of the book is about creating effective learning environments. Learning
environments refer to everything that is part of a situation in which students are learning. It includes the
physical setting (e.g., a history classroom), the instructional purposes (e.g., to help students understand the
significance of the civil rights movement), the instructional materials that are used (e.g., a table full of
books, audio, and video materials on the civil rights movement; websites with historical information), any
technological tools (e.g., computers to create PowerPoint presentations and to browse websites), the
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instructional methods (lectures, individual reading, group collaborations, and teacher-led discussions), and

so on. Our goal in Unit 4 will be to learn how to design learning environments that are effective in

promoting student learning. Chapters 10 through 15 will present a variety of compelling ideas on how to
create effective learning environments.

Educational research has transformed the thinking of educators regarding how students learn and
how teachers can teach more effectively. This research can guide the design of effective learning
environments. Moreover, this research has changed our understanding of what the very goals of effective
learning environments should be. Effective learning environments are designed to promote engagement,
understanding, self-regulated learning, transfer, and collaboration.

e Engagement. Effective learning environments sustain engagement among students. This means that
students are actively immersed in learning tasks and are absorbed in mastering the concepts and
strategies needed to succeed at these tasks.

e Understanding. Effective learning environments are designed with the aim of helping students
understand important ideas, rather than having students simply memorize those ideas or memorize a
list of facts.

e Self-regulated learning. Effective learning environments help students learn to learn on their own.
This means that students develop the ability to regulate or control their own learning, without needing a
teacher to help them constantly along the way. Self-regulated learners set their own learning goals, and
they select on their own the learning strategies that can help them achieve these goals. They also check
how well they are doing in achieving their goals, and if they are not doing well enough, they select and
use new strategies that may work better. Through all these processes, self-regulated learners manage
their own learning effectively.

e Transfer. Effective learning environments are designed with the goal of promoting transfer. Transfer
refers to using what one has learned in new situations. The ultimate goal of most learning is transfer:
teachers want their students to be able to use what they have learned outside their classes—ultimately
in the real world.

e Collaboration. Effective learning environments incorporate collaboration—students working together.
Well-designed use of collaboration among students can promote all of the goals listed above--
engagement, understanding, self-regulated learning, and transfer. In addition, during collaboration,
students learn to create knowledge collaboratively with their peers, which is itself a valuable form of
learning.

Because these five goals are so central to effective teaching, the last part of the textbook is
organized around how to create learning environments that effectively achieve these five goals. Chapters
10 and 11 are about creating learning environments in which students are engaged. Chapter 12 focuses on
how to teach in ways that promote understanding. Chapter 13 is about how to teach in ways that help
students learn to regulate their own learning. Chapter 14 is explains how to teach for transfer so that
students will be able to use what they learn when they step out of the classroom. Lastly, chapter 15
discusses how to organize group learning so that students can learn collaboratively and create knowledge
collaboratively.

CORE GOALS FOR LEARNING ENVIRONMENTS
The last six chapters in this textbook are devoted to designing instruction that promotes the five
goals outlined above. Because of the importance of these five goals, we will examine them in further detail
in this section.

Engagement

Students are engaged in the classroom if their thoughts and actions are fully directed toward
learning tasks, and they are actively immersed in learning. More engaged students learn more than less
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engaged students; more engaged students are also more satisfied and more positive about school (Phyllis
C. Blumenfeld, Kempler, & Krajcik, 2006; Fredricks, Blumenfeld, & Paris, 2004; N. E. Perry, Turner, &
Meyer, 2006). Engagement is a valuable goal in its own right, as most teachers want students to be
satisfied and motivated to participate in class. Engagement is also valuable in that it helps promote other
goals, such as understanding and transfer.

This modern view of engagement contrasts with a common view that says that students are
engaged if and only if they are listening or working quietly. | recently led a workshop for middle school
teachers in which I introduced them to teaching methods that engage students in active debate and inquiry.
During the workshop, several of the teachers disclosed that administrators in their district discouraged any
such activities because they believed that students need to be quiet in order to learn. There is no doubt that
quiet listening and individual work has a place in effective instruction. But research on both learning and
motivation has shown that learning must be active to be effective (Phyllis C. Blumenfeld et al., 2006; A.
L. Brown et al., 1983; J. S. Krajcik & Blumenfeld, 2006). If students only hear and read ideas, they will
not learn as much as if they also talk and write about those ideas (D. L. Schwartz & Martin, 2004);
sometimes students will get a little noisy as they are engaged in group discussions on academic topics.

Figure 1.2 illustrates the importance of active, engaged learning. If students simply read the
statements in Figure 1.2, they learn less than if they visualize these facts vividly in their mind’s eye, or if
they try to explain these facts to themselves (Ozgungor & Guthrie, 2004; Willoughby, Wood, McDermott,
& McLaren, 2000; Woloshyn, Pressley, & Schneider, 1992). If students vividly imagine the facts or
explain them to themselves, they are more actively engaged in the learning process, and they learn more
than if they simply read the facts without actively visualizing or explaining the facts. In general, learning
is more effective when students are actively engaged in mental activities that use ideas—creating visual
images, talking about the ideas, writing about them, and so on. Therefore, an essential goal for teachers is
to learn to develop instruction that actively engages students in learning processes.

Two chapters in Unit 4 focus especially on engagement: Chapters 10 (Creating Engaged Classes)
and 11 (Classroom Management). Chapter 10 focuses on motivational practices that enhance engagement.
Chapter 11 focuses on how teachers can manage classrooms to reduce discipline problems and increase
engagement. The remaining four chapters in Unit 4 also touch regularly on engagement. The instructional
practices we discuss in Chapters 11 through 14 are all designed to promote student engagement in addition
to other goals.
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Figure 1.2:
Learning Facts about the Great Plains states

At the top of the figure is an image of lined papers with these facts about the Great
Plains of the U.S.:

The High Plains are prairie grasslands at a relatively high elevation.

The High Plains span parts of states from New Mexico through Kansas and Colorado to
Wyoming and Montana.

The High Plains often experience periods of drought.

Wheat agriculture is one main industry.

Cattle ranching is another main industry.

The population density of the High Plains is lower than that of many other parts of the U.S.

Then images of three fifth-grade students are shown.

The caption for the first student says:

Summer simply reads to herself.

A thought bubble shows: “... Cattle ranching is another main industry. 7
The caption for the second student says:

Kayla makes vivid images of each fact.

An image of a cattle ranch is shown with a thought bubble.

The caption for the first student says:

Shaina tries to explain ideas to herself.

A thought bubble shows: “Cattle ranching could be a main industry because cattle ranches
typically have grass that cattle eat, and a place that doesn’t get a lot of rain will tend to have lots
of grass that can survive without much rain. And that’s the grass that the cattle eat.”
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Figure 1.3:
Arteries and veins

This artery has thick walls, and it is being held up with elastic
rubber bands. (Veins are the opposite).

b Art(ery) was thick around the middle so he wore elastic
suspenders.

Vanity (Vein) was thin enough to be a gymnast, but she was
too inelastic (inflexible)
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c  <This part of the figure shows a schematic drawing of a heart,
with two arteries emerging from it, one going down and one
upward. Both show exaggerated “ovals” where spurts of
blood are appearing at regular intervals. The arteries then
taper off into capillaries which then lead into smooth veins
that lead back into the heart. Each artery-capillary-vein
system makes a rough schematic oval. >

Captlon: Avrteries must be thick and elastic to accommodate the powerful spurts
of blood sent out by the heart as it pumps. In addition, the elasticity allows the
arteries to close behind each spurt, thus preventing blood traveling upward to the
brain from falling back into the heart. Veins need not accommodate such spurts of
pressure, because the pressure spurts dissipate by the point at which the blood
travels through the capillaries so they are thinner and inelastic.

Understanding

A second essential goal of instruction is student understanding (Duschl & Grandy, 2008; Fennema
& Romberg, 1999; Gardner & Boix-Mansilla, 1994; Mayer, 2005). The goal of learning should not be
simply for students to memorize ideas without understanding them. The goal should be understanding.
Only when students understand ideas can they apply the ideas to solve new problems or to answer new
novel, unfamiliar questions.

An example that highlights the importance of understanding has been described by learning
scientists John Bransford, Ann Brown, and Rodney Cocking (John D. Bransford, Brown, & Cocking,
1999). Their example focuses on the topic of learning about arteries and veins. How would you help high
school students learn that arteries carry blood away from the heart and have thick, elastic walls, whereas
veins carry blood back to the heart and have thin, inelastic walls? | have posed this problem many times to
my own classes; invariably the students come up with teaching devices such as the ones shown in Figure
1.3a and Figure 1.3b. Figures 1.3a and 1.3b are both designed to help students memorize the facts that
arteries have thick, elastic walls and veins have thin, inelastic walls. Neither of these devices explains why
arteries and veins have these properties. And, critically, because there is no explanation, students cannot
use the information about arteries and veins to solve new problems. For example, as Bransford et al. note,
students who have learned only the information in Figures 1.3a and 1.3b would not be able to answer
questions such as these:

e How would you design an artificial artery? Does it have to be elastic?

e What are the health implications of hardening of the arteries?
To answer these questions, students need to understand why arteries are thick and elastic. They need to
understand what would happen if arteries were not thick and elastic. They need to understand what the
function of thick, elastic arteries is.

In contrast, consider the explanation provided in Figure 1.3c. This explanation provides an
understanding of why arteries are thick and elastic and veins are thin and inelastic. With the
understanding that is promoted by the explanation in Figure 1.3c, it is possible to generate plausible
answers to the two questions listed above. Does an artificial artery need to be elastic? As the explanation
in Figure 1.3c shows, the elasticity of the arteries functions to accommodate the increased pressure of the
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spurts of blood that pass through the arteries and to keep blood traveling upward from falling back into
the heart. If an artificial artery had other ways to serve these functions, it would not need to be elastic. For
instance, if it were made of a strong material that could accommodate pressure spurts without expanding,
and if it had one-way valves to keep the blood from falling back downward, then there would be no need
for the artery to be elastic. Similarly, the question about hardening of arteries can be answered using the
explanation in Figure 1.3c. Hard arteries might be less able to accommodate the spurts, and so they might
burst. Now students can understand why hardened arteries are vulnerable to aneurisms.

On many topics, textbooks stop short of providing adequate explanations. A science textbook may
simply inform students that arteries are thick and elastic, without explaining why. In these instances, the
teacher will need to know the explanation so that she can provide it to students, or she will need to know
how to help students find the explanation on their own. This requires knowledge that goes beyond the
textbook.

Chapter 11 focuses on designing learning environments that promote understanding. In addition,
most of the instructional methods discussed throughout Unit 4 include understanding as a core goal, so we
will be addressing understanding throughout Unit 4.

Self-regulated learning. The past several decades of educational research have affirmed the
importance of a third educational goal: the development of self-regulated learning. Self-regulated learning
is valuable because when students develop the ability to learn and think on their own, they can learn by
themselves inside or outside school, without the teacher’s guidance.

An important kind of knowledge that self-regulated learners have is metacognition.
Metacognition refers to people’s awareness of their own thinking and learning processes. People have
metacognitive competence if they are aware of their own thinking processes, if they use effective strategies
for learning and thinking, and if their awareness of their strategies allows them to make good decisions
about which strategies to use. For example, consider a student (Louis) writing a paper. Louis is aware that
he does not understand his topic very well, so he decides to do some extra reading. He then realizes that he
doesn’t yet have good ideas for how to organize the paper, so decides to spend more time on the
brainstorming and planning phases of writing. These actions show that Louis is aware of his thinking
processes and of different strategies (such as planning and brainstorming) that he can use to succeed in
writing. He deliberately uses his knowledge of his goals and his own thinking processes to choose the
strategies that he will use next. Through these actions, Louis demonstrates a high degree of metacognitive
competence. His metacognitive competence allows him to set his own goals and work out how to achieve
these goals and to regulate his own learning.

Ineffective learners often use ineffective learning strategies. Teachers can help students become
more effective learners and problem solvers if they help students learn to use more effective strategies.
Therefore, it is important for teachers to be able to teach students more effective strategies so that they can
become self-regulated learners.

Let’s look at an example of a teacher who focuses on self-regulated learning as a core
instructional goal. This teacher is leading a small-group discussion about a text that the students have
read. The teacher and the students are discussing the text-comprehension strategies that they can use to be
self-regulated learners (** ref **). The transcript of the discussion is on the left; my analysis is on the
right.

Teacher: I’m noticing that, instead of being passive, lots of people The teacher prompts Nicole to
are taking control of their learning. Nicole, would you be discuss her strategy use.
willing to share what happened when you called me over
while you were reading?

Nicole: Sure. | couldn’t understand this description on page 104. 1 | Nicole shows that she is aware
tried summarizing in my head, but I couldn’t figure it out. I | of the strategies she is using.
read it again and tried to picture it, but it was no use.
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Teacher: The author does tricky things with description. Did anyone
else think that? Andy?

Andy: He describes things, but doesn’t say what they are. It’s like | Andy also displays
a puzzle you have to figure out. Nicole, remember when he | metacognitive knowledge of
described Beanpole’s glasses? You had to figure out what | strategies.
they were and label them.

Nicole: That’s what the teacher reminded me. | needed to think
about whether the author had done this before and try to
access my background knowledge.

Teacher: Nicole, that’s just what you did. And what did you realize
the author was describing?

Nicole: A grenade!

Teacher: That’s it. Nicole, you used a bunch of good strategies here. | The teacher asks for a
What did you do? summary of strategies used.

Nicole: Well, first I knew | was missing important information.
Then | asked you for clarification.

Teacher: Did I help you?

Nicole: No, you helped me think of what | already knew so I could | Nicole wraps up her summary
help myself. of her own strategies.

Teacher: Good! Nicole used lots of strategies here . . . . She was The teacher summarizes the
active instead of passive. She took charge of her learning. strategies that Nicole used.
She did this by using the strategies of summarizing and She also emphasizes the
picturing to monitor her understanding. Did anyone else use | importance of students
similar strategies to take charge of understanding these regulating their own learning
tricky passages? That’s exactly what we all need to do to by applying their knowledge
be independent learners. of effective strategies.

In this example, the teacher asks students to talk explicitly about the strategies they are using themselves
as well as the strategies that others are using. The teacher is working toward the goal of helping students
become self-regulated learners by encouraging them to think and talk about their goals and the strategies
they can use to achieve their goals.

We will address self-regulated learning and metacognition in most of the chapters in this book.
Chapter 7 discusses effective strategies that self-regulated learners and thinkers use. All of the chapters on
designing learning environments address how to promote metacognition and self-regulated learning.
Chapter 13 focuses especially on creating learning environments that promote self-regulated learning.

Transfer. The fourth area of research that has transformed educators’ thinking about learning
goals is research on transfer. Transfer is the ability of students to take ideas that are learned in one
situation and use those ideas in another situation. Here are several examples of transfer.

e A geometry student learns how to calculate the area of a triangle. The student uses that information
two weeks later to solve a problem that requires adding the areas of three triangles.

e A fourth grade student learns to construct outlines in reading class. The student applies this to outline
her history textbook to prepare for a test the following year.

e A fifth grader is learning about supporting ideas with evidence in social studies class. At dinner with
his family the next week, the topic of conversation is nuclear power, which his parents think should be
banned. He asks his parents what evidence they have to support their claim.

e A high school student is learning about cell organelles in biology class. The student uses this
knowledge to interpret a Newsweek magazine report on a study that uses mitochondrial DNA to
estimate how closely related different organisms are.
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e A high school student learns about advertising in a high school business class. She applies this
procedure to design and implement an advertising plan to increase the number of volunteers at a local
hospital.

e A married couple who have just had a baby decide to respond quickly to the infant’s cries because they
learned 10 years ago in a high school psychology class that infants who are soothed quickly when they
are in their first months of life cry less as they get older.

Notice that these examples vary in how similar the learning situation is to the transfer situation. In the first

example, the learning situation is very close to the transfer situation, both in setting and in time. The

learner applies what he learns in a math classroom to a problem encountered just two weeks later in the
same math class. But in other examples, the setting is more dissimilar, and the time is longer. In the last
example, the transfer setting is very different from the setting in which learning occurred (raising a child in

a home vs. sitting in a classroom), and the time gap is very long (ten years later). When there are many

differences between the learning situation and the transfer situation, the transfer is called far transfer.

When there are relatively few differences between the learning situations and the transfer situation, the

transfer is called near transfer.

Most educators would agree that the goal of schooling is to develop knowledge that can be
transferred out of school (e.g., John D. Bransford et al., 1999; Kuhn, 1991; Noddings, 2007; Scardamalia
& Bereiter, 2006). Educators want to enable students to participate skillfully in the real world—at their
jobs, in their home lives, and in their lives as a member of the community. If knowledge cannot be used
out of school, the knowledge is ultimately useless. In the classic words of the educational philosopher
Alfred North Whitehead, knowledge that is never used is inert (Whitehead, 1929). There is little or no
point to having knowledge that cannot be used.

Unfortunately, transfer is extremely difficult to achieve (Barnett & Ceci, 2002, in press;
Detterman, 1993). Although most educators do not think that transfer is impossible, most agree that
achieving it is challenging. Students tend not to transfer information. To give just a few examples (we’ll
discuss many more in later chapters):

e Students who learn to do one kind of math problem often cannot solve problems that are only slightly
different (Reeves & Weisberg, 1994).

e Students who learn strategies such as summarization or note taking in English class do not use these
same strategies to help them in math class and social studies class, even though the strategies would be
useful in those classes (Pressley & Woloshyn, 1995).

e Students who learn to write essays presenting arguments on several topics are unable to write a
persuasive essay on a new topic (Page-Voth & Graham, 1999; Yeh, 1998).

These examples are all fairly near transfer. If even near transfer is hard, it is not surprising that far

transfer is even more difficult. Throughout this book, we will be exploring instructional techniques that

overcome these difficulties in achieving transfer. In particular, we will be exploring ways of promoting the
most challenging kind of far transfer: transfer to the real world. Transfer will be the particular focus of

Chapter 14.

Collaboration

Collaboration in schools refers to students working together. Often, the goal of collaboration is to
enhance students’ learning. When the primary goal of collaboration is to help students learn, we call the
collaboration collaborative learning. In other cases, the primary goal of collaboration may be to solve a
problem or to create something, as when a student council meets to decide how to spend its money or a
school newspaper staff meets to plan its next edition.

During the past several decades, educational researchers have argued for the use of collaborative
learning in schools. One reason for this is that collaborative learning environments can enhance the
learning of individual students. When collaborative learning is designed appropriately, students learn more
by working collaboratively than by working individually (Chinn, in press-b; O'Donnell, 2006).
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Collaborative learning can enhance the other educational goals we have discussed: engagement (Phyllis C.
Blumenfeld et al., 2006), understanding (Webb et al., 2002), self-regulated learning (Chinn, in press-b; A.
King, 2002), and transfer (J. S. Krajcik & Blumenfeld, 2006).

Learning to collaborate is also a worthy goal in its own right. Learning to collaborate is valuable
because effective collaboration is important in the real world (e.g., Parker, 2008). In almost every
organization and profession, knowing how to collaborate effectively in teams is essential to success. A
surgical team must work well together, or lives will be lost. Effective teams are vital to corporations: an
automobile design team must be able to work effectively in order to build a well-engineered, cost-effective,
marketable auto. Teachers, administrators, and parents must work effectively together to improve schools.
The ability to work well collaboratively is important in nearly every aspect of real life (Hackman, 1989).

In most organizations, groups are also knowledge creators (Scardamalia & Bereiter, 2006; Senge,
2006). An engineering team learns from its mistakes and shares this knowledge so that others do not make
the same mistakes again; in this way, the team has generated knowledge that the entire organization can
use. A team of teachers work together to generate and test ideas about how to help children having
difficulty learning to read, and then they share these ideas with other teachers and schools in the district. A
nursing home team works collaboratively to learn much more about Alzheimer’s disease so that they can
develop more effective services for their patients; they incorporate their findings in a manual that all future
workers will follow. In all of these examples, groups of individuals are generating new knowledge and
using their newfound knowledge to help accomplish the goals of their organizations.

Learning scientists Marlene Scardamalia and Carl Bereiter (2006) have emphasized that students
in classrooms can work together to create knowledge in much the same way that adults work together to
create knowledge. By teaching students to work together to create knowledge, teachers are preparing
students for the collaborative work of creating knowledge that they will need to do as adults. Scardamalia
and Bereiter do not expect students to create knowledge that is new to the world (such as a brand new
scientific discovery) but rather to create knowledge that is new to the students themselves. In their
program, called Knowledge Forum, students post ideas on topics the class is studying onto a computer-
based network of ideas. For example, one student may post a note on why civilizations fall (Scardamalia
& Bereiter, 2006). Other students elaborate on this idea, providing evidence and elaboration, whereas
others critique it, pointing out its shortcomings. Some of the students’ discussions are online; others are
face to face. Gradually, as students explore these ideas more fully, they come to a broad consensus on
some of the reasons why civilizations fail. This consensus represents the group’s knowledge. The students
arrive at this knowledge through a social process of proposing ideas and then collectively evaluating these
ideas. This process is very similar to the process followed by social scientists who explore similar issues
by writing journals articles, critiquing each others work, and discussing ideas in conferences.

Figure 1.4 presents another example of the use of Knowledge Forum. In this example, 9 and 10-
year olds have explicitly identified new knowledge their class has generated on natural and artificial light
(Zhang, Scardamalia, Lamon, Messina, & Reeve, 2007). In this way, Scardamalia and Bereiter aim to
create communities of students that collectively create knowledge.

Thus, we have seen that learning to collaborate is valuable for two reasons. First, it is valuable in
its own right, because learning to collaborate prepares students to be team members and knowledge
creators in the modern world. Second, it is valuable because collaboration can enhance the learning of
individual students. We will explore collaboration and collaborative learning in Chapter 15 of this text. In
addition, collaborative learning methods will appear in many of the other chapters in this text, as well.
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Figure 1.4:
Notes on Knowledge Forum
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Figure 1.5:
The structure of this textbook
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SUMMARY: THE STRUCTURE OF THIS TEXTBOOK

The core ideas in this textbook are summarized in Figure 1.5. At the heart of effective learning
and teaching is the continuous interplay among instructional goals, instructional methods, and formative
and summative assessments. Teachers develop instruction to achieve desired instructional goals; this
means that the teacher must design learning environments that are effective in helping students learn. The
goals set by the teacher include specific goals related to engagement, understanding, metacognition,
transfer, and collaboration. Teachers make sure that formative and summative assessments are tightly
aligned with their goals. As teachers gather information from their formative assessments, they revise their
instruction; they may even revise their goals to better meet students’ needs. At the end of the unit, teachers
use summative assessment to provide information about how to modify the unit the next time.

The teacher’s decisions about goals, instruction, and assessment are guided and informed by
educational theories—theories of learning, theories of development, and theories of individual and group
differences. These decisions are also guided by the teacher’s knowledge of the student’s prior conceptions
and strategy use. The summative assessment provides information about students’ conceptions and
strategies that will feed forward into the next unit.

This textbook is designed to help you begin to master the various components of effective teaching
that you see in Figure 1.5. Each of the chapters is designed to help you master one or more processes
shown in Figure 1.5. Together, the chapters are intended to help you gain a deep understanding of how all
these components of instruction fit together.

THE FEATURES OF THIS TEXT

This text contains several regular features designed to help you master important ideas and skills.
We have already discussed one of these features—the links to theory that occur in each of the subsequent
theories. In this section, we will discuss four other regular features: multiple examples, revising ideas in
different ways, application problems, the Reflections on Students’” Thinking that appear at the beginning
of each chapter, and the Extensions at the end of each chapter.

Multiple Examples

One of the first things I learned when | began teaching educational psychology was that students
clamored for more and more examples. The more, the better. Students reported that when there were many
examples, it helped them understand the key concepts and principles better. In addition, when the
examples were in varied contexts, they developed an even deeper understanding of the concept, and it
made it easier for them to see how they might apply the idea to new contexts in the future.

There is research evidence supporting my students’ intuitions about the value of many, varied
examples. Psychologist Alan Baddeley (1999) described a study by psychologist K. E. Nitsch that
investigated how undergraduates learned new concepts from examples. Nitsch invented concepts and gave
them names such as CRINCH and MINGE. He developed two different ways of providing definitions and
examples to students. Half of the undergraduates received definitions and a set of examples that were all
from the same context, such as examples all from the context of a diner, shown in Table 1.1. The other
half of the undergraduates examples received definitions and a set of examples from varied contexts, with
each example coming from a different context, as illustrated in the bottom half of



Chapter 1, page 19

Table 1.1
Definitions and examples of two new concepts

Type 1: Consistent context for new word

CRINCH: To make someone angry by performing an inappropriate act; originally used by
waitresses. Usage: when a diner fails to leave a tip; when diners argue about the prices on the menu;
when a diner deliberately spills ketchup; when diners complain about slow or inefficient service.

MINGE: To gang up on a person or thing; originally used by cowboys and cowhands. Usage: when
three or more riders decide to converge on a single animal; when three or more work together to brand
an animal; when three or more encircle a wolf or other marauder to prevent its escape; when three or
more join forces against a rustler.

Type 2: Varied context for new word

CRINCH: To make someone angry by performing an inappropriate act; originally used by
waitresses. Usage: when a man does not remove his hat on entering a church; when a spectator at a
public event blocks the view of those behind; when someone flicks ash over a beautifully polished
table; when diners complain about slow or inefficient service.

MINGE: To gang up on a person or thing; originally used by cowboys and cowhands. Usage: when
a band of dissatisfied sailors threaten their captain with mutiny; when an audience boos a mediocre act
on stage; when someone is helpless to defend himself against attack; when a group of cowboys join
forces against a rustler.

From Baddeley (1999, pp., pp. 162)

Nitsch asked students to classify new examples using the words, as in these examples:
e s this an example of the concept CRINCH? A student says “Hey, dude!” to a teacher.
e s this an example of the concept MINGE? A group of students talks in the hallway before class.
These examples were from new contexts unlike any of the contexts seen by students in either group.
Consistent with what my students have told me (“lots of varied examples are helpful”), the
students who read examples from varied contexts were better at generalizing to new contexts than students
who read examples from a single context. In line with these findings, this textbook incorporates as many
examples in varied contexts as possible. To keep the length of the textbook manageable, many of the
examples appear in the ancillary materials, including the web-based materials. These examples should
help you develop a deeper understanding of the key concepts in this book.

Application Problems

A second feature of each chapter is the inclusion of many application problems. My reasons for
including numerous application problems stem from my early experiences teaching educational
psychology. When | began teaching educational psychology, I quickly discovered that students who could
write and talk about concepts at an abstract level frequently found it difficult to apply these same to
concrete situations. For example, | found that my students could write fine short essays about higher-
order questions, which are teacher questions that require students to think rather than to just copy an
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answer out of the book. My students could define higher-order questions and persuasively justify their
importance. But when | presented my students with transcripts of class discussion and asked them to
identify instances of higher-order questions, they often experienced considerable difficulty. They counted
as higher-order questions many questions that did not require much thinking by the students. Similarly,
when they wrote their own higher-order questions, their questions frequently fell short of what a higher-
order question should be. In short, they could not apply what they had learned to real teaching. They did
not have a real understanding of the material. Examples such as these showed me that if | wanted students
to really understand key concepts, they needed a great deal of practice actually analyzing real classroom
practices.

For this reason, each chapter in this textbook includes many problems—uwithin the main body of
the chapter, at the end of the chapter, and in the online materials that accompany each chapter. Many of
these problems involve analyzing video on My Education Lab. By working through as many of these
problems as you can, you will gain skill at applying powerful ideas about how students learn and how
teachers can teach more effectively.

There are three different types of application problems in the body of each chapter. Most
problems have a response at the end with a suggested approach to answering the problem. Simple
examples of each type of problem are presented on this page; the problems are related to the concept of
transfer.

The first type of problem is called Understanding Students’ Thinking. These problems give you
practice at analyzing what students say and write so that you can understand their thinking. Problem 1.1
asks you to analyze the extent to which two students are able to transfer their understanding of one story
to another story.

The second type of problem is called Evaluating Teaching. In these problems you will evaluate
instances of teaching. For example, Problem 1.2 asks you to evaluate a teacher’s assessment according to
whether it really assesses far transfer. Other problems ask about how well teachers have done at important
teaching tasks such as designing learning activities, organizing group work, developing handouts for
students, leading discussions, or tutoring individual children.

The third type of problem is called Designing Instruction. In these problems, you will develop
instructional plans or design instructional materials. For instance, you might design a quiz that you could
use for formative assessment, or you might design a handout that would be effective in supporting group
work. Or you might outline a lesson that could achieve specified goals such as helping students learn to
summarize more effectively.

It is important not just to read these problems, but to actually try to solve the problems, even if
you are not successful. One of many psychological studies that shows the value of trying to solve
problems before learning how to solve them was conducted by psychologists Douglas Needham and lan
Begg (1991). Needham and Begg wanted to determine how to help students learn to solve problems better.
They randomly assigned undergraduates to one of two learning conditions. Figure 1.6 shows what students
in each of the two learning conditions did. As Figure 1.6 shows, all the students were presented with a
problem. Half of them tried to solve the problem before being told the solution and an explanation of the
solution. The other half did not try to solve the problem before being given the solution and an explanation
of the solution. Later in the session, all the students attempted to solve a new, transfer problem with a
solution very similar to the one that they had earlier learned.
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Problem 1.1 Introduction: Understanding students’ thinking: Transfer

A teacher, Celeste, is having her second graders read a story that is very similar to Aesop’s famous fable
about the tortoise and the hare, which her students read two months ago. In today’s story, a girl
(Haylie) and her younger sister (Katrina) are racing to see who can finish their chores first. Haylie is
nearly finished but then pauses to talk with her friend on the phone, and before she notices, her
younger sister finishes first.

Celeste wonders if her students can transfer their knowledge of the moral of the story of the tortoise
and the hare (“slow but steady wins the race”) to help them understand this story. Here are her
conversations with two students, Jeannie and Andy:

Celeste:  Jeannine, what do you think is the lesson of this story?

Jeanine:  That you shouldn’t talk on the phone when we should be working.

Celeste:  Does this story remind you of any other story we’ve read this year?

Jeannie:  No. | can’t think of any.

Celeste: ~ How about the tortoise and the hare? Do you remember that story?

Jeannie:  Oh, yeah! Haylie is like the hare. She was fast but stopped! And Katrina is like the turtle!
She was slower, but she kept going. It’s just like that—slow but steady will be the winner.

Celeste:  Andy, what do you think is the lesson of this story?

Andy: You have to work hard.

Celeste:  Does this story remind you of any other story we’ve read this year?

Andy: No. We didn’t read about two sisters.

Celeste:  How about the tortoise and the hare? Do you remember that story?

Andy: Yeah. We learned, like, slow and steady, then you can win the race. The turtle was slow, but
it kept going.

Celeste:  Does that have anything to do with this story?

Andy: Alittle, it’s like, there’s a turtle and a hare, but this story doesn’t have any animals like that.

Evaluate the extent to which Jeannie and Andy were able to transfer their knowledge about “The
Tortoise and the Hare” to understand the new story about Haylie and Katrina.

Response: Jeannie was not able to spontaneously recall “The Tortoise and the Hare,” but once she was
prompted by the teacher, she was able both to recall the story and to make the connections very
clearly. She understood that Haylie is like the hare, that Katrina is like the tortoise (or, as she says, like
the turtle), and that the moral of the stories are the same.

Andy, on the other hand, is not able to transfer knowledge of the Aesop fable even when
prompted. He recalls the moral, and he also connects the moral to the turtle’s action, so it is clear that
he both remembers the story and understands it. However, even after prompting, he is unable to
transfer his knowledge to this story. He seems to be looking for similarities at the level of whether the
characters are animals, not in terms of the deeper theme or moral of the story.
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Problem 1.2 Evaluating teaching: Evaluating teaching: Assessing far transfer

Garrett is an 8" grade history teacher who has recently been learning about transfer in his graduate
work at the local university. In this g™ grade classes, he has been teaching students to summarize one-
page passages from their history textbook in class. He wants to create a far transfer task to see if
students can transfer their skills. He asks them to get a magazine at home and summarize an article
that is at least three pages long. Has Garrett succeeded in creating an assessment of far transfer?

Response: This is a fairly good far transfer task. It differs from the in-class training in several respects.
They are summarizing a longer text than they were summarizing in class. Magazine writing is a
different genre from textbook writing, so there are some new challenges in writing summaries. The
topics of the magazine articles will be quite different from the topics in social studies texts. Students
are doing the summaries at home rather than at school. Thus, the transfer situation is different on a
number of dimensions from the situation in which they were trained. This is a fairly good far transfer
task.

Problem 1.3 Evaluating teaching: Designing instruction:

Students have been learning to write persuasive essays in writing class on topics relating to stories they
are reading. Create a real-world far transfer task that assesses students’ ability to write persuasive
essays.

Response: Many answers are possible here. Your transfer task should differ in as many respects as
possible from the situation in which students were writing persuasive essays in school.
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Figure 1.6:
Example materials from Needham & Begg’s study

Step 1. All students read this problem.

An adventurous explorer traveling through the jungles of Africa decided to stop for the night. Since the
jungle he was exploring was full of snakes, he decided to sleep in a hammock-like device suspended over
a babbling brook. He began unfolding the blanket that would serve as the base for the hammock. When he
finished this, the explorer grabbed two vines hanging down and tied them together. This served as support
for one end of the blanket. However, the two vines that were to support the other end presented some
difficulty. When the explorer grabbed the end of one vine, it was impossible for him to grasp the end of
the other vine at the same time. The two vines simply could not be knotted together in this way. The
explorer thought he would have to give up and move camp elsewhere because these two vines from above
could not be knotted together. Suddenly, an idea struck the explorer and he was able to knot together the

two vines.
/ Step 2

Half of the students The other half of the students read about how to solve the problem.
tried to answer this question.

He took a rock and attached it to the end of one vine. Next, he
grabbed the rock and vigorously swung the vine to which it was
attached in the direction of the other vine. He then ran quickly to
this other vine, grabbed it, and walked as close as possible to the
swinging vine, which was now swinging back and forth. He then
waited until the swinging vine came his way and caught it on the
upswing. Now, while holding both vines, he removed the rock
and knotted the two vines together. He was then able to enjoy a
safe night's sleep.

How did he do it?

Step 3. All of the students observed an experimenter give this lecture.

In this passage, you are told of a jungle explorer who must tie two vines together to make this sleeping
apparatus. However, when he tries to grab the one vine to bring it over to the other one to tie them, he finds
that he cannot do it. The two vines are too far apart for him to grab onto at the same time. So, he takes a
rock and attaches it to the end of one of the vines. The rock cannot be so heavy that it pulls the vine down
and it cannot be so light that it will not allow him to turn the one vine into a pendulum. So, he sets the vine
to which he attaches the rock in swinging motion. Then, while it's swinging, he runs over to the stationary
vine, grabs it, and walks with it towards the vine that is now swinging. When the swinging vine comes back
to him on the upswing, he can grab it, while still holding the other vine, and attach the two of them together.
Because of the pendulum motion, this solution works. So, by turning one of the vines into a pendulum, the
explorer is able to attach the vines together. |

l Step 4 continues on the next page.
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Step 4. All of the students attempted to solve this transfer problem,
which has a solution very similar to the initial problem.

Before the Inaugural Gala, organizers were hurriedly trying to decorate the hall.
Everything was nearly ready, and it was about ten minutes before the President-
Elect was scheduled to arrive. Mr. Smith was decorating the walls and ceiling
with balloons and party streamers made out of ribbon. He had nearly completed
a fancy decoration pattern when he noticed two final pieces of ribbon were left
dangling from the tiled ceiling above. He had planned to knot these two final
pieces of ribbon together in order to attach balloons to them. However, when he
grabbed the end of the green ribbon, he was unable to grasp the end of the blue
ribbon at the same time. The ribbons could simply not be knotted together in this
way. Since everyone had momentarily left the room, Mr. Smith thought that he
would have to abandon this bit of decoration altogether. Suddenly, an idea
struck him, and he was able to knot together these two ribbons. How?

(Students were not told the solution to this problem, but the solution is
analogous to the solution of the problem of the explorer in the jungle. Mr. Smith
can tie a weight onto the bottom of one of the ribbons, swing that ribbon, run
and grab the other ribbon, and then catch the first ribbon—the one with the
weight—when its pendulum motion brings it within reach.)

The students who had tried to solve the initial problem on their own were seldom successful at
coming up with a solution to this problem before they were taught the solution. Even so, they were better
at solving the later transfer problem. Trying to solve the initial problem on their own helped them
recognize that they could use what they had learned in the initial problem later on when they tried to solve
the final transfer problem. In short, when students tried to solve problems on their own (even when
unsuccessful) before they were taught how to solve the problem, they were better at solving similar new
problems on their own.

A central goal of this text is to help you build knowledge that you can apply to address problems
you will face as a teacher. | strongly recommend that you spend several minutes trying to solve each
problem in each chapter before reading the response. By trying to solve the problem, you are more likely
to learn the concepts in a way that will help you apply the concepts to future problems.

Reflecting on Students’ Thinking

At the beginning of each chapter except for Chapter 1 is a problem called Reflecting on Students’
Thinking. This feature is inspired by research conducted by learning scientist Dan Schwartz and his
colleagues (D. L. Schwartz & Bransford, 1998; D. L. Schwartz & Martin, 2004). In one of their
experiments (D. L. Schwartz & Bransford, 1998), one group of undergraduates in a cognitive psychology
course initially learned about human memory and forgetting in a traditional way—~by reading textbook
passages. Undergraduates in a second group were shown real examples of what people had remembered
and forgotten after reading short narratives; the undergraduates tried to analyze the examples and explain
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why the people remembered some things and forgot other things. They did this before being taught about
any psychological principles of memory and forgetting.

After these activities, all of the students listened to a lecture on principles of memory. The
researchers found that students who initially tried to explain real examples of what humans remembered
and forgot learned much more from the lecture than did students who instead read initial textbook
passages on memory. Most importantly, students who had attempted to analyze and explain real examples
were much more successful using what they had learned to solve new problems (such as predicting the
results of a new memory experiment that they had not seen before).

This pattern of results was found even though most undergraduates who tried to explain the real
examples did not in fact discover the principles of remembering and forgetting that they would later learn
in the lecture. Just as in the Needham and Begg study described in the last section (Figure 1.4), students
benefited from trying to solve a problem even though their initial solution attempts were usually
unsuccessful. As the undergraduates tried to analyze and explain real examples, they gained a detailed
understanding of real examples of memory and forgetting that they could relate to what they learned later.
The experience of trying to explain the examples helped prepare them to understanding the psychological
concepts of memory and forgetting.

The results of this study show that a very effective way to promote learning is to ask students to
try to explain real examples of learning and teaching before they listen to a lecture or study a textbook
chapter. | have therefore incorporated this method into this textbook. At the beginning of each chapter, the
Reflecting on Students’” Thinking feature will ask you to analyze data from studies of learning and
teaching. After you have made attempts to analyze and explain the data—even if you are unsuccessful—
you will probably be better prepared to learn the new material in the chapter. As with the application
problems, it is very important that you take time to try to analyze and explain the data, regardless of how
successful you are in your efforts.

Extensions

In the last section of all chapters after Chapter 5, we will examine how the ideas of that chapter
apply to (1) students of differing ages (from kindergarten through high school and sometimes beyond),
(2) students with learning disabilities, and (3) students of differing cultural and language backgrounds.
It is vital for teachers to understand how to apply ideas in each of the chapters 6 through 16 to different
students. For instance, when teachers are attempting to create engaging instruction, they need to learn
how principles of motivation may be implemented differently with elementary and secondary students.
They need to understand how to adapt motivational principles to successfully engage students with
learning disabilities. And they need to understand some specific motivational ideas relevant to working
with students of different cultural and language backgrounds. The Extensions section of the chapters
will provide useful ideas teachers can use to adapt the principles to the diverse range of students in their
classes.

RESEARCH ON LEARNING AND TEACHING IS MULTIDISCIPLINARY

Theories of learning and teaching are increasingly multidisciplinary. This means that theories of
learning and teaching draw on research from many different disciplines (including education, psychology,
neuroscience, anthropology, linguistics, and many others). The three general areas of research that are
most heavily represented in this textbook are psychology, the learning sciences, and educational research
in different subject areas. We briefly discuss each of these areas below.

Psychology is a discipline that, generally, seeks to understand human cognition, emotion, and
behavior. Educational psychology is the branch of psychology that focuses specifically on issues related to
human learning. Educational psychologists study both learners learning alone and in groups. Educational
psychologists conduct research both in classrooms and in more controlled settings including laboratories.
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Developmental psychologists study cognitive and social growth in children as they grow older. Social
psychologists study processes by which people interact with each other in groups and how people think
about the social world (e.g., how and why people stereotype others). Cognitive psychologists study mental
processes of thinking and learning. Research in all these areas of psychology can inform our
understanding of learning and teaching.

The learning sciences is a relatively new field that has emerged in the past two decades. Learning
scientists use methods and concepts from a variety of different scientific disciplines (including psychology,
linguistics, and anthropology) to study how learning occurs in real settings (classrooms, museums, homes,
and so on) (Sawyer, 2006a, 2006b). Learning scientists emphasize the design of innovative learning
environments that they believe will be effective in helping students learn (A. L. Brown, 1992). They
frequently incorporate technological tools such as computers in the learning environments they design. For
example, a learning scientist might develop a web-based environment for helping students learn to think
about primary and secondary historical sources as the students work together to explain the causes of Irish
immigration to the United States in the 1800s. The researchers then investigate how students learn within
these environments.

The third broad area of research that has strongly influenced this text is research focused on
learning and teaching in different subject areas—such areas that include English as a second language,
foreign languages, literacy (including reading and writing), mathematics, science, and social studies. Much
of the research that has helped us learn about how to teach well in particular subjects has been conducted
by these researchers. Like learning scientists and some educational psychologists, these researchers
frequently design exemplary instructional interventions and then investigate how students learn using these
interventions. These researchers also study what practices are common in classrooms (e.g., how do
elementary school teachers typically teach reading?) and how these practices influence student learning.

There is no sharp distinction between the fields discussed above. A number of researchers--
including myself--see themselves as belonging to more than one field (for example, | consider myself both
a learning scientist and an educational psychologist). As a result, there is increasing convergence among
the theories and methods employed by researchers in these fields. Throughout this textbook, we will draw
eclectically on research in all of these fields to understand how students learn and how teachers can teach
effectively.
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Theories of Learning

Chapter Outline

Reflecting on student thinking
Information Processing TheoN
Sensory Register
Working Memory, or Short-term Memory
Perception and Rehearsal
Long-term Memory
Encoding
Retrieval
Forgetting

Constructivism
Learners
Learners actively construct their own
understandings of the world
Knowledge construction is driven forward by challenges
Learning Environments
Learning environments should center around
learners’ choices and learning goals
Learners engage in authentic tasks relevant to their lives
Learning centers around student inquiry and
higher-order thinking
Learners engage in authentic activities
Learning from others
Students learn from collaborating with other students
Teachers are facilitators and orchestrators, not
information providers
Summary
Applications

Applied goals

Learning from observation. Social cognitive
theory will help you think about how to set up
conditions in your classroom so that students
can learn by observing other students and
yourself. You will also learn how discourage
students from learning things from
observation that you would rather that they
not learn.

Promoting memory and understanding.
You will apply ideas from information
processing theory throughout this text. In this
chapter, you will learn initial ideas about how
to promote effective methods of remembering
information.

o You will learn strategies that your students
can use to remember more of what they are
learning.

o You will learn about how the limitations of
short-term memory are a major bottleneck
to learning, and what you can do to try to
help your students.

Promoting constructivist learning. You will
also apply ideas of constructivism throughout
this text. In this chapter, you will learn some
initial ideas about how learners construct
knowledge, how to set up learning
environments, and the role of teachers and
peers. Much of what you learn in later
chapters will elaborate on these ideas.

You will also learn about a theory of
learning (the transmissionist theory) that
many teachers and students hold, but that is
an ineffective way to promote learning. Here
you will learn some important ideas about
what not to do in the classroom.

Reflecting on Student Thinking
You are about to read about four major theories of learning. This Reflection will help you start
thinking about one of these theories, information processing theory, which presents a detailed model of
human memory. You will recall from Chapter 1 that the purpose of these Reflections at the beginning of
each chapter is to prepare you for future learning by doing some initial thinking about real learning
phenomena. It is not necessary to come up with a particular answer; the goal is to reflect on the data
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presented below so that you can begin to develop ideas about memory phenomena as you read through
this chapter.

Below, you will read about an experiment investigating how memory works and develops. You will
then see some typical results from this experiment. As you read, consider your current ideas about how
memory develops. You will undoubtedly refine and broaden these ideas as you read about the human
memory system later in this chapter.

In a memory experiment, psychologists were studying how students of different ages (6 year olds and
18 year olds) remember lists of items. They were interested in how memory works as students try to
remember lists of numbers and lists of words.

An experimenter interviewed each student individually. The experimenter read aloud a list of 20 words
to each student at the rate of one word per second. After reading all of the words, the experimenter directed
the student, “Tell me all the words (or numbers) you can remember from the list.”

The list of words was: orange apple strawberry banana desk sofa table bed pig cow dog
horse necktie skirt shirt shoes car train bus airplane

Here are the results. Ellipses show where the students paused.

Student

GIRL, age 6 airplane.... cow orange ...car ...dog ...apple

GIRL, age 6 ...orange ... pig ... table shoes ... bed

BOY, age 6 banana desk ... cow strawberries ... shoes ... cat

BOY, age 6 airplane ... orange apple.... shirt ... airplane

GIRL, age 18 orange apple peach ... ... necktie skirt shirt ... ... horse cow ...
catdog ... ... car truck airplane

BOY, age 18 orange banana apple peach cherry... sofa chair table ... ... horse
cow sheep cat dog

GIRL, age 18 airplane bus train car ... orange apple ... desk sofa .... bed

BOY, age 18 car bus truck airplane .... orange apple ... shirt skirt shoes ...

Explain these results. Classify the responses in a way that can highlight important differences between
different groups of students, between different words, or anything else you can think of. Present a graphical
analysis of your results.

Theoretical models of learning are powerful tools that will help you understand your students and
how they learn; this understanding, in turn, will allow you to design effective instruction. This chapter
presents an overview of two theories of learning: information processing theory and constructivism.

INFORMATION PROCESSING THEORY

Information processing theory (also called cognitive learning theory) is a theory of human
learning based on the idea that learning involves moving information in and out of different memory
stores. Information processing theory has been developed by numerous psychologists; two of the seminal
thinkers were Herbert Simon and Allen Newell (Newell, Shaw, & Simon, 1958; A. Newell & H. A.
Simon, 1972). In information processing theory, learning occurs when learners store information in a
long-term memory store. Learners can then retrieve that information and use it to solve problems, to
reason, or to learn new information. The processing of information occurs within another memory store,
called working memory or short-term memory. In direct opposition to radical behaviorism’s rejection of
all speculation about mental processes, information processing theory explains learning by examining
what is happening inside the mind during the learning process. As we have discussed earlier, social
cognitive theory emphasizes the importance of mental or cognitive processes. Information processing
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theory presents a more specific account of the cognitive processes that occur during learning. In contrast
to these behaviorism and social cognitive theories, information processing theory has little to say about
rewards and punishments.

According to the information processing theory, information moves through various memory stores
until it can be stored in a long-term or permanent memory store; cognitive processes operate on this
information as it moves from one memory store to another (A. D. Baddeley, 1996; Miller, 1956; A.
Newell & H. Simon, 1972). Figure 2.1 displays the main memory stores of the information processing
system (the boxes in the diagram), together with the processes (the labeled arrows) that operate on the
information. The memory stores include the sensory register, short-term memory (also called working
memory), and long-term memory. Some of the key processes that operate on this information in these
three memory stores are perception, rehearsal, encoding, and retrieval.

Figure 2.1 The main memory stories and main processes of the information
processing system.

rehearse Long-term Memory

Metacognitive
Knowledge
encode

Sensory Short-term Memory >
Register —_— | Working Memory P Procedural

. Knowledge
perception

retrieve

Declarative
Knowledge

Episodic
knowledge

In the following sections, we will illustrate the key concepts of information processing theory by following
the learning process of a fourth grader, Rachel, who is reading a text about aquatic animals. We will focus
on what happens when she reads a sentence that surprises her, “Lobsters taste food with hairs on their
legs.”
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Sensory Register

The first step in processing the sentence about lobsters is that the information is very briefly stored
in the first memory store, the sensory register, which stores visual information for a short time. Visual
information, such as a word read in a book, remains in the sensory register for only about 500
milliseconds (Sperling, 1960). If the information does not move into the next memory store, short-term
memory, it is completely lost from the system within about half a second.

The auditory sensory register is the sensory register that briefly stores sounds. Information in the
auditory sensory register lasts up to perhaps two seconds before the sounds are lost from memory
(Darwin, Turvey, & Crowder, 1972; Moray, Bates, & Barnett, 1965). The auditory sensory register
sometimes helps you figure out what someone said to you, even if you weren’t paying attention. For
example, have you ever had an experience like this: Some speaks to you to you while you were occupied
with something else, and you did not attend to what they said right away. You had no idea at this moment
what was said. Yet when you turned your attention to what was said a second or two later, you were able
to piece together at least some of the words. This occurs because of the auditory sensory register, which
gives you access to what you hear for up to several seconds, even if you were not attending to it.

Information in the sensory register is stored in a form that has not yet been classified or interpreted.
For example, let’s return to Rachel as she is processing the word lobster. How is the first letter, L, stored
in her visual sensory register? The visual sensory register stores the “L” not as the letter L but as shape
(just two lines that are connected). The lines have not yet been classified as an “L,” or as the first letter in
lobster. Similarly, the auditory register records sounds that have not yet been interpreted. If Rachel hears
the word lobster, the auditory sensory register contains an impression of the sounds heard, but these
sounds would not yet be recognized as the word lobster.

Working Memory, or Short-term Memory

Working memory, also called short-term memory, is the memory store that holds information and
processes that are currently active. This memory store holds the information of which we are currently
aware.

The size of working memory is extremely limited. Although it is difficult to pin down the exact size,
a widely-cited conclusion by the psychologist George Miller (1956) is that people can hold only 7 + 2
pieces of information in working memory at one time. For instance, one can remember seven numbers or
seven items in a list. The limited size of working or short-term memory plays an important role in many
current models of how humans learn. As we will see in later chapters, the limited size of working memory
will help us understand why some instructional methods work better than others.

To test the limited size of your own working memory, listen or read a series of single-digit numbers,
and then try to recall the numbers you have heard. Try it with the list of numbers below. View these
numbers long enough to say each to yourself. Next, cover the numbers and try to write down as many as
you can on a piece of paper.

5 8 1 9 6 7 2

Most adults can recall these 7 numbers, or at least 6 of them. Now try it with these numbers.

9 7 2 0 8 4 7 3 2 5
Few people can remember 10 digits, and those who do use special memory strategies of the sort that we
will discuss shortly.

As new information in stored into working memory, old information fades. If you have ever had the
experience of trying to remember a phone number long enough to dial it, only to have someone in the room
say something to you, you have experienced this phenomenon. The information you had retained in your
working memory was simply replaced as you tried to take in the new information that was being
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communicated to you. Below we will discuss some strategies for increasing the amount of information that
can be stored in the working memory.

Chunking. Chunking is a key method of placing larger amounts of information into working
memory (Gobet & Clarkson, 2004; Miller, 1956). Let’s try recalling another series of digits. But this time,
before you begin, be aware that the digits are dates of U.S. holidays. Keeping this in mind, how many of
the digits can you recall after you read and say them to yourself.

3/17 2/14 4/1 10/31 714 12/31

If you know what all these dates represent (Saint Patrick’s Day, Valentine’s Day, April Fool’s Day,
Halloween, Independence Day, and New Year’s Eve), you probably were able to recall most or even all of
these dates. Information processing theorists have shown that when we chunk the numbers into larger
meaningful units, we are more likely to retain more information. In this case, the numbers are chunked into
meaningful dates, allowing you to recall up to 18 digits. However, what if you try to recall 7 dates with
18 digits when the dates are less meaningful to you, such as

5/3 4129 2/11 3/14 11/3 11/15

These dates are Japanese holidays. If you are very familiar with Japanese holidays, you may do very well
with this list. If some of these dates have a personal meaning for you, you will be able to chunk them in
this way. Otherwise, you will probably be unable to chunk the numbers, and you will probably remember
fewer of the numbers in these dates.

Consider another example of chunking (Bower, 1970, 1972). Read this series of letters to yourself,
one letter at a time, and then try to remember as many as you can.

F BIE SP NMT VNB CDN AU  SAF AQ

Now consider how much easier it is to remember the same 22 letters, in the same order, when they are
organized like this:

FBI ESPN MTV NBC DNA USA FAQ

How did you do? In the first case, the unit of information is likely to be the individual letter. Perhaps you
can make some small chunks—some might store “SAF” by thinking of the word safe. But for the most
part, chunking is difficult in the first list. On the other hand, chunking is easy in the second list, as you are
not storing individual letters in working memory; rather, you are storing meaningful acronyms such as
“FBI” as single units.

Automaticity. Chunking is the way in which people are able to place units in working memory that
are large enough to understand whole sentences and more. Automaticity occurs when a process is can be
performed with very little use of working memory. As an example, let’s return to Rachel and the sentence
about lobsters. There are eight words and 37 letters in the first sentence, “Lobsters taste food with hairs
on their legs.” If Rachel is a good reader who can decode (decoding refers to determining what a word is
based on the letters in the word), she will not store individual letters in working memory. She will store
larger units of meaning in working memory, such as words or even larger units. There is no definitive way
to determine exactly the size or content of the chunks that individuals form. Perhaps Rachel stores lobster
as one chunk, taste food as a second chunk, hairs on their legs as a third chunk, and with as a fourth
chunk that indicates that tasting food occurs by means of the hairs on the legs. This means that she still
has working memory capacity left over. This possibility is shown in Figure 2.2. Rachel is able to store all



Chapter 2, page 32

this information in working memory because her ability to translate the written letters into words is
automatic, which means that the decoding process occupies little if any working memory space. Thus, she
does not need to place individual letters in working memory as she is reading, and she has more space to
store larger chunks of information in the sentence.

Figure 2.2. The possible chunked contents of Rachel’s working memory when she has she read the
sentence. Notice she has excess working memory capacity.

lobsters taste food with hairs on
their legs

On the other hand, let’s consider a classmate of Rachel’s, Tamra, who is a very poor decoder.
Unlike Rachel, Tamra must work out the letters one by one, so that each letter or its corresponding sound
may need to be stored as separate units in working memory. Figure 2.3 shows a possible process by which
Tamra tries to read the sentence. As she begins by reading the word lobster, she may have to sound out
the word, letter by letter. The letters and sounds occupy parts of her working memory. Then, once she
realizes that the first word spells lobster and so stores the concept lobster into working memory, she must
work out the next word, taste, letter by letter. Then she tackles the word food, and then the word with. By
the time she gets to the word with, there is no room in working memory to store the first three concepts in
the sentence while she sounds out the word with. Too much of her working memory is occupied by the
letters and other information needed to decode the words bit by bit. As she decodes with, the concept
lobster might thus drop out of working memory because there is not enough room for it (see Figure 2.3).
Because Tamra has difficulty storing all of the concepts in the sentence in working memory at the same
time that she works out what the letters spell, she will have a very difficult time understanding the
sentence (Savage & Frederickson, 2005; Savage et al., 2005; Strayer & Kramer, 1990; Tronsky, 2005).
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Figure 2.3 This figure shows the chunked contents of Tamra’s working memory at two points in
time, as indicated in the text.

First, Tamra reads the word lobster, first encoding LOB, then working out the rest of the word.
| LOB IB T | E R 'S | lobsters |

Second, Tamra keeps lobsters in working memory as she reads the word taste, letter by letter.
| lobsters | T A 'S T | E | taste

Third, Tamra keeps lobsters taste in memory as she works out the word food.
| lobsters | taste | F | O | O |D | Food |

Fourth, As Tamra reads the word with, there is no space for any information beyond the W-1-T-
H spelling, so the concept lobsters drops out of working memory.
| taste | food W [ T |H | with \

lobsters

Most information processing theorists emphasize the role of extensive practice in gaining
automaticity (K. A. Ericsson, Krampe, & Clemens, 1993). For instance, students who gain proficiency in
reading have spent a substantial amount of time reading, thereby enhancing their skill at decoding words
as well as their skill at interpreting sentences. Little by little, with increased practice, these reading skills
become more and more automatic (Archer, Gleason, & Vachon, 2003). The challenge to teachers, in light
of this knowledge, is how to help students engage in lots of practice so that skills become automatic, but to
make this practice both interesting and engaging. We revisit this topic in Chapter 12 (Creating Motivating
Instruction). In addition, when encouraging students to practice their skills, teachers also must ensure that
students’ practice is thoughtful and purposeful in order for it to be effective. Five hours of half-hearted,
mindless practice on math problems may have much less value than two hours of thoughtful practice using
effective learning strategies. We will revisit this topic in Chapter 7 (Complex Cognitive Strategies and
Self-Regulated Learning).

As we have seen in this section, there are two central ways to increase the amount of information
that can be placed in working memory at the same time: chunking information and making processes
automatic. We will encounter a number of the instructional methods in later chapters that will help
students chunk more effectively and make processes automatic.
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Problem 2.1 Understanding Students’ Thinking: Expanding Memory
Capacity

Chase and Ericsson (1981) studied a college student who was able to expand
his digit span from 7 digits to over 80 digits after about 250 hours of practice in
the laboratory over two years. How did he accomplish this?

Response: The student was a runner who had a very rich knowledge base of
running times (his own and those of famous runners) that he used to chunk the
digits. For instance, he might chunk 3-4-7 as a record mile time by Sebastian
Coe and 3-4-9 as a record mile time by John Walker. A series of 3-4-7-3-4-9
could then be combined into a higher chunk (Recent World Records in the
mile). So the memory feat was accomplished by chunking.

Components of working memory. Cognitive psychologists have found evidence that working
memory contains at least three different subcomponents: the phonological loop system, the visuospatial
sketchpad, and the central executive (see Figure 2.4) (A. Baddeley, 2003; A. D. Baddeley, 1996; Holmes
& Adams, 2006). The phonological loop system is a system for retaining auditory information. For
example, when you say a phone number to yourself over and over, you are using the phonological loop
system, because the numbers you are saying are in an auditory format. Evidence suggests that when
people are asked to remember lists of words, they often subvocalize (i.e., they say the word silently to
oneself), so that they are using their phonological loop system.

Figure 2.4 The working memory system includes a phonological loop system, a visuospatial
sketchpad, and the central executive.

logical central spatial
system pad

M

The visuospatial sketchpad is the working memory system for storing visual information and for
carrying out operations that involve visual imagery. For instance, if you mentally rotate the figure shown
at the left of Figure 2.5 to determine whether it matches the figure at the right, you will use your
visuospatial sketchpad. Similarly, when you examine a diagram in a textbook, such as a diagram showing
how hydraulic brakes work or how a curveball spins, you employ your visuospatial sketchpad.
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Figure 2.5. When you mentally rotate the object on the left, will it match the object on the right?
When you carry out the mental rotation, you use your visuospatial sketchpad.

There is evidence that the phonological loop system and the visuospatial sketchpad are partly
independent. People can process more information in the two systems together than they can in either
system alone.

The central executive is the system that manages all the work that occurs within working memory.
It is the least understood of the working memory systems because it is the hardest to investigate. The
central executive controls operations within the phonological loop system and the visuospatial sketchpad.
It also plays a role in comprehension, reasoning, and problem solving. People with high central executive
memory capacity can remember a greater amount of meaningful material (Daneman & Carpenter, 1980).
This ability is crucial to understand complex ideas. For instance, read the following passage and see if you
can spot a contradiction.

Erin loved to read in her house on winter evenings, although this particular evening was rather
warm. She cuddled up in front of the fire and took out her philosophy textbook. As she read, she
thought she heard an odd noise outside. It sounded alarmingly like a footstep outside her window.
She set aside John Locke and his ideas about the mind as a blank slate and got up out of her chair.
She heard the sound again, but this time she was less sure what it was. Some might have called her
foolhardy, but she grabbed a baseball bat and headed out the door. An icy wind greeted her as she
stepped outside.

To notice the contradiction (there would not be an icy wind on a warm evening), you have to be able to
retain some information from the first part of the paragraph until you reach the end. The ability to retain
large amounts of meaningful information of this sort in memory is a hallmark of people with large
executive processing capacity. People with smaller executive processing capacity are less likely to be able
to notice the contradiction (cf. A. D. Baddeley, 1999, pp. 67-68).

The central executive is involved in storing information such as the information that Rachel read
about lobsters. Yet the central executive can extend the overall capacity of working memory by sending
some information to the phonological loop or the visuospatial sketchpad. For instance, if Rachel stores
part of the information about the lobsters as a visual image in the visuospatial sketchpad, she may be able
to retain more information at once in working memory.
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Problem 2.2 Understanding Students’ Thinking: Assessing Executive
Processing Capacities

You are curious about one of your twelfth grade history students’ executive
processing capacities. You learned about a test developed by Daneman and
Carpenter (1980) to assess working memory. You give the student the
following 4 statements. You cover up each one after she has read it. Then,
after she has read the last sentence, she is asked to recall the last word in each
sentence. You also tell her that you may stop at any time to ask her to
paraphrase the current sentence. (Try it yourself first.)

The greengrocer sold many apples and oranges.

The sailor had been round the world several times.

The house had large windows and a massive mahogany door.

The bookseller crossed the room, scowled and threw the manuscript
on the chair.

The banker counted up the money at the end of the day.

The student produced four words: oranges, door, chair, day
How would you evaluate her executive processing capacity?

Response: Four words is a good performance on this task. (I got just 3 the first
time | tried it.) Her executive processing capacity is good. Consider how
difficult it is to recall four words on this task. The student must retain three
words in working memory while understanding a fourth sentence and then the
fourth end-of-sentence word to working memory. This requires both that the
student has a large executive processing capacity and that she is very efficient
at processing these sentence in relatively large chunks. For instance, in the last
sentence she might be able to store “the banker” as one chunk, “counted up”
as a second chunk, “the money” as a third chunk and “at the end of the day” as
a fourth chunk. Because she hasn’t stored individual words, she would not be
able to recall the exact words (she might recall that “the banker was checking
how much money there was” rather than that “the banker counted up the
money”). But she is able to retain the overall meaning. Even so, she would also
need a large executive processing capacity to retain all these chunks as well as
the individual words from the end of the sentences.

Perception and Rehearsal

So far, we have examined two of the memory stores in the information processing system: the
sensory register and working memory. Perception is a process by which information moves from the
sensory register to working memory.

Perception is a complex process, involving many subprocesses. Two of these subprocesses are
classification and attention. Classification refers to how information is categorized in the sensory
register. As we discussed when we examined the sensory register, information in the sensory register has
not yet been classified or interpreted. Thus, an “H” is not an “H” but three lines that have not yet been
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classified as an H. In the sensory register, the word “HAT” is not the word hat or the letters H-A-T but
rather a series of lines and curves that have not yet been interpreted. As information moves to working
memory, it is classified, so that the H is now recognized as an H, and H-A-T is now the word hat.
Attention refers to focusing working memory on particular information. When people attend to some
information, they do so at the expense of other information. Attention is limited. Although there is debate
on this issue, recent evidence suggests that information that is not attended to does not enter working
memory (Lachter, Forster, & Ruthruff, 2004).

Classification involves two interacting forms of processing, called bottom-up processing and top-
down processing (Brewer & Lambert, 2001; Chinn & Malhotra, 2002a; Rock, 1985a, 1985b). When you
classify a stimulus that you observe, you use both the information in the stimulus (bottom-up processing)
and your own prior knowledge (top-down processing) to classify what you are observing. Bottom-up
processing is driven by the features of what you are observing. As an example, consider the word HAT.
You do not misperceive the word as CAT or BAT. The pattern of three intersecting lines in the H cannot
be mistaken for a C or a B. You respond to the pattern that you see. The information from the stimulus (at
the “bottom” of the system) is passed up through the system until you inevitably classify the three lines as
an H and as the first letter in the word HAT.

In top-down processing, prior knowledge plays a central role in influencing what is perceived. To
use an example similar to the previous one, read this word: A\ A ‘T You no doubt read the first letter
as an H and read the word as HAT. Now read this word: C /A\T . You probably read this as CAT. But
notice that the H in HAT and the A in CAT are exactly the same configuration of lines: /A\ . Whether
you interpret these lines as an A or as an H depends on the context. In the first case, you use your prior
knowledge about words (your knowledge is the “top” of the perceptual system) to form expectations that
the word is HAT, and so you interpret the /3 as an H. In the second case, you form expectations that the
word is CAT, which induces you to interpret the [\ as an A. This is top-down processing because your
expectations move from your prior knowledge (the “top” of the system) about words to influence how you
interpret the lines on the page (these stimuli are at the “bottom” of the system).

In this instance, the stimulus is ambiguous, but top-down processing also influences perception even
when the stimulus is not ambiguous. For one thing, top-down processing expedites the perception process.
For instance, if you know you are going to be looking at pictures of farm scenes, you will probably
identify a cow as a cow faster than if you mistakenly expect that you will be looking at urban scenes but
are instead shown a picture of a cow (cf. Delorme & Rousselet, 2004). We will discuss perceptual
processing, including top-down and bottom-up processing, in more detail in Chapter 5 (Prior
Conceptions).

Whereas perception is a process by which information moves into working memory, rehearsal is
the active repetition of information so that it stays in working memory. Rehearsal is simply saying
information over and over to keep it from dropping out of working memory, as when you repeat a phone
number to yourself to keep from forgetting it until you have dialed the number. Rehearsal by itself does
not move information into long-term memory; is simply keeps information cycling within working memory
so that it does not drop out of working memory.
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Long-term Memory

Long-term memory (LTM) is the memory store where information is stored for very long periods
of time. But active processing does not occur in LTM. Information must be moved from LTM to working
memory to be used in active cognitive processes. Unlike working memory, which has a limited capacity,
the size of LTM has no known limits. People can store as much information in LTM as you can process
through working memory. What makes learning difficult is the limited size of working memory through
which information must pass on the way to long-term storage in LTM.

Psychologists have distinguished several kinds of knowledge in long-term memory: declarative
knowledge, procedural knowledge, metacognitive knowledge, and episodic knowledge (J. R. Anderson,
1995). Declarative knowledge is knowledge that you can express in sentence form, such as the
knowledge that rain makes things wet. You can use declarative knowledge to guide your actions and
decisions. For example, because you know that rain makes you wet, you may decide to take an umbrella
with you when it is supposed to rain.

Procedural knowledge is knowledge that specifies actions that people take. The actions can be
physical actions (the actions needed to kick a soccer ball) or mental (the mental actions needed to add two
numbers). You may or may not be able to express procedural knowledge in words. For example, if you
can ride a bicycle, you probably cannot explain all the things you do to keep your balance smoothly as you
ride, yet you carry out all these actions smoothly. Procedural knowledge is often viewed as having this
form: “If your GOAL is X, then DO y.” For instance, if your goal is to save money, then don’t go out on
weekends as often.

Metacognitive knowledge is a type of procedural knowledge that focuses on cognitive processes.
Your metacognitive knowledge is your knowledge about how to learn new information, how to solve
problems, and so on. For instance, if your goal is to get an A on a paper, you may know that you should
spend ample time writing several drafts of your paper. If your goal is to remember a long list of words,
then you should try to chunk the words in some way. We will discuss metacognitive knowledge in many
later chapters; metacognitive knowledge is the main topic of Chapter 7.

Episodic knowledge consists of memories of your own personal experiences. Your memories of
what you did with your friends in high school are an example, as are your memories of the class activities
in your educational psychology class this year.

How is information stored in LTM? One of several proposals is that information in LTM is
organized in associative networks of nodes and links between the nodes (J. R. Anderson, 1976; A. M.
Collins & Loftus, 1975). (We’ll discuss other proposals in later chapters.) Let’s return to Rachel and
consider how the information she learns about lobsters might be stored in long-term memory as an
associative network. Figure 2.6 provides an illustration. The network consists of concepts that appear in
nodes (the circles) that are connected by links (the labeled lines between the circles). Some of the concepts
and links are new ideas that Rachel learned when she read the two new sentences. Others are ideas that she
knew previously. Some of the ideas in the network are incorrect, such as Rachel’s mistaken idea that crabs
have six legs.
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Figure 2.6 Rachel’s associative network of concepts related to the sentence “Lobsters taste
food with hairs on their legs.” The shaded nodes show concepts that have been activated after
reading the sentence. The darker the node, the greater the activation.
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If information in LTM is in fact stored in associative networks, this explains a number of
interesting memory phenomena. For instance, after reading the sentence about lobsters, Rachel is likely to
be able to answer questions about crabs faster than she would be able to if she had not read the lobster
passage. Information processing theorists explain this by hypothesizing that when Rachel reads the
sentences about lobsters, the nodes related to the concepts in these sentences are activated. That is, they
attain a higher level of energy or intensity. This activation spreads to other nodes that are connected to the
activated nodes. Thus, through spreading activation, concepts such as crab, sea, and seafood that are
connected to lobster directly or indirectly rise to a higher level of activation. When Rachel is asked a
question about crabs, she can answer it more quickly because the concept crab is already at a heightened
level of activation.

Encoding

Encoding is the process of moving information from working memory to LTM. Encoding
strategies are mental actions that learners can take to make information more memorable as it is encoded.
Encoding strategies can be broadly divided into three groups: selection strategies, organization
strategies, and integration strategies (Mayer, 1989).

Selection strategies. As we have discussed, not all information that goes through working memory
makes it into long-term memory. Learners select which information they want to process further. The act
of selecting important information facilitates memory for the information (Pressley, Goodchild, Fleet,
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Zajchowski, & Evans, 1989). Two prominent ways of selecting information are summarizing and taking
notes. When a person summarizes a text, memory improves in part because the learner is focusing on
what is most important from all the available information. Similarly, a good note taker selects important
information while taking notes instead of writing down everything. Students who take notes learn more
than students who do not take notes, even if they do not study their notes (Kobayashi, 2005). The very act
of selecting what is important helps facilitate memory.

Organization strategies. As shown in Table 2.1, there are a number of organization strategies
that learners use to move information from working memory to LTM (Gaskill & Murphy, 2004;
Schlagmdiller & Schneider, 2002). Each of these strategies require learners to rearrange the information in
new ways. By rearranging information in new ways, learners make the new information more memorable.
Learners can use each of these organizing strategies to help them arrange information in different ways so
as to make it easier to remember.

Table 2.1 Organization strategies.

Organizing
strategy Explanation and examples

instance, when asked to learn a list of words (orange goat sun moon mouse apple

later because she has organized them into categories:

FRUITS: orange apple mango
MAMMALS: goat mouse horse
VEGETABLES: broccoli lettuce radish

HEAVENLY BODIES: sun star moon

Classification | Classification involves reorganizing ideas according to categories that the learner selects. For

broccoli mango star horse lettuce radish), the learner remembers more of them a day

you want to learn. Examples:

in treble clef: EGBDF.

Uranus, Neptune, and Pluto.

Acrostics An acrostic is a sentence in which the first letter of each sentence stands for something that
1. Every Good Boy Does Fine. These are the names of the musical notes on the lines

2. My very educated mother just served us nine pizzas. The first letter of each word
stands for the order of the nine planets: Mercury, Venus, Earth, Mars, Jupiter, Saturn,

want to learn. Examples:
Ontario, Michigan, Erie, Superior)
red, orange, yellow, green, blue, indigo, and violet.

operations should be carried out: parentheses, exponents, multiplication, division,
addition, subtraction.

Acronyms An acronym is a word (or pseudoword), each letter of which stands for something that you
1. HOMES. The letters are the first letters of the names of the Great Lakes: Huron,
2. Roy G. Biv. These letters are the first letters of the colors of the rainbow, in order:

3. PEMDAS. These are the first letters of the words that show the order in which math

Rhymes Rhymes are readily remembered organizing tools. Examples:
1. | before E except after C.
2. In 1492 Columbus sailed the ocean blue...

powerful way to help children learn the letters in the English alphabet.

Songs Songs are another powerful way to organize information. The ABC song, for instance, is a

Outlining or Outlining and summarizing involve selection, but they also involve organization. If you
summarizing summarize a long passage, you are likely to be doing more than just selecting what is

classify ideas within headings at different levels of your overall organization.

important. Similarly, when you outline, you not only select what to put in the outline; you also
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Integration strategies. Integration strategies explicitly connect information in working memory
with information from long-term memory (Mayer, 1989). Integration strategies are powerful ways of
encoding information effectively into LTM. Table 2.2 shows a broad array of specific integration

strategies.

Table 2.2 Integration strategies

Integration

strategy Explanation and examples

Imagery Imagery is the strategy of creating visual mental images in your mind’s eye. Imagery is a very
potent memory strategy (refs xx). Imagery allows you to link new information to visual
information stored in LTM. For example, when trying to remember details about the Boston Tea
Party, a learner can generate a vivid “movie” in his mind that includes all the details he wants to
remember.

Keyword When using the keyword method, the learner links the words being learned to other words already

method known. The linked word or words become the keyword. The keyword method is a strategy that

has been found to be very effective for learning words, both words in foreign languages and
words in one’s native language (refs xx).

For example, when trying to learn that the German word frau means woman, a learner might
generate a mental image of a woman frowning severely. Because the word frown sounds similar
to the German word frau, the image helps you remember better. In this case, frown is the
keyword that helps you remember the word frau, via the mental image you create.

As another example, a student studying the SAT word dormant might remember that one
meaning is asleep or acting as if one is asleep by imagining a door that is sleeping for a time. The
word door is the key that helps the learner recall dormant via the mental image.
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Concept
maps

One way to improve memory and understanding that has been studied extensively by researchers
is concept maps (refs xx). A concept map consists of nodes and links that capture key aspects of
what one has read or what one knows. Concept maps are like the semantic networks that you
have already learned about.

Constructing concept maps facilitates students’ learning. For example, if students construct
concept maps that capture the main ideas in textbook chapters, they learn more than if they just
read the chapter. Here is an example of a concept map that an upper elementary school student
might make after reading a section of a science textbook about mammals. In this example, the
student has used four different kinds of links to connect concepts: attributes, elaborations,
examples, and causes.

A= attribute ar characteristic
E = elaboration

Ex= Example

C = cause orlead to

Comparing
and
contrasting

Comparing and contrasting is a way of connecting new material with old material. The learner
focuses on similarities and differences between new and old information. For instance, when
trying to learn about the French Revolution, compare events point by point with the more familiar
events of the American Revolution.

Analogies

Analogies are connections between concepts or structures that are superficially dissimilar but
similar at a deeper level. For instance, a student learning about heat flow might notice some
points of analogy between heat flow and water flow. A student learning about cells might notice
that mitochondria in a cell are analogous to power plants in a town. Because analogies are rarely
perfect, it is often important for learners to notice dissimilarities as well as similarities (for
instance, water is a substance with mass and volume, but heat is not energy, not a material
substance). Of course, teachers often point out analogies to students, but students can also
productively generate analogies on their own.
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Examples
and
nonexamples

Generating examples of new ideas, and thinking about what is not an example of the idea, is a
good way to integrate new ideas with what you already know. When given a definition of
propaganda, a learner might think of currently popular ads on TV and decide which ones are
examples of propaganda and which are not. Note that thinking about nonexamples can be very
useful for learning. Realizing that a whale is not an example of a fish can be even more helpful to
understanding what a fish is, and what it is not, than is noting that a guppy is an example of a
fish.

Arguments
for or against

Thinking of arguments for and against an idea is another way to connect new ideas to what you
already know. When reading about a textbook’s description of the causes of the Industrial
Revolution, a student might try to think of arguments that would support the textbook’s claims
and also of arguments that militate against the textbook’s claims.

Applications
to the real
world

Thinking of how to apply information to solve real-world problems is a way to connect new
information to a student’s current real-world knowledge. For instance, when learning how to
solve a differential equation in calculus, you could think of situations in which you could use this
knowledge in the real world.

Explanation

Explanation is a very powerful and effective way of connecting new information to knowledge
already stored in LTM. For instance, when trying to remember that animals’ temperatures
decrease during hibernation, learners may explain to themselves that maintaining a high body
temperature takes a great deal of energy, and because animals cannot eat while hibernating, their
metabolism needs to shift to a low temperature that does not consume much energy. In this
example, the learners connect the new information about hibernation to other known explanations
about body temperature and metabolism.

Elaboration

Elaboration is a strategy that requires connecting new information to old information. When
learners think about what they already know in relation to what they are learning, they are
elaborating. For instance, when reading about Jackson’s presidency, learners might think about
everything else they knows about politics in the early 1800s. All of the strategies listed above in
this table can be viewed as specific ways to elaborate material. For instance, thinking about
applications to the real world are one way of connecting new information to old information.

By combining two core principles from information processing theory, teachers can gain important
insights into how students learn. These two principles are the ideas (1) that the size of working memory is
very limited and (2) that an effective means of learning is to connect new information with information
already stored in LTM (cf. van Merriénboer & Sweller, 2005). To see how these two principles work
together to explain learning, let’s look again at Rachel learning about lobsters tasting food with hairs on
their legs. To integrate these new ideas with old information that she already knows, Rachel needs to bring
the new information and the old information from LTM into working memory at the same time. We can
diagram this symbolically as shown in Figure 2.7a.

In the diagram, the N’s represent new information, and the O’s represent old information that has
been retrieved from long-term memory. Rachel is connecting the new ideas about lobsters to old
information (e.g., lobsters have eight legs, with large pincers on two of the legs, lobsters live in the ocean,
and so on). For learning to take place, Rachel needs to retain open space in working memory for this old
information to be brought in from long-term memory (represented schematically by the three O’s) to
connect to chunks of new information (the four N’s).
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2.7a In this diagram, working memory contains both new information and old information.
Encoding is therefore successful.

P
SOV,

working memory

When you understand that learning typically involves integrating new information with old
information, then you can readily understand why learning is difficult in some situations. As we noted
earlier, when learners use up most of their working memory space for decoding or comprehending
individual sentences, there is not any space left in working memory to bring in old knowledge to connect to
the new information. This situation is illustrated in Figure 2.7b. Here, the small n’s symbolize that the
student has only small chunks in memory at one time, perhaps individual words or even individual sounds
rather than larger unit. There is no space left to bring in old information, so in this case, little learning
oceurs.

2.7b. Working memory is filled with lower-level, unchunked information. Therefore, successful
encoding does not occur.

n
n/ \n

working memory
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Now suppose that Rachel is watching television while she is reading the text about lobsters. Even
if she can read the words and sentences fluently, her learning may be impeded by watching television. If
she is paying attention to the television, it means that some information from the television is entering
working memory. Then her working memory at any given moment might be diagrammed as in Figure
2.7c.

This is consistent with research that indicates that watching television while studying impedes learning
(e.g., Pool, Koolstra, & van der Voort, 2003a, 2003b). The effects of listening to the radio are less clear,
though some studies suggest that learning can be impeded. Instrumental music has the smallest impact,
perhaps due to the fact that there is less interference with meaningful units stored in working memory
(e.g., Pool et al., 2003a; Pool et al., 2003b).

2.7c. Working memory is filled with new information plus information from watching TV. There
IS no space to bring in old information to connect with new information.

TV
N/N\ \\TV
AN N/N /

TV

working memory

Consider one more television example. Now imagine Rachel doing her mathematics homework in
front of the television. Suppose that Rachel needs, on average, three or four chunks of space in working
memory to solve the homework problems, which leaves several chunks of working memory to process
what is going on in the television show. It is very possible that Rachel will successfully complete the math
problems and even get an A on this homework assignment. Four or five chunks of working memory may
be enough for her to be successful (if the problems are not too difficult). However, the long-term effect of
Rachel watching television as she is doing her homework is that Rachel is unlikely to create strong long-
term memories because she has no space in working memory left over to make connections between the
new math problems and other mathematics information stored in LTM. There is no space in working
memory into which the old knowledge can be retrieved.

As a result, Rachel may not become a successful problem solver as successful problem solvers
make many connections among problems (Anzai & Simon, 1979; Catrambone & Holyoak, 1989). For
example, they may notice similarities and differences between two problems in the current assignment or
similarities and differences between the current problem and problems in earlier homework assignments.
They may also notice how a particular rule applies or does not apply to a particular problem. All of these
activities require successful students to make room in working memory for both the current problem and
other information (other problems from the current assignment, problems from earlier assignments, rules
from the chapter or earlier chapters, and so on).

Active, meaningful encoding. Encoding is most effective when it is active and meaningful (Craik &
Lockhart, 1972; Craik & Tulving, 1975; McNamara & Healy, 1995). Students tend to learn more if they
actively carry out key encoding processes themselves, instead of having teachers do the cognitive work for
them. For example, students are likely to learn more if they come up with their own explanations or
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elaborations than if teachers provide all the explanations and elaborations for them (Willoughby et al.,
2000). Similarly, students are likely to learn more if they imagine visual images themselves than if
teachers provide pictures of visual images (cf. Kinjo & Snodgrass, 2000).

There may be times, however, when students need teachers’ help because they cannot carry out a
strategy on their own. For example, a student may try to use the keyword method but find himself unable
to come up with a good keyword for a particular vocabulary word. In this case, the teacher can certainly
help the student by providing a good keyword. But the teacher should nonetheless encourage the student to
invent his own keyword whenever possible. In general, teachers should teach students to execute strategies
on their own and allow them to do so whenever they can.

In meaningful encoding, students focus on what the new information means, and they try to
understand the information. Students remember more when they focus on meaning and when they
understand what they are learning. For example, people learn word lists better if they focus on meaning
than if they focus on unmeaningful information such as the number of vowels or consonants in the word
(Craik & Tulving, 1975).

Meaningful learning also facilitates the ability to use the knowledge to apply knowledge to solve
problems or answer new questions. Consider how Rachel might try to learn the fact about lobsters. Rachel
could opt for a relatively nonmeaningful way to remember the new fact about lobsters: She could say that
lobster starts with an L, and they lobsters taste foods with hairs on their legs, which also starts with L.
She could try to remember that lobsters taste with hairs on their legs by remembering “LL” together. This
might indeed help Rachel remember this fact.

But suppose Rachel is asked, “What would happen to lobsters if the water where they lived
became polluted?” She would have difficulty applying her knowledge to answer this question, because she
does not understand why lobsters taste food with their hair (J. D. Bransford, Stein, Shelton, & Owings,
1981) To make the information she has more meaningful, Rachel needs to read further and learn more
about lobsters. By reading further and then attempting to explain the information, she will generate more
meaningful connections. She will learn that lobsters decide which food to pass into their mouths based on
the taste registered by the hairs on their legs. Rachel will also learn that this is analogous to smell in
humans; people will reject eating something if they don’t like the smell of it. She might then be able to
provide a plausible answer to the question: If pollution in the water interferes with lobsters’ ability to taste
food with their legs, they might be more likely to eat food that is harmful to them, and this might cause
some lobsters to die or to get sick. Thus, by generating meaningful explanations, Rachel creates
knowledge that can be used to answer practical questions. Less meaningful learning may help Rachel
remember facts, but she won’t understand how to use the facts to answer new kinds of questions.
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Problem 2.3 Understanding Students’ Thinking. Identifying students’ memory strategies.
An important skill for teachers to gain is the skill to rapidly and even automatically identify
which strategies your students are using. As teachers become aware of the strategies that
their students are using, they are better prepared to develop plans to help students learn
new strategies that they are not currently using.

Consider the following examples. Which strategies do you see students using in
each scenario?

A. Jessica, a ninth grader studying cell organelles in a biology text says to herself, “|
guess mitochondria are kind of like car engines.”

B. Alden, a fifth grader studying social studies writes: “There are several pretty
important ideas, but I'd say the most important is that the print press started to change
society, because the printing press changed everything.”

C. Isabel, an eleventh grader studying English history explains: “So Henry VIII brought
peace to England. I'll remember that by imagining about a nation full of peaceful hens,
made peaceful by King HENry.”

D. Shauna, a third grader remembering a list of what to get at the office supplies store
says: “Writing stuff--pens, pencils, paper. Art stuff—construction paper, glue, tape.”

E. Eli, a seventh grader is trying to learn the order of steps in meiosis: “Interphase,
prophase, metaphase, anaphase, telophase, interphase, prophase, metaphase, anaphase,
telophase, interphase, prophase, metaphase, anaphase, telophase, interphase, prophase,
metaphase, anaphase, telophase.”

Response:

A. Analogy, an integration strategy, noticing the similarity between engines and
mitochondria. You can also view this as elaboration, as it involves making connections with
prior knowledge. Many integration strategies can be viewed as elaboration in addition to a
more specific strategy such as analogy.

B. Selection—summarizing or choosing a single main idea. Also explanation, as the student
explains why the printing press was the most important invention.

C. Keyword method (peaceful HENS and HENry). Imagery plays a role, too, if the student
tries to vividly imagine the hens.

D. Categorization into two groups—writing material and art materials.

E. Rehearsal (a miserable choice as a memory strategy!)

Retrieval

The last process in the information processing model is retrieval. As you have just seen, learners
move information from working memory to LTM by encoding the information. Retrieval is the process of
moving information from LTM back to working memory.

Retrieval is facilitated when students encode information using the encoding strategies presented in
the previous section. One reason for this is that effective encoding creates many connections between old
information and new information, and it is easier to retrieve information when there are multiple
connections to it (Nelson & Hill, 1974; Radvansky, 2005).
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As an illustration of why meaningful encoding with multiple connections is an effective encoding
strategy, consider two alternative ways of learning the fact that oranges are grown in California. One
student remembers it by imagining the O in “California” as a large orange.

CALIF RNIA

Essentially, this student has attempted to create a long-term memory structure with the connections shown
in Figure 2.8a. This provides two different paths along which the crucial information (California grows
oranges) can be retrieved. The learner can either directly recall that California grows oranges or can recall
that the O in California provides a clue that oranges are one important crop.

Figure 2.8a An associative network in which the O in California is envisioned as an orange

contains the o
letter
. : starts with
California the letter
grows
oranges

Contrast this with a student who uses meaningful explanations with many connections to encode the
information (Figure 2.8b). This student thinks to herself that oranges are grown in California because
oranges require a warm, sunny climate. Oranges are grown in Florida for the same reason; the two states
are similar in climate and in crops. In both states, freezes are rare, and this is important because oranges
are damaged by freezing. Other crops that require a warm sunny climate, such as peanuts and peaches, are
also grown in these states. By making all these connections, this student has a generated a much more
interconnected explanatory network of ideas, as shown in this diagram.

The student who constructs this highly interconnected associative network has many more
interconnections to help her recall that California grows oranges. If this student can recall any of the other
ideas that are connected within this memory structure (for instance, the climate in Florida is like
California, oranges are grown in both because of similar warm, sunny climates, and so on), the student
will probably be able to retrieve the information that California grows oranges. Multiple interlocking
connections created during encoding provide more memory paths to help the learner retrieve target
information (see Mishra & Brewer, 2003; Radvansky, 2005).




Chapter 2, page 49

2.8b. An associative network with multiple, meaningful connections for remembering that
oranges are grown in California.
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Another way to promote retrieval is to use retrieval frames. A retrieval frame is a general set of
categories that a student can use to help remember key ideas. Suppose a student is studying a sixth-grade
social studies text in which each chapter describes a different nation. The student could facilitate the
retrieval of the information in the chapters by using this set of categories to help her remember:
people:
language:
geography:
religion:
customs:
economy:

By applying this frame to the retrieval task, the learner makes it less likely that she will omit crucial
information. Studies with sixth-graders (Ohlhausen & Roller, 1987) have shown that students who use
this type of frame when they study learn more information.

Rachel could help herself remember facts about lobsters and other animals by using a retrieval
frame such as this one:
animal name:
where it lives:
what it eats:
how it eats:
how it protects itself:
surprising facts:

Why do frames such as these help students learn more? The are at least two reasons: one focuses
on encoding and one on retrieval. First, the frames help students select which information to encode as
they are learning. For example, Rachel will remember to encode facts about how lobsters eat if she uses
the frame to help her decide what is important to remember. Second, the frames aid retrieval. For example,
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when trying to remember information about lobsters, Rachel can use the frame to make sure that she does
not forget important categories of information as she tries to recall what she knows. Accordingly, frames
help with both encoding and retrieval. Figure 2.9 presents examples of other frames that students use for
encoding and retrieving information at different age levels.

Problem 2.4 Designing instruction: Remembering Learning Theories

Develop a retrieval frame that you can use to remember the key features of
the three learning theories you have learned about so far in this chapter. This
activity is typical of what you will often do as a teacher. You should be able to
develop retrieval frames for many of the topics that you will be teaching.

Response: There are many ways to develop your retrieval framework, but you
might start by contrasting the three different theories you’ve learned about so
far to identify general categories along which the three theories differ. For
instance, all of the theories identify learning processes (operant and classical
conditioning for behaviorism; attention, retention, reproduction, and
motivation for social cognitive theory; encoding and retrieval for information
processing theory). Thus, learning processes is a general category for learning
theories; all learning theories identify learning processes. Try to think of other
categories along which the theories differ. Table 2.6 at the end of the chapter
shows one possible set of categories, but you should try to identify your own
first.
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Figure 2.9 Examples of frames

Elementary. Teaching students the main parts of a story helps students understand and remember stories.
Here is one story frame. Frames of this sort are often called story grammars.

Characters:
Place:
Time:
Problem:
Solution:

Elementary/Middle. Gallagher and Pearson (1989) found that this frame was effective in helping
students learn about different insect societies such as bees, termites, and ants.

Insect societies
Getting started
Mating
Caring for young
Keeping going
Food gathering
Nest building

Middle. Studies of social studies students have found that students learn more from social studies text
when they are taught to use this general frame for understanding historical events (Armbruster, Anderson,
& Meyer, 1991).

People have —»  People formulate ——» People take ——p  People achieve
a goal a plan action goal

|

People don’t
achieve goal.

Secondary/Undergraduates. Studies of undergraduates have found that undergraduates understand and
remember research reports better when they learn a general schema such as the following (Dansereau,
1985):

Purpose of study:
Hypothesis:
Method:

Results:
Interpretation:
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Forgetting

We have discussed the many ways in which the mind remembers, stores and retrieves information.
However, people do not only remember information. They also forget. Forgetting is universal. In a series
of famous experiments, Hermann Ebbinghaus (1885/1987) tested how well he could recall numerous lists
of nonsense syllables. He found that after just 31 days, he could recall fewer than 30% of the nonsense
syllabus in lists he had memorized. Forgetting was rapid in the first 24 hours and then decreased only very
slowly after that. This is a general finding: People forget some of what they learn, and they tend to forget
most rapidly soon after the learning period is over (A. D. Baddeley, 1999).

However, according to researchers, people forget less than they think they do. | have heard students
say that they have forgotten everything in courses they have taken within a month of two of their final
exams. However, researchers have found that people in fact, they remember a great deal of what they
learn in college courses (Conway, Cohen, & Stanhope, 1991; Semb & Ellis, 1994). In one study,
biochemistry students could recall more than 80% of what they had learned 24 weeks after the course
ended (P. L. Schwartz, 1981). Likewise, George Semb and his colleagues (1993) found that although
students recalled less than 50% of what they had learned in a child psychology course 44 weeks later, their
performance on recognition tests was 75%, as was their performance on assessments of cognitive skills
(such as the ability to apply concepts). In a longitudinal study, Harry Bahrick and Elizabeth Phelps (1987)
tracked students who had taken a Spanish course 50 years earlier and tracked how much they had retained
after 50 years. Forgetting was most rapid over the first year, and there was relatively little additional
forgetting from years 10 to 50. In some areas, such as Spanish grammar, there is relatively little forgetting
over many years (Bahrick, 1984). Students who did well in the class maintained their initial advantage for
50 years. And given that initial recall was 37% for students who did well right at the end of class and 22%
after 50 years, these students recalled more than half of what they knew at the end of the course 50 years
later. Not all studies show such high levels of recall (e.g., Ellis, Semb, & Cole, 1998), but overall
performance has typically been fairly good in these studies.

Several factors mediate how slowly or rapidly forgetting proceeds (Semb & Ellis, 1994):

o |Initial learning. Initial learning is an important factor in retaining information over time. The more you
learn initially while you are taking the course, the more you will remember years later.

o Repeated use of ideas. Even occasional use of ideas dramatically improves very-long-term memory. If
you take just one test of how much you remember, you dramatically decrease long-term forgetting on
other tests months or years later. If you continue to use ideas in later coursework or in life, retention is
high.

o Spaced study. Information, such as Spanish vocabulary, that is learned over study periods that are
spread out over time (rather than being crammed into one or two study periods) is much better retained
(Bahrick & Phelps, 1987). For example, it is more effective to study 1 hour a day for 7 days than to
study 7 hours in a single day.

There are two main theories of why forgetting occurs: the fading theory and the interference theory
(see A. D. Baddeley, 1999). According to the fading theory, memory traces fade away over time.
According to the interference theory, forgetting occurs because people lose the ability to retrieve
memories as new memories are added to LTM, making it harder to locate information. As a result, they
lose retrieval pathways that can succeed at getting at the information. It is difficult to definitively
distinguish between these two theories because as time passes, people accumulate more interfering
memories. Most theorists would agree, however, that at least some forgetting results from interference (see
A. D. Baddeley, 1999).
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Problem 2.5 Designing instruction: Helping students remember important
ideas.
Using everything you have learned about memory, what instructional methods
would you use to help students learn and remember facts such as these:

A. The steel industry is concentrated in the Great Lakes States.

B. Light is needed for photosynthesis to occur.

Response: As you develop an answer, consider these questions:

1. Have you enabled the students to be as active as possible? If you have
provided them information to help them remember (such as an explanation),
could you step back and have them generate that information themselves?

2. Have you included integration strategies of some kind that link this
information to long-term memory?

3. Have you used meaningful strategies that will form multiple retrieval paths?

CONSTRUCTIVISM

Constructivism is probably the single most influential theory of learning in contemporary education.
Constructivism asserts that students learn by actively building up ideas on their own. In other words,
students learn by actively thinking about ideas, developing their own interpretations of ideas, and inventing
their own ways of understanding what they are learning. Because each student is unique, students will
construct unique interpretations of what they are studying.

For example, when the teacher tells the students in Rachel’s class about lobsters, the students will
all interpret what she says somewhat differently. Each student will construct a somewhat different
understanding of lobsters and how lobsters eat, because they all have different prior ideas about lobsters.
One student who hears that “lobsters smell food with hairs on their legs” imagines hairy legs as on a dog,
because this student does not have a good understanding of lobster anatomy. Another envisions a creature
with six legs (rather than 10). Still another, who has read extensively about crustaceans, may develop
ideas about how lobsters taste food and eat that are even more complex and sophisticated than the teachers
ideas. Constructivists thus emphasize that each learner will understand new ideas in a unique way, and
that teachers can never expect all students to end up with the same ideas.

Constructivism stands in stark contrast to a discredited model of learning that nonetheless appears
to be held by many people: the transmissionist or banking model of learning (Freire, 1970; Maor &
Taylor, 1995). According to the transmissionist model, students are receptacles, and teachers pour
information into them. Students meekly receive the information and memorize it. Students are like banks,
passively storing the deposits made by the teacher. How does this work with our example of Rachel and
lobsters? The teacher has an understanding of how lobsters taste food in her own mind. She tells the
students what she knows. This information is neatly transported into her students, who then have an exact
copy of the teacher’s knowledge in their own minds. Constructivists say that such an outcome is
impossible.

Types of Constructivism
There is a vast array of different versions of constructivism (Archer et al., 2003; Matthews, 2000;

Phillips, 1995, October) and there is no one set of principles that all constructivists agree upon without
qualification. Nonetheless, constructivists can be divided into two broad camps depending on how much
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they emphasize the role of social interaction in learning (Windschitl, 2002). Cognitive constructivists
focus predominantly on the individual learner’s cognitive processes (Steffe, 1992; Ernst von Glasersfeld,
1993). Although most constructivists in this camp certainly acknowledge that social interactions are very
important, their explanatory accounts of learning focus primarily on knowledge construction of the
individual. The developmental psychologist, Jean Piaget, whom you will read about in Chapter 3
(Cognitive Development), belongs to this camp. Social constructivists emphasize that learning occurs
during social interactions (J. S. Brown, Collins, & Duguid, 1989). Learning occurs best (or only) when
learners are constructing ideas collaboratively in group or class discussions. Lev Vygotsky, another
developmental psychologist that you will read about in Chapter 3, is a key theorist in this broad camp.
You will encounter many instructional methods based on social constructivist ideas throughout this text.

Many constructivists explicitly adopt a pragmatist philosophy (see van Fraassen, 1980, 2003; E.
von Glasersfeld, 1989; Ernst von Glasersfeld, 1993). According to this philosophy, there is no reason to
expect that our ideas correspond to the world around us. For example, although scientists have developed
a theory that matter is composed of molecules and atoms, pragmatists insist that there is no reason to think
that this theory corresponds to the world at large. They would never say that the world is made of
molecules; rather, pragmatists would say that molecular theory enables us to make accurate predictions.
They would view molecules as a useful conceptual tool invented by humans to try to make sense of the
world. Thus, according to pragmatists, knowledge really is invented or constructed by humans. According
to constructivists, all learners are like scientists. Learners of all ages construct knowledge that is useful to
them in explaining events in the world and making predictions. According to constructivists, learners’
ideas are creative inventions built by learners to explain and predict events.

Core Principles of Constructivism

In this section, we will introduce you to eight core principles of constructivism with which most
constructivists would agree. Although this is only an initial introduction to this theory, constructivism will
recur as a major theme in most subsequent chapters throughout this text.

These eight principles fall into three general categories (see Figure 2.10). Constructivists make
claims about (1) how learners learn, (2) how learning environments should be designed to promote
learning, and (3) the role of others in learning. To illustrate these constructivist principles, we will expand
on our example of Rachel learning about lobsters. Let us now imagine that Rachel and her class are
learning not just about lobsters, but more generally about ecosystems, including lobsters and other
crustaceans as well as other components of the ecosystem.
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Figure 2.10 Constructivist principles of the learner, learning environments, and the role of others.

The Learner
1. Learners construct their own
understandings of the world.
2. Knowledge construction is advanced
by problems and challenges.
3. Learners learn most when engaged in
higher-order thinking.

Learning Environments Role of Others

1. Learning environments should 1. Students facilitate each others’

promote inquiry and the use of higher- learning. -
order thinking processes. 2. Teachers are facilitators and

2. Learning environments should orchestrators, not information
center around learners’ choices and providers.

learning goals.

3. Tasks should be authentic and
relevant to learners’ lives.

Learners As Figure 2.10 illustrates, the first three principles focus on the learning
processes. These principles focus on how learners construct their own understandings.

Learners actively construct their own understandings of the world. The first and most central
principle of constructivism is that learners are actively engaged in constructing their own understandings
of the world (e.g., Piaget, 1970/1983; Wittrock, 1992). This understanding is based on their past
experiences and knowledge. Their unique perceptions, therefore, influence how all students construct their
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own individualized ideas. It is important that teachers recognize and acknowledge these differences among
students in their teaching. In recognition of student differences, most constructivists emphasize that
teachers cannot transmit knowledge just by presenting it; they urge teachers to deemphasize methods of
instruction such as lectures (e.g., Gonzales, 2004). Instead, constructivists believe that teachers should
encourage students to construct knowledge by actively seeking it out, sifting through it, and reorganizing it
rather than passively receiving new information.

Instead of revisiting Rachel and the single sentence she was learning, we are going to venture into
her fourth-grade class where the teacher’s is practicing constructivist instruction. To learn more about
lobsters, Rachel’s teacher encourages the class to find out as much as they can about coastal ecosystems.
To do this, the class goes on a field trip to a beach so that the students can investigate lobsters’
environment and resources. This allows Rachel and her classmates to processes and integrate many
sources of information. After the field trip, the teacher suggests that Rachel and her classmates work in
groups to develop presentations for class that will require her to integrate ideas based on what she has
read, what she learned on her field trip, and what she has learned from pooling ideas with her classmates.
This vast array of resources allows Rachel to develop a more complex understanding of coast ecosystems
and of lobsters’ environments.

Knowledge construction is driven forward by problems and challenges. Many constructivist
learning environments are designed to encourage learning through different sorts of challenges (e.g.,
Taber, 2000). One kind of challenge is information that contradicts students” current conceptions (Chinn
& Brewer, 1993). For instance, students trying to construct an understanding of how electrical circuits
work will be impelled to change their ideas when they find that their predictions about how bright a light
bulb in a circuit will be are mistaken. Students’ stereotypes about an ethnic group can be challenged by
participation in a discussion in which students of different ethnic groups share their experiences.
Students’ interpretation of a poem can be challenged by an alternative interpretation.

In all of these examples, challenges motivate students to construct new ideas. To encourage students
to exchange and challenge ideas, constructivist teachers often place students in groups to investigate
meaningful problems (Chin & Chia, 2004; T. Wood & Sellers, 1996). As students discuss their ideas and
perspectives, they may encounter new ideas, and as a result, evaluate their own.

In addition, when solving problems, students identify knowledge gaps that they must address in
order to reach a solution (Hmelo-Silver, 2004). Students identify knowledge gaps when they realize that
they lack knowledge that they need to address a problem. Knowledge gaps present another kind of
challenge—a challenge that arises when students realize that they need to build up their own knowledge
base in order to solve the problem.

If Rachel’s teacher asks students to tackle a complex problem such as why the lobster population in
Chesapeake Bay is decreasing, it is likely that different students will have some different ideas. Rachel
will construct new ideas about ecosystems as she finds that she should refine some of the ideas in light of
her peers’ ideas. Similarly, if the unit involves examining evidence related to the decline of populations in
coastal ecosystems, this data may challenge Rachel’s ideas about how humans can affect ecosystems.

Students learn most when engaged in inquiry. Many constructivists emphasize learning through
inquiry (Barton, McCully, & Marks, 2004; Hammer, 1997; L. M. Taylor, Casto, & Walls, 2004; Wu &
Krajcik, 2006). With instructional methods that emphasize inquiry, students typically analyze and
evaluate an array of information in order to reach decisions or conclusions; students typically gather or
locate some of the information on their own. For instance, students in science class might engage in
inquiry to find out why algae is growing in a pond on the school grounds. This might involve students’
performing simple chemical tests of the water as well as looking for relevant research on the Internet or in
the library. Likewise, history students might do an extensive internet search in order to find research that
will help them prepare a presentation on how people lived during the Revolutionary War, or they might
analyze original source data to determine the role of the U.S. in promoting the Panamanian Revolution
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that paved the way for the building of the Panama Canal (Britt & Aglinskas, 2002). During inquiry
projects of this sort, students have the opportunity to construct rich knowledge bases relevant to the topics
they are studying.

In contrast to the transmission model of learning, in which students learn by rote memory, students
in constructivist learning environments are engaged in higher-order thinking processes, which are
characterized by the quest for alternative explanations or solutions to problems. This type of learning
involves deciding what information is needed, evaluating evidence, thinking critically, formulating
arguments, integrating disparate ideas, and so on (Zohar, 2004). These processes are necessary in order to
carry out inquiry and construct new knowledge.

Rachel’s constructivist teacher believes that Rachel needs to be engaged in meaningful inquiry as
she learners about lobsters and coastal ecosystems. If Rachel simply reads a textbook chapter on wetlands
to acquire knowledge, she is unlikely to integrate other information or remember much of what she read if
she is not applying this knowledge in some way. Conversely, she is more likely to understand and
remember what she reads if she is trying to figure out the answer to a question that interests her, such as
deciding whether she will advocate for or against a new local mall that critics say would cause damage to
wetlands.

Learning Environments. According to the constructivist approach, the teacher’s job is to design
environments in which students can construct knowledge effectively. The principles of learning described
above about how learners learn have clear implications for designing learning environments.

Learning environments should facilitate inquiry and the use of higher-order thinking processes. If
students learn best via inquiry, learning environments should foster inquiry. Two implications are that (1)
much of the curriculum should be organized around problems that afford inquiry and (2) students should
have access to many sources of information that are needed to address the problems.

Constructivists design learning environments that are centered around problems that students
attempt to solve. For instance, a constructivist teacher who teaches high school business classes would
organize the curriculum not around a textbook but around realistic cases that pose business problems for
students to solve (see DaCosta & Chinn, 2006). Students would be provided a broad array of resources to
address this problem, including information on the Internet, information from newspapers, from business
magazines, and so on. A middle school health teacher with a constructivist orientation might organize her
course around health related problems such as how to reduce obesity in the U.S. or how to reduce tobacco,
drug, and alcohol use among teens. Each problem becomes the center of a three- to five-week unit.
Students would seek information from a variety of sources to try to develop the best way to solve the
problem posed. They would learn to discriminate between more trustworthy and less trustworthy sources
(Brem, Russell, & Weems, 2001). Constructivists hold that students learn by gathering and mastering
whatever information is needed to solve these problems, rather than by studying ideas in thematically
organized topics.

For students to gather the information needed to solve problems, teachers must create learning
environments that provide many resources for students to use. In setting up a unit organized around why
the lobster population in Chesapeake Bay is decreasing, Rachel’s teacher could provide trade books,
magazine articles, simple summaries of scientific research reports, access to internet resources, and
equipment for a variety of hands-on investigations that students might decide to undertake. Setting up
inquiry-oriented learning environments is very challenging, as it takes a great deal of thought and planning
to gather age-appropriate resources, especially for students at younger ages.

Learning environments should center around learners’ choices and learning goals. Most
constructivists emphasize that learners should have a great deal of choice over what they are learning.
Students are unlikely to be engaged in inquiry if they are not interested in the inquiry tasks. Choice
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enhances interest and learning, as we will explore further in Chapter 8 (Motivation and Core Beliefs)
(Chin & Chia, 2006; Deci & Ryan, 1985; Rosebery, Warren, & Conant, 1992).

The most extreme constructivists would say that learners should always choose on their own what
they want to learn (Neill, 1964). In this view, a teacher should never give students a topic to study.
Students who choose to study ecosystems can do so; students who would rather study Asian history can
do that. But because states have recently specified instructional goals that schools must meet, most
teachers would not be able to give Rachel and her classmates the choice of whether to study ecosystems,
because ecosystems are a required curriculum topic. Many constructivists would even agree that
specifying instructional goals is useful (Appleton & Asoko, 1996). But even if teachers make some of the
choices, they can still leave some other choices up to the students.

Even if Rachel’s class is not given the choice of whether to study ecosystem, they can be given
many other choices about what to study about ecosystems. For example, Rachel’s teacher might allow
students to select which of several ecosystems (coastal, forest, etc.) they want to learn about and have
students who made the same choice work together. Students can decide what it is they want to learn about
ecosystems. Rachel’s group might decide that they want to focus on how different coastal animals such as
lobsters adapt to their environmental niches. Another group might want to study how humans affect forest
ecosystems.

Learners should engage in authentic, relevant tasks. Constructivists emphasize that learners should
engage in activities that are as similar to real-world activities as possible. They believe that such
preparation provides learners the experience they need to handle with real-world tasks (J. S. Brown et al.,
1989). For example, if learners always engage in oversimplified mathematical tasks (such as two-sentence
word problems in the back of the book), they will be unprepared for complex, real-life mathematical
problems (such as completing taxes or projecting future profits for a multi-pronged business plan for a
new product) (cf. Hickey, Moore, & Pellegrino, 2001; J. Taylor & Cox, 1997). Conversely, when they
engage in authentic, real-world tasks, such as making recommendations about how to clean up a polluted
river that they have actually studied, they will find science motivating and relevant (cf. Rivet & Krajcik,
2004).

While constructivists stress that students should engage in activities that are similar to real-world
activities, in reality, it is usually necessary to simplify learning environments in some ways. Schools
usually cannot recreate the full complexity of real life, and tasks that are too complex may overwhelm
students (Windschitl, 2002). Yet, teachers who practice the constructivist approach find a balance by
engaging students in tasks that are as authentic as possible and given them appropriate assistance so that
they can carry out the tasks successfully.

Rachel’s teacher can engage students in learning about ecosystems by engaging them in real
research on school grounds. Students can investigate their local ecosystem with real scientific tools such
as thermometers and light meters (cf. Roth & Bowen, 1993). Alternatively, students might investigate how
to use ecosystem concepts to improve the ecosystem of a small wood and stream on the school grounds
(Malhotra, 2006), or they could study the small-scale system of a tropical fish aquarium in the classroom
(cf. Hmelo-Silver, 2004). Such activities are more likely to promote the complex reasoning skills needed
for authentic research than simple lab experiments where students follow “recipes” for experiments (Chinn
& Malhotra, 2001, 2002Db).

Learning from Others Constructivists—and especially social constructivists—envision a different
role for students and teachers than in the traditional transmission model of teachers lecturing to students.
The role of teachers is to help students learn on their own and in groups rather than to be the main
provider of information.

Students facilitate each others’ learning. A core idea of social constructivism is that students learn
a great deal from engaging in interactions with peers (A. S. Palincsar, 1998). Likewise, because humans
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are immersed in the practices of their cultures, students learn through interactions with other members of
their culture as well as with members of other cultures (Rogoff & Angelillo, 2002). Social constructivists
point to the importance of interactions both with those who are more experienced as well as one’s peers.
Those who are more experienced (parents, other adults, older students) can provide assistance based on
their expertise. Peers can also challenge each others’ ideas, which in turn, allows students to consider and
create new ideas.

Rachel may profit from working with peers on a project in many different ways. One group
member’s enthusiasm for the crabs may engage her own interest in crabs. Different students learn about
different ideas and share these ideas with each other. One classmate helps Rachel learn more about plant
life in the ocean. Another helps Rachel learn about fishing. Rachel helps her classmates learn about sea
birds, which she has become interested in. In this way, Rachel learns a great deal beyond what she can
read about by herself. Rachel also learns from occasions when her classmates disagree with her. When
Rachel states her position that there will always be lots of fish because fish lay lots of eggs, her classmate
Saari argues, based on her research that most of the eggs get eaten by other animals. Rachel revises her
own ideas in response to this challenge.

Teachers facilitators and orchestrate student learning. In the transmissionist model of learning,
teachers are information providers. In constructivist environments, the teacher’s primary role is that of a
facilitator or an orchestrator (Windschitl, 2002). Teachers carefully plan activities that can drive students’
thinking forward. They organize needed resources and help students learn to work effectively with these
resources. They help students as needed, but they do not provide answers.

As Rachel’s teacher works with Rachel’s group, which is investigating population changes in
Chesapeake Bay, much of her work consists of organizing a broad range of materials for students to use.
She provides brief mini-lectures to help students with key points, but her input is usually in response to
needs expressed by groups. When she works with groups, she may provide hints, but she does not tell the
students how to think about the problem.

Problem 2.6 Evaluating Teaching: Using Constructivist Methods

Janice Craig is a fifth grade teacher. She is a self-proclaimed constructivist. Her principal even asks

her to mentor other teachers on constructivist methods. Here is the beginning of one of her inquiry

lessons in history.

Teacher Today you are going to investigate how Lewis and Clark felt as they traveled
through Montana. Look at the handout | gave you. Lena, could you read what it
says for us?

Lena Read the five diary entries you see below. Next to each one, write the main
emotion that you think that the writer felt.
Teacher Very good. Now, you can work in pairs on this. Read each one, and then write the

one emotion that you think is most clearly indicated by the diary entry. That will
tell you about the emotions that Lewis and Clark experienced during their travels.
When you're finished, we’ll see whether you got the right answers.

Would you evaluate this as a constructivist task? Why or why not?

Response: Examination of diary entries is certainly something that constructivists teachers would
do, but this task is not designed as a constructivist task. There is no problem that students are
trying to solve. There is nothing authentic about this task. (Who in the real world ever writes down
the main emotion experienced next to a diary entry?) The students have been given little choice in
how to tackle the diary entries, and the teacher implies in her last line that there may be a right
answer that students are supposed to arrive at. Constructivists would say that on anything as
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complex as judging emotions from diary entries, there should be ample room for some alternate
interpretations. At the end of this chapters, there are other lessons that aim to be constructivist for
you to evaluate.

Applying Constructivist Theory to Teaching Vocabulary

Constructivists do not write much about vocabulary instruction because in general, directed
vocabulary instruction is inconsistent with the seven principles laid out above. Studying vocabulary as a
separate, isolated activity is not an authentic task. Architects, engineers, and doctors do not spend part of
their working days studying lists of vocabulary words. All of them no doubt continue to learn words, but
they do so in the context of other activities. For instance, doctors continue to learn new words as they read
journal articles to keep up to date with the latest practices in their field, which they do to treat their
patients more effectively.

Constructivists would quickly point out that people learn the vast majority of the words they know
through incidental learning—Ilearning by picking up the meaning from context. Given that this is the
natural way that humans learn words, most constructivists would avoid directed vocabulary instruction
and instead have students learn meanings of words by engaging in other, more authentic activities, just as
professionals do in their work. For example, students learn vocabulary through engaging in authentic
problems that require the use of new words.

CHAPTER 2 SUMMARY

INFORMATION PROCESSING THEORY

Information processing theory is a theory of human learning that postulates that information is moved
to and from different memory stores.

The memory stores are the sensory register, short-term memory, and long-term memory

Information is stored in a long-term memory store, after which they can retrieve the information to
solve problems, reason, or learn new information.

Some of the key processes that operate on this information are attention and classification, rehearsal,
encoding, and retrieval.

Sensory Register

The sensory register is the first memory store of the information processing system.

The sensory register stores information very briefly. If the information does not quickly move on to
short-term memory, then it will be completely lost from the system.

Working Memory, or Short-Term Memory

Working memory, also known as short-term memory is the memory store that holds information and
processes that are currently active.

The size of working memory is extremely limited. It can only hold 7 + 2 pieces of information.

Chunking is a method to place larger amounts of information into working memory. Another method
is making processes automatic.

The three components of working memory are the phonological loop system, the visuo-spatial
sketchpad, and the central executive.

Perception
Perception is a process that moves information from the sensory register to working memory.
Two subprocesses of perception are classification and attention.
Classification involves both bottom-up and top-down processing.
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Attention is when you attend to information and focus your awareness on it. Recent evidence suggests
that information that is not attended to does not enter working memory.

Rehearsal

Rehearsal is the process that keeps information cycling within working memory. For example, you
say something over and over to yourself to keep it in short-term memory. If you stop rehearsing the
information, it will drop out of short-term memory.

Long-term memory

Long-term memory is the memory store where information is stored for very long periods of time.

There are several different kinds of knowledge in long-term memory: declarative, procedural,
metacognitive, and episodic.

One proposal for how long-term memory is stored is that it is organized in semantic networks of nodes
and links between the nodes. Spreading activation can lead nodes to become activated.

Encoding

Information is moved from STM to LTM by encoding the information.

There are three groups of encoding strategies: selection, organization, and integration.

Encoding is most effective when it is active and meaningful. Students learn more when they actively
carry out encoding themselves, instead of having a teacher do it for them.

Retrieval

After the information is encoded, it can be retrieved by moving information from LTM to working
memory.

Retrieval framework can facilitate remembering, as do multiple retrieval paths.

Forgetting

People forget some of what they learn, and they tend to forget most rapidly soon after the learning
period is over.

People also forget less than they often think they do.

Several factors mediate how slowly or rapidly forgetting proceeds: initial learning, occasional use of
ideas, and spaced study.

There are two main theories of why forgetting occurs: the fading theory and the interference theory.
There is evidence at least for the interference theory.

[TRY TO HAVE ONE BULLET PER B-HEAD.]

Constructivism

According to the theory of constructivism, people learn by actively building up ideas on their own

There are many different versions of constructivism. Constructivism can be divided into two broad
camps (cognitive constructivism and social constructivism) based on how much they emphasize the role of
social interaction in learning.

Eight principles of constructivist are related to the learner, to learning environments, and to the role of
others.

Learners
The first three constructivist principles focus on the learning processes of learners.
Learners actively construct their own understandings of the world.
Knowledge construction is driven forward by problems and challenges.
Students learn most when engaged in inquiry.
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Learning Environments
The job of the educator is to design environments in which students can construct knowledge
effectively.
Learning environments should facilitate inquiry and the use of higher-order thinking processes.
Learning environments should center around learners’ choices and learning goals.
Learners should engage in authentic, relevant tasks.

Learning from Others

Constructivists envision a different role for students and teachers than in traditional transmission
model of teachers lecturing to students.

In constructivist models, students facilitate each others’ learning, and teachers are facilitators and
orchestrators, not information providers.
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Students’ Prior Conceptions and How They Affect Learning

Chapter Outline

Reflecting on Students’ Thinking
How Do Prior Conceptions Affect Learning?
Consistent Prior Conceptions
Schemas
How consistent schemas affect learning
Consistent prior conceptions without schemas
Implications for instruction
Alternative Conceptions
How alternative conceptions emerge
Avre learners’ alternative conceptions coherent?
The importance of understanding students’ alternative
conceptions
Alternative conceptions can interfere with both understanding
and belief
Implications for instruction
Novice Conceptions
Few concepts that are poorly interconnected
Organization by surface similarity
Implications for instruction
Conceptual Resources
Knowledge of relevant evidence
Conceptions from previously learned topics
Conceptions derived from previous experiences
Conceptions about analogical situations
Implications for instruction
Conceptions about Learning and about Knowledge
Conceptions about learning
Conceptions about knowledge
Implications for instruction
Finding Out About Students’ Prior Conceptions
Extensions
Development
Cultural and linguistic diversity
Students with learning disabilities
Summary
Application Problems

Applied goals

Explain how students’ ideas differ from
ideas that are the goal of instruction.

Explain why students may have difficulty
remembering and understanding new
ideas, and why they may not believe what
they are learning.

Analyze students’ talk and work to work
out what students’ prior conceptions.

Predict how students’ prior conceptions
will affect learning.

Develop basic forms of instruction that
foster the use of consistent conceptions,
address alternative conceptions, encourage
more expert conceptions, and build on
conceptual resources.
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Reflecting on Students” Thinking

Lilly Drake is a third grade teacher in Atlanta, Georgia. She has recently learned in a
graduate course that young children frequently have ideas about the world that are very different
from the ideas of adults and scientists. For example, she found out that some young children think
that when they eat food, the food quickly disperses throughout their body rather than entering any
kind of digestive system (Carvalho, Silva, Lima, Coquet, & Clément, 2004). On the subject of
earth science, she learned that some students think that the earth is flat rather than round <<
Brewer, in press >>.

These ideas were all quite new to Lilly, and they led her to wonder about her own
students. She had recently completed a two-week lesson on the solar system. The students had
learned about all of the planets and how they revolve around the sun. Surely it wasn’t possible that
her students would still think that the earth was flat, was it?

To find out, she decided to interview several of her students using the same interview
questions that she had read about in a study (VVosniadou & Brewer, 1992). She started by
interviewing one of her students, Daryl, who stayed late after school one day. Here is the
interview:

Lilly: Daryl, tell me what you think about the shape of the earth. What is the earth’s shape?
Daryl: It’s all round.

Lilly: OK, and if you want to look to see the earth, which way do you look?

Daryl: Up.

Lilly: Up? OK. Would you draw a picture of what the earth looks like? Here’s some paper.
Daryl: [Draws part of the picture shown in Figure 6.1a]

Lilly: Now show me where the moon and stars are, and where the sky is.

Daryl: [Draws the moon, stars, and sky in Figure 6.1a]

Lilly: And finally, draw where the people are.

Figure 6.1a. Daryl’s first drawing.
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Figure 6.1b. Daryl’s second drawing.
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Lilly: Here is a picture of a house. This house is on the earth, isn’t it?
Daryl: No, it’s on the ground.
Lilly: Why is the earth in this picture flat, but you drew it round at the top of the picture?
Daryl: Because this one [points at the flat picture] is the ground.
Lilly: Why does it look flat?
Daryl: Because we’re on the ground.
Lilly: If you walked and walked for many days in a straight line, where would you end up?
Daryl: I think you’d come to the edge.
Lilly: So there is an edge to the earth?
Daryl: No. The earth doesn’t have an edge.

Lilly: OK.... Hmmm. Well, can you fall off the edge?
Daryl: Of this? [He points to the straight line at the bottom of the picture.] Yeah.

Lilly: Now | want you to show me where Atlanta is.

Daryl: [points next to the house.]

Lilly: Now show me where China is.

Daryl: [Draws the line under the house farther out and points to the end of the line. See Figure
6.1b.]

Lilly: Now tell me what is down here below the earth.

Daryl: The sky and the sun or moon. And the ground.

Think carefully about Lilly’s interview with Daryl, and answer these questions:

1. Does Daryl have a consistent or coherent idea about the earth’s shape, or is he just confused?
Present evidence for your answer.

2. If he does have a consistent or coherent idea about the earth’s shape, what is that idea, and what
is your evidence for your conclusion?

Drawn from Vosniadou & Brewer (1992).

The Reflection above is about a topic that is central to good teaching. Students have ideas about the
world (in this case, about the earth’s shape) which are often very different from the ideas that teachers are
hoping that their students will learn. This chapter is about these conceptions and how they affect learning.
As we will see as we examine students’ ideas about the earth’s shape later in the chapter, Daryl’s ideas
arise because the new ideas he is learning (e.g., the earth is round) are incompatible with some of this




Chapter 6, page 66

prior conceptions (e.g., the earth we walk around on looks flat). So he develops new ideas that are very
different from what the teacher intended to teach him.

We have previously discussed the transmission theory of learning that underlies much school
instruction (Biesta & Miedema, 2002; Rogoff, Paradise, Arauz, Correa-Chavez, & Angelillo, 2003;
Zuljan, 2007). Teachers who hold the transmission view believe that students’ minds are like empty
vessels and that their job is to pour knowledge into these vessels. In other words, if teachers explain ideas
well and if students simply pay attention, then students will learn what the teacher taught them. However,
we now know that this view is completely and utterly wrong. Students interpret what teachers (and
textbooks and peers) say using their prior conceptions. Prior conceptions shape what students learn—
sometimes in ways that facilitate learning, and sometimes in ways that impede learning. Teachers need to
take these prior conceptions into account when they design learning environments.

Let’s begin by defining prior conceptions. Prior conceptions are the ideas that students have about
a topic to be learned before they begin learning it. For example, students’ prior conceptions related to a
lesson on the history of music are their ideas about what music is and what forms of music have existed in
the past. Students’ prior conceptions about a unit on Martin Luther King include their ideas about
African-American history, civil rights, and U.S. political history. Students’ prior conceptions about
algebra include their ideas about what a variable is and their ideas about how to solve equations.

HOW DO PRIOR CONCEPTIONS AFFECT LEARNING?

How do prior conceptions influence learning? Prior conceptions vary according to how consistent or
inconsistent they are with the target conceptions—the ideas that teachers are aiming to teach. Sometimes
prior conceptions are highly consistent with the target conceptions; in these cases, learning is usually
facilitated. On other occasions, prior conceptions are inconsistent with target conceptions; in other words,
the prior conceptions are contradictory or incompatible in some way with the target conceptions. In these
cases, learning is often impeded. Thus, the key to understanding how prior conceptions influence learning
is to understand the different ways in which prior conceptions can be consistent or inconsistent with the
target conceptions.

In this chapter, we will focus on five types of prior conceptions that influence learning in different
ways because they are similar or dissimilar to target conceptions. These five forms of prior conceptions
and their effects on learning are summarized in Table 6.1, which serves as a summary of the central ideas
in this chapter. The five types of prior conceptions are consistent conceptions, alternative conceptions,
novice conceptions, conceptual resources, and core conceptions about learning and knowledge.

Table 6.1:

Five types of prior conceptions

Type of prior Definition How this type of prior conception
conception affects learning

Consistent Conceptions that are compatible with new ideas Usually facilitate learning
conceptions

Alternative Conceptions that are inconsistent or incompatible Usually impede learning
conceptions with new ideas

Novice Conceptions that are typical of students who are Tend to impede learning
conceptions just learning

Conceptual Conceptions that teachers can build on to help Facilitate learning
resources students learn difficult new ideas

Core Basic conceptions about what knowledge is and Depending on the specific
conceptions about how people learn conception, can facilitate or
about impede learning

knowledge and

learning
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To provide an initial overview of the five types of knowledge summarized in Table 6.1, let’s
consider a classroom example. A teacher—Jeanine—is beginning a unit on the living things, kingdoms,
and the taxonomy of the plant and animal kingdoms. This is a topic that may appear in middle school, in
elementary school, or in both; Jeanine is a seventh-grade teacher. She knows that each of the five types of
conceptions will be held by at least some students in her classes, and she knows that she will need to
design instruction that will take these various kinds of conceptions into account.

The first kind of conception is consistent conceptions. Jeanine knows that some of her students have
read many books about animals and therefore already have many conceptions, most of which are accurate,
about the animal kingdom. These students’ prior conceptions are highly consistent with what they are
learning. These students will find it easy to learn additional information that fits well with what they have
already learned. Their prior conceptions will give them a solid framework to understand and remember the
new information.

Second, Jeanine knows that some of her students have conceptions that are inconsistent or
incompatible with what they are learning. These are called alternative conceptions because they are the
students’ own ideas about the world, different from the ideas they are learning. They are the student’s own
alternative perspective on the world. For example, some of Jeanine’s students have the alternative
conception that fire is alive because fire seems to meet all of the defining characteristics of living things (it
moves, it uses energy, it seems to reproduce, and so on). This is of course inconsistent with the adult and
scientific view that denies that fire is alive. When these students are learning about living things, some of
them persist in believing that fire is alive, even if Jeanine tells them that it is not alive. In addition, their
idea that fire is alive may interfere with efforts to learn other ideas about reproduction or growth. When
Jeanine teaches students about living things, she must devise ways of teaching that will address this
alternative conception, because she does not want students to leave the unit still thinking that fire is alive.

Third, many of Jeanine’s students also have conceptions that are typical of novices—that is,
students who have immature ideas that are very different from expert ideas. One hallmark of novice
conceptions is that they are organized by how things look on the surface—that is, how they look on the
outside, not the inside. Thus, students think that octopuses and starfish must be closely related because
they look similar on the outside; they both have lots of legs. Because Jeanine knows that many of her
students will focus on such surface similarities, she must help students to think more in terms of internal
characteristics, such as the fact that octopuses have brains and a central cavity for internal organs,
whereas starfish do not. Novices need to be directed to think about these internal, less obvious
characteristics.

The fourth type of prior conception consists of conceptual resources. Conceptual resources are
student ideas that teachers can build on to help them understand new ideas that are different from their
current ideas. Although students might hold alternative conceptions or novice conceptions that can
interfere with learning, they might also have ideas that can be used as the foundation to help them
understand difficult new ideas that they are learning. For example, even though many of Jeanine’s students
have the novice’s tendency to focus on surface similarity when they classify animals, there are certain
contexts in which they know that internal characteristics are more important for classification than surface
characteristics. Jeanine knows from past experience that her students think that worms and snakes are
very different, even though they are superficially similar. By asking students why they are very different,
despite their surface similarity, she helps them understand that many of the critical defining characteristics
are internal characteristics that they cannot see—backbones, the structure of the brain and organs, the
circulatory system, and so on. Snakes share more of these characteristics with reptiles than with worms,
even though snakes lack legs, and reptiles have them. Then Jeanine can help students see that the same
ideas apply to other animals that look similar on the surface. They are closely related only if they also
share internal characteristics. Students’ prior ideas about snakes and worms are a conceptual resource that
Jeanine builds on to help them understand the basic principles of classification.
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The fifth type of prior conceptions consists of core conceptions about knowledge and about how
people learn. Core conceptions about knowledge includes ideas such as “the knowledge | am learning is
very simple,” and core conceptions about learning include ideas such as “I learn best when | repeat ideas
to myself over and over.” Jeanine knows that her students’ core conceptions about knowledge and about
learning can either facilitate or impede their learning, depending on what those ideas are. For example,
Jeanine knows that those students who think that they learn best by repeating ideas to themselves over and
over will have more trouble learning, because simply repeating ideas over and over (“octopuses are in the
mollusk phylum; octopuses are in the mollusk phylum, octopuses are in the mollusk phylum”) is a poor
learning strategy. In contrast, those students who think that they learn best by elaborating ideas
(*octopuses are in the mollusk phylum, which is surprising, since they don’t have shells, but they have a
lot of internal characteristics in common with those animals, even though they look different”) will be
more successful, because by elaborating, they will gain a deeper understanding of the ideas they are
learning.

CONSISTENT PRIOR CONCEPTIONS

When students have prior conceptions that are consistent with what they are learning, they learn
more than when they do not have or do not use such conceptions. In other words, for students’ consistent
prior conceptions to help them, they must not only have the consistent conceptions, but they must also
utilize them (R. C. Anderson, Hiebert, Scott, & Wilkinson, 1985; R. C. Anderson & Pearson, 1984).
Following up on the example from Jeanine’s classes on animal taxonomy, if students have a great deal of
accurate knowledge about many kinds of animals—from mammals to mollusks--they will learn a great
deal from reading a textbook chapter on animal taxonomy. If they do not, or if they only know about
mammals but not other kinds of animals, they will learn less. Students will also learn less if they have
consistent knowledge but do not bring it to mind when reading this chapter.

Schemas

Much of the research on the effects of prior conceptions on learning has employed the idea of
schemas (Bartlett, 1932; Rumelhart, 1980). Schemas are an important type of consistent knowledge.
Students learn more if they have and use schemas that are consistent with what they are learning.

A schema is an organized knowledge structure stored in long-term memory (Rumelhart, 1980).
Schemas summarize what we know about the world. Schemas typically capture what is common to many
examples of a thing or a process. For example, most people have schemas that tell them in general what
dogs are—what is true of most or all dogs that they have seen. Similarly, people have schemas that tell
them in general what birds are, how food gets to the market, what governments are, and what usually
happens when they go to the doctor.

Let’s look in more detail at what schemas are and how schemas affect learning. Consider people’s
schema for birds. Most people have a great deal of organized information about birds. They know that
birds have two legs, beaks, and feathers. Feathers enable adults of most species of birds to fly from one
place to another. Birds are warm blooded. They lay eggs, and they typically build nests for these eggs.
Different beaks are adapted for eating different kinds of food. Different kinds of feet are adapted for
different settings (e.g., webbed feet for aquatic birds, feet adapted for perching, and so on).

The example of bird illustrates several important properties of schemas:

e Schemas specify common features or elements. The bird schema specifies what is common to most or
all birds (two legs, a beak, feathers).

e Schemas indicate what is typical. For many people, robins are very typical birds, where as eagles are
less typical, and penguins are seen as atypical. Knowing what is typically and atypically helps people
make predictions about what most birds will be like.
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e The schemas also indicate where there is a range of different possibilities. The bird schema indicates
that birds have a range of different kinds of beaks and a range of different kinds of feet. It also
indicates that birds make sounds ranging from raucous caws to lovely songs.

e The schemas typically identify some causal relations. Birds’ feathers are causally relevant to their
ability to fly. Webbed feet enable birds to thrive in water.

e They typically include some imagery (McVee, Dunsmore, & Gavelek, 2005). Although bird schemas
express what is generally true of most or all birds, they are not purely abstract. Features such as
beaks, wings, and feet can give rise to specific imagery such as what a prototypical beak looks like or
what common bird songs and calls sound like.

Table 6.2 presents three other examples of schemas.

Table 6.2:

Examples of schemas that an American student might have

Component Examples of schemas
of schema Democracy Going to recess A novel
Important All democracies have some | We usually go get our Novels have a plot with
features kind of free elections. coats, get balls and other characters. In the plot, the
equipment, go outside, and | characters usually face
play for a short period of some problem that they
time. must solve. There is also a
setting.
Typical The U.S. is a prototypical Going outside on the A typical example is To
examples democracy. playground to play is Kill a Mockingbird.
prototypical.
Range of Democracies may range The location can vary The novel may range from
possibilities from complete participation | between going outside and | around 100 pages to well
to representative going to the gym. Most but | over 1000 pages.
democracy. not all students play games
with balls.
Causal Free elections are needed to | Recess is not done in the Features such as character
relations ensure that politicians listen | classroom because it’s too | development and a problem
to the will of the people. hard to play athletic games | to solve are what make a
in a cramped space. novel interesting.
Imagery Imagery may include Images of playing games The actions of characters

politicians speaking and
going to the polls.

such as kickball and dodge
ball.

can be vividly imagined.

Different people have different schemas for the same concept. An ornithologist’s schema for bird
will be much more complex and elaborate than a second grader’s bird schema. A child living in Minnesota
may think of a sparrow as a very prototypical bird whereas a child living in the Brazilian rainforest may
instead view a parrot as a very prototypical bird.

People’s schemas can also be incorrect. A young child may think that penguins are not birds
because they do not fly. A middle school student may have a schema for matter that does not include
molecules. A teacher may have a schema for teaching that says that students are empty vessels into which
they should pour knowledge. When schemas are incorrect, we say that students have alternative
conceptions. We will discuss alternative conceptions in the next section.
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Consistent schemas facilitate learning. People learn more when they have consistent schemas
stored in long-term memory than when they do not (P. T. Wilson & Anderson, 1986). People also learn
more when they activate those schemas by retrieving consistent schemas into short-term memory than

when they fail to activate those schemas.

Table 6.3:

Two passages on which most Americans lack relevant schemas

Passage A

Passage B

Logistic regression applies maximum likelihood
estimation after transforming the dependent variable
into a logit variable (the natural log of the odds of
the dependent occurring or not). In this way, logistic
regression estimates the probability of a certain
event occurring. Note that logistic regression
calculates changes in the log odds of the dependent,
not changes in the dependent itself as OLS
regression does.

Logistic regression can be used to predict a
dependent variable on the basis of continuous and/or
categorical independents and to determine the
percent of variance in the dependent variable
explained by the independents, to rank the relative
importance of independents, to assess interaction
effects and to understand the impact of covariate
control variables.

(Garson, 2008)

A dogged 82 on a green pitch by Mark Taylor,
the opening batsman, put Australia on top at the
end of the first day of the first Test match against
New Zealand here yesterday.

Taylor received solid support from Justin
Langer, who was 63 not out, and finished the day in
partnership with Steve Waugh, who was on 33.
Taylor had not passed 50 in a Test since he scored
a century against India in January 1992.

Martin Crowe, the New Zealand captain,
quickly found that his four-man fast attack bowled
a poor line. Boon was out for 15, flashing at a wide
ball in Michael Owens' first over to give the
wicketkeeper a diving catch.

Taylor began scratchily, and it was a surprise
when he miscued a pull off Danny Morrison to give
a catch to Martin Crowe. In nearly five hours at the
crease he hit six fours.

When Mark Waugh was caught behind
from the off spinner, Dipak Patel, for 13, New
Zealand had a glimmer of hope at 170 for three, but
Steve Waugh joined the solid left-hander, Langer,
and unleashed some fierce drives as he overcame a
shaky start. Ref xx.

Lacking consistent schemas. When people lack relevant schemas to help them understand new
information, they have difficulty understanding or recalling new material. Read the two examples in Table
6.3. Imagine how much you would recall if you were asked to write down everything you could remember
from a single reading in two hours. Unless you have at some time in your life learned schemas for
advanced statistics (for Passage A) or cricket (for Passage B), you would probably recall little of either
passage. Without such schemas, it is very difficult to make sense of the new information.

In one famous study, cognitive psychologists asked undergraduates with high baseball knowledge
and undergraduates with low baseball knowledge to read reports of what had happened in a baseball
game. High-knowledge students recalled much more than low-knowledge students did (Chiesi, Spilich, &

Voss, 1979).

It is important for teachers to realize that their students often lack relevant schemas, even when
teachers think that the students should in fact have relevant schemas. For instance, in one study, sixth
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graders who were reading a history text about the American Revolution had great difficulty understanding
this text, partly because of references to the French and Indian War. They lacked a schema for
understanding what had happened in the French and Indian War, even though they previously studied this
war (Beck, McKeown, Sinatra, & Loxterman, 1991). Although the teacher had assumed they the students
had built up relevant schemas to understand the references to the French and Indian War, the students had
not in fact done so. When teachers realize that students lack needed schemas, they can help them build the
needed schemas in order to better comprehend new information. When teachers assume incorrectly that
their students already have the needed schemas, the consequence is that their students do not learn as
much.

Failing to activate consistent schemas. Learning is also impeded when students have consistent
schemas but do not activate them. To see what it is like to read a passage for which you have a relevant
schema but do not activate it, read the following passage:

The procedure is actually quite simple. First, you arrange items into different groups. Of course

one pile may be sufficient depending on how much there is to do. If you have to go somewhere

else due to lack of facilities, that is the next step; otherwise you are pretty well set. It is important
not to overdo things. That is, it is better to do too few things at once than too many. In the short
run, this may not seem important but complications can easily arise. A mistake can be expensive
as well. At first, the whole procedure will seem complicated. Soon, however, it will become just
another facet of life. It is difficult to foresee any end to the necessity for this task in the immediate
future, but then, one never can tell. After the procedure is completed one arranges the materials
into different groups again. Then they can be put into their appropriate places. Eventually they
will be used once more and the whole cycle will then have to be repeated. However, that is part of

life. (John D. Bransford & Johnson, 1972, p. 722)

Did you have trouble understanding this passage? Most students report having difficulty understanding it,
and they also recall little of it when they are asked to write down what was said. Now read the passage
again, but this time, before you read it, activate your doing laundry schema. Once you have activated
your doing laundry schema, you will probably find the passage much more understandable.

Learning scientists John Bransford and Marcia Johnson (1972) used this passage to investigate the
effects of having students activate schemas before reading passages. Some students read the passage
without any cues to activate a schema. These students typically failed to activate a relevant schema, and
they could recall little that they had read. Other students were told that the passage was about doing
laundry. These students activated their schema for doing laundry, and they recalled much more of what
they had read.

The laundry paragraph was specially designed to be difficult to understand if readers do not activate
the relevant laundry schema. But students also have difficulty learning from ordinary passages if they do
activate their prior schemas. Consider students who are reading a textbook chapter about ordinary life in
the American West. Many students will learn more from reading such passages if teachers take time to
help students recall what they already know about life in the American West before they read the passage.
If the teacher finds that the students know little about this topic, she can take additional time to teach them
some additional information that will be useful to understand the passage (Dole, Valencia, Greer, &
Wardrop, 1991).

Activating inappropriate schemas. Sometimes learners run into trouble because they activate the
wrong schema. Here is an example from a sixth-grade girl (Colleen) reading a piece of literature (Norris
& Phillips, 1987). As you read the transcript, you will see that Colleen has activated the wrong schema
for understanding this passage.



TEXT 1. The stillness of the morning air was broken. Then men
headed down the bay.

Colleen: The men are going shopping. They’re going to buy
clothes at The Bay. That’s a shopping center . . . They’re going
shopping because it seems like they broke something.

TEXT 2. The net was hard to pull. The heavy sea and strong
tide made it even more difficult for the girdie. The meshed catch
encouraged us to try harder.

Colleen: I guess The Bay must have a big water fountain.
Interviewer: Why was the net hard to pull?

Colleen: There was a lot of force on the water . . . .

TEXT 3. With four quintels aboard, we were now ready to
leave. The skipper saw mares’ tails in the north.

Colleen: They were finished their shopping and were ready to go
home . . ..

Interviewer: Why were they worried about the mares’ tails?
Colleen: There were a group of horses on the street, and they
wouldn’t move and the men were afraid they would attack the car

TEXT 4. We tied up to the wharf. We hastily grabbed our
prongs and set to work. The catch was left in the stage while we
had breakfast.

Colleen: They are on a wharf and are going for breakfast . . . .
Interviewer: So first the men went to The Bay to go shopping and
then what happened?

Colleen: They went shopping and saw a waterfall with fish. They
were catching some fish with little nets like in the stores to bring
home and when they were finished they met some horses on the
street . . .. |think that they are now going to a play or some
show because it says about a stage.
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Commentary:

Colleen has interpreted “the bay” to
mean a shopping center she is familiar
with, which was named The Bay.
Colleen has activated a schema for
The Bay, and she continues to apply
this schema. She ignore information
that does not fit this schema, and she
distorts other information (treating the
“sea” as a water fountain) to make it
fit the schema for The Bay.

In reading Text 3, she again ignores
material that did not fit her mall
schema. When pressed by the
interviewer, she interpreted some
words she didn’t know into something
that would at least make some sense
in a mall setting.

Colleen continues to take the text and
try to make what she is reading fit
into her shopping mall schema.
However, she is having a harder time
making things fit, so she is adding
new elements that are less mall-like: a
waterfall with fish and a play on a
stage.

It is possible that Colleen did not have a schema for understanding fishing on the open sea. Instead

of trying to puzzle through and trying to understand a difficult text, she instead rashly activated a
shopping mall schema, and then she attempted to construe the text as talking about a shopping trip. She
simply ignored those parts that she could not fit in to the shopping mall schema.

influence memory (Brewer & Nakamura, 1984):

Schemas and memory. Now we are ready to summarize four important ways in which schemas

When people activate a schema, they often interpret information in a way that fits the schema.
Colleen interprets “headed down the bay” to mean that they went to the mall.

People may ignore information that does not fit their schema. Colleen ignores many words and
statements referring to ships and water. However, sometimes information that does not fit a schema is
remembered well because it is so very surprising. If Colleen’s teacher usually wore ordinary clothes to
class but one day came to class wearing a ship captain’s outfit, that class would likely stand out in
Colleen’s mind, precisely because it was out of the ordinary.
When people activate a schema, they may even distort information to fit the schema. The phrase “the
heavy sea and strong tide” does not readily fit with a shopping mall schema, but Colleen managed to
distort this information to fit her schema.
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e \When people activate a schema, they may use that schema to mistakenly recall information that was
not ever present. Colleen may recall that the text said that the men walked into the mall, even though
the text never said this.

Although schemas can lead to memory errors, they also help students learn more effectively when
the students activate appropriate schemas. When reading a passage about the American West, a student
who activates an appropriate “American West” schema will remember more events relevant to the schema,
and he can use the schema to draw sound inferences. For instance, when reading that “the family headed
home with their winter’s supplies,” a student who activates an appropriate schema about life in the Old
West will correctly infer that the family were likely on a horse-drawn wagon,” even though the text did not
say so explicitly.

Figure 6.2 shows a second grader’s drawing that illustrates the effects of schemas on memory. The
child, Evan, has gone with his class on a field trip to a farm. Evan already had a strong farm schema from
books he had read with his parents and from a toy farm set that he likes to play with. His schema has
helped him recall every single animal seen on the farm. But his schema also led to two errors. There were
ducks on the farm that the class saw, but Evan distorted what he saw, drawing chickens instead of ducks
because he strongly expected to see chickens rather than ducks. He also drew horses in his picture, even
though there were no horses on the farm, thus recalling information that was not present. Thus, schemas
facilitate memory, but they also can cause distortions in memory (Brewer & Nakamura, 1984).

Figure 6.1:
Evan’s drawing of what he saw at the farm

The left panel shows a photograph of a farm.
The caption says: This is the farm that Evan’s class visited. The animals seen by the children were:
ducks, goats, hogs, cows, cats, and a dog.

The right panel shows a child’s drawing of a farm house, a tree, and the following animals: chickens,
goats, pigs, cows, and a cat.




Chapter 6, page 74

Problem 6.1: Understanding Students’ Thinking
Effects of Schemas on Memory

In each of these scenarios, explain the source of the students’ errors. Think about the schemas
that students are activating and how they are using these schemas.

A. Ahigh school teacher explains Marxist economic theory to his class. On a quick
formative posttest at the end of the class, the teacher finds that the students’ level of
understanding of four key questions is about 35%. Why did they do so poorly?

B. Amother asks her 5-year old daughter what she did in kindergarten that day. The
child talks about painting, going outside to the playground, story time, snack time, and taking
a nap. In fact, she did all of these things except painting that day. Why did she make this
memory error?

C. A third grader watches a video about China and its people. Included in the video is
a three-minute excerpt showing a Chinese wedding ceremony that is very different in format
from the traditional Western wedding ceremonies with which the children are familiar. Later
that night, the boy tries to tell his father what he had seen, but he discovers he remembers
very little of it. He can only say: “They had a long ceremony, and they got married.” Why does
he remember so little?

D. A fifth grader learning about Columbus and other early explorers has read this
statement in a trade book: “Millions of Native Americans died from smallpox and other
diseases brought by early explorers and settlers.” Later, the student writes on an essay
question on an exam, “Some Native Americans got sick from diseases that the early explorers
brought.” Why has the child made this memory error?

Responses: A. There are at least two possibilities here. One is that students simply lack any
prior schemas which they could use to try to understand this new information. Another is that
their prior schemas conflict with Marxist ideas. Either situation could yield very poor
performance on a posttest.

B. The girl has recalled something that is part of her going-to-school schema that did
not actually occur that day. Because painting regularly occurs when she is at school, painting
has become part of the girl’s schema for the day’s events. As a result, she mistakenly inserts
this event into her recall of what happened that day.

C. Because the wedding ceremony is very dissimilar to what the student is used to, he
probably lacks any relevant schemas to connect to the unfamiliar events in a Chinese
wedding. In addition, there may be interference from his schemas for American weddings;
this may also make it difficult to recall the new ideas.

D. Because early instruction on Columbus and other earlier explorers is so positive, this
student may have developed schemas that depict Columbus and other explorers as heroes.
Causing such widespread death is inconsistent with the “hero” schema, so the student distorts
what was read to fit the hero schema.

Consistent Prior Conceptions without Schemas

Students can have consistent prior conceptions that facilitate learning, even if they do not have
ready-made schemas. For example, consider a fourth grader who is watching a video in social studies
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class about the ancient Sumerian civilization. The student has no prior schemas for ancient Sumer or for
ancient civilizations. However, the student does have many relevant conceptions for understanding ancient
Sumer—conceptions about cities and rural areas, trade and money, kings and wars, religions with many
gods (such as Rome and Greece), and buildings and technology. If the student activates some or all of
these prior conceptions, she can use these conceptions to help her understand what she is learning in the
video (Spiro, Vispoel, Schmitz, Samarapungavan, & Boerger, 1987).

The important lesson is that people can use consistent prior conceptions to understand a novel
situation, even though they lack a schema that already fits that novel situation. This will be true for many
novel topics that you are teaching in the future. Even if your students lack ready-made schemas, they may
have a variety of different consistent conceptions that they can bring together to help them understand a
novel topic.

Implications for Instruction

Research on consistent conceptions has yielded four very useful teaching techniques for helping
students make effective use of consistent prior conceptions when they are learning new material. Teachers
who regularly employ the following techniques will help their students learn more effectively.

Help students activate prior conceptions. Because students do not automatically activate prior
conceptions even when they have them, teachers can help students learn more by prompting them to
activate those conceptions before they begin learning new material. One way to do this is through the
technique of K-W-L (Jonson, 2005; Ogle, 1986). Teachers using K-W-L ask students to tell or write
down what they Know, what they Want to know, and what they have Learned after they have studied the
new material. Figure 6.3 presents an example of an eighth grader who has filled out a K-W-L sheet before
and after a weeklong unit on poetry.

Another straightforward way to activate prior conceptions is to hold a discussion about an
upcoming topic. For instance, before beginning a unit on the desert, a third-grade teacher could lead a
discussion about what students know about the desert. The teacher could highlight students’ prior
conceptions by writing them on the chalkboard or by creating a concept map that shows interlinked
concepts such as climate (dry and often hot), animal life (with different species listed), and plant life (with
cactus and other species listed).
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Figure 6.3:

A K-W-L sheet completed by a student

Topic: Mountain States

K W L
What | KNOW What | WANT to Know What | LEARNED
Mountain states: What are nice places The Mountain States are Montana, ldaho,
Colorado, to visit in the Mountain | Wyoming, Colorado, Utah, and Nevada.
Washington, States? Washington has mountains but is a Pacific
Wyoming What are the main Coast state.

Lots of mountains in
the states.

Skiing and tourism is
important.

Famous places:
Yellowstone.

industries in the
mountain states?

How many people
are there?

Do people do lots of
skiing there?

Although all of these states have lots of
mountains, most of them also have parts that
are plains.

Tourism is an important industry, but so
are mining and agriculture. Agriculture is
especially on the broad plains. Ranching,
too, because much of the area is dry.

Denver is a financial and high
technology center. So is Salt Lake City. Las
Vegas is a famous city for gambling and
casinos.

There are many National Parks and
many other places to visit: Yellowstone,
Grand Tetons, Glacier, Rocky Mountain, and
many beautiful desert places in Utah.

Except for Salt Lake City and Denver,
and Las Vegas, the cities are not big, and
there are lots of rural areas.

I didn't find out if people there go skiing
a lot. | suppose that some must.
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Teach students to activate prior conceptions on their own. If a teacher begins every lesson with
discussion questions to activate students’ prior conceptions, her students will likely learn more from her
lessons. But what will happen when the students are studying something on their own, when the teacher is
not present? Without the teacher there to ask those questions, the students may fail to activate their prior
conceptions. Therefore, teachers should teach students to take control of their own learning by teaching
them to activate their prior conceptions on their own. For example, teachers can encourage students to
spend a few minutes asking themselves questions such as these: What do | know about this topic? What
did we learn earlier in the year that is relevant to this topic? What do the pictures in the book tell me about
this topic?

3. Provide relevant instruction when student lack sufficient prior conceptions. As we have
seen, students often lack sufficient relevant prior conceptions, which makes it difficult for them to learn
new material. When students’ prior conceptions are too scanty, teachers should help them build up their
conceptual base before starting in on new material. For instance, consider a middle-school teacher
teaching a unit on food webs. Her plan is to have students engage in inquiry by working out a food web
for a small woodland on the school grounds. Unfortunately, she fails to anticipate that many of her
students are not familiar with some of the key kinds of plants and animals (such as fungi, arthropods, and
protists) that they will need to incorporate into their food web. As a result, the students struggle with their
task because they lack the needed prior conceptions. The teacher should have taken time to help students
relearn key ideas that they had forgotten.

4. Teach retrieval frames. Teachers can also help students learn new material by teaching them
retrieval frames, or schemas that are generally useful across many different specific learning topics. For
example, suppose a class is studying a sixth-grade social studies text in which each chapter describes a
different nation. The teacher could help students remember the information in each chapter better by
teaching them this set of categories:

NATIONS:
people
language
geography
government
religion
customs
economy

Students can use this schema whenever they study a new nation to help them remember the important
information about that nation.

Why do schemas such as these help students learn more? One reason is that the schema helps
students select which information to encode into long-term memory as they are learning. A student using
the nation schema will know that it is important to remember that Morocco’s official language is Arabic
and that the government is a constitutional monarchy with a powerful king and a parliament. Second, the
schemas aid retrieval from LTM. Students can use schemas to make sure they do not leave out important
categories of information (customs, economy, and so on) as they are recalling what they know about
Morocco.
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Examples of generally useful schemas
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Age Level Description Example of Schema
Elementary A story grammar is a schema that Characters:

tells the parts of a story. A story Place:

grammar helps students write stories | Time:

as well as understand and remember | Problem:

stories by specifying the parts of the | Solution:

story.
Middle school Students learning social studies People have a goal:

benefit from learning a schema to
organize their understanding of
historical events.

People formulate a plan:
People take action:
People achieve goal:

(If people don’t achieve
goal, go back to
formulate a new plan)

High school and
older

Students understand and remember
research reports better when they
learn a general schema telling the
parts of a research article.

Purpose of study:
Hypothesis:
Method:

Results:
Interpretation:

Students using schemas such as the nation schema can write the information onto a chart as they are
studying, or they can simply use the schema to help them organize their thoughts without actually writing
anything down. Studies with sixth-graders (Ohlhausen & Roller, 1987) have shown that students who use
this type of schema when they study learn more than students who do not. Table 6.4 presents examples of
other generally useful schemas that have been used effectively to help students learn (Armbruster et al.,
1991; Boulineau, Fore, Hagan-Burke, & Burke, 2004; Dansereau, 1985; Santangelo, Harris, & Graham,

2008).
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Problem 6.2: Evaluating teaching
A generally useful schema

A fourth-grade teacher is beginning a section of social studies in which the students will study
regions of the country. She wants to help them encode and retrieve what they are learning by
developing a generally useful schema that students can use across these topics. The first
region covered is New England, and the second is the Mid-Atlantic states. Intending to create
a generally useful schema, she creates these questions to help students organize their ideas:

New England Mid-Atlantic States
1. Summarize its history: 1. Summarize its history:
2. Describe Boston 2. Describe New York City
3. Describe Providence. 3. Describe Philadelphia
4. Why is agriculture not an important 4. Why is the Mid-Atlantic a financial
industry? center?
5. Why is fishing an important industry? 5. How are the industries of New Jersey and
Pennsylvania different?
6. What are well-known attractions?
6. What are well-known attractions?
7. What is its climate?
7. What is its climate?

Evaluate the teacher’s questions. Has she succeeded in creating a generally useful schema?
Why or why not?

Response: This teacher’s schema includes a common mistake that teachers and preservice
teachers make when trying to create generally useful schemas. Three of the questions are
appropriate for a generally useful schema: Questions 1, 6, and 7 are general questions that
can be asked about any region of the U.S. However, the other questions are not general
questions about any region, but rather specific questions about a specific region. To convert
these questions into a generally useful schema applicable to any geographical region, the
questions must become more general. Questions 2 and 3 could be converted to: Describe the
region’s two largest cities. Questions 4 and 5 should be changed to more general questions
about industry, such as: What are the major industries? How does its geography affect its
industries? The teacher might also want to include some other categories such as geography,
the people, and natural resources.

The teacher could opt to use questions, as she has done here, or she could shift to words
and phrases, such as: history, people, geography, climate, natural resources, major industries,
description of the two largest cities, and major attractions.
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ALTERNATIVE CONCEPTIONS

So far we have considered situations in which students have prior conceptions that are consistent
with what they are learning. Now we turn to a second very important kind of prior conceptions—
alternative conceptions, which are inconsistent with what the students are learning. Alternative
conceptions typically interfere with learning the target conceptions (Chinn & Brewer, 2001; Eryilmaz,
2002; Kendeou & van den Broek, 2005). Because of their alternative conceptions, students may
misunderstand what they are learning, or they may simply not believe what they are learning (Chinn &
Samarapungavan, 2001).

As an introduction to students’ alternative conceptions, let’s consider Alexis Robbins, a fifth-grade
teacher, who is planning a lesson on the Western migration during the Great Depression in the U.S. One of
Alexis’s instructional goals is for her students to learn that migrations often occur when people’s desired
way of life (economic, religious, political, etc.) is threatened or unfulfilled (Ferretti, MacArthur, & Okolo,
2007). Because Alexis has learned that her students may have prior conceptions about any topic she
teaches, she decides to find out about what their prior conceptions are on this topic. A week before starting
the unit, she asks several students who stayed after school why very large numbers of people in the U.S. in
the 1930s might have moved West. Some typical responses were: “People moved because they wanted a
better home, like a bigger house or a bigger yard, or like because they wanted to be closer to their work.”
“Maybe they got more money and wanted to live in a nicer neighborhood.” “The parents might have gotten
a promotion, and they had to move to a different office” (cf. Ferretti et al., 2007).

Alexis notices that these students share a common alternative conception. They think that the
reasons for large-scale migration to different parts of the country are the same as the reasons why their
own families might move to a different house. She now realizes that when her students read textbook
sentences such as “Many families in Oklahoma packed all their belongings into their trucks and moved to
California because they were looking for better lives,” they might misinterpret this to mean that the
migrants had plenty of money and therefore wanted to move to nicer homes near California beaches. She
realizes that her students would fail to appreciate the depths of the economic despair that prompted
Oklahoman farmers to move to California.

As a result, Alexis realizes that she must address these alternative conceptions in her class. She
therefore adds a discussion to her lesson that carefully draws students’ attention to the contrast between
everyday reasons for moving and reasons for mass migrations. Specifically, she asks students why people
they know move. When they give answers such as “they want a bigger house,” she will explicitly point out
that although this is why their families might move, it is not why most families moved in the 1930s. Then
she will draw their attention to the hardships of the Great Depression and the drought that created the Dust
Bowl. Through discussion, she will help her students gain an understanding that the plight of Oklahoma
farmers of that era was completely different from their own situation. This will make them better prepared
to understand the mass migrations of the Great Depression.

How Alternative Conceptions Emerge

In this section, we will examine why students have alternative conceptions and how their alternative
conceptions affect learning. These insights will help us see how we can use this information as teachers to
improve instruction. To gain a better understanding of what alternative conceptions are and how they
arise, we will begin by exploring one alternative conception in depth—children’s conceptions of the
earth’s shape.

Psychologists Stella VVosniadou and William Brewer investigated elementary school children’s
conceptions about the earth’s shape (Vosniadou & Brewer, 1992; VVosniadou & Brewer, 1994). They
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wanted to find out (1) what alternative conceptions children had and (2) how the conceptions of younger
and older children differed. To address these questions, Vosniadou and Brewer interviewed first graders,
third graders, and fifth graders, asking them a series of questions about the earth’s shape. An important
characteristic of the questions that they asked was that most of the questions could not be answered by
rote memory—simply by repeating a memorized word or phrase. Instead, the questions required students
to reflect on questions that they had probably never thought about before, so that they would have to use
their real ideas about the earth’s shape to answer the questions. Examples of these questions are:

e \Which way do we look to see the earth?

e Can you draw a picture of the earth? Now on this drawing show me where the stars go..... Now draw
the sky.... Show me where the people live.

e [The interviewer shows a picture of a house on a flat line.] Here is a picture of a house. This house is
on the earth, isn’t it? How come here (where the house is) the earth is flat, but before you made it
round? [referring to the child’s earlier picture]

e If you walked for many days in a straight line, where would you end up? ... Would you ever reach the
end of edge of the earth? ... Is there an end or edge to the earth? ... Can you fall off the edge? ...
Where would you end up? .

e Now tell me what is below the earth?

Some of these questions appeared in the Reflection at the beginning of this chapter.

When Vosniadou and Brewer analyzed the children’s responses to these and other questions, they
found that most children (82%) had coherent conceptions of the earth’s shape. This means that these
children answered all the questions in a way that was consistent with one distinct conception of the earth’s
shape. There were five distinct conceptions (see Figure 6.4). The correct conception, of course, is the
spherical earth conception that appears in Figure 6.4e. The other four conceptions were alternative
conceptions that were very different from the correct conception. These alternative conceptions provide
important insights into how alternative conceptions arise and why they persist despite instruction. We will
first survey the five conceptions, and then we will ask what insights we can gain from understanding these
alternative conceptions.

The flat-earth conception. Children who held the flat-earth conception viewed the earth either as
a flat rectangle or a flat disc (see Figure 6.1a). People all live on the top of the flat surface. Places where
people live, such as the U.S. and China, are all located on the top of this surface. These children think that
there is an edge to the earth, and it is possible to fall off the edge. Other studies have found this to be the
most common conception among first graders and younger children (Brewer, in press; Samarapungavan,
Vosniadou, & Brewer, 1996).

Dual-earth conception. According to the dual-earth conception, there are two earths, the flat earth
(or *ground”) we live on and a round earth in the sky that people do not live on. The dual-earth conception is
the conception expressed by Daryl, the child interviewed by his teacher in the Reflection at the beginning of
this chapter. This transcript shows how another child, a third grader, with this conception answered the
questions about the edge of the earth (Vosniadou & Brewer, 1992, pp. 570-571):



Interview:

Interviewer:

Child:

Interviewer:

Child:

Interviewer:

Child:

Would you ever reach the end of the earth?
No ... because it’s so high.

Could you fall off the edge of the earth?
Yes.

Where would you fall?

Down on the ground.

Chapter 6, page 82

Commentary:

The “earth” that the child refers to is
the earth high up in the sky. There is
an edge to the earth, and if one fell
off the edge, one would fall
downward, onto the flat ground that
is under the earth in Figure 6.4b.

In Vosniadou and Brewer’s study, the dual-earth conception was held by almost half of the first
graders who had a coherent conception of the earth’s shape. Ten percent of third graders also held this
conception. No fifth graders held this conception. Most first grade teachers are probably unaware that a

large number of their students think that there are two separate earths!

Figure 6.4: Five conceptions of the earth’s shape
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Hollow-sphere conception. Children with the hollow-earth conception think that the earth is
hollow like a jack-o’-lantern or a goldfish bowl. People live on the flat part at the bottom of the earth, as
shown in Figure 6.4c. We live not on the outside of the ball, but on the inside, in the middle of the ball.
Places such as the U.S. and China are on the flat surface on the inside. According to one idea held by
these children, the edge of the earth is high in the sky! (Vosniadou & Brewer, 1992, p. 564).

Interview: Commentary:
Interviewer:  Would you ever reach the edge of the earth
[if you kept walking and walking]?

Child: No, you would have to be in a spaceship if | The edge of the earth is the point marked
you’re going to go to the end of the earth. | “edge” in Figure 6.4d. To get to that edge,

Interviewer: Is there an edge to the earth? one must fly far up in a spaceship.

Child: No. Only if you go up.

The hollow earth conception was held by 10% of first graders, 20% of third graders, and 30% of fifth
graders. Most elementary school teachers have probably never imagined that some of their students think
that we live in the inside of a sphere, that there is a kind of sky-wall at the end of the earth, or that the edge
of the earth is high up in the sky!

Flattened-sphere conception. Children with this conception thought that the earth was round
like a thick pancake. In fact, the children explicitly said it was like a pancake. These children believe that
one can walk all the way around the earth—there is no edge to the earth. However, the earth is mainly flat
on the top and the bottom. This conception was held by 5% of the first graders, 15% of the third graders,
and none of the fifth graders.

Spherical-earth conception. The final conception of the earth’s shape was the conception of the
earth as a sphere, which is the scientific conception. Children with this conception believed that the earth
was round like a ball, that people do not fall off the earth because of gravity, and that people can travel all
the way around the earth. This conception was held by 15% of first graders, 40% of third graders, and
60% of fifth graders.

Why do children develop these conceptions of the earth’s shape? We have seen that children
develop five different conceptions of the earth’s shape. The flat-earth conception is prevalent among five-
or six-year-old children and then quickly become less common. Later, children tend to develop other
conceptions such as the dual-earth conception, the flattened-sphere conception, and the hollow-earth
conception. Only at about fifth or sixth grade do a majority of children develop the spherical-earth
conception.

How do these very different ideas arise? Parents and teachers do not intentionally teach children that
the earth is flat, that there are two earths, or that the earth is hollow. Then where do these ideas come
from? Vosniadou and Brewer noted that the initial idea that many children hold—the flat-earth
conception—is consistent with two important facts about the earth that young children are familiar with:
(1) the earth looks flat and (2) things fall downward. In fact, the flat-earth conception gives a very good
explanation of these facts. According to the flat-earth conception, the earth looks flat because it is flat.
And when we drop things, those things fall downward and hit the flat earth that we are standing on.

As children grow older, they begin to encounter new ideas presented by teachers, parents, and the
media. They hear that the earth is round. They see globes and pictures of the earth taken from space. But
these ideas do not make sense to most children, given the facts they know (the earth is flat, and things fall
downward). The earth cannot be round because it looks flat and because people would fall off the bottom
half of the ball. Faced with these new ideas, children develop new alternative conceptions to make sense of
what adults are telling them.
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Some children develop the dual-earth conception. This conception explains the apparent flatness of
the earth, because we live on the flat ground, not the earth up in the sky. And on the flat ground, things fall
downward. This conception also explains the “round earth” that appears in NASA pictures and that is
embodied in the globe in the classroom. This round earth is the earth up in the sky.

Other children develop the hollow-earth conception. This conception explains the flatness of the
earth by assuming that we live on the flat ground inside the earth. Things fall down as expected on this flat
earth. And the idea that the earth is round is explained by having us live on the inside of the round, hollow
earth. What we see in globes and pictures of the earth is the outside of this sphere.

The flattened-sphere conception is a more advanced conception, because these children have come
to understand something about gravity. These children allow people to live on the bottom of the earth,
because they know that gravity keeps people on the bottom of the earth from falling down off the earth.
However, these children still cannot see how a round earth is compatible with the apparent flatness of the
earth, so they make the earth a flattened sphere, rather than a fully rounded sphere. These children do not
yet understand that a very, very large sphere will appear flat to those on its surface.

Children who adopt the spherical conception have a new understanding of the original facts. They
understand that the earth looks flat because very, very large round things look flat when they are standing
on the surface. And they have a new understanding of what it means for things to fall “down.” Things fall
downward toward the center of the earth, because of gravity. They therefore understand that people and
things on the bottom half of a spherical earth will not fall off the earth.

Why alternative conceptions arise and why they persist. Now let’s summarize what we have
learned from the research on the earth’s shape. First, learners’ alternative conceptions arise because they
do a good job of explaining the facts that they know about. Alternative conceptions are not silly or
misguided; they are the product of very impressive, creative thinking by learners as they actively invent
ideas that can explain what they know. Alternative conceptions arise because learners are actively trying
to make sense of the world (Brewer, in press; Vosniadou & Brewer, 1992; VVosniadou & Brewer, 1994;
Vosniadou & Verschaffel, 2004).

Second, students often resist changing their ideas because the new ideas taught by adults do not
make sense to them. When teachers and parents say that the earth is round and show children a globe,
they cannot understand how people could live on the bottom of the earth or how the earth can look flat.
They may therefore ignore what their teachers say because they cannot make sense of them.

Third, when presented with the correct conceptions, students often develop new alternative
conceptions that combine elements of their previous conceptions with elements of the target
conceptions. When children learn that the earth is spherical, they develop a new idea that incorporates a
round earth but retains elements of a flat earth (as in the dual-earth and hollow-earth conceptions).

The earth’s shape is a topic on which most students do eventually change their ideas after a period
of several years. Most adults do not believe that the earth is flat or hollow. However, on many other topics
(in science and in other disciplines), students’ alternative conceptions may persist into adulthood. For
example, many or most adults retain alternative conceptions about how we see things (Winer, Cottrell,
Gregg, Fournier, & Bica, 2002). Many adults erroneously think that a visual emanation leaves the eyes
when we see things. In fact, we see things when light travels from a light source such as the sun, reflects
off the object we see, and then strikes our retina. Adults also have alternative conceptions about topics
such as the U.S. constitution, such as the conception that the judiciary has the power to make laws (New
Hampshire Bar Association, 2005).

Are Learners’ Alternative Conceptions Coherent?
In the research on the earth’s shape, most children seemed to have coherent conceptions. Learners

have a single conception that they use to think about a topic. A consequence of having a coherent
conception is that when students are asked questions about a topic, they give answers that are all
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consistent with that single conception. For example, in the research on children’s conception of the earth’s
shape, most children gave answers consistent with a single conception of the earth’s shape. But notice that
it would be possible for children to give answers to different questions that were not consistent with a
single conception. For instance, a child could respond to one question by saying that the earth is flat like a
coin, but respond to another by saying that the earth does not have an edge. If a child answered different
questions in different ways, we would conclude that the child does not have a coherent conception of the
earth’s shape that she uses consistently to answer questions about the earth. We would say instead that her
conceptions are fragmented, because she uses different conceptions to answer different questions.

Are learners’ alternative conceptions generally coherent or fragmented? This is a hotly debated
question (refs xx), and the answer appears to depend on the topic. Students appear to have coherent ideas
about a number of topics, including how species develop (Samarapungavan & Wiers, 1994, 1997), why
we have night and day (Vosniadou & Brewer, 1994), and the number system (Stafylidou & Vosniadou,
2004; Vamvakoussi & Vosniadou, 2004; Voshiadou & Verschaffel, 2004). However, on other topics,
such as some topics in chemistry and physics, learners’ ideas appear to be less coherent (diSessa, 1993;
diSessa, Gillespie, & Esterly, 2004; Nakhleh & Samarapungavan, 1999; Nakhleh, Samarapungavan, &
Saglam, 2005). For example, in one study | conducted, | found that most middle school students did not
have a single coherent idea about topics such as evaporation (Chinn, 1997). For example, asked about
what happens during evaporation, students gave different answers about similar substances. Students
might say that rubbing alcohol evaporates by “disappearing” into the air, whereas water evaporates by
“turning into” water vapor. These children did not have a single conception of evaporation that applied to
all liquids.

Learning scientist Andy diSessa (diSessa, 1993; diSessa et al., 2004)has argued that prior
conceptions are often fragmented and poorly interconnected. For instance, when thinking about forces and
motion, students may have a mixed set of poorly connected conceptions such as (diSessa, 1993):

e Motion gradually dies away.

e Things tend to return to a state of balance.

e Sometimes one force can overcome another.

Students may randomly apply different these conceptions to very similar situations. When asked why a
truck rolls to a stop when the engine is turned off, a student says that it is because motion dies away if
there’s no engine. Asked why a sports car rolls to a stop when the engine is turned off, the student says
that it is because the force of friction overcomes the force of the car moving. Asked why a bicycle rolls to
a stop when the rider stops pedaling, the student says that the bicycle wants to return to its normal state of
rest, because that is its natural balance.

According to diSessa and some other learning scientists, small changes in the situation may cue the
use of different fragmented conceptions. To a physicist, the explanation for why the truck rolls to a stop is
exactly the same as the explanation for why the sports car and the bicycle roll to a stop (all three roll to a
stop because of the force of friction). To a student, each context triggers, perhaps even randomly, the use
of a different conception to answer the question.

Whether learners’ alternative conceptions on a given topic are coherent or fragmented, their
alternative conceptions can still create challenges for learning. For example, a child who believes that
some substances disappear during evaporation will have difficulty understanding the concept that matter
never disappears, even if he does not believe that all substances disappear during evaporation. Thus,
whether alternative conceptions are coherent or fragmented, the alternative conceptions can make learning
difficult, and it is therefore vital for teachers to know what these conceptions are so that they can design
more effective instruction.
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The Importance of Understanding Students’ Alternative Conceptions

When teachers understand their students’ alternative conceptions, they can alter instruction to meet
students’ needs. Very often, when teachers gain a complete understanding of students’ alternative
conceptions, they gain new insights into how to develop instruction (Ballenger & Rosebery, 2003).
Sometimes these insights are surprising. Most elementary school teachers that | have talked with over the
years are unaware that many of their students have dual-earth and hollow-earth conceptions of the earth.
Once teachers realize this, and once they realize that these alternative conceptions are grounded in
children’s beliefs that things must always fall downward and that round things must always look round, it
gives them new ideas about how to develop instruction. For example, they may now realize that
instruction on the earth’s shape might start with instruction on how very, very large round things will look
flat to someone standing on the surface. One way to do this might be to show how the surface of an
extremely large inflatable ball looks flatter and flatter as it expands.

It is important to try to gain a complete understanding of students’ alternative conceptions in order
to understand how to develop instruction. Sometimes students’ prior conceptions form a complex system
of interrelated ideas; we can call this an alternative conceptual system. It is important to understand these
interrelated ideas in order to know how to instruct students. A good example comes from mathematics—
specifically, from students learning fractions. As we examine the alternative conceptual system that makes
learning fractions difficult, we will see that it would be very difficult to teach fractions effectively without
understanding these conceptions (Stafylidou & Vosniadou, 2004).

The alternative conceptual system that interferes with students’ attempts to learn about fractions
is students’ conceptions about the natural number systems. Natural numbers are the whole numbers we
can count—1, 2, 3, 4, and so on; natural numbers do not include fractions such as ¥z or 7/15 or decimals
such as 3.29. Students learn about the natural number system at home and in early school grades. Most
children learn the natural number system very well. But then, later in elementary school, their successful
learning of the natural number system gets in the way of learning fractions.

Let’s explore in more detail how this happens. By third or fourth grade, students have mastered
many important ideas about natural numbers. For example, they have learned that 15 is larger than 9.
They have learned how to add, subtract, and multiply. They know that when two numbers are added
together, the sum is larger than the numbers added. They know that 9 is 1 more than 8, that 117 is one
more than 116, and so on. They know that there is no natural number between adjacent numbers (e.g.,
there is no natural number between 23 and 24). They know that you can add numbers by counting them
together; you can add 11 pennies to 6 pennies by putting all the pennies together and counting them all. By
third or fourth grade, students have mastered these ideas and more. A more complete list of what they
have learned appears appear on the left side of Table 6.5.



Table 6.5:

Differences between natural numbers and fractions
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Feature

Natural Number System

Fractions

Locating positions
on the number line

Each position on the number
line is indicated by a single
number (1, 2, 3, 4, 5, 50, 389,
etc.) .

Two numbers are needed to indicate position on a
continuous number line, as in 2/5, 33/35, or
15/2.

Ordering

Larger digits mean larger
numbers. Every number has
exactly one number that comes
before it and exactly one
number that comes after it.

Larger digits do not mean larger numbers (1/15 is
not larger than 1/8 even though 15 is larger than
8). There is no single unique number that comes
before or after a number.

Numbers between
numbers

There is no number between
two consecutive numbers (e.g.,
there is no number between 16
and 17).

There infinitely many numbers between any two
other numbers (e.g., between 16 and 17, or
between 16.000001 and 16.000002).

The smallest One (1) is the smallest positive | There is no unique smallest positive number.
positive number number.
Operations

Addition- You can add by counting You cannot add by counting. 4/7 + 3/5 is not

Subtraction

combining objects and
counting. E.g., you can add 3
buttons to 4 buttons by putting
the buttons together and
counting them, giving 7
buttons.

equal to 4 + 3, or 7 + 5, or any other
straightforward sum of numbers.

Subtraction

You can subtract by counting
the number removed and then
counting what is left. If you
have 9 buttons, and remove 3,
then you can find what 9 minus
3 is by counting the buttons
that remain.

You cannot subtract 4/7 minus 3/5 by any
straightforward subtraction of 4 minus 3, 7 minus
5, etc.

Multiplication | Multiplication makes the Multiplication makes the number either bigger or
number bigger. smaller (e.g., %2 *% =% vs. 2x3=6).
Division Division makes the number Division makes the number either smaller or

smaller.

bigger (e.g., %2+ 1/5="5/2 vs.
5/2 + 712 = 5I7).

Adapted from (Vamvakoussi & Vosniadou, 2004)

However, when students apply these conceptions about the natural number system to fractions,
they run into serious difficulties. The rules that govern fractions are not the same as the rules that govern
natural numbers, and this leads students to misunderstand fractions. Here is a transcript of a teacher
working with a seventh grader that illustrates some of these difficulties (based on research by Stafylidou
& Vosniadou, 2004; Vamvakoussi & Voshiadou, 2004).




Transcript:

Teacher:

Desmond:

Teacher:
Desmond:

Teacher:

Desmond:
Teacher:

Desmond:

Teacher:

Desmond:

Teacher:
Desmond:

Teacher:

Desmond:

Desmond, what is the smallest fraction that
you can think of? Write it down for me.
[He writes: 1 1
2

One half? Why do you think so?
Because both of the numbers are pretty
small.
Which of these is smaller? [She writes %2
and 1/9999]
One half.
And what is the biggest fraction you can
think of?
[Pauses a few seconds before writing:

99,999,999,999
999,999,999,999 ]

Now, look at this list of numbers. Put these
in order from the smallest to the biggest.
[The teacher shows these numbers:

5/6 1 1/7 4/3 ]
[Puts them in this order:
1 7 4/3 5/6 ]

Why did you pick that order?

Well, the first two numbers both have a
“1,” but the second one [1/7] also has a
“7.” And the next one has “4” on the top,
and then the last one is bigger, because it
has a “5.”

And which of these is bigger? [She shows
him 4/15 and 4/7.]

4/15, because 15 is bigger than 7, and the
4’s are the same.
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Commentary:

Desmond has picked this number because 1
is the smallest natural number he knows, and
2 is the next smallest natural number he
knows. Because 1 and 2 are small, he thinks
that %2 must be a very small fraction.
Because 2 is smaller than 9999, Desmond

thinks that %% is smaller than 1/9999.
Desmond is incorrectly applying ideas about
natural numbers to fractions.

Desmond thinks that this fraction with lots of
9’s is a large fraction because both the
numerator and denominator are very large
numbers.

Desmond is ordering the numbers according
to how large the numerator is. When there is
a tie between 1 and 1/7, he judges 1/7 to be

larger because of the 7.

When evaluating this pair of numbers, the
numerators are the same, so Desmond ranks
them by the size of the denominators.

Now let’s reflect on what Desmond’s answers reveal about his thinking. Desmond has
successfully learned the natural number system, and he is trying to apply this understanding to fractions.
The fraction 4/15 is larger than 4/7 because the 4’s are the same and 15 is larger than 7. One half is a
small fraction because both numbers are small. The fraction 1/7 is larger than 1 because 7 is larger than 1.
Desmond does conceive of these numbers as fractions. He is simply using his basic understanding of
natural numbers--the numbers that he can count as 1, 2, 3, 4, and so on.

The problem for Desmond (and many other students) is that the rules that apply to natural
numbers do not apply to fractions. There are many important conceptual differences between the natural
number system and the number system of fractions (Jones, Langrall, Thornton, & Nisbet, 2002;
Stafylidou & Vosniadou, 2004; Vamvakoussi & Vosnhiadou, 2004). Table 6.5 shows some of the
important differences. Each of these differences is a source of difficulty in learning about fractions. For
example, in the natural number system, there is exactly 1 number between 8 and 10, and that number is 9.
But when fractions are included, there are infinitely many numbers between 8 and 10. This will make no
sense to students like Desmond who are applying the natural number system because Desmond cannot
envision having any fractions between 8 and 9 or 9 and 10. This makes the very idea of fractions quite
difficult for Desmond to grasp.
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Similarly, the idea that you can no longer add numbers by counting them (1, 2, 3, 4, etc.) makes it
hard to understand the entirely different rules for adding fractions. The idea that multiplying two fractions
can yield a number smaller than the two numbers multiplied makes no sense to Desmond, who has
mastered the natural-numbers idea that multiplying two numbers always yields a product greater than or
equal to the two numbers multiplied. In sum, because Desmond is trying to understand fractions using the
rules of the natural number system (shown on the left side of Table 6.5), he has difficulty understanding
fractions, which are governed by a different set of rules (shown on the right side of Table 6.5).

To teach students like Desmond, a teacher cannot simply start teaching the rules for fractions,
because the new conceptual basis for these rules will make no sense to these students. The thoroughness
with which students have successfully learned the natural number system now interferes with learning
about fractions. Instead, the teacher will need to devote considerable time helping students understand how
the fractional number system differs from the natural number system, so that they learn that they cannot
apply their ideas about natural numbers to fractions. We will address in later chapters how to help
students learn new conceptual systems of this sort. For now, the critical point is that when teachers
understand students’ alternative conceptual systems, they will realize that they need to help students
understand the various differences between their prior conceptions and the target conceptions that they are

learning.

Table 6.6

Examples of alternative conceptions

Topic Target conception Common alternative conceptions
Light and | We see objects because light | 1. We see objects because a visual emanation of some kind
vision (such as light from the sun) travels from our eyes to the object.
bounces off of that object and | 2. We see objects because a visual emanation of some kind
then strikes our eyes. travels from our eyes to the object, then bounces off the
object and travels back to our eyes.
Matter Matter is composed of 1. Matter is simply matter through and through. For
molecules which are elastic example, water is water, and it is not composed of any
and do not individually have | smaller particles.
the same properties as the 2. Matter is composed of small particles that have the same
substance (e.g., individual properties as the whole substance. For example, water
water molecules are not wet). | molecules are tiny, wet drops of water, just like water.
Photosyn- | Plants get their energy from 1. Plants get their energy (or food) from the soil. The plant
thesis photosynthesis. In absorbs its mass from the soil.
photosynthesis, light triggers | 2. Plants get their energy from plant food given to the plants
a reaction in which carbon by humans.
dioxide and water combine to
produce glucose and oxygen.
The mass of a plant comes
mainly from the carbon
dioxide and the water.
Prices Prices are determined by an 1. Children younger than 7 think that the price of things

interaction of supply and
demand. Supply, in turn, can
depend on the cost of
producing an item.

depends on size. Expensive things are expensive because
they are large (e.g., large furniture and automobiles). A
diamond is inexpensive because it is small.

2. At around 10, many students think that the price of a
product depend on the amount of work that goes into
producing the product.
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Political | A nation is a political entity 1. Some elementary school children think that “nations” are
world with a central government, simply large tracts of land.
which can take many forms, 2. Other elementary school children develop a feudal
including democracies. conception of government of nations. There is a single
central power who gives laws to local officials such as
mayors, who then give orders to the population.
Equals The equals sign in 1. Many elementary school (and even older) children think
sign mathematics indicates that the | that the equals sign is an instruction to carry out an

two quantities on each side of
the equal sign are equivalent.

operation. For example, in the problem “3 x15=__ |
students the equals sign is taken to mean “multiply 3 and 15
and then write down the product on the right side.” When
students see problems suchas __ =5+ 8, they may object
that this is illegitimate, because the equals sign is telling you
to do something to the numbers on its left, but there are no
numbers on the left.”

Sources: (Ambos et al., 2007; Berti, 2005; Berti & Bombi, 1988; Berti & Vanni, 2000; Chinn,
1997; Ergazaki, Komis, & Zogza, 2005; Kaput, Carraher, & Blanton, 2008; Lin & Hu, 2003;
Nakhleh & Samarapungavan, 1999; Nakhleh et al., 2005; Webley, 2005; Winer et al., 2002)

Students exhibit alternative conceptions on many topics covered in the K-12 curriculum. Table 6.6
presents examples of several other alternative conceptions. We have seen that students’ alternative
conceptions can be grounded in their own experiences, as when children’s idea that the earth is flat is
grounded in their experiences that things fall downward and the earth looks flat. We have now seen that
students’ alternative conceptions can also be grounded in successful prior learning, as when students’
mastery of the natural number system interferes with learning fractions in later grades. Regardless of the
source of the prior conceptions, it is important for teachers to learn about conceptions such as these in
order to design more effective instruction.
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Problem 6.3: Understanding Students’ Thinking:
The banking system

Read the following transcripts and determine what Erin’s conception of the banking system is. Erin (E) is
16 years old and is being interviewed by her teacher (T).

T What can you do at a bank?

E Borrow money and save money.

T Isthere anything else you can do?

E No, not really.

T How would things be different if there weren’t any banks?

E  Youwouldn’t be able to get interest on your money, and you wouldn’t be able borrow money like to
buy a house.

T Suppose that you put $100 in the bank. After one year, you withdraw it. How much money will you
receive?

E About $110.

T Where does the bank get the money to pay you?

E Itgets it back from the government.

T Where does the bank get the extra $10 to pay you?

E  From the government.

T What does a bank do with the $100 you put in the bank?

E Ituses it to make roads and build hospitals and stuff.

T What happens when you write a check?

E The bank gives you some of your money back.

T Suppose you borrow $100 from a bank. After one year, when you return the money, how much will
you give back?

E $100.

T Why is that?

E Itwould be stealing to make me give back more than that.

T Where does the bank get the money to loan you $100.

E It comes from taxes.

T What do you mean by “It comes from taxes”?

E That’s one of the things the government does.

T Where did the bank get all its money.

E Same thing—from taxes.

T Does the bank pay its employees?

E Yeah.

T Where does the bank get the money to pay its employees?

E They're like teachers. They get paid by the government.

Response: Here are some key components of Erin’s conception: Banks are part of the government. When
you put money in the bank, banks take the money and use it (as a branch of the government) to build
things like roads and hospitals. Interest, loans, and bank employees’ salaries are paid by the government
using taxes. This suggests that the student thinks that the government has two sources of money: bank
deposits and taxes. Both are used to build roads, etc. Interest on deposits is paid strictly using taxes.

Each individual has a checking account in which they keep money, and they cannot take out more
than they put in. However, you can take extra money out by taking a loan. There is no interest on loans
because this would be unfair. We can represent many key components of Erin’s conceptions in the
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diagram shown below:

Depositor Public service
activities (such as
building roads
and hospitals)

\ Loans (no
interest)

Banks y

Citizens \ 4
taxes | gank Interest on
employee deposits
salaries.

Alternative Conceptions can Interfere with Both Understanding and Belief

Students’ alternative conceptions can interfere with learning in one or both of two distinct ways
(Chinn & Samarapungavan, 2001, 2008; Ohlsson, in press). Alternative conceptions can make it difficult
to understand new ideas. Or they can make it difficult to believe new ideas, even if the ideas are
understood. People understand a conception when they can explain what the conception means, explain
how the conception is similar to and different from related conceptions, describe examples of the
conception, and apply the conception to new situations. People believe conceptions when they think those
conceptions are correct or true. People can understand ideas without believing them, and vice versa. For
example, an economics student can understand Marxist economic theory without believing it. Conversely,
a committed communist who has never studied economics might fervently believe Marxism without having
any real understanding of it.

As an example of how alternative conceptions can influence both understanding and belief, let’s
consider a sixth grader, Tracey, learning about water molecules. Tracey believes that water is made up of
“molecules,” but she thinks that molecules are tiny drops of water. Then Tracey learns about a very
different idea in science class: Water is made of hard, elastic molecules that are constantly bumping
against each other. How might Tracey’s alternative conception impede learning of this idea?

One possibility is that Tracey’s alternative conception leads to a misunderstanding of the new ideas.
The idea that water is made of hard molecules might simply makes no sense to Tracey. How could
something wet be made of particles that are not wet? As a result, Tracey might combine what she learned
with her prior conceptions to develop a common alternative conception—namely, that water molecules are
hard particles found in water, and mixed in with the tiny drops that water is made of (Chinn &
Samarapungavan, 2001).
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Another possibility is that Tracey fails to believe the ideas, even though she understands them pretty
well. Tracey understands the teacher when the teacher explains that water can be poured for the same
reason that a bucket of tiny hard seeds can be poured. Just as bird seeds are individually hard but can be
stirred and poured, water molecules are individually hard but can be stirred and poured. Although Tracey
understands this idea, she says to herself, “I don’t really think that water is like bird seed. The teacher
hasn’t shown me any proof that water molecules are hard. I still think water molecules are wet drops of
water.”

The fact that Tracey may understand ideas without believing them complicates her teacher’s efforts
to appraise Tracey’s thinking. If Tracey writes on an exam, “water molecules are hard like bird seed,”
does it mean that Tracey now believes this, or only that Tracey understands this idea, but still believes
something else? Without asking follow-up questions about Tracey’s beliefs, the teacher cannot know
whether or not Tracey believes what she has written down. When asked by researchers, science students
often assert that their real beliefs differ from the scientific ideas they are being taught in topics including
molecular theory, forces and motion, and heat and temperature (Chinn & Samarapungavan, 2001).

People tend to resist changing beliefs in response to new information (Brewer, Chinn, &
Samarapungavan, 1998; Chinn & Brewer, 1993). Beliefs about the social world are particularly resistant
to change. For example, as we discussed in Chapter 5, stereotypes are very resistant to change, even in the
face of evidence that strongly contradicts these stereotypes (Kunda & Oleson, 1995). Similarly, people’s
beliefs about issues such as whether or not capital punishment deters crime tend to be very resistant to
change in response to sociological data about the actual effects of capital punishment on crime (J. Glaser,
2005; Lord, Ross, & Lepper, 1979). Beliefs about the natural world are perhaps less resistant to change
than beliefs about the social world, but science students also frequently resist changing beliefs about the
natural world in response to new evidence (Chinn & Brewer, 1993).

Implications for Instruction

When learners’ prior conceptions and beliefs are fundamentally different from the new ideas that
they are trying to learn, we say that learning involves conceptual change. Conceptual change requires
students to develop new conceptions that are different in substantial ways from the prior conceptions.
Many forms of learning do not involve conceptual change. For example, when a child who already
understands the structure of the solar system learns about a new planet (e.g., Uranus), there is no
conceptual change. This is simply an addition of a new fact to one’s knowledge. In contrast, learning
about the concept of fractions entails conceptual change because students must shift from the conceptual
system of natural numbers to the very different conceptual system of fractions.

Promoting conceptual change is one of the major challenges in education. There is no single set of
teaching strategies that will guarantee success. In later chapters, we will explore some advanced teaching
methods that can encourage conceptual change. In this chapter, we will begin by discussing three
relatively simple instructional techniques that can encourage conceptual change.

Provide clear explanations, avoiding ambiguous language. When explaining ideas to their
students, teachers are more likely to promote conceptual change if they provide clear explanations that
avoid ambiguous language. If a teacher tells second graders, “The earth is round like this globe,” she has
made an ambiguous statement that can readily be reinterpreted to fit students’ alternative conceptions.
Children who have the dual-earth conception will think, “Right—that is the second earth somewhere up in
the sky.” Children with the hollow-earth conception will think, “Right—and we live on a flat surface on
the inside of this.” The teacher’s statement is ambiguous because students with two different alternative
conceptions can readily reinterpret her statement to fit their own alternative conceptions.

Even worse, teachers and textbooks can be misleading. A teacher or a textbook that draws pictures of the
earth as shown in Figure 6.5a, with people standing on the top of the earth, seems to confirm students’
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conception that people cannot live on the bottom half of the earth. It is very easy to unintentionally provide
support for students’ alternative conceptions in this way.

Figure 6.5:
Drawing people on the earth

6.5a 6.5b

—

The teacher could improve her explanation by being clearer and more explicit: “The earth is round like
this globe. People all live on the outside of this sphere. Some people live up here [pointing to Asia and
North America]. Other people live down here [pointing to South American and Australia]. And there are
even some scientists who live way down here [pointing to Antarctica].” Then she draws the picture in
Figure 6.5b to help make these ideas clear. Of course, this explanation would only be a starting point. The
teacher would need to work to help students understand that people living in Australia do not feel
themselves to be standing upside down and that gravity keeps them on the earth. But in beginning with a
clear, unambiguous explanation, the teacher alerts students with the dual-earth and hollow-earth
conceptions that what she is saying is not consistent with their conceptions. This makes it less likely that
they will simply try to assimilate what she is saying into their current conceptions.

Explicitly note common alternative conceptions. Another instructional technique that can promote
conceptual change is to explicitly mention common alternative conceptions (Broughton, Sinatra, &
Reynolds, 2007; Guzzetti, Snyder, Glass, & Gamas, 1993; L. Mason, 2007). By pointing out the
alternative conception to students, she is trying to make sure that they know that the new conceptions are
different from their current ideas. For instance, imagine a teacher teaching fourth graders about the
banking system. She knows that many of her students think that banks are literally place the money
deposited on a shelf, and then return the exact same money to the depositor when the money is withdrawn.
To She begins her lesson in this way:

“Many of you probably think that when you take money to the bank, the banker puts your money on
a shelf, and then gives it back to you when you are ready for it. How many of you think that? ....
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Well, we are going to learn about banks today, and you will find out that banks do not work in this
way. Banks do not keep your money on a shelf. Instead, they give it to other people to use, while you
aren’t using it.”
Through this introduction, the teacher has alerted students who hold this alternative conception that they
will need to change their ideas in order to understand how banks really work. When teachers draw
students’ attention to common alternative conceptions, they promote conceptual change by helping
students realize that these are new ideas that are inconsistent with their old framework.

Provide evidence. A third instructional technique for promoting conceptual change is to provide
students with evidence (Chinn & Samarapungavan, 2008). Evidence refers to data or facts or observations
that provide a reason to believe an idea. For instance, evidence in science usually consists of experiments
and observations. Evidence in history consists of primary source materials such as diaries or government
documents. Sometimes evidence is as simple as an example. Young children who believe that size determines
price (so that things are expensive because they are large; see Table 6.6) can be shown internet catalog
pages with some small but very expensive objects, such as diamond rings and rare coins. This can lead
students to see that their current idea does not fit the facts, and it can stimulate them to begin developing
new ideas about what makes things expensive.

Schools tend not to provide very much evidence about topics in the curriculum. As a result, students
learn what experts (scientists, historians, political scientists, literature critics, and so on) think is true, but
not why they think it is true. When my daughter was taking high school biology, she once asked me: “We
learn all this stuff about organelles, molecules, and atoms. But how do they know that this is true?” She
was right to ask this question. Neither her textbook nor her teachers had presented any evidence for
believing that mitochondria were the powerhouse of the cell, that molecules are made up of atoms, or
almost any other idea. Teachers can encourage belief and understanding by bringing evidence into the
classroom to supplement curricula which typically provide little evidence.
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Problem 6.4: Evaluating teaching:
Instruction for conceptual change

Sharon, a fifth-grade teacher, is making plans to teach the next science unit on
matter and molecules. She finds the following passage and diagram in her
textbook.

Water is made of tiny molecules moving around all
the time. The molecules in water never stop
moving. As they move, they bounce against
each other over and over.

Evaluate this textbook passage in terms of whether it is misleading in a way
that promotes any alternative conceptions. If it is, what alternative
conceptions might it promote? Should Sharon adjust her instruction in any way
to make sure that students do not misinterpret this passage and diagram? If
so, how?

Response: One serious problem with this passage is that both the text and the
diagram strongly imply that the molecules are in water—that water molecules
and water are different, and that the molecules are swimming around in the
water. Notice that the textbook passage states that water molecules are in
water and that the diagram shows a wavy gray background that students can
readily interpret as water. Thus, this text and diagram are likely to contribute
to some students developing an alternative conception that water molecules
are little particles of some kind that are surrounded by water. If Sharon
realizes this, she will want to clearly explain to students that this idea is not
what is intended by the text. She might explicitly note this alternative
conception and explain how the scientific explanation is different—explaining
that the water molecules are the water, not that they are in the water.

NOTE: Another issue that could be considered is that this diagram
depicts water molecules as single circles rather than as the well-known three-
atom molecule containing one oxygen and two hydrogen atoms. The
argument for presenting a simple idea first is that students are not yet ready
to learn about atoms. There is as yet little or no research on whether it is
better to teach simpler conceptualizations before moving on to more complex
conceptualizations later or to teach more complex conceptualizations from the
start.
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NOVICE CONCEPTIONS

Novice conceptions are immature conceptions that learners have when they do not yet know much
about a topic. Novice conceptions contrast with expert conceptions, the conceptions of people who know
a great deal about a topic. Many studies in education and psychology have compared the conceptions of
novices with those of experts (K. Anders Ericsson, 2005, 2006; Schunn, in press). According to this
research, there are two important differences between novice conceptions and expert conceptions. First,
novice conceptions are much less extensive and interconnected than the conceptions of experts. Second,
novice conceptions are organized differently than expert conceptions.

Few Concepts that are Poorly Interconnected

In comparison to experts, novices have conceptions that are both less extensive and less
interconnected. This means both that novices have fewer concepts in long-term memory, and the concepts
that they have are more isolated and less linked together. Experts know many more concepts, and they
know many different ways in which these concepts are interrelated.

Figure 6.6:
Novice and expert conceptions of poetry

6.6a A novice student’s conceptions of poetry

Kinds of
poems
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6.6b Part of a more expert student’s conceptions of poetry
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As an example, let’s consider how novices and experts might differ in their concepts about poetry
(Zeitz, 1994). Figure 6.6a shows a concept map representing a novice student’s conceptions; Figure 6.6b
shows just a few of the conceptions of a more expert student. (A full representation of the student’s
conceptions would take many pages.) Figure 6.6 highlights that the novice has fewer concepts in long-term
memory, and their concepts are also less richly interconnected.

e There are many fewer concepts in the novice’s conceptual structures than in the expert’s novice
structures. The novice knows only a few types of poetry, and only two components of poems. The
expert knows many, many more.

e The novice’s ideas are organized in a very rudimentary hierarchy. There are fewer categories along
which the novice’s ideas are organized. “Funny poems” are categorized together with “haiku” and
“poems that rhyme” as different types of poems, even though these do not seem to belong together
coherently in the same group. Concepts are arranged in a flat hierarchy, with only two levels. In
contrast, the expert’s ideas have a much richer hierarchical organization, and similar concepts are
grouped appropriately together.

e The novice’s concepts are interconnected with few links. The expert’s ideas have many links
connecting them. To avoid overwhelming Figure 6.6b with lines, only a very few of these links are
shown in red. The expert knows, for example, that similes and metaphors can foster imagery and that
similes and metaphors are closely related. The expert knows which elements of poems are present in
sonnets. The red lines shown in Figure 6.6b are only the beginning. The expert is aware of dozens or
even hundreds of interrelationships among the concepts shown in the diagram.

On most topics they learn in school, students are initially novices. A goal of instruction is to help novices

develop the richer and better organized conceptual structures of experts (Chi, 2006a).

Organization by Surface Similarity

In addition to having fewer concepts with fewer interconnections than experts, the novice’s concepts
are organized differently from experts’. Specifically, novice’s concepts are organized by surface
similarity, whereas experts’ concepts are organized by deep similarity (Chi, 2006b; Chi, Feltovich, &
Glaser, 1981). Surface similarity is similarity based on external appearances. A real beagle and a
realistic-looking and feeling toy stuffed beagle are similar at the level of surface similarity. They both look
and feel the same on the outside. Deep similarity, on the other hand, is similarity based on important
underlying relationships that lie beneath external appearances. Deep similarity is similarity at a level of
important conceptual relationships even when surface similarity is low. At a level of deep similarity, a
living beagle is more similar to a living fish than it is to a toy beagle, because a real beagle and a fish
turtle share an underlying, deep similarity of being alive. This is true even though the living beagle and the
living fish do not look similar, and hence do not have a high degree of surface similarity.

Novices tend to organize their knowledge by surface similarity, whereas experts tend to organize by
deep similarity. For example, preschool children are novices on the topic of kinship relationships (the
relationships among mothers, fathers, sisters, brothers, uncles, aunts, and so on). As novices, they often
classify kin by surface similarity. Consider the three people depicted in Figure 6.7. Many preschool
children will say that Jim and Bob are Sarah’s uncle, because both Jim and Bob look like typical uncles,
even though Bob is only a friend of the family. They do not think that Sam can be an uncle because Sam
does not look like an uncle; he is far too young. In contrast, adults are experts on kinship relationships,
and they classify Sam and Jim as Sarah’s uncle because both are Sarah’s father’s brothers. The adult
classifies people into kin categories based on underlying family relationships, not surface appearance
(Keil, 1989).
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Figure 6.7: Which are uncles?

This figure has three photos of males.
The first male is middle aged and has a graying beard. Its caption says: Bob is Sarah’s
father’s friend.
The second male is a teenage boy. Its caption says: Sam is Sarah’s father’s brother .
The third man is middle aged and has graying hair and a moustache beginning to turn

gray. Its caption says: Jim is Sarah’s father’s brother.

When students are begin to learn to solve problems in areas such as arithmetic, chemistry, or
physics, they organize their knowledge as novices do, by surface similarity. Experts organize knowledge
by the underlying principles of how to solve the problems. Consider the following simple arithmetic
problems.

#1. Julio has 3 apples, and then his mother gives him 8 more. How many apples does he have now?

#2. Shelby had 11 dollars but spent 6 dollars to buy a CD on sale. How many dollars does he have now?

#3. Nadia gave 7 of her 9 oranges to her brother. How many oranges does Nadia have now?

#4. Pam has saved 5 dollars, and now she earns 4 dollars by doing her chores. How many dollars does
she have now?

An expert (anyone very familiar with arithmetic problems) would typically classify these problems

according to the deep similarity of how to solve the problems: #1 and #4 are similar because both are

solved using addition, and #2 and #3 are similar because they are solved using subtraction. In contrast, a

typical novice would classify these problems by surface similarity: #1 and #3 are similar because they are

about fruit, and #2 and #4 are similar because they are about money. The expert immediately focuses on

the underlying solution procedure. The novice has more trouble getting beyond the surface level of the

story.
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Figure 6.8:
Classifying physics problems

This figure presents three of the figures from Chi’s well-known study on expert-novice
differences in solving physics problems.

Novices grouped the problems Experts grouped the problems
associated with these diagrams associated with these diagrams
together because both problems together because both problems
involved blocks on a ramp. are solved using the idea of

conservation of energy.

Bm

K o= 200 at/m | ]
B
egquilibrium

From (Chi et al., 1981)
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In the early stages of learning to solve problems in an area, students at any age are prone to
organize problems based on surface similarity rather than deep similarity. It can take a very long time to
shift from novice organization to expert organization. Cognitive scientist Michelene Chi has found that
university students who have earned A’s or B’s in university physics courses classify physics problems as
novices do—by surface similarity. In a famous study, students were asked to classify physics problems
involving forces and motion (Chi et al., 1981). The undergraduates classified problems based on surface
similarity—problems with ramps were groups together in one group, problems with pulleys were grouped
together in another group, and so on (see Figure 6.8). In contrast, experts (physics professors) classified
problems according to the solution procedure needed to solve the problems. For instance, a ramp problem
and a spring problem were classified as similar both are solved using Newton’s Second Law. It is
important to note that the undergraduates were still thinking as novices despite very successful completion
of a physics course on forces and motion. The shift from novice to expert organization of conceptions can
take years, even many years.

Implications for Instruction

One instructional implication of research on novice conceptions is that teachers should help students
notice deep similarities between problems and not just surface similarities. One way to do this is to ask
students to reflect on similarities between problems that are different at the surface level. For example, a
fourth grade teacher could ask students what these two problems have in common:

#1. Julio has 3 apples, and then his mother gives him 8 more. How many apples does he have now?
#4. Pam has saved 5 dollars, and now she earns 4 dollars by doing her chores. How many dollars does
she have now?
This question would encourage students to notice that despite the fact that one is about oranges and the
other about money, the two problems are fundamentally similar because both solved by addition. The
teacher can then encourage students to contrast these problems with a third problem that requires
subtraction. By comparing and contrasting problems, students can learn to identify ways in which
problems are similar at a deep level.

Problem 6.5. Understanding students’ thinking. A ninth grade language arts teacher is teaching
his students about the structure of arguments. He gives students the following arguments to
compare and contrast.

1. Andreas’s paper. We ignore global 2. Michelle’s paper. Global warming is
warming at our own peril. Glaciers are accelerating, and we need to do something
melting. The temperature is gradually rising. | about it. Core samples from Greenland ice
The ice caps are diminishing. We may be show a large increase in temperature over

reaching the tipping point, and if we do not the last 100 years. Some have argued that
act now, it will be too late. Global warming is | there was a decrease in temperatures from

a big problem, and we need to take stepsto | 1940 to 1960, when the industrial gases were
try to stop it. rapidly increasing, but you have to look at
long-term trends, and the longer trends show
an increase. Also, many glaciers have
disappeared or decreased by half or more.

Here are several statements written by students. Which are more typical of novices, and which
are more typical of experts. Explain your answers.

#1: Both papers are about global warming. Michelle’s paper is longer.

#2: The first paper has more pieces of evidence, but it doesn’t talk about the source of the
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evidence at all. The second one tells the source of the evidence (ice core samples).
#3: The second paper talks about a counterargument, and it rebuts the counterargument.
The first paper doesn’t do this.
#4: The papers are about global warming. They both think that something should be done
about global warming. They both talk about glaciers.

Response:

Student #1 mentions only surface characteristics of the essays; this is characteristic of
novices.

Student #2 refers to evidence and sources. These are not mentioned explicitly in the
essays; Student #2 is aware of these deeper categories of argumentation because she is
more expert about the structure of argumentative essays.

Student #3 refers to counterarguments and rebuttals—also indicative of understanding
the deeper structure of argumentative essays, and more characteristic of experts.

Like Student #1, Student #4 makes no reference to argumentation categories that are
not explicitly mentioned in the essays. He refers only to more surface-level features of
the essays (topic is global warming; both talk about glaciers).

CONCEPTUAL RESOURCES

Conceptual resources are the fourth type of prior conception. Even when students lack prior
schemas or have strong alternative conceptions or strong novice conceptions, they will almost certainly
have some conceptions that teachers can draw on to help them learn the new ideas (Hammer, 1996; J. P.
Smith, 111, diSessa, & Roschelle, 1993/1994). We call these conceptions conceptual resources because
they are ideas that students can use to build new knowledge. There are four types of conceptual resources
that are often useful to help students build new conceptions: knowledge of relevant evidence, conceptions
from previously learned topics, conceptions derived from prior experiences, and conceptions about
analogical situations.

Knowledge of Relevant Evidence

Sometimes students who have an alternative conception may be aware of evidence that is contrary
to their own conception. This evidence may help them realize that their conception is in error. Knowledge
of relevant evidence is especially helpful in promoting a change in beliefs. For instance, when asked how
cells let substances in through their membrane, some middle school students say that the cell can identify
what chemicals should be let in, and then it allows only those “good” chemicals to enter (Dreyfus,
Jungwirth, & Eliovitch, 1990). However, this conception is contradicted by a piece of evidence that most
students know about—namely, that poisons sometimes get into cells. When students come up with the
alternative conception that cells can identify which chemicals should be let in, they do not notice that their
idea is inconsistent with what they know about poisons. Teachers can help students start to build new
ideas by reminding them of evidence that they know about—in this case, that poisons sometimes enter the
cell.
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Conceptions from Previously Learned Topics

When students are learning about a new topic, they may have conceptions about related, earlier-
learned topics that can help them learn that new topic. We have seen that many third graders have
alternative conceptions of the earth’s shape. What related topics have students learned about that can help
them learn about the earth’s shape? Most third graders have some ideas about planets and moons that
teachers can build on (Skopeliti & Vosniadou, 2007). Specifically, most third graders know that there are
planets and moons, that planets and moons are round and solid, that they travel in circles in space, and
that they rotate. They just do not think that the earth is one of these bodies. Students’ previously learned
conceptions about planets and moons are conceptual resources that teachers can build upon. The teacher
can build on these ideas by explicitly explaining to students that the earth that we live on is a planet like
the other planets. Even if students do not yet fully understand why people do not fall off the bottom of the
earth, they will begin to understand that the adult idea is that the earth is flying through space around the
sun like the planets. They will begin constructing ideas that are on the right track.

Conceptions Derived from Previous Experiences

When students are having difficulty learning a topic, teachers can often draw on students’ out-of-
school experiences to help them understand a topic (Clement, Brown, & Zietsman, 1989; J. P. Smith, 111
et al., 1993/1994). Students have many experiences at home, in sports, and in their community that are
relevant to many school topics.

For example, to help students understand the difficult idea that increased demand causes prices to
rise, teachers can capitalize on students’ own experiences with buying and selling things. Imagine that a
teacher asks a class of high school students what would happen if a student who had a very outdated video
game tried to sell it to her classmates. Students agree that no one would pay very much for it; the teacher
points out that this is a situation in which demand is low. Then the teacher asks what would happen if the
same student offered to sell a brand new video game that everyone in the class was eager to have. This
time, students agree that if one student offered to pay the store price, others would offer to pay a little
more, gradually bidding up the price due to the high demand. By developing an example that builds on
students’ understanding of familiar products in a familiar setting, teachers can help students construct an
understanding of the relationship between price and demand.

Conceptions about Analogical Situations

A fourth kind of conceptual resource that can help students understand difficult topics is
conceptions about analogical situations (Glynn, 2007; Yerrick, Doster, Nugent, Parke, & Crawley,
2003). An analogical situation is a situation that is superficially dissimilar to a target situation but similar
in some other important ways. For example, consider middle school students learning about cell organelles
(nuclei, the membrane, mitochondria, chloroplasts, and so on). The students are completely unfamiliar
with cells and their organelles, so the teacher helps them by describing an analogical situation. She
explains that in some ways, cells are like cities, and the organelles are like different parts of the cities.
Mitochondria (the powerhouse of the cell) are like energy plants. The nucleus is like the town hall, where
the government makes decisions. The membrane is like a city wall that surrounds the city. The teacher has
endeavored to help students learn about unfamiliar target conceptions by drawing on their conceptions
about cities as an analogous situation. Cities are superficially very different from cells; in reality, a city
looks nothing like a cell. But there are certain important similarities (even though power plants look
nothing like mitochondria, they have a similar function of producing energy) that can help students use
their ideas about cities to help them build knowledge about cells.

The process of making connections between the analogical situation to the target situation is called
analogical mapping. For example, here are some of the ideas that can be mapped from the process of
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energy production in power plants to the process of energy production in mitochondria. Mapping means

that ideas from one situation are placed in correspondence with related idea from the other situation. For

example:

e The idea that there are inputs to a power plant (natural gas and oxygen) is mapped to the idea that
there are inputs to the process of respiration in mitochondria (glucose and oxygen). The particular
inputs are different, but both power plants and mitochondria have inputs.

e The idea that there are outputs from a power plant (energy, water, and carbon dioxide) is mapped to
the idea that there are outputs from the process of respiration in mitochondria (energy, water, and
carbon dioxide). Unlike with the inputs, this time the outputs are the same in the two processes.

e The idea that energy production occurs inside the power plant is mapped to the idea that energy
production occurs inside the mitochondrion.

Some elements must be changed during the mapping. For example, “natural gas™ is used as an input in

some power plants, but the corresponding input in cellular energy production is glucose.

When using analogies, there is a danger that students may map ideas incorrectly so that the analogy
causes students to form alternative conceptions. For example, students learning about the power plant-
mitochondria analogy might mistakenly map these ideas.

e The idea that power plants also release pollution into the air and water might mistakenly be mapped to
mitochondria, yielding the idea that mitochondria release pollution into the cell. This would be an error,
because there is no counterpart to pollution production in the activities of mitochondria.

Thus, it is important to help students make correct mappings and avoid incorrect mappings when using

analogies (Glynn, 2007).

Problem 6.6 Designing instruction.

When students of any age are learning to write persuasive essays, they
typically fail to consider arguments against their position. Students have a real
bias against thinking about the other side of a question. For example, a student
may write, “Schools should not be held all year round because students need a
break so that they can relax” without thinking about counterarguments such as
“Students forget a lot over the summer when they get the summer off, and
this slows their learning down.” How can teachers encourage students to
consider counterarguments when writing persuasive essays? What conceptual
resource can teachers draw on?

Response: There are many possible responses to this question. The response
here was provided by a middle-school teacher | have worked with in recent
research. This teacher identified a conceptual resource in students’ personal
experiences. She noticed that even though her students seldom considered
counterarguments when they wrote essays, there was one context in which
her students did regularly consider counterarguments: when they were trying
to persuade their parents to give them permission to do something such as
sleep at a friend’s house. In this situation in their everyday lives, students
regularly anticipate their parents’ counterarguments and take their parents’
counterarguments into account when they make their arguments. For
example, when they argue that their parents should let them sleep over at a
friend’s house, they anticipate their parents’ potential counterarguments
(“you can’t sleep over because you have to get up early tomorrow morning”)
and try to undermine these potential counterarguments in their own
arguments (“If you let us go, we promise to go to bed early!”). In this way,
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students’ ability to argue successfully in one situation (persuading their
parents to give them permission to do something) is a conceptual resource
that teachers can use to help students learn to argue successfully in a different
situation (writing better persuasive essays).

Implications for Instructions

On topics that are difficult because students lack schemas or have alternative conceptions, it is
critical for you as a teacher to identify and use students’ conceptual resources. As you teach year by year,
you should aim to identify more and more conceptual resources that will help you build on students’
current ideas. When you begin teaching, a very valuable source of information about useful conceptual
resources will be your colleagues. In effective schools, teachers share information about how to teach
difficult concepts (Ma, 1999); much of this information consists of ideas students have that teachers can
productively build on.

CONCEPTIONS ABOUT LEARNING AND ABOUT KNOWLEDGE

The fifth type of prior conception affecting learning consists of conceptions about learning and
knowledge (Hofer & Pintrich, 1997; L. Mason, 2003). Conceptions about learning are people’s
conceptions about how they learn. They include conceptions such as “I learn best by saying things over
and over” or “I learn more if | can talk about my ideas.” Conceptions about knowledge are conceptions
are about the nature of knowledge (such as how complex or how certain knowledge is) and how we know
that our knowledge is true. Conceptions about the nature of knowledge include ideas such as “I believe
that most topics | learn in school are quite simple” and “I believe that scientific knowledge is absolutely
certain.” Conceptions about how we know that our knowledge is true includes ideas such as “I can be sure
something is true only if I have some personal experience that proves it to me” or “l know science is true
because the textbook says so.” Conceptions about learning and about knowledge are also called beliefs by
many researchers because they people often seem to have strong beliefs about these topics. Following the
use of many current researchers, we will use the terms beliefs as well as the term conceptions in this
section.

Conceptions about Learning

Conceptions about learning influence how students learn by influencing the strategies that students
use to learn or the amount of effort that students will exert to learn. Availing conceptions are conceptions
that facilitate learning; nonavailing conceptions are conceptions that tend to impede learning (Muis,
2004). In this section, we consider three availing and nonavailing conceptions about learning.

Learning is quick. Some students believe that many or most topics they learn can be learned very
quickly. This conception is a nonavailing conception; students who think that learning is quick tend to
learn less (Chinn, in press-c; Muis, 2004). They tend to give up quickly if they do not understand
something right away. They expect that if something cannot be learned quickly, it cannot be learned at all,
so there is no point trying to learn it. In contrast, students who believe that learning often takes time are
more likely to exert the effort and spend the time needed to learn complex material.

Rote memory is an effective learning strategy. In chapter 2, we learned that effective learners use
active learning strategies such as elaboration, explanation, and visualization. Effective learners do not
simply try to rote memorize material. However, many students believe that rote memorization is an
effective learning strategy, such as a foreign language student who studies vocabulary simply by reading
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words over and over. A belief that rote memory is effective tends to impede learning (Chan & Sachs,
2001) as students fail to use the more active, elaborative strategies that are more conducive to learning,
such as studying vocabulary using the keyword method or by trying to actively use words in meaningful
sentences.

Ability is fixed. Students vary according to whether they believe that ability is fixed or changeable.
Students who believe that ability is fixed believe that their ability is innate and cannot be changed.
Students who believe that ability is changeable believe that they can improve their ability by studying
harder and learning more.

The belief that ability is fixed is a nonavailing belief; the belief that ability is changeable is an
availing belief (Dweck, 2002). To see why, let’s consider two middle school students, Kevin and Jeffrey,
who have different beliefs about writing ability. Kevin thinks that writing ability is fixed and
unchangeable, because it is innate. Kevin may be highly motivated to engage in writing tasks as long as he
is doing well. But if he gets D’s on two consecutive essays that he has written for English class, he may
take this D as evidence that his writing ability is not high. There will be no reason for him to work harder,
as he believes he simply lacks writing ability.

Jeffrey, on the other hand, believes that ability can be changed. For instance, he thinks that if he
doesn’t have the ability to write very well right now, he can learn to write better by learning strategies that
will make him a better writer. If Jeffrey gets two consecutive D’s on essays, he responds by working hard
and seeking help from his teacher, because he believes that he can improve with help and effort. As s
consequence, he strongly improves his writing, and he concludes—appropriately—that he has increased
his writing ability. Thus, a belief in fixed ability impedes learning, whereas a belief in changeable ability
enhances learning.

Conceptions about Knowledge

Students’ conceptions or beliefs about knowledge are also called epistemological conceptions or
beliefs, because epistemology is the branch of philosophy that examines knowledge. Philosophers who
specialize in epistemology study issues including what counts as knowledge, how certain knowledge is,
and how we justify saying that “we know” something. Ordinary people’s epistemological beliefs are
people’s beliefs about these same issues. We will discuss several areas of availing and nonavailing
epistemological beliefs below.

Complexity of knowledge. Students who believe that knowledge is complex believe that ideas
learned in school such as molecular theory, economics, historical periods, and calculus are complex bodies
of knowledge. Students who believe that knowledge is simple believe that these ideas are simple and
straightforward--that there are only a few things to learn in order to master these ideas. Researchers have
found that students who report believing that knowledge is complex learn more when they are studying
and write more complex essays than students who think that knowledge is simple (Chinn, in press-c; L.
Mason, 2003). This is because most bodies of knowledge to be learned are indeed relatively complex, and
an expectation that the knowledge will be complex prepares learners to exert the needed effort and use the
cognitive strategies needed to master complex material.

Certainty of knowledge. The certainty of knowledge refers to the extent to which knowledge can
be viewed as true, unconditionally and without any question. Scientists that scientific knowledge is never
certain because we may develop better theories on any topic in the future. On the frontiers of knowledge,
where research is active, knowledge may be highly uncertain. Research on the effects of cholesterol is a
good example. Studies often yield conflicting results, and it can take years to gain a full understanding of
how different kinds of cholesterol affect health.
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Students vary in the extent to which they think that knowledge is certain or uncertain. A belief that
knowledge is uncertain is an availing student belief. For example, students who think that knowledge is
certain are less likely to understand and remember two different arguments on a position than students
who think that knowledge is not certain. In contrast, students who believe that knowledge is certain have
difficult learning topics in which there is disagreement and controversy (Chinn, in press-c). They may be
confused by why there are different positions presented, and they just want to be told the “right answer.”

Justifications of knowledge. The justification of knowledge is the grounds on which we believe
that a claim is true (Hofer, 2000; Hofer & Pintrich, 2002). Why do we believe that atoms exist? Why do
we believe that colonial opposition to the British policy of taxation without representation was a cause of
the American Revolutionary War? Why do we believe that stereotypes can be harmful to individuals? The
answers to these questions are our grounds for believing what we believe. For example, a student might
believe that stereotypes are harmful to individuals based on authority (my psychology professor said so,
and | believe she is an authority on this subject), based on personal experience (“1 have personally
experienced the negative effects of people’s stereotypes about me”), or based on evaluation of arguments
(I have considered arguments on both sides of this questions, and I think that overall, the evidence
supports the idea that stereotypes are harmful”). Several common student conceptions of how knowledge

is justified are summarized in Table 6.7 (Hammer & Elby, 2002, 2003; Hofer, 2001).

Table 6.7

Common conceptions of how knowledge is justified

Type of Definition Examples

justification

Authority A student believes an idea Jennifer believes molecular theory because the textbook
because a trusted person says matter is made of molecules.
(including a textbook author) | Doug believes that the Vietnam War could have been
says that it is true. won because her father says so.

Inference A student believes something | Fatima derives a new geometric principle through

from other by drawing inferences from mathematical proof from other, more basic

knowledge other ideas that are known. principles.

Max infers that whales must bear live young based on
his other knowledge that whales are mammals.

Intuition A student believes that Isabelle believes that flash cards are a good way to study
something is true because he vocabulary because she just knows it. There’s no
just feels that it is true. need to give any further reason.

Personal A student believes something | Kylie believes that sexism exists based on her own

experience based on her own life experiences of being treated in a sexist manner.
experiences. Personal Toby believes matter is conserved because of
experiences can include one’s experiments in class that showed that the amount of
own observations of the matter stayed constant through all kinds of physical
world. and chemical changes.

Empirical A student believes an idea Rachel believes that eyewitness testimony is not very

evidence because others (e.g., trustworthy because of psychological experiments
scientists, social scientists, she read about in her high school psychology class.
historians) gave gathered data | Augustin believes that global warming is occurring
that show it is true. based on some recent data his teacher showed to his

science class.
Evaluation of | A student believes that an Brayden has examined evidence and arguments for and
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opposing idea is most likely to be true against the Adkins diet and has concluded that it
arguments because, although there are would be dangerous to his long-term health to follow
and/or arguments for and against the that diet.
evidence idea, the arguments for it are | lvana has listened to arguments for and against current
stronger. U.S. Middle East policy and has concluded that a
drastically different course is needed to enhance U.S.
security.

Sources: (Hammer & Elby, 2002; Hofer, 2000; Hofer & Pintrich, 2002):

Among the conceptions about justification in Table 6.7, one conception that appears to be
nonavailing is the conception that knowledge is justified based on authority. Students who take knowledge
to be based on authority seem to gain a more superficial understanding of what they are learning. The
process of deciding whether an idea makes sense based on one’s own knowledge and experiences may help
students understand new ideas more deeply, and it also encourages more active cognitive processing.

In contrast, the conception that knowledge should be justified based on evaluation of arguments
appears to be an availing conception about epistemology (Kuhn & Weinstock, 2002). Students who
believe that they should evaluate arguments on each side of a question are better prepared to learn the
complexities of real-world topics, many of which are controversial and have arguments on two or more
sides to consider.

Variation in Students’ Epistemological Conceptions. Students’ epistemological conceptions can
vary from subject to subject (Muis, Bendixen, & Haerle, 2006). A student may believe that knowledge of
mathematics is certain and based on authority, whereas scientific knowledge is uncertain and grounded in
empirical observations of scientists. Epistemological conceptions can also even vary from topic to topic
within the same subject (Louca, Elby, Hammer, & Kagey, 2004; Rosenberg, Hammer, & Phelan, 2006). A
history student may believe what she is taught about the Revolutionary War based on the authority of the
textbook and the teacher, but when the class discusses the Iragq War that began in 2003, she may insist on
evaluating arguments herself before deciding what is true.

Implications for Instruction [B—HEAD]

The central implication of research on students’ conceptions about learning and knowledge is that
teachers should encourage students to adopt availing conceptions and abandon unavailing conceptions.
For example, teachers should encourage the conceptions that learning takes time and that knowledge is
often complex and uncertain because these conceptions facilitate learning of many school topics. In later
chapters, we will learn many instructional techniques for promoting availing beliefs in the chapters on
motivation, promoting self-regulated learning, and inquiry environments.

One basic technique that teachers can use to promote more availing epistemological conceptions is
to straightforwardly direct students to different kinds of justifications. In one study by learning scientists
Seth Rosenberg, David Hammer, and Jessica Phelan, an eight-grade earth science teacher assigned
students to develop an explanation of the rock cycle. The teacher noticed that one group of students was
developing their explanation based on the textbook, but they had a poor understanding of what the
textbook said, and they were essentially copying ideas without understanding them. She encouraged them
to shift from a conception of justification based on the authority of the textbook to a justification based on
their own knowledge by saying, “You’re looking at a lot of papers and using a lot of words that you don’t
know what they mean.... And if you’re doing that, for your [explanation], it’s not going to be very good.
So, | want to start with what you know, not with what the paper says.” (Rosenberg et al., 2006, p. 272)

Although one student immediately responded, “Well, then we don’t know anything!”” other students
started generated ideas that they did know—that lava comes out of volcanoes and hardens, that volcanoes
erupt and lava shoots out, that lava cools to become rock, and that wind and water can chip away at that
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rock during erosion. They continued to build on their own knowledge instead of trying to copy ideas from
the book, and as a result they developed a much deeper understanding of the rock cycle. The improved
learning was triggered directly by a teacher encouraging them to shift from an epistemology based on
authority to an epistemology based on drawing inferences from their own knowledge.
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FINDING OUT ABOUT STUDENTS’ PRIOR CONCEPTIONS

A core theme of this chapter is that it is vital for teachers to understand their students’ prior
conceptions. If teachers are aware of what their students’ prior conceptions are, they will design better
instruction. Despite the great benefit to teachers of finding out about their students’ prior conceptions,
many teachers do this much less than they should (Morrison & Lederman, 2003). New teachers are
particularly unlikely to find out about students’ prior conceptions and thus unlikely to develop instruction
that takes prior conceptions into account (Meyer, 2004). More experienced, expert teachers know much
more about students’ prior knowledge, which enables them to find ways to adapt instruction effectively
(Meyer, 2004).

How can teachers find out about their students’ prior conceptions? The techniques teachers can use
include:

e Administer pretests at the beginning of a unit to assess students’ prior conceptions.

Talk with or even interview students in informal settings (after school, during down time in class).

Hold class discussions with questions about students’ ideas on a topic.

During small group work, talk with groups of students about their ideas on a topic.

To evaluate conceptions about learning and epistemology, administer questionnaires that researchers

have developed and that teachers can administer in their own classrooms. (Several examples are

included in online resources.)

e Read research that describes common alternative conceptions, common novice conceptions, and
conceptual resources that can be drawn on to teach various topics.

It is important not to overlook the last techniqgue—reading research. There are many hundreds of studies

by researchers investigating students’ prior conceptions, and these studies yield many insights that

teachers would never be able to uncover all on their own. Books are available that summarize important

research on alternative conceptions (e.g., Barrett & Buchanan-Barrow, 2005; Rosalind Driver, Squires,

Rushworth, & Wood-Robinson, 1994; Vosniadou, in press).

As teachers ask questions to find out what their students are thinking, it is important that they ask
guestions to which students have not already memorized the answers. Asked what water is made of, most
upper elementary and middle schools students who have started learning about matter will answer the
word they have memorized, “molecules.” But the student may mean that molecules are tiny drops of water
or that molecules are lumps of clay surrounded by water. If the teacher asks questions that require
students to think more creatively, she can get a better idea of what their real conceptions are. For example,
in this exchange, the teacher asks questions that clarify what one of her fifth grade students thinks
molecules are.

The conversation: Commentary:

Teacher: You said that water is made of molecules. Is it | Here is the first question that requires the
possible to divide water molecules in half? student to think.

Sophie:  Yeah.

Teacher: What would we get?

Sophie:  The water would come out and get in the This answer shows that Sophie is not thinking
other water. of molecules in the same way that the teacher is.

Teacher: How would the water get out? The teacher now follows up to find out what the

Sophie:  The little shell would crack. student means. The answers reveal that the

Teacher: And what do you mean by “the other water.” | student thinks that water molecules are little

Sophie:  All the water that is between the water shells filled with water, and there is more water
molecules. The molecules float in all the other | between these shells, which float on all this
water. water. Now the teacher has a much better

understanding of Sophie’s ideas.

When teachers ask questions to assess prior conceptions, the questions should require students to think so
that they cannot give rote responses.
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When teachers strive understand their students’ conceptions, they assume the role of an intent
listener--both literally and figuratively (Ballenger & Rosebery, 2003). Literally, they listen attentively to
what their students say, reflecting on the meanings that might lie behind the students’ comments.
Figuratively, teachers “listen” to their students when they read students’ written work. As teachers read
students’ papers, they look for clues to how their students are thinking. An error on a written quiz is no
longer just an error; each error gives the teacher a window into students’ thinking, and this window
enables teachers to begin to see what their students’ conceptions are.

In their role as listeners, teachers are also alert to surprising things that students say or write.
Suppose in a social studies discussion, a student, Anna, says, “The British would have been mad that all
the people in the Unites States wanted to make their own country.” On hearing this, the teacher notes
several possible implications of what Anna said. First, Anna speaks of the people “in the United States.”
Is this a slip of the tongue, or does Anna really think that the United States already existed, even before the
Revolutionary War? If so, what does Anna think the war was about? In addition, the sentence indicates
that Anna mistakenly thinks that all people in the colonies were for independence. Perhaps Anna thinks
more generally that all people in a country support a country’s wars. The teacher cannot know right now
which of these possibilities is correct and which is not. The teacher will need to follow up later with other
questions to find out more about the ideas of Anna and her classmates. The teacher can also encourage
students to ask their own questions, which can give her further insights into their thinking. If Anna asks
why the colonists needed their own country when they were already part of the United States, the teacher
will know that Anna has an alternative conception that the colonies were already a nation prior to the
Revolutionary War.

In short, an effective teacher listens for student statements and questions that might indicate
alternative conceptions or conceptual resources and makes some conjectures about what those conceptions
might be. Then, the teacher follow ups on these conjectures by asking more questions in formal pretests, in
class discussions, in discussions with groups during group work, or with individual students out of class.

EXTENSIONS

In the final section of this chapter, we discuss how the ideas of this chapter apply to children of
differing ages, to children of different cultures and languages, and to students with learning disabilities.

Development

The ideas in this chapter are generally applicable to students of all ages. Students of all ages have
consistent conceptions, alternative conceptions, novice conceptions, conceptual resources, and conceptions
about learning and knowledge.

One form of knowledge for which there is a clear developmental trend is in novice conceptions.
Young children are novices on nearly every topic. Thus, teachers of young children can expect to see
novice conceptions on many topics that they discuss. This is not to say that young children are never
experts on any topics; some five-year olds, for example, develop expertise on topics such as dinosaurs.
But as children grow older, they slowly take steps on the road to expertise on more and more topics.

Another area in which developmental trends occur is in conceptions of learning and knowledge.
Older learners are more likely to be aware of active learning strategies than younger learners (Flavell,
1999, 2004). On the other hand, as children get older, they are more likely to adopt a fixed view of ability,
especially on activities at which that they are not proficient (Freedman-Doan et al., 2000). This suggests
that as students get older, teachers need to work especially hard to help students understand that they can
overcome difficulties and succeed even on activities that they are currently less successful at.

Much research supports the idea that there is a developmental trend in epistemological conceptions
(P. M. King & Kitchener, 1994; Kuhn, 2002; Kuhn & Weinstock, 2002; W. Perry, G., Jr., 1999).
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According to developmental psychologist Deanna Kuhn and her colleagues (Kuhn & Weinstock, 2002),
young children (around 3 years old) have a realist epistemology. Whatever people say is exactly the way
reality is. It is not possible for a person to say something that is not true. These children have not yet
developed the idea that statements can be false--either intentionally (lies) or unintentionally (errors).

By the age of 5 or so, children become absolutists. They now believe that knowledge is absolutely
certain, and any statement that is not right is wrong. Reality is directly knowable just by observing it. If
two people disagree, it means that one is right, and the other is wrong.

The next level is the multiplist level, in which students think that multiple ideas can be equally
correct. No longer is there an absolute, knowable right and wrong. If two people have different ideas, then
they each have their own opinion, and it is not possible to say that one is right and one is wrong. There is
no way at all to justify any general knowledge that is true for more than just one person. Some research
suggests that multiplist conceptions emerge after high school, though other research suggests that some
high schoolers adopt a multiplist stance.

Finally is the evaluativist level. At this level, students do not think that one opinion is as good as
another. Rather, a statement can be evaluated by considering arguments and evidence for and against it;
these students take the view that knowledge is justified on the basis of evaluating arguments on different
sides of a question and deciding which arguments are strongest. Reality cannot be directly known. One
cannot directly see entities such as atoms and stereotypes. Instead, one can only infer the existence of such
entities from the available evidence. Some research suggests that the evaluativist stance may be relatively
rare, even among adults.

Cultural and Linguistic Diversity .

Students’ cultural and linguistic backgrounds are an important source of consistent conceptions,
alternative conceptions, and conceptual resources. Teachers can learn more about students’ prior
conceptions by gaining an understanding of their cultural and linguistic background
(Cazden, 1988; Nieto, 2004).

For example, consider an immigrant high school student from Japan who has learned in Japan a way
of writing creative essays that differs strikingly from what her American teacher is trying to teach her. In
Japanese writing, a mark of good writing is that the author include a digression on a tangential topic at one
point in the essay. This practice conflicts with the American teacher’s insistence, based on norms for
writing essays in English, that everything in the essay should be tightly organized and on topic. This
Japanese student has an alternative conception about writing—a conception perfectly acceptable within
Japanese literary norms but at odds with English literary norms. If the teacher understands this aspect of
Japanese culture, she will understand the student’s alternative conception. Then she will be better able to
work with this student to help her understand that norms for writing in Japanese and English are different.

Students’ cultural background can be a source of consistent conceptions on school topics. Consider
a high school class reading Ralph Ellison’s novel The Invisible Man, which describes events in the life of
an African-American man. African-American and other minority students are likely to have prior
experiences with racism that will help them make sense of the ideas expressed in the book. In other words,
they have consistent conceptions that will facilitate their understanding. The astute teacher can use these
students’ prior experiences as conceptual resources that can help other students in the class understand the
book. By having students elaborate on their experiences so that students who have not had such
experiences gain a deeper understanding of racism, the teacher helps other students gain a deeper
understanding. When one student relates her experiences, these experiences can serve as conceptual
resources to help other students understand the novel better.
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Students with Learning Disabilities

Like typical students, students with learning disabilities will have all the kinds of conceptions that
we have discussed in this chapter—consistent conceptions, alternative conceptions, novice conceptions,
conceptual resources, and conceptions about learning and knowledge. On some of these topics (alternative
conceptions, conceptual resources, and conceptions about knowledge), there is not yet a great deal of
research with students with learning disabilities (Ferretti et al., 2007; Franklin-Guy, 2007). Three
potential differences between students with learning disabilities and typical children are as follows:

e As we have learned, students with learning disabilities often exhibit less integration among their
conceptions (M. Friend, 2004; Geary, Hoard, & Hamson, 1999; Swanson, Cooney, & McNamara,
2004). Their conceptions are more likely to be poorly interconnected. Poorly interconnected
conceptions are the hallmark of both novice conceptions and of fragmented alternative conceptions.
Hence, students will learning disabilities may be especially likely to have novice conceptions and
fragmented alternative conceptions.

e On at least some topics, directing students to activate prior consistent conceptions may be less effective
with students with learning disabilities than with typical students (Pflaum, Pascarella, Auer, Augustyn,
& Boswick, 1982). One reason for this may be that students with learning disabilities are less likely to
have coherent consistent conceptions that they can use to understand new topics.

e It is especially important for teachers to pay attention to the ability beliefs of students with learning
disabilities. If students with learning disabilities have received messages from previous teachers,
classmates, or others that they lack the ability to learn effectively, they may come to believe that their
ability is fixed at a low level. It is important for teachers to convince these students that they are fully
capable of changing their ability through effort and study.

In general, listening carefully to find out the prior conceptions of students with learning disabilities will

help teachers learn better how to address their learning difficulties. By identifying possible conceptual

resources as well as areas in which learning difficulties exist, teachers can design more effective
instruction for these students.

Chapter Summary

HOW DO PRIOR CONCEPTIONS AFFECT LEARNING?

-Prior conceptions can affect learning in various ways because some prior conceptions are consistent with
the target conception whereas others are inconsistent with or contradict target conceptions.

-There are five types of prior conceptions: consistent conceptions, alternative conceptions, novice
conceptions, conceptual conceptions, and core conceptions about learning and knowledge

CONSISTENT PRIOR CONCEPTIONS
-When students’ prior conceptions are consistent with what they are learning, they learn more than when
they do not have or do not use such conceptions.

Schemas
-Schemas, which are organized knowledge structures stored in long-term memory, can facilitate
learning when they are accurate, but inaccurate schemas can hinder learning.

How consistent schemas affect learning
-People learn more when they have consistent schemas to help them organize new information.
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-When students lack consistent schemas, fail to activate schemas, or activate inappropriate or
inaccurate schemas, it hinders learning because students lack a framework to help them organize
what they are learning.

Consistent prior conceptions without schemas
-People can use consistent prior conceptions to understand new situations, even when they lack a
schema for the situation.

Implications for instruction

-Implications for instruction include: Teachers should help students activate prior conceptions,
teach students to activate prior conceptions on their own, provide relevant instruction when students
lack sufficient prior conception, and teach generally useful schemas.

ALTERNATIVE CONCEPTIONS
-Alternative conceptions are prior conceptions that are inconsistent with the teachers’ target conceptions.

How alternative conceptions emerge

-Learners develop alternative conceptions because they are actively trying to make sense of what
they know. Alternative conceptions frequently do a good job of explaining what learners know about
the world.

Are learners’ alternative conceptions coherent?

-1t appears that whether or not learners’ alternative conceptions are coherent depends on the topic.
Even when students lack coherent alternative conceptions, these conceptions can interfere with
learning.

The importance of understanding students’ alternative conceptions

-1t is helpful for teachers to address common alternative conceptions so as to draw students’
attention to the differences between their conceptions and the target conceptions and to meet their
students’ needs.

Alternative conceptions can interfere with both understanding and belief

-Alternative conceptions can interfere with learning by making it difficult for students to understand
new ideas or by making it difficult for them to believe new ideas, even when they understand the
ideas.

Implications for instruction

-When students have alternative conceptions, learning involves conceptual change, which means
that students must develop new conceptions that are very different from their current conceptions.
-Three instructional techniques that can encourage conceptual change are to provide clear,
unambiguous explanations, to explicitly note common alternative conceptions, and to provide
evidence.

NOVICE CONCEPTIONS
-When students are still beginners on a certain topic and hold immature conceptions about that topic, they
are said to hold novice conceptions; these novice conceptions differ notably from expert conceptions.

Few concepts that are poorly interconnected
-One way in which novice conceptions differ from expert conceptions is that novice conceptions are
much less extensive and interconnected than expert conceptions.
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Organization by surface similarity
-A second way that novice conceptions and expert conceptions differ is that novices organize
information based on surface similarity, whereas experts organize information by deep similarity.

Implications for Instruction
-Teachers can help students notice deep similarities between problems by asking students to reflect
on similarities between problems that are different at a surface level.

CONCEPTUAL RESOURCES

-The fourth type of prior conception, conceptual resources, includes any prior conceptions that students
have about a topic that teachers can build upon to help students learn new ideas.

-Four types of conceptual resources are knowledge of relevant evidence, conceptions from previously
learned topics, conceptions derived from prior experiences, and conceptions about analogical situations.

Knowledge of relevant evidence
-Teachers can help students start to build new ideas by reminding them of evidence that they already
know.

Conceptions from previously learned topics
-When students are learning about a new topic, they might have conceptions about previously
learned topics that can help them learn the new topic.

Conceptions derived from previous experiences
-Teachers can also draw upon students’ prior out-of-school experiences to help the understand a
topic.

Conceptions about analogical situations

-Teachers can utilize analogical situations, situations that are superficially dissimilar to target
situations but similar in some other important ways, can also be used to help students learn new
ideas.

Implications for Instruction

-It is important for teachers to identify and use students” conceptual resources, especially on topics
that are difficult for students because they lack schemas or have alternative conceptions. Each year,
teachers should aim to identify more conceptual resources to help build on students’ current ideas.

CONCEPTIONS ABOUT LEARNING AND ABOUT KNOWLEDGE

-Conceptions about learning are people’s conceptions about how people learn, and conceptions about
knowledge are conceptions about the nature of knowledge, which are also known as epistemological
conceptions. Conceptions about learning and about knowledge are frequently called beliefs about learning
and about knowledge. Conceptions about learning and knowledge can be availing or nonavailing.

Conceptions about learning
-Three nonavailing conceptions about how people learn are that learning is quick, that learning is a
matter of rote memory rather than a matter of more elaborated strategies, and that ability is fixed.

Conceptions about knowledge
-Three nonavailing conceptions about knowledge are that knowledge is simple, that knowledge is
certain, and that knowledge is justified based on authority.
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Implications for instruction

-It is important for teachers to find out more about students’ ideas about learning and knowledge in
order to facilitate learning.

-An important part of learning should include these conceptions about learning and knowledge.

FINDING OUT ABOUT STUDENTS’ PRIOR CONCEPTIONS

-Research has made clear that prior conceptions significantly affect learning, so if teachers can find out
what their students” prior conceptions are, they can design instruction to facilitate learning.

-In order to find out about students’ conceptions, teachers must take on the role of an active listener, really
listening to what the students’ ideas are in order to understand their prior conceptions.

EXTENSIONS

Development

-The ideas in this chapter are generally applicable to students of all ages.

-Young children tend to be novices on nearly every topic and increase their expertise as they grow
older.

-Research also shows that there are developmental trends in epistemological beliefs, culminating in
some learners in an evaluativist viewpoint.

Cultural and linguistic diversity
-Teachers can learn more about students’ prior conceptions by gaining an understanding of their
cultural and linguistic background.

Students with learning disabilities

-The conceptions of students with learning disabilities tend to be poorly interconnected (like novice
conceptions). Students with learning disabilities may have greater difficulty activating prior
consistent conceptions, and teachers should be alert for fixed ability beliefs.
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CHAPTER 7
Complex Cognitive Strategies
and Self-Regulated Learning

Chapter Outline Applied goals
¢ Reflecting on Student Thinking
» Core theoretical concepts: Cognitive —What these key concepts mean. You will learn new
strategies, metacognition, and self-regulation concepts that will become a central focus of every lesson you
Cognitive strategies plan as a teacher.

Metacognition
Self-regulated learning
* \Why are cognitive strategies important? —— Importance of strategy instruction. You will learn ways to
Comparisons of experts with novices, and of make strategy instruction an important part of your
high achievers with low achievers curriculum.
Training studies
Large-scale instructional experiments
Comparisons of instruction in effective and
ineffective schools
Implications for teachers
* Strategies for learning, problem solving, and — Useful cognitive strategies. You will learn a range of
reasoning cognitive strategies that will be beneficial for your students to
General self-regulation strategies learn. You may find them useful, too, in your own studying.
Comprehension and memory strategies
Problem-solving strategies

Writing strategies Methods to evaluate students’ strategy use. You will learn
Reasoning strategies / about three ways to evaluate your students’ strategy use.
¢ How are students’ self-regulated strategy use
evaluated? N Diagnosing students’ strategy use during think alouds,
Administering self-report assessments group work, and class discussions. You will learn how to
Students’ talk and written work interpret students’ talk to diagnose their strategy use.
e Strategy instruction: Making thinkin
public Encouraging strategy use. You will learn how to help
¢ Extensions students make their thinking public, which is a good way to
Developmental changes promote strategy development in classrooms. (You will learn
Cultural and linguistic diversity more about strategy instruction in Chapter 16.)

Learning disabilities

Reflecting on Student Thinking

In this chapter, you will begin thinking about the kinds of strategies that effective students use when they are
learning. You have already learned about memory strategies in Chapter 2. In this chapter, you will learn
about a broader range of strategies for learning, problem solving, and reasoning. This Reflection is designed
to help you start thinking about the strategies that effective learners use, and how these strategies compare
to the strategies used by less effective learners.

This Reflection shows data based on a study by educational psychologists (Chan, Burtis, Scardamalia,
& Bereiter, 1992) who were interested in why some children learn more as they read text passages than
other children do. They were also interested in why older children learn more from what they read than
younger children do. To investigate these questions, the research team had students individually read two
short nonfiction passages. The students ranged in age from first through sixth grade. Each passage had 12
sentences. One passage was about germs, and the other was about dinosaurs. Interviewers asked the
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students to think aloud about whatever came to mind after they read each sentence in the passage.

Specifically, researchers instructed: “Say out loud everything that comes to mind as you try to learn from
this statement.” After the students finished reading both passages, each student recalled everything he or she
could remember from the texts and reported all of the new ideas they had learned.

Table 7.1:
Twelve students’ think aloud responses to sentences in nonfiction texts, with each student’s recall
score.
Stu- Recall
dent | Text Think aloud response score
1 Many kinds of bacteria are harmless What are vitamins C and D? 8%
and some are even helpful to us. Some
of them fight other harmful bacteria.
Others make vitamins in bodies and
help us digest our food.
2 Before the microscope was invented, I know about small insects. | know the tiny lady bugs 9%
the smallest living things that people | because the lady bug can fly and it can walk. When
knew about were tiny insects. there are two lady bugs, they fight with each other.
3 Harmful germs can get into your body | Wow. Germs are stupid. 10%
in three ways, through your nose, your
mouth, and by cuts and scratches in
your skin.
4 Harmful germs can get into your body | I know that. And as soon as you have a cut, you suck 18%
in three ways, through your nose, your | on it—sucked cuts heal faster. Well, because I think
mouth, and by cuts and scratches in you suck all the open blood that’s right there. If you
your skin. go on like this, no more blood is going to come. Then
you immediately put a band-aid on. A band-aid
actually has three protections—a box, a wrapper, and
a little strip of paper on it. Once | got such a large
cut that | needed a large band-aid to cover it.
5 Harmful germs can get into your body | Why do germs get into your body in three ways? 21%
in three ways, through your nose, your
mouth, and by cuts and scratches in
your skin.
6 Harmful germs can get into your body | That’s true. Germs get into your body in three ways. 22%
in three ways, through your nose, your
mouth, and by cuts and scratches in
your skin.
7 No one knows for sure why the I don’t really believe that because most people say 34%
dinosaurs died out. One theory is that | dinosaurs died because they got this really cold
the smarter, quicker mammals winter and they all died off slowly.
appeared and killed them off, perhaps
by eating their eggs.
8 Harmful germs can get into your body | So when you breathe with your nose and you get 35%
in three ways, through your nose, your | bacteria, if you eat something you get bacteria in the
mouth, and by cuts and scratches in food, and if you have a cut, bacteria just slides into
your skin. the cut.
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9 Harmful germs are not trying to be That means they don’t really want to hurt you, but 37%
bad when they settle down in your they just want to live quietly and eat the food you
body. They just want to live quietly, digest and all the things that could go in your
eat, and make more germs. stomach and they just want to get more bacteria.
10 Harmful germs can get into your body | They get in through your moth and nose, and um . . . 49%
in three ways, through your nose, your | cut .. .what | am thinking is, how can they get in
mouth, and by cuts and scratches in because the cut is so little . . . but maybe it really got
your skin. in through your skin . . . so it might not be getting
exactly right in.
11 In the beginning dinosaurs were fairly | A long time ago, people started to have a lot of hair 51%
small and weighed about 20 like monkeys, but now people don’t have as much
kilograms, about as much as a 6-year- | hair as before. So I think dinosaurs are probably the
old child. same because they started to get bigger and bigger.
12 Harmful germs are not trying to be I wonder if germs are intelligent. | guess not . . . 61%
bad when they settle down in your maybe there’s a whole new world . . . .like there’s
body. They just want to live quietly, fighting going on between the good and the bad
eat, and make more germs. germs . ... It’s kind of neat when you think about it,
‘cause to think of a whole new world inside the
body.”

The data are adapted from Chan et al. (1992, pp. 104-105, 115).

Table 7.1 presents examples from twelve of the students in the study. Each row of the table shows an
example of a think-aloud response by a different student. Column 2 presents one of the sentences that the
student read, and Column 3 presents the student’s think aloud response to that sentence. Column 4 shows
the percentage of ideas in the passages that each student recalled. The table is sorted by recall score, so that
the students with low recall scores are presented first.

Classify the think-aloud responses in Table 7.1 in a way that can explain why some students recall
more than others. Present a graphical analysis of your results.

The Reflection you just read is about the relationship between students’ learning and the cognitive
strategies they use. Researchers have found that effective students use more sophisticated strategies for
reading, writing, reasoning, and solving problems than ineffective students do. In Chapter 2 (Learning
Theories), you learned about some powerful strategies for promoting better memory. In Chapter 4 (Social
Development), you learned about some effective strategies for social interaction. In this chapter, you will
learn about cognitive strategies that you can teach your future students to dramatically improve their
comprehension, problem solving, writing, and reasoning.

Because the cognitive strategies students use are a very important determinant of how well they do in
school as well as in the real world, it is important that you, as a teacher, learn to evaluate your students’
strategy use. Effective teachers evaluate their students’ strategies so that they can best work out which
strategies they should teach their students and they can check whether their instruction has been effective.
In this chapter, you will learn a powerful set of tools that will enable you to evaluate the quality of your
students’ strategy use.

Figure 7.1 lists the specific strategies that you will learn about in this chapter. This list presents only
a fraction of the many useful cognitive strategies that psychologists and educators have studied over the
past several decades. We are starting with the strategies on this list because they offer great potential for
improving your students’ learning, problem solving, and reasoning skills. Moreover, most of you reading
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this chapter can probably improve your own performance in your own college courses by adding some (or
many) of these strategies to your repertoire of study strategies.

Figure 7.1:
Cognitive strategies discussed in this chapter

General purpose self-regulation strategies
Goal setting
Self-monitoring and self-evaluation
Time management
Regulating motivation and interest
Executive control
Strategies for comprehension (e.g., for
understanding texts and lectures)
Monitoring understanding
Repairing understanding
Using text structure
Summarizing
Elaborating
Explanation
Formulating problems
Problem solving strategies (e.g., for math
problems, chemistry problems, some problems
in social studies, etc.)
Representing the problem
Formulating subgoals
Checking for sense
Noticing commonalities and differences

Writing strategies (for writing papers of all kinds).
Planning
Revising
Writing for the audience
Reasoning strategies (for deciding what
conclusions are most consistent with the available
data)
Generating arguments and counterarguments
Evaluating evidence fairly
Considering sample size
Considering comparison groups
Sourcing
Seeking corroboration
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CORE THEORETICAL CONCEPTS: COGNITIVE STRATEGIES, METACOGNITION, AND
SELF-REGULATION

In this section, we will examine three core concepts: cognitive strategies, metacognition, and self-
regulation. These three interrelated concepts will provide the framework for the specific strategies we will
discuss in the remainder of the chapter. To introduce some of the strategies we will be discussing, we will
begin with a brief scenario of a university student —Gisela—who is proficient at studying and who
employs a variety of effective cognitive strategies.

Gisela, a proficient student, has a one-page paper due tomorrow on whether schools should
administer intelligence tests. Let’s look at some of the strategies that Gisela employs as she plans her study
time and writes her paper. It is 6:00 p.m., and Gisela has just finished dinner, following her jazz band
rehearsal. She estimates that she needs to spend 3 hours on two other classes and that she can allot three
hours to write her paper. By planning her time ahead in this way, she has engaged in effective time
management. She realizes that she does not recall all the main points she learned about intelligence testing;
this is an instance of monitoring—the strategy of checking how well she understands the ideas she is
learning. Consequently, she decides to review the parts of the text that she has forgotten and to look up
some additional material on the Internet; these are instances of repair strategies—strategies used to fill
gaps in understanding.

After reviewing relevant material, Gisela plans her paper. To help her achieve her overall goal of
writing the paper Gisela breaks down the process of writing the paper into a series of subgoals. As she
achieves each subgoal, she will be one step closer to completing her paper. She sets the subgoals of
brainstorming ideas, writing a first draft, writing a second draft, and proofreading her paper. She decides to
spend 40 minutes brainstorming and creating a structure for her paper, and 50 minutes writing and revising
the paper. Thus, she employs the strategies of planning and goal setting. As she reviews the main points,
Gisela realizes that she doesn’t understand several points (she is again monitoring), so she rereads some
material she found on the Internet (again using a repair strategy). When she finds her attention waning, she
reminds herself that she needs to stay focused so that she can go to bed as soon as possible (this is an
example of the strategy of self-motivation). After reading and reflecting on the arguments for and against
intelligence tests, she jots down some notes on each side of the question (she thus employs the strategy of
considering arguments on both sides of a question). She knows that she will reach a better conclusion if
she doesn’t make up her mind until she’s had a chance to weigh the evidence on both sides (this is an
instance of using the strategy of fair-minded argument evaluation).

At this point, Gisela is a little ahead of schedule, and she is satisfied with her progress (by evaluating
how well she is doing, she is using the strategy of self-evaluation). Therefore, she takes a brief break (to
maintain interest and focus). When she returns to her computer, she begins to write a paper with three
arguments on her side and briefly rebuts the best two arguments on the other side. As she begins writing,
she discovers halfway through that there is a more compelling way to frame her first argument, so she
starts over (thus making a major revision of her short paper). Her second draft goes more smoothly.
Although she would like to work on it a little more, she thinks that the quality is good (another instance of
self-evaluation). Because she must get to work on her other classes, she quickly reads the paper aloud to
detect any errors and prints out her paper.

This description helps illustrate several crucial points about effective studying:

e Gisela is effectively managing her own study processes. No one is telling her what to do. She is
formulating effective plans and carrying them out on her own. This is referred to as self-regulation of
learning (Schunk & Zimmerman, 2001; Winne, 2005).

e Central to her self-regulation processes, Gisela (a) sets her own goals and subgoals, (b) monitors her
progress, (c) evaluates whether she is achieving her goals, and (d) makes adjustments when there are
discrepancies between her goals and what she has accomplished. For example, she makes major
revisions to her paper when she realizes that she has not yet written a paper up to the standards she has
set.
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e She knows many cognitive strategies and how to use them to achieve her goals and subgoals. Some of
the cognitive strategies she uses are noted in italics in the description of Gisela’s evening.

e She knows when it is appropriate to use particular strategies and when it isn’t. For example, she knows
that the best time to brainstorm ideas is at the beginning of the writing process.

e She knows how to adapt these strategies to the particular situation; for instance, she knows that 40
minutes is ample time to brainstorm for writing this paper, whereas another paper might require a longer
period of time.

e She makes judgments about whether it is cost effective to use particular strategies. Although she could
make further revisions to the paper, she decides that because the paper is already good, it is not worth
spending the time to make further revisions, so she decides just to proofread the paper before printing
out the final copy.

e She can effectively orchestrate the use of all these strategies, so that she uses the right strategies at the
right time.

This example illustrates several closely interrelated theoretical concepts that have become prominent
in recent years: cognitive strategies; metacognition; and self-regulated learning. We will examine each of
these central concepts in the following sections.

Cognitive strategies

In the example above, Gisela uses many different cognitive strategies. As this example illustrates, a
cognitive strategy is a mental process or procedure for achieving a cognitive goal. Cognitive strategies can
be stated as “If you have a goal X, carry out process Y.” Here are some examples of cognitive strategies:
--If your goal is to understand a paragraph, then try to summarize the paragraph to yourself.

--If your goal is to write a good essay, then spend time brainstorming and planning before you begin
writing actual prose.
--If your goal is to decide which viewpoint is correct, then consider arguments on all sides of the question.

General versus specific cognitive strategies. There are two categories of cognitive strategies —
general strategies and specific strategies (Alexander, Graham, & Harris, 1998; Pressley et al., 1989).
General strategies are useful across many situations in many different domains of knowledge. Setting
goals and evaluating whether we are achieving our goals is a useful strategy that can be used in almost any
situation and discipline, whether it is studying history, mathematics, architecture, or any other field. There
are other strategies, which are fairly general, but not universally so. In geometry and physics, drawing a
diagram is often a useful strategy for illustrating and understanding concepts; this strategy can also be used
in other fields, such as drawing a timeline when studying for a history test. But drawing diagrams is not
applicable to all situations; for example, while geometry usually requires diagrams, algebra often does not.
Other strategies are highly specific to a narrow range of situations. The strategy used to balance chemical
equations, for instance, is useful only for this one type of problem. Effective learning and thinking requires
students to use specific strategies and general strategies in combination (Alexander, Kulikowich, & Jetton,
1994; Alexander, Kulikowich, & Schulze, 1994; Chinn & Brewer, 2001; Many et al., 1996). For example,
proficient mathematics students know how to use a series of strategy for solving math problems, such as
drawing a diagram, outlining a series of subgoals to achieve the overall goal, carrying out the solution
steps, and checking whether the answer makes sense.

Believing in the value of using strategies. In Chapter 6, you learned about how students’ prior
beliefs can affect learning. This is true of strategies, as well; students’ beliefs about whether strategies are
useful affect their willingness to use the strategies they learn. A number of studies have provided evidence
that some students who know how to use strategies such as summarization and elaboration refrain from
doing so because they do not believe that the strategies are useful (e.g., Chinn, 2006; Dole, Brown, &
Trathen, 1996; Garner, 1990). For instance, a student who knows how to elaborate material may not
believe that elaboration will help her understand texts better, and so she chooses not to use the strategy
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(Dole et al., 1996). Thus, in addition to being aware of different strategies, the student also needs to believe
that the strategy is effective and be willing to use it (Alexander, Graham et al., 1998; Chinn, 2006).

Strategies versus skills. In this book, we will frequently discus strategies that students learn. Many
school curricula emphasize a related concept: skills. Teachers using these curricula are directed to teach a
broad array of skills to their students. What is the difference between a skill and a strategy? Skills are
procedures that are carried out automatically, whereas strategies include a reflective element of thinking
about the procedure that one is using (Alexander, Graham, & Harris, 1998; Dole, Duffy, Roehler, &
Pearson, 1991; Onatsu-Arvilommi, Nurmi, & Aunola, 2002). When a learner is performing automatically,
her performance is skillful but not strategic; when “conscious, intentional, and effortful processing takes
over, the learner is performing strategically” (Alexander, Graham et al., 1998, p. 135). Effective learners
and problem solvers use many strategies automatically, so that one goal of strategy instruction should be to
help students gain the ability to use many strategies automatically, while still being able to reflect about
these strategies when the need arises.

Metacognition

Researchers who investigate cognitive strategies also use the term metacognition. Metacognition
refers to people thinking about their own cognition (e.g., Brown, Bransford, Ferrara, & Campione, 1983,;
Coutinho, Wiemer-Hastings, & Skowronski, 2005; Garner & Alexander, 1989). People who are capable of
metacognition are also said to have metacognitive awareness or metacognitive knowledge (awareness or
knowledge of one’s own cognitive processes). A student who can explain the cognitive strategies she is
using has metacognitive knowledge. For instance, a student who can explain that she creates vivid mental
images of what she is reading to help her remember has displayed metacognitive knowledge—knowledge of
the strategies she is using to understand text. In our example of Gisela writing her paper, Gisela exhibits
metacognitive awareness as she consciously chooses among different strategies. When she decides to spend
time reviewing key ideas and to brainstorm before writing the paper, she does so because she is aware that
these strategies are likely to help her write a better paper than if she begins to write the paper without any
prior preparation. Although Gisela has metacognitive awareness of her strategy use, many learners use
strategies without having metacognitive awareness. For instance, a student may remember a list of words
by organizing them into categories, but be unable to recognize or explain that this is what she is doing.
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Problem 7.1 Understanding students’ thinking: Metacognitive awareness

An ESL teacher was interested in what strategies her fifth grade students used
to study vocabulary and whether her students had metacognitive awareness of
the vocabulary strategies they used. As opportunities arise during the course
of a day, she asked four of her students to show her how they study vocabulary
by thinking aloud as they study several words with definitions that she gives to
them. This is what the four students said in response to the word furious.

Student 1 said: “This word is furious. It means angry. | am angry because my
friend was mean.”

Student 2 said the word and the definition several times: “Furious. Angry.”
Then he paused for several seconds without saying anything. When the
teacher prompted him to say what he was thinking, he just said, “Angry.”

Student 3 said: “l am imagining that | am very angry. | am furious.”

Student 4 said: “l find that it helps me to make up a sentence with the word.
So I can say something like, ‘l am angry because my brother took my radio into
his room.”

Which students show proficient use of a cognitive strategy? What
metacognitive knowledge, if any, is demonstrated by each student?

Response: Students 1 and 3 demonstrated the ability to use cognitive
strategies. Each was able to think out loud in a way that showed the use of a
strategy being used. Student 1 used the word in a sentence; Student 3 used
visual imagery. But neither exhibited any knowledge about his/her cognition.
They did not make statements such as “l| try using the word in a sentence to
make sure | know how to use it” or “| like to make a mental image in my mind
to help me remember.” Statements such as these would indicate
metacognitive awareness of the strategies they are using. Student 2
demonstrated no effective strategy use. He may have been using a rote
learning memory strategy of saying the word and meaning over and over. We
discussed in Chapter 2 that this is a very ineffective strategy. Student 4
demonstrated both conscious regulation of cognition and knowledge about
cognition. He could not only think aloud in a way that showed how he was
using the strategy, but also could state what his strategy was and why he
thought it was useful.

Self-Regulated Learning

A central goal of strategy instruction is to develop self-regulated learners. Self-regulated learners
are students who are proficient at managing their own learning processes. Their strategies include :
e setting goals and subgoals,
e selecting and orchestrating strategies to achieve these goals and subgoals,
e monitoring progress by checking whether they are achieving their goals and subgoals, and



Chapter 7, page 128

e adjusting the strategies they use based on their self-evaluations of how well they are progressing toward
their goals (Butler & Winne, 1995; Paris & Paris, 2001; Souvignier & Mokhlesgerami, 2006;
Zimmerman, 1998).

Researchers who study self-regulated learning investigate the use of a broad range of strategies, focusing

especially on learners’ self-control over all the strategies that are used (e.g., Souvignier & Mokhlesgerami,

2006). They also emphasize the importance of learners setting their own goals, monitoring their own

performance, and evaluating how well they are doing at achieving their goals (e.g., Butler & Winne, 1995).

They have also focused on how effective learners regulate their emotions, their interest, and their

motivation (Wolters, 2003).

RESEARCH ON COGNITIVE STRATEGIES

As educational psychologists have studied cognitive strategies, they have become persuaded that
strategy instruction should become an important part of the curriculum (De La Paz, 2005; Graham,
Harris, & Mason, 2005; Pressley & Woloshyn, 1995). Strategy instruction refers to instruction that teaches
students to use effective cognitive strategies. Four types of empirical studies have contributed to the
enthusiasm among educators for helping students learn effective cognitive strategies:

1. Comparisons of experts with novices, and of proficient students with less proficient students

2. Strategy training studies

3. Large-scale instructional experiments

4. Comparisons of effective and ineffective schools or classes
We will discuss examples of each of these four types of studies below. Studies such as these present a
powerful case for making strategy instruction a central goal of education.

Comparisons of Experts with Novices, and of Proficient Students with Less Proficient Students

In Chapter 6 (Prior Conceptions), you learned about expert-novice studies that highlighted
differences in how experts and novices organize knowledge. Many studies comparing experts and novices
have examined the strategies that experts and novices use when trying to solve problems or reason about
data (e.g., Barnett & Koslowski, 2002; Clement, 1994; Noice & Noice, 2002; Schunn & Anderson, 1999;
Voss et al., 1983). Other studies have compared high-performing students with low-performing students
(such as good vs. poor readers) to see how their strategy use differs (e.g., Bereiter & Bird, 1985; Chan et
al., 1992; Chi et al., 1989; Lundeberg, 1987). The results of these studies have yielded a powerful
understanding of differences in strategy use between proficient learners and thinkers and less proficient
learners and thinkers.

One well-known example of this type of study was an investigation of university students who were
studying chapters from a physics textbook on the laws of motion (Chi et al., 1989). The students read
earlier chapters for background information, and they took a pretest on the quality of their conceptual
understanding of the key theoretical ideas from these earlier chapters. Then they read a target chapter that
addressed particle dynamics (such as the motion of objects on an incline and the motion of objects hanging
from pulleys). The chapter included explanatory material as well as three worked-out example problems.
Then the students attempted to solve test problems, including problems from the end of the chapter. The
students were asked to think aloud as they studied the three worked-out examples and as they worked on
the test problems.

Chi et al. compared successful students, those who did well on these problems (82% success rate)
with unsuccessful students, those who did not do well on these problems (46% success rate). The
researchers found no differences on the test of conceptual understanding of the key theoretical ideas that
students took before they began studying the worked-out examples. Instead, they found that there were
major differences in study strategies between the two groups of students as they studied the worked
examples. The successful students generated many more comments as they studied the three worked-out
problems. The types of statements made between successful and unsuccessful students differed as well.
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Successful students offered many more explanations of why each step in the worked-out problems was
taken. Successful students also were much more likely to monitor their learning, by accurately detecting
points that they did not understand. In contrast, unsuccessful students seldom explained steps in the
worked-out problems, and they seldom commented on anything that they did not understand—even though
their poor performance on the test showed that there were in fact many points that they did not understand.
Table 7.2 summarizes the differences between successful and unsuccessful students.

Table 7.2:

Differences between successful and unsuccessful students in the Chi et al. (1989) study

Successful Students

Unsuccessful Students

1. Provided many explanations (15.3 per student).
Examples:

1. Provided few explanations (2.8 per student). They
were more likely to paraphrase statements from the

* Ummm, this would make sense, because since
they’re connected by a string that doesn’t stretch.

* If the string’s going to be stretched, the earth’s
going to be moved, and the surface of the incline
is going to be depressed.

* Okay, so it’s basically a way of adding them
together and seeing if there is anything left over.
And if there is anything left over, it equals the

force: mass times acceleration.

worked examples without adding any new ideas to
try to explain why certain steps were taken.

Seldom noticed their own failures to comprehend
(1.1/student).

2. Noticed failures to comprehend (9.3 per student). 2.
Examples:
* | was having trouble with F-mgsin 6 = 0.
* I’m wondering whether there would be
acceleration due to gravity?
* Why the force has to change?

from Chi et al. (1989, pp. 161, 165, 171).

This study is one of a large body of studies that support the idea that effective and ineffective
students often differ because effective students use different (and more effective) strategies. Together, these
studies strongly suggest that teaching ineffective students to use more effective cognitive strategies would
help them become more effective. The training studies that we discuss in the next section confirm this idea.

Strategy Training Studies

Strategy training studies are studies that investigate the effects of teaching students a strategy or a
set of strategies. In typical training studies, one group of students is taught one or several strategies. This
group is then compared with a control group of students who are not taught the strategy or strategies to see
whether students who have been taught the strategies perform better. Many strategy training studies have
documented that teaching students to use effective cognitive strategies improves performance (e.g., Friend,
2001; Graham et al., 2005; Taconis, Ferguson-Hessler, & Broekkamp, 2001).

As an example, consider the following experiment by educational researchers Victoria Page-Voth and
Steve Graham (1999), who explored ways of helping learning-disabled (LD) seventh and eighth graders
learn to write opinion essays. Their study was grounded in research that showed that learning-disabled
middle-school students typically support their opinions with just one or two arguments and seldom consider
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or attempt to rebut any opposing arguments (De La Paz & Graham, 1997). The study focused on the
strategy of goal setting. The research question was whether students who learned to set goals to support
their opinions with more arguments and to rebut opposing arguments would write more effectively than
students who did not learn to set these goals.

There were three groups of students in the experiment. Students in all groups were learning to write
opinion essays. Students in the goal setting group were taught to set goals for how many reasons they
would write that supported their opinion and how many times in their essay they would refute a
counterargument that could be made against their position. The second group, the goal setting plus
strategy group, set goals as indicated above, and they also learned a six-step strategy for writing opinion
essays shown in Figure 7.2. Students in the control group learned to write opinion essays, but did not
participate in goal setting and did not learn the six-step strategy. Students in each of the three groups wrote
a series of three essays.

Figure 7.2:
A six-step strategy for writing opinion essays

. Read the essay topic and identify my opinion (premise)
. Brainstorm and write down enough ideas so that the goal could be satisfied
. Write the essay, including the ideas that were brainstormed
. Read the essay to see if all the ideas were included
. Modify the essay by including brainstormed ideas not included.
Add new ideas as needed.
Or modify ideas that were already included to make them better.
6. Check to see if the goal was met.
Return to Step 5 if it was not.

OO WNPEF

from Page-Voth & Graham (1999, p. 234).

Students’ essays were scored according to how many argument components they included in their
essays. Specifically, students’ scores were computed based on the number of supporting reasons for their
position, the number of times they elaborated their reasons with some details, the number of times they
refuted counterarguments that could be made against their position, and the number of times they provided
supporting details for these refutations. Students’ essays were also scored holistically for overall holistic
quality by raters who did not know which group (goal setting, goal setting plus strategy, or control) the
students had been in. The results showed that by the third essay, students in the two goal-setting groups
were strongly outperforming students in the control condition (see Figure 7.3). This study supports the idea
that having LD students set goals for their writing can lead to strong gains in their writing. In general,
training studies have demonstrated that teaching cognitive strategies to students can improve learning
substantially.
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Figure 7.3:
Performance of students in the goal setting, goal setting plus strategy, and control groups

Figure 7.3.a : Number of Argument Components
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Large-scale instructional experiments

Another type of study that supports the importance of making cognitive strategies a central focus in
the classroom is the long-term classroom experiment or quasi-experiment. (These are two of the research
designs we discussed in Chapter 1). These studies often span most of a school year or longer, and they
contrast the effects of a curriculum that instructs students on many different cognitive strategies with the
effects of a traditional curriculum that is less focused on strategy instruction. A number of these
experiments have been carried out and have shown that students benefit from curricula that focus on
cognitive strategy instruction (e.g., R. Brown et al., 1996; Guthrie et al., 2004).

As an example, educational psychologists Rachel Brown, Michael Pressley, Peggy Van Meter, and
Ted Schuder (1996) reported the results of a yearlong study that evaluated the effects of a program that
integrated reading comprehension strategies into the second grade curriculum. The program, called SAIL
(Students Achieving Independent Learning), required teachers to provide extensive instruction and guided
practice using a variety of strategies that promote reading comprehension. These strategies include making
predictions, visualizing information, relating the text to prior knowledge or personal experiences
(elaboration), summarizing, monitoring comprehension, setting goals, and looking back in the text for
important information. Teachers regularly modeled multiple strategies and encouraged students to apply
multiple strategies when reading.

In this study, there were two sets of reading groups. Reading groups taught by five teachers using
SAIL were contrasted with the reading groups taught by five teachers who their principals and supervisors
identified as being strong reading teachers. This was a quasi-experiment because teachers were not
randomly assigned to condition. To form the groups, students were matched according to scores on a
reading comprehension test that had been administered before the study began. Once the groups were
established, some lessons were videotaped and analyzed. These analyses revealed that lessons taught by
SAIL teachers incorporated the use of an average of 9.20 comprehension strategies per lesson, whereas the
other teachers’ lessons incorporated an average of only 2.00 comprehension strategies per lesson. In
interviews in the spring, after a year of participating in SAIL, SAIL students were much more fluent than
comparison students at talking about the strategies they had learned. The SAIL students also outperformed
the comparison students on a standardized test of reading comprehension administered in the spring. The
gains in comprehension test scores registered by SAIL students from fall to spring were double the gains of
the students in comparison groups. Interestingly, SAIL students also outperformed comparison students on
a standardized test of word skills (e.g., how to attack difficult-to-decode words), even though this was not a
focus of the SAIL program. Studies such as this provide powerful evidence of the value of infusing strategy
instruction into the school curriculum.

In addition to large-scale instructional experiments, researchers have compared high-performing
schools with lower-performing schools to see how they differ. Strategy instruction is one difference that has
emerged from a number of these studies. We discuss studies of this type in the next section.

Comparisons of instructional practices in effective and ineffective schools

There is evidence that highly successful schools place great emphasis on helping students learn
effective strategies (Gaskins et al., 1993; Langer, 2001; Pressley & Woloshyn, 1995)(cf. Pressley,
Raphael, Gallagher, & DiBella, 2004). Several studies have compared instructional practices in effective
and ineffective schools and have found more and better strategy instruction in effective schools (Langer,
2001; Pressley et al., 1998; B. Taylor et al., 1999; Wharton-McDonald, Pressley, & Hampston, 1998). A
study by literacy researcher Judith Langer (2001) provides a good illustration. Focusing on literacy
instruction, Langer studied a diverse range of 25 schools in Florida, New York, California, and Texas.
Among these schools, some were classified as schools that were “beating the odds.” In these schools,
students were performing higher on standardized literacy tests than were other schools serving populations
that were demographically similar. Other schools were classified as “typically performing” schools; in these
schools, students’ literacy scores on standardized tests were typical of schools with the same demographic
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characteristics. Langer studied 26 secondary literacy teachers in the “beating the odds” schools and 12
typical secondary literacy teachers in typical schools. Langer found that there were major differences
among literacy teachers and typical teachers in their focus on teaching strategies. Every teacher in the
beating the odds schools (26 of 26 teachers) made cognitive strategy instruction an important emphasis. In
contrast, only 2 of the 12 typical teachers provided cognitive strategy instruction. The following examples
illustrate differences between the two groups of teachers.

Example of strategy instruction in a “beating the odds’” school. Cathy Starr, a teacher at Hudson
Middle School, was a teacher who was beating the odds. She decided to teach her students how to use
strategies as a means of reflecting on how well they were doing. After completing the activity, the students
were told to evaluate their performance on the research they did and the writing they finished by using self-
developed rubrics. Some of the questions on these rubrics include:

“1. ... Did you keep going until you had learned enough to write your report?
2. ... Did you plan what you were going to say? Did you think about it? Did you review it and revise it
before putting it in the back?
3. Did you edit? . . . “ (Langer, 2001, p. 868).
Cathy thus worked explicitly with students to help them develop and understand criteria for evaluating their
performance.

Example of strategy instruction in a typical school. Carol McGuiness was a teacher at a typical
school. In one tenth grade class, she gave students an assignment to put 24 events in sequential order. Of
the three groups in her class, only one of the groups was able to make a successful start at this task. The
other groups were struggling. Instead of discussing possible strategies to solve the problem, Carol only
said, ‘OK. Divide your slips into thirds. OK? This is research. Start with the beginning, the middle, and
then end and put the strips into three different piles. Get this done and you’ll have a method.” However, this
instruction was not effective. The students did not understand what she meant, and they did not reach a
better understanding of the task. Thus, unlike Cathy, whose instruction made strategies clear to students,
Cathy was not effective at helping students learn strategies to help them carry out the assignment (Langer
2001, p. 869).

Implications for Teachers

As we have just read, these is a large body of research that supports the conclusion that teachers should
make strategies and strategy instruction a central part of the curriculum. By teaching strategies and helping
students learn to become self-regulated learners, teachers can greatly increase their students’ capacity to
learn on their own. There are at least three major implications of these research findings for you as a
teacher.

1. As a future teacher, you should develop a repertoire of strategies that you can teach students in
your classes. Throughout the rest of this chapter, you will learn about a broad range of strategies that you
can integrate into your own instruction.

2. You should become skilled at evaluating your students’ strategy use. To understand what strategies
your students need to learn, and to check whether students are learning the strategies that you are teaching,
you will need to become adept at evaluating which strategies students are using and whether they are using
strategies well. In the remainder of this chapter, you will learn several methods for evaluating students’
strategy use.

3. You should become skilled at teaching strategies to students. Although this issue will be addressed
primarily in later chapters, we will discuss one important instructional technique near the end of this
chapter: encouraging students to make their thinking public.

In order to teach cognitive strategies to your students, you will need a good understanding of a variety
of strategies that will help your students become better learners, problems solvers, and reasoners. In the
next and longest section of this chapter, we will examine a broad range of strategies that you will want your
future students to master.
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STRATEGIES FOR LEARNING, PROBLEM SOLVING, AND REASONING

In the following sections, we will discuss some of the strategies that researchers have found to be
important in effective learning, problem solving, and reasoning. We will begin with general strategies for
self-regulation, because they provide a framework for other sets of strategies. We will then follow with
strategies for comprehension, strategies for problem solving, strategies for writing, and strategies for
reasoning.

General-Purpose Self-Regulation Strategies

Effective students use a variety of general purpose self-regulation strategies, which they can use in
many different learning and problem solving situations. Five of these strategies are particularly useful (see
Butler & Winne, 1995; Zimmerman, 1998): goal setting, self-monitoring and self-evaluation, time
management, self-regulation of interest and motivation, and executive control.

Goal setting. Goal setting occurs when we specify what we aim to accomplish when we undertake
a task (Locke & Latham, 2006). Goals can be long-term (e.g., a ninth grade math student setting a goal of
passing AP calculus when she is a senior), intermediate-term (e.g., the math student aiming to get an A on
the final exam in one month), or short-term (such as the math student aiming to get 95% of today’s
homework problems correct).

Effective learners and problem solvers set goals at all levels, though short-term goals are particularly
productive (e.g., Getz & Rainey, 2001; Weldon & Yun, 2000). Effective short-term goals are often
established to master a particular strategy, rather than focusing just on the outcome (Kitsantas, Reiser, &
Doster, 2004). For example, the math student from our example above might set the short-term goal of
making sure she can explain each step of the worked-out problems in the book to herself, rather than (or in
addition to) aiming for a particular score on the homework assignment. Likewise, a soccer player might set
a goal of keeping her head down when shooting rather than focusing on whether a goal was actually scored.
By focusing on using targeted strategies or skills, learners improve their capacities, which enable them to
achieve practical goals such as getting A’s on exams or scoring more goals in games.

It can also be productive for learners to focus first on strategy goals (goals of mastering a strategy)
and then shift to outcome goals (goals of getting a particular result) (Zimmerman & Kitsantas, 1999). For
instance, a student learning vocabulary words in German might initially set a strategy goal of mastering the
keyword method as a strategy for learning new words. After achieving this goal, he might set an outcome
goal of learning 400 new words prior to the final examination. Strategy goals are also referred to as
process goals because effective strategies provide the process by which one achieves outcome goals.
Outcome goals are also called product goals because they refer to the finished products that one is trying
to achieve.
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Problem 7.2 Understanding students’ thinking: Product versus product

goals

Ami Sherman is a high school English teacher who also coaches the girls’
basketball team. She has three basketball team players in her junior-level
American literature class, and she is curious about whether these three
students set process or product goals both in her class and in basketball. She
asks each student about what their goals are as (a) they approach their next
composition and (b) they approach their next game. The table below shows
what each student said:

Student Response to the question Response to the question
about goals for the next about goals for the next game
composition

Dhriti “| really want to get an A- on “l want to get double digits in
my next paper because that scoring for the next game. |
would give me a B+ average got really close the last game,
for the year.” and | want to make it this

time.”

Chantoya | “I'm working on writing better | “I want to work on my
thesis statements, so I'm shooting technique this game.
hoping that for this next The last few games, we played
paper, | can come up with a against weaker teams, so |
good, arguable thesis scored the same amount of
statement and then hopefully | points as always, but | feel like
the rest of the paper will flow | | may have formed some bad
once | have a good thesis.” habits, so | want to really

focus on correcting that in the
next game.”

Chelsea “l want to get at least a letter | “It’s really an issue of
grade higher on this paper footwork for the next game. If
than on my last paper.” | can get my footwork down, |

can improve my defense, and
that’s my focus right now.”

Response: Dhriti expresses product goals for both tasks—a grade for the paper
and a scoring goal for the game. Chantoya sets process goals for both tasks.
For writing, she describes what she needs to work on to make her papers
better, and for basketball, she focuses on her shooting technique rather than

how many points she wants to score. Chelsea expresses a product goal on her
paper (a higher grade); for basketball, she describes a process goal (footwork)
which she sees leading to an important product (better defense).
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Self-monitoring. Self-monitoring refers to observing and keeping track of the activities in which
you are engaged and checking whether you are on track to achieve your goals (Israel, Block, Bauserman, &
Kinnucan-Welsch, 2005; Yang, 2006). Self-monitoring thus involves evaluating how well you are
progressing toward your goals. For this reason, the term self-evaluation can be used to refer to self-
monitoring. Self-monitoring refers to checking your progress as you are working toward a goal. Self-
evaluation can also refer to this process of checking progress along the way, or it can also refer to a more
final evaluation at the end of the activity to determine how well your goals were met.

There are at least two separate processes involved in self-monitoring (Dole et al., 1991). The first is
articulating the criteria that you will use to judge your performance. For example, if you are planning to
write a term paper, you might decide that you are going to judge the quality of your own paper in terms of
the number of articles cited, the complexity of the ideas you are presenting, the coherence of the paper, and
the extent to which you have integrated the various findings. The second process is judging how well you
have done in achieving the goals you have set. After writing the first draft of your term paper, you may
decide that you have done well on three of the goals but that you have failed to develop complex ideas.
Consequently, in working onlU9 the next draft, you try to brainstorm a web of complex and poignant ideas
of your own that you could infuse into the paper.

Time management. Recall how Gisela assigned each course a designated amount of time as she
planned her evening. Time management is organizing one’s time effectively to accomplish one’s goals (Rief
& Heimburge, 2006). Students with higher academic achievement report greater use of effective time
management strategies such as planning how to spend time, prioritizing activities, and allocating sufficient
time to accomplish high-priority activities (e.g., Zimmerman, Greenberg, & Weinstein, 1994).

Self-regulation of motivation and interest. Effective learners can enhance their own interest and
motivation more effectively than less effective learners can (Sansone et al., 1992). Effective learners have a
variety of strategies for piquing their own interest and stimulating their own motivation (Wolters, 2003).
For instance, they may reward themselves periodically by taking a break after reading each 10 pages in a
textbook. They may tell themselves why it is important to learn this, or they may find ways to make a game
of what they are learning (perhaps competing with themselves to see how many vocabulary words they can
remember on each pass through the vocabulary cards). They may try to relate material they are learning to
their own lives as much as possible by trying to come up with personal examples of key concepts. Or they
may make predictions about the content of upcoming material and see whether their initial answers are
borne out by the text as they read it.

Executive control. Effective strategy users select and orchestrate the many different strategies as
they undertake complex learning, problem solving, and reasoning tasks, as Gisela did when writing her
paper. Gisela used many different strategies and made appropriate choices about when to use each strategy.
This requires the learner to be skilled at controlling and managing different strategies and to use the
strategies at appropriate times. When learners can orchestrate strategies in this way, they are said to have
executive control of all the strategies they are using. Executive control is such a critical aspect of self-
regulation that it can be regarded as an important strategy in its own right.

To summarize this section: The core general-purpose self-regulation strategies are setting goals,
selecting strategies to achieve these goals (which can include self-regulation of motivation and interest and
of time), and then self-monitoring or self-evaluation to see how the process is going. Executive control
strategies oversee the entire process. General purpose self-regulation strategies can be used on almost all
tasks—from studying a textbook and writing a paper to carrying out a science experiment. In the next
section, we will focus on strategies fairly specific to the task of comprehending texts or lectures.
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Comprehension Strategies

In this section, we will discuss several of the strategies that are particularly useful to help students’
improve their comprehension of texts and lectures. These strategies are monitoring understanding, repairing
understanding, using text structure, summarizing, elaborating, explaining, and formulating problems.

Monitoring understanding. When students monitor understanding, they check as they go along to
make sure they understand what they are learning (Donndelinger, 2005; Yang, 2006).. This is a specific
version of self-monitoring applied to the task of understanding a text or lecture. Good learners are much
better at monitoring understanding than poor learners. Many of the studies on monitoring have had students
read passages such as this one (Markman, 1979):

Many different kinds of fish live in the ocean. Some fish have heads that make them look like
alligators, and some fish have heads that make them look like cats. Fish live in different parts of
the ocean. Some fish live near the surface of the water, but some fish live way down at the bottom
of the ocean. There is absolutely no light at the bottom of the ocean. Some fish that live at the
bottom of the ocean know their food by its color. They will only eat red fungus.

Did you notice any inconsistencies in this passage? If not, then you failed to monitor your comprehension
fully because there is an internal contradiction in the passage. If there is absolutely no light at the bottom
of the ocean, then it is impossible to identify food by its color. In Markman’s (1979) study, almost all
children in grades 3, 5, and 6 failed to notice this contradiction. Even when the passage was more explicit
and read, “[the fish] cannot even see colors. Some fish that live at the bottom of the ocean can see the color
of their food,” no more than 60% of the children at any grade level noticed the inconsistency. Proficiency at
monitoring understanding so that one can notice inconsistencies like this one improves with age as well as
with reading proficiency (Rubman & Waters, 2000).

Monitoring comprehension is at the heart of effective learning. Comprehension requires learners to
set goals to understand the material and to check understanding as they go along. Poor learners often fail to
do so. However—and this is very important—poor learners sometimes think they understand, even though
they don’t. Think back to the study with the physics students who studied the worked examples discussed
earlier in this chapter. Recall that it was the students who understood least who asserted that they
understood the problems (Chi et al., 1989).

Repairing understanding. Repair strategies (sometimes called fix-up strategies) are strategies that
students use to overcome problems with memory or understanding (Schmitt, 2005). When proficient
learners find that they don’t understand something, they take steps to try to overcome their lack of
understanding. In particular, they spend more time studying the more difficult material, whereas less
proficient learners may spend the same amount of time on difficult material as on easy material (Owings et
al., 1980). Effective learners are more likely simply to look back and reread what they don’t understand
(Alessi, Anderson, & Goetz, 1979; Garner & Reis, 1981).

The following example presents a very simple task. Study the list of nonsense syllables below for 45
seconds. Your task is to remember as many of them as you can.

vox baj lin fub wep muv sot dih yok waf tiz cov seg nud zib gak rux loq hap mes

Now, cover up the words and try to write down all the syllables you can remember. When you finish, study
the syllables one more time, again for 45 seconds. Then do one more recall of the entire list. If you are like
most undergraduates, when you studied the syllables the second time, you spent more time on the syllables
that you got wrong than the syllables that you got right. Although this is a memory task rather than a
comprehension task, it illustrates a strategy useful for repairing both memory errors and comprehension
errors--spending more time on the things you don’t know.



Chapter 7, page 138

When my daughter, who is bilingual in English and Japanese, was in elementary school, she spent a
portion of two summers in a Japanese school. Several months later, when she was back in her regular
school, she showed me her algebra notebook when she was doing her homework. She had circled in red ink
the problems that she had gotten wrong on homework assignments. She explained, “Dad, in Japan the
teachers tell us to circle the problems that we got wrong, and then later we can study our errors so that we
won’t make them again. But here, everyone erases their wrong answers and writes the correct answers over
them. | don’t think that’s a very good idea, because then they can’t learn from their mistakes.” My daughter
had been taught in Japan to use the repair strategy of circling errors and then studying them. This seems to
me to be a very useful strategy, and one that could easily be taught to students (and there are undoubtedly
many American teachers who do). By not teaching such strategies to students, teachers miss opportunities
to help their students become more effective learners.

Problem 7.3
Understanding students’ thinking: Monitoring and Repairing Understanding

As a teacher, you will regularly observe students’ oral and written work to determine which
strategies they are using, and if they are using these strategies effectively. Here is an example
related to monitoring and repairing understanding. Evaluate the strategy use you see in these
examples.

1. Teacher (talking to a student about her study strategies): Do you ever find things you don’t
understand when you are reading?

Student: Yeah, a lot.

Teacher: So what do you do then?

Student: Usually I just keep on reading and hope I'll understand later.
How would you evaluate this student’s approach to monitoring and repairing understanding?
How should the teacher follow up this conversation.

2. Here Is the response of a middle-school student when her English teacher asks her how she has

prepared a short speech for class.

Student: Well, | really wanted to get at least a B+ on this, so | spent all night, like from 7 to 9,
on this.

Teacher: How did you decide when you were satisfied with your speech?

Student: Well, I just wanted it to sound good. [pause]

Teacher: How did you decide when it sounded good?

Student:  Just kind of when it sounded the way | wanted it to sound.

Response: It appears that the student does have a capacity to monitor understanding at a broad
level, because she notices that she often doesn’t understand things. However, it may be that she
does not understand specifically what it is that she does not understand. The teacher should
follow up with her questions to find out more about this, and perhaps have the student think
aloud about a text used in class to see whether she can be specific about what she doesn’t
understand. The last sentence indicates that she clearly does not use effective repair strategies for
repairing understanding when she doesn’t understand a passage. Later text may sometimes
clarify material not yet understood, but to be sure one understands, one needs to go back and
reread and think more about the material that was not understood. Note that the student does
seem to have metawareness of the repair strategy she is using; it’s just that her strategies are not
particularly effective.




Chapter 7, page 139

Using text structure. Effective learners use text structure to facilitate text comprehension much
more successfully than ineffective learners do (Meyer, Brandt, & Bluth, 1980; Meyer & Rice, 1984;
Williams, 2005). Text structure refers to the overall organization of the text. The structure of a text
indicates how the ideas are organized into main ideas and supporting ideas. For instance, a persuasive
essay arguing for government-provided universal health to may be organized as a claim (the U.S.
government should provide universal health care) with supporting arguments, along with reasons why
common arguments against government-provided universal health care should be rejected. The text
structure of a passage in a textbook may be organized as a main idea (e.g., the statement that New Zealand
has diverse geography) with several paragraphs of supporting details discussing different specific
geographies in New Zealand (rain forest, desert, lowlands, etc.). Another textbook passages may be
structured as a sequence of steps in a process (e.g., a step-by-step presentation of how a bill becomes law.)
Authors typically provide many cues to text structure when they write. Some of the most commonly
used cues are:
* topic sentences
* headings
 underlined and boldfaced type to mark important ideas
* transition words such as but and except for
These cues are intended to help readers understand the way in which the ideas in the passage are organized.
To see how cues to text structure can help readers, consider the two passages in Figure 7.4. The texts
are identical, except that the passage on the left (Figure 7.4b) includes a number of cues to text structure of
the passage, whereas the passage on the left removes all such cues. The cues include headings,
subheadings, words in bold, and transition words such as but, then, and in addition.

Figure 7.4a : Biology Passage With Text Structure Cues

Chordates--the most complex form of animal life. The phylum Chordata contains the most
complex animals that have ever lived on this earth. This phylum has four subphyla. The
largest and most important subphylum is the Vertebrata. This subphylum includes fish,
amphibians, reptiles, birds, and mammals. All chordate embryos have a rod of connective
tissue along the length of the dorsal side of their bodies. This rod is called a notochord.
Primitive chordates have a notochord their entire lives. So do some lower vertebrates, such as
the lamprey. The notochord of the lamprey becomes surrounded by cartilage parts of the
spinal column. In other vertebrates, the notochord appears only in the embryo. But early in
life, it changes into the vertebral column, or backbone. All chordates have a tubular nerve
cord. It lies just above the notochord on the dorsal side. The anterior end of this nerve cord
develops into a brain. The remaining part becomes the spinal cord. The brain and the spinal
cord together make up the central nervous system. All chordata have paired gill slits at some
time in their lives. These gill slits form openings in the throat. Fish and the more primitive
vertebrates have gill slits throughout life. The higher vertebrates, including reptiles, birds, and
mammals, lose their gill slits very early in life.
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Figure 7.4b: Biology Passage Without Text Structure Cues

BIOLOGY OF THE VERTEBRATES
SECTION 1: CHORDATES--The most complex form of animal life
The phylum Chordata contains the most complex animals that have ever lived on this
earth. This phylum has four subphyla. The largest and most important subphylum is the

Vertebrata. This subphylum includes fish, amphibians, reptiles, birds, and mammals.

Three factors make chordates different from all other animals.

* All chordate embryos have a rod of connective tissue along the length of the dorsal
side of their bodies. This rod is called a notochord. Primitive chordates have a notochord
their entire lives. So do some lower vertebrates, such as the lamprey. But the notochord of
the lamprey becomes surrounded by cartilage parts of the spinal column. In other
vertebrates, the notochord appears only in the embryo. But early in life, it changes into the
vertebral column, or backbone.

* All chordates have a tubular nerve cord. It lies just above the notochord on the dorsal
side. The anterior end of this nerve cord develops into a brain. The remaining part
becomes the spinal cord. Together, the brain and the spinal cord make up the central
nervous system.

* All chordata have paired gill slits at some time in their lives. These gill slits form
openings in the throat. Fish and the more primitive vertebrates have gill slits throughout life.
The higher vertebrates, including reptiles, birds, and mammals, lose their gill slits very early
in life.

Try reading the first version of the passage. You probably find it much more difficult to read and
understand than the second version of the passage. You probably use the headings and other signals in the
second passage to help you organize your understanding of the passage. Without headings and other cues to
text structure, the passage on the right is much harder to read.

Effective learners can be expected to learn a lot more from the passage with cues to text structure
than passage without these cues. Ineffective readers on the other hand, learn relatively little from either
passage, and they may learn no more from the passage with text cues than the passage without text cues.
Ineffective readers do not pick up on cues to text structure (Meyer & Rice, 1984). By teaching poor readers
how to use text structure to help guide their understanding, teachers can enable students these students to
improve their reading comprehension (L. K. Cook & Mayer, 1988; Meyer et al., 1980; Taylor & Beach,
1984; Williams, 2005).

Cues to text structure also alert readers to the overall rhetorical structure of the text (Deane,
Sheehan, Sabatini, Futagi, & Kostin, 2006). Rhetorical structure refers to the overall organizational
pattern of a text, such as the pattern of comparing and contrasting or the pattern of presenting a persuasive
claim with supporting arguments. Commonly used rhetorical structures are presented in Figure 7.5.
Researchers have found that even college students can benefit by being taught common rhetorical
structures. For example, college students who are explicitly taught how research reports are structured (see
Figure 7.5) learn more from reading research reports than students who have not been given explicit
instruction (Dansereau, 1985).




Chapter 7, page 141

Figure 7.5:
Common Patterns of Organization

Comparing and contrasting

Main idea and details

Narrative (events in a time sequence)
Persuasion (claims and arguments)
Showing steps in a process

Research report (introduction, research questions, method, results, conclusion)

Summarizing. Summarization involves selecting the important ideas from a text and then generating
a statement or a set of statements that captures in shortened form what the central meaning of the text is
(Dole et al., 1991). The summary of a 150-word paragraph might be a 20-word sentence. A summary of a
50-page chapter might be a 2-page outline.

Summarization is a difficult strategy for many students (Cordero-Ponce, 2000; Johnston &
Afflerbach, 1985). Good readers are better at summarizing texts than poor readers are (Winograd, 1984).
Poor readers are more likely to include less important information in their summaries, and they are more
likely than good readers to include sentences with vivid, detailed information, rather than central ideas.
Good readers are also better able to generate a good statement of what the main idea of the passage is when
the main idea isn’t explicitly stated in the text (Winograd, 1984).

Elaborating. In Chapter 2, you learned that elaboration involves connecting new information with
information from long-term memory. Students elaborate when they take the ideas that they are reading and
associate them with other things that they already know. Elaboration has positive effects on learning in that
students who elaborate learn much more than students who do not.

Ellen Gagné and her colleagues (1984) conducted a study in which they taught seventh graders the
strategy of elaboration. Students in some classes were taught to elaborate in the following way:

* John reads, “Columbus was a Spaniard. He sailed to America in 1492.” He wants to remember this

information, so he thinks, “Columbus most likely sailed West to America because the shortest way to get

to America from Spain is to go West.”
Notice that John is taking information in the text and linking it with other things that he knows. In Gagné’s
study, students who learned to elaborate showed much better text comprehension and recall than those who
did not. Elaboration is more than just paraphrasing. Paraphrasing is saying the same ideas in the text in
one’s own words. When a student just paraphrases what is in a text, there is relatively little old information
being brought to bear. Elaboration goes beyond paraphrasing to make substantial connections to prior
knowledge.
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In the Reflection at the beginning of this chapter, some of the students did not engage in any
elaboration at all. Those students who did not elaborate tended to learn less than those who elaborated
more. You may find it helpful to go back to examine the Reflection and consider how each student is
elaborating the sentence being read.

Problem 7.4. Understanding students’ thinking: Elaborations

Now try your hand at evaluating students’ elaborations. Here are two middle
school students whose teacher has asked them to use the strategy of
elaboration in response to the text below. Does each response display
elaboration?

Text: Jackson was the first president to use the veto extensively. Earlier
presidents had used the veto very rarely, and only when they believed that a
bill that Congress had passed was unconstitutional. Jackson used the veto as
a weapon of policy.

Nate. “Earlier presidents didn’t use the veto much, but Jackson used it a lot.
Earlier presidents didn’t veto a bill unless they believed it was
unconstitutional. But Jackson was different.”

Julien. “Most presidents today use vetoes a lot, so it looks like Jackson
started something that has continued for almost 200 years.”

Response: Nate does not elaborate. This is a paraphrase, a lengthy one, but
still a paraphrase. There are no substantial ideas mentioned that were not
already in the original text. Julien does elaborate. He connects what he is
reading to his knowledge of contemporary presidencies.

Explaining. When explaining ideas to themselves, learners ask themselves “Why” questions about
material in the text, and then they try to answer these questions. For instance, as a student reads a
biographical sketch of Edgar Allan Poe, she could try to explain why Poe did the things he did in his life.
Or a student studying a worked mathematics problem could try to explain to himself why each step is
important in reaching a final solution. The study you read earlier in the chapter by Chi et al. (1989) about
physics learners showed that it is very important for physics learners to carefully explain to themselves why
each step in the example problems are taken. Effective learners explain things to themselves more than
ineffective learners do (Bielaczyc, Pirolli, & Brown, 1995; Roy & Chi, 2005).

To investigate whether explaining ideas in a text improves learning, the role of explanation among
students, cognitive psychologist Michelene Chi and her colleagues (1994) performed an experiment in
which eighth graders read a textbook passage on the circulatory system. Students participated individually.
Students in the no-explanation group read the text twice. Students in the explanation group read the text
once but paused after each sentence to explain aloud what the sentence meant. After reading the text in one
of these two ways, all students answered an extensive battery of questions about the circulatory system
before and after reading the text. These questions were divided into lower- level and higher-level questions.
The lower-level questions could be answered using information directly written in the text passages. The
higher-level questions required inferences that required a good understanding of the circulation system. The
researchers found that the students who explained the ideas learned more than those who only read the text
two times. The difference was especially large for the higher-level questions. In addition, the researchers
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found that the more explanations that students in the explanation group provided, the more they learned.
Students in the explanation group who generated many explanations were particularly successful at
developing an accurate model of how blood goes from the heart to the lungs, back to the heart, and then to
the rest of the body.

An important characteristic of the explanations of students in the explanation group was that their
explanations often enabled them to infer the function of body structures. Here is an example:

TEXT: The septum divides the heart lengthwise into two sides. The right side pumps blood to the lungs, and
the left side pumps blood to the other parts of the body.

STUDENT EXPLANATION: So the septum is a divider so that the blood doesn’t get mixed up. So the right
side is to the lungs, and the left side is to the body. So the septum is like a wall that divides the heart into two
parts . . . it kind of like separates it so that the blood doesn’t get mixed up. (Chi et al., 1994, p. 454)

Note that the parts of the explanations in italics are inferences that the student makes about the function of
the septum; the septum’s function to keep blood separate is not explicitly mentioned. By generating
explanations, the students develop a better understanding of what the text says because they add important
information that was not explicitly stated in the text.

Based on this study, the researchers concluded that generating explanations is an highly effective means
of learning. Many other studies also support the usefulness of explanations in learning (Bielaczyc et al.,
1995; Ferguson-Hessler & de Jong, 1990; Mevarech & Kramarski, 2003; Ozgungor & Guthrie, 2004;
Rittle-Johnson, 2006). Hence, explanations appear to be a particularly powerful comprehension strategy to
teach to students.

Problem 7.5
Understanding students’ thinking: Explanations

I have found that my educational psychology students often have difficulty
diagnosing whether students are self-explaining or not. Consider the following
example:

A high school mathematics teacher has assigned students to work in pairs to
solve rate problems. Each student in the class has exhibited some difficulties in
solving these problems correctly. The teacher has instructed students to
explain answers to each other as they work together. As the teacher walks by
the different groups, she listens to what students are saying. Put yourself in
the teacher’s position and evaluate whether the students in each example
have given a good explanation.

1. Word problem. Samantha drives an average of 20 miles per hour to go to a
movie. The movie theater is 5 miles from her house. How long did it take
Samantha to get there?

Student 1: | always get confused on these rate problems.

Student 2: | think we have to use the definition of rate.

Student 1: Oh yeah. So, rate equals distance divided by time. OK, so that
means that, let’s see, 20 equals 5 divided by time. | forget how to get
rid of the time exactly. | guess it’s a matter of flipping both sides over.
OK, so that’s time divided by 3 equals 1 over 20. So the answer is 3/20
of the time.
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2. Word problem. Kramer swims 1 mile along the East River in 30 minutes.
How fast is he swimming?

Student 3: Do you know how to do this?

Student 4: Not really. But | remember that | should start with the meaning
of rate. Rate is defined as how far you go divided by how long it takes.

Student 3: That makes sense because if you go 40 miles per hour, you're
going 40 miles divided by 1 hour.

Student 4: Right, so in this case, rate is just equal to how far over how long,
which is 1 divided by 30. So that’s 1/30 miles per hour. Oh —wait a
minute, that can’t be right, because 30 is minutes, not hours. It
doesn’t make sense because that would mean that in 1 hour, he would
only go 2/30 miles, and it said that Kramer goes 1 mile in just half an
hour, which is more. So it must 1/30 miles per minute, and in 60
minutes, that would be 2 miles, so 2 miles in an hour.

Response:

1. The students don’t use self-explanation. Student 1 is just describing the
algorithm used to answer the question. There is no attempt to explain why
any of the steps are taken.

2. This example shows effective self-explanation by the two
students. What we see is that the students don’t really understand
very well, but by trying to explain each step, they get better as they
goes along. They don’t just repeat the formula; student 3 tries to
explain why it makes sense: “That makes sense because . . ..” Student
4 checks to see whether her results make sense when she realizes that
their initial answer is inconsistent with the information given in the
problem. Even though the students have imperfect understanding, the
explanations are good because in the process of explaining, they are
improving their understanding.

Formulating problems. The Reflection at the beginning of this chapter comes from a study of
elementary school students by educational psychologist Carol Chan and her colleagues (1992). Chan and
her colleagues found that the students who understood and remembered the passages the best were those
who formulated problems based on what they read in the text. Examples include these two students’ think
alouds in response to this text:

TEXT:  Harmful germs can get into your body in three ways, through your nose, your mouth, and by
cuts and scratches in your skin.

Student 1: They get in through your mouth and nose, and um . . . cut . .. what | am thinking is, how can they
get in because the cut is so little . . . but maybe it really got in through your skin . . . so it might not
be getting exactly right in.

Student 2: Why do they get in only through your nose and your moth and scratches? Can they get in through
your ears or something . . . because your ears sort of have holds . . . maybe the eardrums block it or
something.
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In each case, the students talked about something that puzzled them in response to the text. You may also
want to revisit your response to the Reflection at the beginning of the chapter in the light of this
information.

A study by Bereiter and Bird (1985) points to the usefulness of formulating problems to enhance
understanding problem formulation. An example from their study comes from a proficient adult reader who
was reading a narrative passage and became puzzled by the statement that a character was lazy:

Reader:  But how could he say she’s lazy when she works so hard? Maybe she’s lazy when it comes to other
things?
Asking questions like this when one is puzzled by the text and setting these puzzles as a problem to be
solved can be very productive for learning. Notice that this process overlaps a great deal with monitoring in
that the reader is actively seeking points in the text that are not understood and then formulating questions
about them.

Comprehension strategies and self-regulated learning. These comprehension strategies fit nicely
into a self-regulated learning framework. If students set a goal of learning and understanding the text, then
they have a range of useful strategies that can employ to help them achieve their goal—using text
structure, summarizing, elaborating, and explanation. While carrying out these strategies, the learner
should monitor understanding. When failures to understand are detected, the learner formulates problems
and then sets new goals to repair comprehension. Thus, all of the comprehension strategies we have
discussed in this section can be viewed as part of the process of setting goals, choosing strategies to meet
goals, monitoring progress, and making adjustments as needed.

In the next section, we will turn to a different group of strategies. These strategies are useful for
solving a variety of problems, including math problems and science problems as well as problems
encountered in fields such as business or public policy making.

Problem Solving Strategies

Problems occur in almost every area of human endeavor. This includes fields ranging from
mathematics (e.g., finding the area under a curve) and chemistry (e.g., determining how much alkaline must
be added to an acidic solution to neutralize it) to business (e.g., working out a marketing plan), foreign
policy (developing recommendations for how to deal with Mideast conflicts), and computer programming
(e.g., developing a better interface for a word processing program). Problems occur when a person has a
goal that cannot be achieved immediately, so that the person must devise and carry out a series of steps to
solve the problem. The steps may be easily carried out, as when a physics professor quickly solves an end-
of-chapter physics problem in a high school textbook. Or the steps may be difficult to carry out, as when
the same physics professor attempts to invent a new instrument to detect asteroids or comets whose orbits
could bring them close to the earth. Problem solving strategies are strategies that generally help problem
solvers solve problems more effectively.

Much of the work on problem solving strategies has been inspired by George Polya’s (1945) classic
work on mathematical problem solving. Polya was a mathematician who took an interest in helping people
learn to solve mathematical problems more effectively. He discussed four strategies that can help problem
solvers solve problems more effectively (cf. Bransford & Stein, 1984). These strategies are illustrated in
Figure 7.6.
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Figure 7.6:
Polya’s Problem Solving Strategies

[Description of figure 7.6. This is a four-panel drawing. In each panel, the reader is looking over the
shoulder of a girl so that the readers can look at the paper that she is writing on. On the paper, there will
be a math problem and then the girl’s solution. Here is the problem: The circumference of a circle is 16.
Find the area.]

Figure 7.6a  Understand the problem.

The girl has drawn a circle, writes C=16, draws the radius and labels it ‘r’.

Figure 7.6b Develop a plan for solution.
The girl has written: Solve for r using C=2xr.
Then solve for A using A = mir?
Figure 7.6¢c  Carry out the plan.

The girl has written: C=2ar

16 = 2ar, r = 8/n
A = ar’ = 1 64/7°
A =64/n

Figure 7.6d Look back to see what can be learned from this process.

The girl is shown thinking to her self: *“In any problem when the circumference is given, you can
always find the radius and then the area.”
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1. Understand the problem. Effective problem solvers take time to think about all the given
information and how the information is related until they understand the problem thoroughly.

2. Develop a plan for solution. When the problem is understood, the problem solver can work out a
plan to solve the problem.

3. Carry out the plan. Once a plan is worked out, the problem solver carries out the steps in the plan.

4. Look back to see what can be learned from this process. An effective problem solver does not
stop once the problem is solved.

Polya’s four strategies are not always carried out in a straightforward sequence. For example, a problem
solver might discover while developing a solution plan or while carrying out the solution steps that he had
made a mistake because of a failure to understand the problem properly. This would lead him to cycle back
and redevelop a new understanding of the problem before continuing again with the other steps.

In addition to Polya’s strategies, psychologists have investigated other strategies for solving problems
in a variety of fields, including but not limited to mathematics. In this section we will discuss four strategies
that can help ineffective problem solvers become more effective. As we will discuss, some of these
strategies are specific ways of implementing Polya’s general strategies.

Representing problems. When trying to understand the problem (Polya’s first strategy), an
important step is construct a representation of the problem. Representing the problem (also called
problem representation) means developing a clear “picture” of what one knows about the problem and
what one needs to find out. The picture can be literally a physical drawing or diagram, or it can be a mental
model of the situation. An example of a student drawing an actual physical diagram is a mathematics
student who draws a diagram that captures all the information given in the problem (see Figure 7.6a). An
example of a student constructing a mental model is a high school economics student solving a test problem
regarding effects of inflation on international balances of payments. The student does not draw a diagram
but spends several minutes carefully reflecting on the relevant factors and how they are interrelated.

Effective problem solvers construct complete, meaningful representations of problems before solving
them; ineffective problem solvers often do not (Novick & Bassok, 2005; Pretz, Naples, & Sternberg,
2003). The following simple example illustrates the difference. First and second graders were given this
word problem to solve: “There are 26 sheep and 10 goats on a ship. How old is the captain?” Of 97
children, 76 answered “36” (Reusser, 1988). Only a few students correctly answered that the question did
not provide any information to answer the question; they had taken the time to envision the situation and
realized that the numbers 26 and 10 were irrelevant to the captain’s age. The students who answered 36
simply added the numbers without ever generating a complete representation of what the problem was
asking. They did not pay attention to what the problem was actually about. Clearly, these students were
making no attempt to understand the problem by constructing a meaningful understanding of it; instead,
they were undoubtedly processing the problem very superficially, without paying attention to what the
problem was actually about.

Three characteristics of good problem representations is that they are (a) complete, (b) include
inferences, and (c) exclude irrelevant information. We briefly discuss each of these below.

One key to good problem representations is to make sure that the problem representations are
complete. For complex problems, the amount of information that should be included in the problem
representation will often be more than working memory can hold; hence, written diagrams or notes are
often necessary to make sure that important information is not forgotten. But whether students draw
diagrams, take notes, or carefully envision the situation in their minds, effective problem solvers take the
time to thoroughly represent what they know about the problem before attempting a solution (Voss, Greene,
Post, & Penner, 1983).
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Problem 7.6
Understanding students’ thinking: Problem representation

Two high school juniors are solving a practice math problem for the SAT. Each creates a problem representation.
Evaluate the quality of each representation.

Problem:
Donna has three kinds of pets — cats, dogs, and hamsters. She has one more hamster than she has cats. She
has three times as many dogs as hamsters. Of the following, which could be the total number of these pets?

A) 15
B) 16
C) 17
D) 18
E) 19

Haruka’s Reponse: Amber’s Reponse:

One more hamster than cat:

H=1+c
Three times as many dogs as hamsters H,d,c
3h = d

3 variables, 2 equations, can’t
solve . So try one number at a time.

Response. Haruka has created a complete problem representation that captures the two needed equations and
explicitly notes that there is no unique solution for 2 equations with 3 variables. Amber does not clearly set out a
problem representation. Amber has merely written down three variable labels. This is not a complete response.

Good problem representations often include inferences that go beyond the information that is initially
given. For example, one researcher asked history professors and high school students to analyze eight
documents. Some documents provided testimony by eyewitnesses about who fired the first shot of the
American Revolution at Lexington Green in 1775 (Wineburg, 1991). When reading these documents, the
history professors developed more elaborated mental representations of the situation than the high school
students did. This required drawing inferences that went beyond the information given in the eight

documents. One historian said,
One has to try to put themselves in the minds and the bodies of the British. They’re starting out early in the
morning, they must be walking quickly; I’d have to figure out how many miles between the barracks where



Chapter 7, page 149

[the British commander] and his troops left and how fast they were walking, because that . . . might help
explain if they were really fatigued, and then the adrenaline started to flow in the battle, that they may have
lost control. They may have been angry—a whole range of other kinds of things. So the physical dimensions of
when they left, the fact that they had to go through a river up to the middles of their bodies meant that they
were wet, | suppose, the entire time. . .. (Wineburg, 1991, pp. 82-83)
This highly elaborated problem representation with extensive inference helped the historian develop a better
solution to the question of whether the British or the colonial soldiers fired the first shot.

Effective problem representation requires the problem solver to determine the relevance of
information and exclude irrelevant information (J. L. Cook, 2006; Littlefield Cook & Rieser, 2005). This
requires the problem solver to decide what information is needed to solve a problem and what can be
ignored (B. J. Barron et al., 1998). Consider this problem: “Susan and Pedro got married 5 years ago, and
now they have two children, ages 4 and 2. Assuming that the children make typical progress through
school, in what year will the younger child legally become an adult?” To answer this question, students
must recognize that only one of the three numbers provided is relevant, the age of the younger child. The
child’s normal progress through school is also irrelevant. Students must also bring in two numbers that are
not explicitly included in the problem statement: the current year and the age at which children become
adults. Students are often unskilled at determining the relevance of information, in part because they have
too few opportunities in school to grapple with such problems.

Identifying subgoals. Most real-world problems are complex rather than simple, and as problem
solvers formulate solution plans (Polya’s second strategy in problem solving), the solution plans often
include many steps. These steps mean that in order to achieve the final goal, problem solvers must work out
a series of subgoals along the way that will help them get to their final goal, step by step (Thevenot &
Oakhill, 2006). Hence, effective problem solvers identify subgoals that they can achieve on the way to the
final goal.

As an example of a problem that requires problem solvers to set subgoals in order to achieve a final
goal, consider this authentic problem that was posed to seventh graders in a recent project (Malhotra,
2006). The problem was to figure out how large a drainage trench on school grounds would need to be to
hold the runoff from an average heavy rain storm. The students’ results were used to plan the actual
digging of a drainage ditch. To solve the problem, students had to break it down into a series of steps. Each
step had a subgoal that needed to be achieved on the way to achieving the overall goal. Some of these
subgoals were:

e determine how much rain falls during a typical heavy rain storm

e determine the area of the school grounds

e determine what volume of water can be expected to run off (vs. percolate into the soil) in the direction
of the ditch

e determine the dimensions of a ditch that can hold the volume of water that would run off

Effective problem solvers learn to set subgoals when solving multi-step problems (B. Barron, 2000).

Even relatively simple multi-step problems can present a challenge to younger (and some older)
children. Consider this problem from a study by J. Taylor and Cox (1997, p. 191): “At the June Fair,
lemonade costs $0.60 for a small glass and $0.80 for a large glass. Chocolate chip cookies are $0.25 each.
How much will 8 small glasses of lemonade and 3 cookies cost?” Solving this problems (without using
algebra) involves three subgoals: Students must determine the cost of the 8 small lemonades using
multiplication (subgoal #1), the cost of the 3 cookies (subgoal #2), and the total cost by adding the results
of the previous two subgoals (subgoal #3). Without specially designed instruction, few fourth graders were
able to solve these problems.

Monitoring for sense. Effective problem solvers check to be sure that their initial problem solutions
make sense (Van Haneghan, 1990). Consider a student who is asked to solve this problem on a test: “A
cyclist is riding at 15 miles per hour. How long will it take to get to Dallas, which is 30 miles away.”
Although the student sets the problem up correctly, he accidentally hits the multiply key instead of the
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division key, arriving at the answer 450 hours, which he writes on his test paper. If the student had checked
his work, he would have realized that this answer is so far from being reasonable that it must be a mistake.
But he did not check to see whether the answer made sense.

Noticing commonalities and differences. Polya’s last step directs problem solvers to reflect on what
they can learn from the problem they have solved. Learning from problems is enhanced when problem
solvers construct general schemas for how to do problems (Reeves & Weisberg, 1994). One way to build
general schemas is to reflect on the current problem and compare it with other problems that have been
encountered (Novick & Bassok, 2005). Suppose a child is learning to solve word problems that involve
addition and he encounters two word problems:

1. Ellen has 3 nickels, and Miranda has 5 nickels. How many nickels do they have together?
2. Gina has 5 baseball cards, and Caleb gives her 4 more. How many baseball cards does she have now?

It would be useful if the child compares these problems and notices what they have in common at a general
level: in both cases, the problem statement describes objects being combined or put together, and then the
problem asks how many objects there are after they are put together. The child might notice that the two
problems have different wordings, and therefore that both wordings signal that objects are being combined
and that addition is called for. When students construct general schemas that can be used to describe
different problems within the same general category, students are better able to solve related problems in
the future (Gick & Holyoak, 1983).

Problem 7.7

Understanding students’ thinking: Problem solving strategies

A group of seventh graders are working on the following algebra problem: “Rachel is 2/3 as tall
as Mario, who is 6 feet tall. Mario weighs 142 pounds, which is 53 pounds more than Rachel.
How tall is Rachel?” Here is an excerpt from their conversation:

Student 1: | think this is one of those fraction multiplication problems.

Student 3: Yeah, like the one yesterday with the guy who was half as tall as his father.

Student 2: Soin these problems, we’re supposed to make an equation with the fraction. And
we can forget about the weight. Weight doesn’t matter to find the height.

Student 4: [after a pause as everyone worked on the equation] What did you get?

Student 3: | used m for Mario’s height, and r for Rachel’s height, and | got 2/3r = m.

Student 2: But that would mean that Mario is two thirds as tall as Rachel. And that would mean
Rachel is 9 feet tall.

Student 1: Rachel has to be shorter than Mario.

Student 3: |see, so it has to be the other way. r=2/3 m. So when you see two-thirds of
something, you multiply the number by two thirds.

Student 2: [after a pause as they quickly solve the equation] So Rachel is 4 feet tall. Right?

Student 4: That’s what | got. And 4 is two thirds of 6. So it works.

Evaluate the students’ problem-solving strategies?

Response: This conversation displays good use of several strategies:

e Problem representation (when the students work on setting up the correct equation, and
explaining to themselves how the equation should be set up, and when Student 2 notes that
weight can be excluded from their problem representation)

e Noticing commonalities and differences (when Student 3 notices that it is like a problem
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encountered yesterday, and Student 1 labels these “faction multiplication problems.” Then,
it appears that Student 2 compares the wrong equation, m=2/3r, with the correct equation,
r=2/3m, and then generalizes a rule from this comparison.

e Monitoring for sense (when Student 2 notes that Rachel can’t be 9 feet tall, and Student 4
notes that the answer makes sense)

In this section, we have examined problem solving strategies (problem representation, identifying
subgoals, monitoring for sense, and noticing commonalities and differences) that help students learn to
solve a wide variety of problems more effectively. All of these are strategies that self-regulated problem
solvers use to tackle problems and check how well they are doing as they work on the problems. In the next
section, we will turn to strategies that can help students become better writers.

Writing Strategies

Writing can be viewed as a very difficult kind of problem in which there are many possible solutions
but no definitive criteria for defining what makes for a good solution. For example, consider a student who
is asked to write a persuasive newspaper column on what should be done about global warming. There is
no single best way to write this editorial, and people disagree on what makes for a well-written editorial on
this topic. Thus, writing is an example of an ill-structured problem, which we discussed in Chapter 1.
Writing stands in sharp contrast with well-structured problems that have a clear solution that can be readily
agreed upon (Spiro et al., 1987).

In this section, we will discuss several strategies that distinguish effective from ineffective writers.
Much of the current work on writing strategies has been strongly influenced by a model of writing
developed by psychologists John Hayes and Linda Flower (Hayes & Flower, 1986). There are three basic
writing processes: planning, sentence generation, and revising. Planning refers to generating ideas to write
about and thinking about how to organize these ideas before actually beginning to write the essay. Sentence
generation is the actual writing down of sentences. Revising refers to changes that are made once a draft
of a passage has been written. Planning, sentence generation, and revising are guided by goals, which in
skilled writers are strongly influenced by the writer’s anticipation of how the expected audience will react.
Among these processes, planning, revising, and considering the audience strongly distinguish better from
worse writers. We will focus on these strategies in this section. Throughout this section, the term writers
refers to anyone who writes. We are especially interested, of course, in student writers.

Planning. Effective and ineffective writers differ in how they approach planning. As an example,
consider a study by psychologist Ronald Kellogg (1988). Kellogg had undergraduates write a formal letter
in which they were to argue in favor of a particular system of busing, after they had read details about
several possible systems. Some undergraduates were directed to construct outlines; outlining is one way to
plan before writing. Other undergraduates were given no specific directions. The undergraduates in both
conditions could spend as much time as they chose to write the letters. The average student took less than
30 minutes from start to finish.

Before you read further, think about what you would predict about the results of this study. How
many minutes do you think the students who were not asked to write outlines spent planning their letter
before they began writing? In other words, how long did they spend thinking about what they would write
(perhaps jotting down notes of some kind) before they began writing their letter? The answer is that they
spent an average of zero minutes planning before they started writing. Students directed to write outlines
before they began writing the letter spent an average of 8 minutes planning. Judges who were blind to
experimental condition judged the quality of the letters. The students in the outline group wrote letters that
the raters judged superior to the letters written by students in the no-outline group.
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As this study illustrates, more effective writers plan at the outset of their work, often by outlining or
jotting down ideas in some other way (R. T. Kellogg, 1994; Ronald T. Kellogg, 2006; McCutchen, 2000).
Planning includes both generating ideas and organizing those ideas (Hayes & Flower, 1986; R. T.
Kellogg, 1994). Generating ideas refers to coming up with ideas that could be included in the written
document. When generating ideas, effective writers typically generate more ideas than they will actually
use, so that they have a pool of ideas from which to select. When generating ideas on a persuasive column
on global warming, the learner may begin brainstorm by writing down everything that comes to mind. She
might also consult other sources such as the Internet or magazine articles to generate further ideas.
Organization is the process of deciding which ideas to include in the final paper and working out how to
arrange them. The student writing on global warming decides which arguments to include, what evidence is
most persuasive, and what order to put them in. Planning can suffer either from generating too few ideas to
work with or from failing to fashion these ideas into a coherent whole.

Highly effective writers spend a substantial amount of time planning before they begin to write
(Ronald T. Kellogg, 2006). Before writing, they may spend significant time thinking about the problem,
mulling it over, and trying out different possible ways of writing the paper (Hayes & Flower, 1986).
Ineffective writers tend to start right in with their first or second idea and follow this idea to completion.

Expert writers often start out by developing some very general plans. They don’t get detailed at the
beginning of the process. Instead of focusing on the details, they start off making general plans, fully
aware that they may revise these plans. They realize that there is no point in spending a great deal of time
on details when they may change their overall plan later on. Thus, effective writers are also open to
changing the overall plan for the paper even after they begin writing it (Bryson et al., 1991, p. 61).

Planning among younger writers. The research we have discussed so far concerns planning with
secondary and postsecondary student writers. Bereiter and Scardamalia (1987) examined the typical
writing of younger students. Table 7.3 illustrates two approaches to planning for writing. Both writers were
writing about the influence of TV programs on children. They were thinking aloud as they were planning
their essays. The expert writer was an adult. The novice writer was a sixth grader. Before you read on,
think about how you would characterize the differences between these two writers’ planning.
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Excerpts from Think Aloud Protocols of Two Writers

An expert writer

A novice writer (a sixth grader)

--So, I’m looking for examples of programs that
could be argued . . . that could be argued were
good influences on children.

--Now I know | already don’t believe this, but
Sesame Street comes to mind a s a possible
good influence,

--And | find myself trying to work it out.
--So0 I’m going to say . . .

--I’m making up two columns here . . . and just
trying to respond to my own through
processes.

--So | guess what | need is three columns here .
.. I need a column just for the specific and the
examples. And I can work back and forth
between columns.

--Sesame Street is good because it could be
argued that it educates.

--And educates in a specific way . . . giving
children basic information, ABC’s etceteras.

--But immediately when | say it’s a good
influence, | have reservations about it.

--Now I’'m just trying to clarify for myself the
reservations about . . . (Bryson et al., 1991, p.
72)

--1 think it is good and bad for children to watch
television because | like the cartoons and
some said movies.

--But I like good movies that come on TV
because they are good to watch.

--But usually it is good to watch comedy shows
because they are very funny.

--They keep you laughing almost every time you
watch them.

--It is good to watch interesting movies.
--Interesting shows like Young and the Restless,
All My Children, and General Hospital . . .

because it’s sometimes exciting.

--But pay TV has some very good movies like
Splash, Police Academy, Romancing the
Stone.

--But sometimes | watch sports.

--My favorite sport is baseball.

--| like football, but not that much.

--1 hate golf and tennis and all the other stuff
except soccer.

--but I usually watch wrestling at my friend’s
house because it’s kind of exciting and | like
the way they fight. (Bryson et al., 1991, pp.
72-75)

According to Bereiter and Scardamalia’s analysis, students who are effective writers engage in a
process of knowledge transformation, which means that they rework their ideas into new thoughts and
organizational patterns (Galbraith, Ford, Walker, & Ford, 2005). In the first protocol, you can see the
expert writer working through ideas, trying to reorganize them and think of new things to say. The expert
writer was engaged in knowledge transformation. In contrast, the sixth grade student in Table 7.3 was
engaging in a process called knowledge telling (McCutchen, 2006). Knowledge tellers do not rethink or
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rework their ideas. Instead, they think of ideas in whatever order they come to mind, and they generally
write these ideas down on paper as they think of them without any thought about how the ideas will fit into
an overall structure. These students don’t plan their writing because they write what they are thinking in the
exact order that they are thinking it.

Younger students tend to be knowledge tellers when writing. During the elementary school years,
some begin to shift to a knowledge transforming model of writing. Teachers of elementary school children
should help students move from the knowledge telling strategy to the knowledge transforming strategy.

Revision. After a draft is written, the next step in the writing process is revision. Revision can range
from rewriting a whole draft with a new organization pattern to making minor changes in spelling. Good
writers spend more time revising than poor writers do (Beach & Friedrich, 2006; Hayes & Flower, 1986;
Pianco, 1979). But it is not just the amount of revising that differentiates effective from ineffective writers.
The type of revision varies as well.

Effective writers’ revisions are more global (Hayes & Flower, 1986). That is, effective writers are
more likely to make major changes affecting the overall structure of the paper. Students who are effective
writers not only plan more extensively; they also make more substantial changes after they have begun
writing. As they write, they may change their overall plan, which requires them to go back and rewrite
earlier sections. Effective writers are thus more likely to completely rewrite a major section, and they are
more likely to revise the overall organization of the paper. In contrast, to the extent that ineffective writers
do revise, their revisions are minor changes to words or phrases (Hayes & Flower, 1986; Kellogg, 1994).
They may correct a spelling error or add a comma, but they are unlikely to rewrite a whole paragraph to
make it more understandable or more coherent.

Problem 7.8. A researcher collected think aloud protocols from six eighth graders as they were
revising a paper in which they had written a movie review of a movie of their choice. Which of
these statements are likely to be made by effective writers but not by ineffective writers?

A.  “lthink I should break this long sentence into two sentences.”

B.  “Oh. This should be too with two O’s rather than with one O.”

C.  “ldon’t think people will understand this part where | explained the basic plot. I'd better
do this part again.”

D.  “ldon’t think this second reason for hating the movie makes very much sense. Maybe |

should take it out and talk instead about how the plot doesn’t make sense, and give two
or three examples.”

E.  “IfIsay, ‘Everyone in the theater was laughing,” people might not know whether | mean
because the movie was funny, or because it was dumb.”

Response: Statements A, B, and E are all primarily about a single word or sentence in the
student’s essay. Even E—which shows admirable awareness that readers might find a
sentence ambiguous—is focused on a single sentence in the essay. Therefore, these statements
are all local revisions, and they could be made by ineffective as well as effective writers.
Statements C and D reflect an intent to make more global revisions. In statement C, the student
demonstrates a willingness to rewrite a whole section because readers might find it hard to
understand. Statement D shows the student considering taking out one argument for disliking
the movie and replacing with an entirely new argument, which would require substantial new
writing. Thus, Statements C and D exhibit an interest in more global revisions that are most
likely to be associated with students who write effectively.
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Writing for the audience. Writing for the audience refers to an ability to take readers’ knowledge
and perspectives into account when writing. An effective high school writer will write an analysis of causes
of World War | differently if the audience is her history teacher than if the audience is a fifth grade history
class. Similarly, an effective writer will write a persuasive essay arguing for higher taxes to support
schools differently if readers are likely to be hostile to the idea than if readers are willing to be more
receptive. Writing for the audience is difficult because people find it very difficult to take other people’s
perspectives into account (Cutting & Chinn, 2006; Gehlbach, 2004)

More effective writers attend more to their audience than novices do, and the ability to take audiences
into consideration develops with age (Kellogg, 1994). Fourth and eighth graders do not make adjustments
to their essays when they are given information about the audience; twelfth graders do (Bracewell,
Scardamalia, & Bereiter, 1978).

Problem 7.9.
Understanding students’ thinking: Writing strategies

A fifth grader is writing about the causes of the American Revolution for a class history book
that his class is putting together. Before he begins writing the paper, he spends 5 minutes
writing the following on scratch paper.

Main causes:

23 soldiers stay in people’s houses
12 be free

3—too-manytaxes

31 taxes without representation Boston Tea Party

His final paragraph is as follows:

There were three main causes of the American
Revvolution. They didn’t like taxes without
representation, so they had the Boston Tea Party. They
wanted to be free. And they got mad when soldiers were
staying in their house.

Evaluate the strategy use that is evidenced in his prewriting and writing.

Response: The student has done some planning, as is evident in his outline. And there is a
small amount of revision, as the student crosses out one idea and replaces with another, and
also reorders the ideas slightly. But overall, the idea generation is minimal, and there is no
generation of supporting ideas. So this is, overall, unsatisfactory planning. It appears that he
undertakes no revision once he begins writing. His lack of awareness of the audience is evident
in that he doesn’t provide any surrounding context, and he leaves the reader to wonder what
his pronouns (they) refer to.
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We have now examined general self-regulation strategies, comprehension strategies, problem solving
strategies, and writing strategies. The writing strategies we have discussed in this section—planning,
revising, and writing for the audience—are broadly applicable to students of all ages. By helping your
students learn to carry out these strategies, you will enable them to become self-regulated writers who can
plan, execute, and revise their writing on their own. In the next section we will turn to our final set of
strategies that can help students become more effective learners and thinkers: strategies for reasoning.

Reasoning Strategies

Reasoning strategies help us decide what ideas about the world are true or false. For example,
economists use reasoning strategies to try to understand the effects of monetary policy on the health of the
economy. Geologists use reasoning strategies to develop and test theories of why earthquakes occur.
Teachers use reasoning strategies to decide whether rewards such as stickers are likely to increase or
decrease their students’ motivation. We will discuss several useful reasoning strategies in this section of the
chapter: generating arguments and counterarguments, fair-mindedness in evaluating evidence, estimating
frequencies and probabilities, considering sample size, considering control or comparison groups, sourcing,
and seeking corroboration.

Much of the research on reasoning strategies has examined the reasoning of adults (undergraduates
as well as other adults). This research indicates that adults are not proficient in using many reasoning
strategies, including the strategies discussed in this section. This strongly suggests that K-12 schools have
not done a good job of preparing students to be good reasoners. In later chapters, you will learn about
instructional methods to improve students’ reasoning. The focus of this section is to discuss common flaws
in reasoning as well as more effective reasoning strategies so that you will gain a good understanding of the
problems that instruction in reasoning needs to address.

Generating arguments and counterarguments. In a number of studies, participants have been
asked questions such as these:

Do you support or oppose increased taxes for funding education? List all the arguments in support of your
position that you can think of. Now list all the arguments against your position that you can think of.

How many arguments can you come up with?

While some students are capable of generating many arguments on multiple sides of an issue, other
students generate fewer arguments, and are only capable of generating arguments in support of their own
position. Were you able to think of as many arguments against your position as for your position? If so,
you are unusual. Most adults and adolescents can think of two or three times more arguments for their own
position than against it (Kuhn, 1991). In addition, researchers have consistently found that most people do
not generate very many arguments at all, perhaps two or three arguments for their position and one
argument against (e.g., Kuhn, Shaw, & Felton, 1997; Perkins, Allen, & Hafner, 1983).

Thus, a basic failing of human reasoning is that people generally fail to consider sufficient
arguments, especially arguments for the opposing position. This suggests that one focus of instruction
should be to help students learn to generate more arguments on both sides of questions as they are
considering an issue. However, as we will see as we look at the next strategy—fair-mindedness in
evaluating evidence—it is not enough simply to generate arguments on both sides of a question. Effective
reasoners also evaluate arguments on both sides fairly.

Evaluating evidence fairly. Think about a capital punishment supporter who reads the following
study:
Palmer and Crandall compared murder rates in 10 pairs of neighboring states with different capital
punishment laws. In 8 of the 10 pairs, murder rates were lower in the state with capital punishment. This
research supports the deterrent effect of the death penalty.
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How do you think the capital punishment supporter would respond? Two representative responses were:

It shows a good direct comparison between contrasting death penalty effectiveness. Using neighboring states
helps to make the experiment more accurate by using similar locations.

It seems that the researchers studied a carefully selected group of states and that they were careful in
interpreting their results.

Now—how would capital punishment supporters respond to the exact same study if the results were the
opposite, as shown here:

Palmer and Crandall compared murder rates in 10 pairs of neighboring states with different capital
punishment laws. In 8 of the 10 pairs, murder rates were higher in the state with capital punishment. This
research opposes the deterrent effect of the death penalty.

Here are two representative responses by capital punishment supporters to this version of the study:

The evidence given is relatively meaningless without data about how the overall crime rate went up in those
years.

There were too many flaws in the picking of the states and too many variables involved in the experiment as a
whole to change my opinion.

The method of the study was unchanged. Only the results were different. And yet the responses were totally
different. Students found great fault with the study that opposed their views but found no problems with the
study that supported their views. The same pattern held for opponents of the death penalty: They found
flaws in the study when the results supported the death penalty and found no flaws in the study when the
results opposed the death penalty.

As this study illustrates, most people look hard for flaws in evidence that contradict their beliefs, but
they don’t look hard at all for flaws in evidence that support their beliefs (P. A. Klaczynski, 2000; Paul A.
Klaczynski, Schuneman, & Daniel, 2004; Kunda, 1990). In this way, their reasoning is biased rather than
fair-minded. Poor reasoners are biased in their evaluation of evidence. Good reasoners, on the other hand,
attempt to be more fair-minded in evaluating evidence (Chinn & Brewer, 1993).

Recall from Chapter 5 (prior conceptions), you learned about the various ways in which people
discount evidence that contradicts their beliefs. In doing this, people do not always evaluate evidence fair-
mindedly. Instead, they may evaluate evidence that contradicts their current beliefs with skepticism and
they may gloss over any possible flaws in evidence that supports their beliefs. As a teacher preparing
students to reason in the real world, one of your goals should be to promote more fair-minded reasoning.
The goal is for students to be able and willing to notice flaws in arguments that support their positions as
well as to avoid being too harsh in evaluating arguments against their positions.
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Problem 7.10
Understanding students’ thinking: Students’ arguments

Here is an essay written by a sixth grader on the topic of whether research that harms animals
should be illegal. The essay was not to be merely a persuasive essay arguing for one side of the
question. It was supposed to be an essay that explored multiple sides of an issue. Here is one
student’s essay. Evaluate the quality of her essay.

| don’t think that animals should be used in research because it’s not fair to the
animals. Animals have rights too. Even if they’re not just like humans, they are still
living creatures so we have to treat them kindly. How would you feel if someone
wanted to take your pet dog or even your pet hamster and use it for medical research
and how would you feel if the pet died? Even if these animals that are being used in
research aren’t someone’s pets, they should still be treated the same as if they were
someone’s pets. | know that maybe the animals can be useful in medical research, but I
haven’t heard of any big discoveries being made from using animals. It's usually for
stuff like make-up and it’s not fair to use animals in research to test the safety of
make-up.

Response: This is a very one-sided essay that shows little evidence of fairly considering the
evidence on multiple sides. The student barely mentions arguments for using animals in
research and discounts the possibility that useful discoveries have been made on the basis of
research with animals by saying that she hasn’t heard of any such discoveries. But there’s no
indication that she searched for whether there were any such discoveries. The claims she does
make (such as the claim that animal research is usually used to test make-up) are not
supported by any specific evidence. She does not critically evaluate her own claims.

Considering sample size. Suppose that Lexie, a high school student, is writing a paper on whether a
new fad diet is effective and safe. She reads a scientific study with over 1000 people that shows a slight
average weight gain among those following the diet and also demonstrates harmful side-effects of the diet.
She also reads the testimony of a single dieter in a magazine who describes how the diet has helped her lose
weight and turn her life around. To which piece of evidence should Lexie give more credence? Scientists
and social scientists would argue strongly that the study with 1000 people should be given more weight.
Other things being equal, evidence based on large samples (i.e., large numbers of people, animals, or other
objects of study) is more credible than evidence based on small samples or just a single case. Considering
sample size refers to taking the number of objects of study into account when drawing conclusions.

Effective reasoners prefer evidence based on larger sample sizes (Jacobs & Narloch, 2001; Watson
& Moritz, 2000). Ineffective reasoners do not pay attention to sample size, and indeed they often find
stories or vivid examples more persuasive than better data based on larger samples (Chinn, 2006; Nisbett
& Ross, 1980). As an example, consider this problem adapted from Fong, Krantz, and Nisbett (1986).

The Caldwells had long ago decided that when it was time to replace their car, they would get what they called
“one of those solid, safety-conscious, built-to-last Swedish cars”—either a Volvo or a Saab. As luck would have
it, their old car gave up the ghost on the last day of the closeout sale for the model year both for the Volvo and
the Saab. They quickly got out their Consumer Reports where they found that the consensus of the experts was
that both cars were very sound mechanically, although the Volvo was felt to be slightly superior on some
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dimensions. They also found that the many readers of Consumer Reports who owned a Volvo reported having
fewer mechanical problems than the many readers who were owners of Saabs. They were about to go and strike
a bargain with the Volvo dealer when Mr. Caldwell remembered that they had a friend who owned a Saab and
one who owned a Volvo. Mr. Caldwell called up the friends. The Saab owner reported having had a few
mechanical problems but nothing major. The Volvo owner exploded when asked how he liked this car. “First
that fancy fuel injection computer thing went out: 250 bucks. Next | started having trouble with the rear end.
Had to replace it. Then the transmission and the clutch. I finally sold it after 3 years for junk.”

Given that the Caldwells are going to buy either a VVolvo or a Saab today, which do you think they should
buy? Why? Good reasoners will realize that if the Caldwell’s goal is reliability, the Volvo is the better
choice. The experiences of many Volvo owners (reported in Consumer Reports) is a better predictor of
whether a new car will be reliable than one owner’s experience. It’s more helpful to look at the maintenance
records of thousands of Saabs and Volvos than of 1 Saab and 1 Volvo. But many people who read this
story do not reason in this way and instead recommend that the Caldwell’s choose the Saab, based on this
single vivid story. When making a decision then, students who understand the value of statistics will make
more informed choices.

These two examples (diets and choice of cars) illustrate the importance of considering sample size in
everyday decision making. The implication for teachers is that students should learn to give greater weight
to evidence based on larger rather than smaller samples. In later chapters, we will examine ways to help
students learn to reason about sample size as well as about other issues.

Figure 7.7: The SAT Problem
Does Doxymillin work?

Scientists have been trying to find out how nutrition affects learning. They studied 30 high school
juniors in a New Jersey school. The students agreed to eat a very healthy diet. They ate many
fewer fatty foods and junk foods. They cut way back on foods with processed sugar. Then they
checked on how the students did on tests that they took for college, such as the SAT test.

They found that the students got an average SAT score of 1195, which is much higher than the
average SAT score of students in New Jersey.

What should the scientists conclude from this study? Explain your answer as much as you can.

Considering comparison groups. Read the problem in Figure 7.7. How would you answer the
question posed in the figure? Nearly all middle school students as well as most high school students and
even many undergraduates respond that the scientists can conclude that those who eat healthy diets get high
SAT test scores, or a conclusion similar to this . However, there is a crucial piece of information missing
from this problem: The SAT scores of other students in the same high school who did not eat the very
healthy diet. Without this information, it is not possible to draw any conclusion about diet. Suppose that
this was a high school with very high SAT scores on average. In fact, suppose that if all juniors took the
SAT, their average test score would be 1197. Then an average SAT score of 1195 for students eating a
healthy diet would be just about at the average of the whole school. Without knowing the SAT scores of
other students in the same high school, no conclusion at all can be drawn from the study.

When effective reasoners see problems like the one in Figure 7.7, they notice that there is a need to
consider a relevant comparison group, in this case students in the same high school who ate a less healthy
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diet; ineffective reasoners are more likely to draw conclusions from insufficient information (Klaczynski,
1997; Stanovich & West, 1998). This brings us back to an idea we discussed in Chapter 1: the importance
of comparison groups in experimental research. As you learned in Chapter 1, a relevant comparison group
is a group that is similar to the treatment group in as many respects as possible except for the treatment. In
experiments with random assignment, the comparison group is a control group. In situations where random
assignment is not carried out, one can still try to identify relevant comparison groups that are as similar as
possible to the group of interest. Without such comparison groups, meaningful conclusions are often
impossible.

Here is another example. A teacher is trying to figure out why seven of his fourth grade students are
doing poorly. The teacher thinks that the cause may be that the students are spending too much time
watching TV. Therefore, the teacher interviews each student and finds out that all 7 students watch TV for
at least 2 and a half hours a day. He concludes that too much TV is the cause of the problem. Has the
teacher drawn a valid conclusion? The answer is no, because the teacher has not compared these students
with students who are doing well. In fact, most American children watch from 3 to 5 hours of TV per day
(Christakis, 2007). It is likely that the children doing well watch many hours of TV per day, as well. If so,
this cannot be the factor causing the seven children to do poorly. Faulty conclusions arise from not thinking
comparatively.

Problem 7.11
Understanding students’ thinking: Evaluating students’ use of evidence

A student thinks that laziness causes school failure. The teacher asks, “Why do
you think so?” The student replies, “Because | see it around me, you know. |
have friends who fail. They figure it’s the right thing to do, and, you know, they
just get lazy or want to hang out with their friends. And | read someone say the
same thing on some blog on the internet.” Evaluate this student’s reasoning.
(adapted from data in Kuhn, 1991)

Response: In terms of the strategies discussed in this chapter, the student’s
reasoning is flawed in several respects. The student is considering only a small
sample (a few friends). The student also fails to consider appropriate
comparison groups, such as students who do not fail; do those students also
like to hang out with their friends? You could also say that the student has not
tried to generate possible evidence on the other side of the question. And the
student does not employ the strategy of sourcing with respect to the
information read on the blog. Whose blog is this? Is the blog trustworthy? The
student does not attend to these issues.

Sourcing. Sourcing refers to carefully considering the source of evidence and how credible the
source is when evaluating evidence. For example, if you are a juror hearing eyewitness testimony in a
murder trial, you will be most confident in the testimony if the eyewitness has no reason to be biased, if the
eyewitness had a clear view of the event, and if there is no reason to suspect that the eyewitness has
distorted memories of the event (cf. Ennis, 1987). If an eyewitness stands to profit financially from the
defendant’s conviction, you are likely to treat the testimony more skeptically than if the eyewitness is a
neutral observer who did not previously know the defendant. Studies indicate that students often fail to
consider the source of evidence when they weigh the evidence (Britt & Aglinskas, 2002; De La Paz, 2005;
Wiley & Bailey, 2006). Some characteristics of trustworthy sources are in Table 7.4
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Table 7.4:
Characteristics of trustworthy sources

Characteristic Definition Example

Position Occupation or credentials A general is better placed to give a
trustworthy account of troop
movements than a medical aid who
knows nothing about strategy.

Motivation Reason for the author writing the | A political opponent of Lincoln is
document less trustworthy source about
Lincoln’s motivations than a neutral
source.
Participation How the author came to know A nurse who served in battlefield

about the events that are described | hospitals is a more trustworthy
source of hospital conditions than a
nurse who was never there.

Date Time period in which the document | An eye witness report written
was written immediately after a battle is more
trustworthy than an eye witness
report written fifty years later.

Document type The kind of document such as A New York Times article is likely to
personal letter, official record, be more trustworthy than an article
formal treaty, tabloid article, etc. in a sensational weekly tabloid.

adapted from Britt & Aglinskas (2002)

Recall from earlier in the chapter, educator Sam Wineburg (1991) gave high school history students
and historians a set of one-paragraph documents about whether the colonials or the British fired the first
shot on Lexington Green in 1775 to start the American Revolutionary War. When reflecting on documents,
historians considered the source of the document 98% of the time; high school students considered the
source of the document only 31% of the time. One student was reading an excerpt from a British officer’s
diary, and when she got to the end, where the source was listed, she suddenly exclaimed “Oh my God, it's
British” (Wineburg, 1991, p. 79). Historians, in contrast, regularly checked the source first before reading
the document.

Sourcing has become particularly important in the age of the Internet, where there are many
untrustworthy sources that put information on the web (Wiley & Bailey, 2006). When looking for
information on AIDS, an American Medical Association website is likely to be more credible than a
website published by a person making wild claims about contagion that are not supported by any scientific
evidence. But elementary, middle, and high school students may have difficulty discriminating trustworthy
from untrustworthy sites.

The examples in this section point both to the importance of helping students learn to check sources
of documents regularly and to the importance of learning what makes a source trustworthy. In later
chapters, we will examine instructional methods that can help students learn about strategies such as
sourcing.

Seeking corroboration. Corroboration refers to checking “important details against each other
before accepting them as plausible or likely” (Wineburg, 1991, p. 77). As Wineburg (1991) found in his
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study of historians and high school students, historians sought to corroborate details from one document
with other documents; high school students did not. When reading a textbook account of the battle at
Lexington Green that said that the rebels were ordered to disperse but stood their ground, one historian
said, “It's not clear that they were ordered to disperse, the depositions don't indicate that, the British
accounts do indicate that. Let me check back to Barker [the author of another document] for a second--
yeah, Barker doesn't even say there was any dispersal.” Thus, the historian was trying to use the different
available historical documents to corroborate each other as well as to corroborate what the textbook said.
In contrast, a high school student said in response to the same document, “It seems in a way [to be] just
reporting the facts, ‘The rebels were ordered to disperse. They stood their ground,” just concise, journalistic
in a way, just saying what happened there” (Wineburg, 1991, p. 81). The student did not notice that there
were historical documents that did not corroborate the textbook account, nor did the student seem at all
disposed to search for corroboration.

By seeking corroboration for evidence, students are more likely to arrive at an accurate picture of
events (Brem, Russell, & Weems, 2001; Britt & Aglinskas, 2002). If multiple sources agree on a claim,
that claim is more likely to be true. In a jury trial, three eyewitnesses who agree that they saw a person rob
a store is more credible than a single eyewitnesses, because the eyewitness corroborate each other. Finding
fingerprint evidence at the scene of the crime provides further corroboration. The more corroboration there
is for a claim, the more trustworthy the claim is. Thus, an important goal of teaching is to help students to
appreciate the value of corroboration and to actively seek corroboration for claims.

Problem 7.12.
Evaluating teaching: A teacher-constructed questionnaire

A teacher gives out a questionnaire to his high school history students. Here is the questionnaire
and one student’s responses. Evaluate the questionnaire; does it do a good job of determining
what strategies students use to study for tests? Then evaluate what you can learn from the
student’s responses.

Name: Jarrod Williams Period: 3

Think about how you studied for your last history test.

Rate your agreement with each statement. Circle one number.
1 = you completely disagree
5 = you completely agree

1. I studied a lot. 1 2 3 4(9
2. | reviewed the textbook. 1 2 3 4 @
3. I reviewed my notes. 1 2 3 4 @
4. | asked myself questions as | studied. 1 @ 3 4 5

Now describe your approach to studying for the test.

I studied my textbook in the evening, and | reviewed my
notes during study hall before class.

Response: At least three of the four questions with ratings are very ambiguous. What does it
mean to study a lot? Different students will interpret “a lot” very differently, so it is difficult to
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interpret students’ answers without knowing exactly how much they studied. Did Jarrod study 30
minutes in the evening and 40 minutes during study hall and think that this is a lot of studying?
How much is a lot? The two questions about reviewing the textbook and the notes do a poor job of
getting at exactly what strategies the students are using. “Reviewing” could include simply
rereading the text or studying it much more actively using elaboration or explanations. The fourth
question is better, in that it is clearer about a specific strategy (asking questions about the text)
that the students might use. Asking oneself questions is a way to stimulate one’s own elaboration
or explanations of the text.

Although the ambiguity of the first four questions makes definitive interpretation of Jarrod’s
responses impossible, his responses suggest that he may not have studied using active
comprehension strategies. He said that he did not use the one active strategy listed—asking
himself questions about the text. His reviewing may have been limited to rereading the text and his
notes.

The open-ended question at the end is one that allows students to show the extent to which they
have metaawareness of the effective or ineffective strategies that they are using. Jarrod uses very
general verbs (“studied” and “reviewed”). Either he lacks the motivation to tell more about the
specific strategies he is using, or he lacks the metacognitive awareness needed to say more
precisely the strategies he is using.

In this section we have examined six reasoning strategies that can help students become more
effective reasoners: generating arguments and counterarguments, fair-mindedness in evaluating evidence,
considering sample size, considering comparison groups, sourcing, and corroboration. All of these
strategies can help students learn to think critically and fairly about evidence and to use evidence effectively
to reach well-founded conclusions. These reasoning strategies can be emphasized across subjects and ages.
We will explore instructional strategies more thoroughly in later chapters.

HOW TO EVALUATE STUDENTS’ STRATEGY USE

In this chapter, you have now learned many strategies that you can productively teach your students.
You have seen that it is possible to help students become much more effective learners and thinkers if you
teach them more effective cognitive strategies. In the Understanding Students’ Thinking problems you
have encountered so far, you have also begun to gain experience in evaluating students’ strategy use based
on their talk in individual think alouds and their talk in group work. As a teacher, you will need to be
skilled at diagnosing what strategies students are (and are not) using.

There are two basic methods you can use to identify the cognitive strategies your students are using
to evaluate how well they are using them: (1) Administer self-report assessments to find out what kinds of
strategies your students say that they use. (2) Pay attention to what students say when they talk (in
individual think alouds, in group work, and in class discussions) and to what they write in their written
work.

Administering Self-Report Assessments

A self-report assessment is an assessment that asks students questions about their own personal
characteristics, such as the strategies that they use when they study. One way to find out what strategies
your students use is simply to ask them. You could, for example, ask a student after school how he studies
for a test. By asking follow up questions, you could prompt him to be specific about the strategies that he
uses. Or at the beginning of class near the beginning of the term, you could also ask all of your students to
write down for you the typical strategies they use on a particular task (such as studying vocabulary words).
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One type of self-report is called the cognitive strategy questionnaire, a questionnaire which asks
guestions about students’ strategy use. One widely used questionnaire to assess cognitive strategies is the
Motivated Strategies for Learning Questionnaire (MSLQ), which includes motivational items (discussed in
Chapter 7, Motivation and Core Beliefs) as well as items used to assess learning strategies. Figure 7.8
presents several MSLQ items from a version of the MSLQ reported by Pintrich and De Groot (1990). It is
in a form that you could hand out to students to answer. The first set of items is designed to assess use of
several cognitive strategies. The second set of items assesses self-regulation.

Figure 7.8: Items from the MSLQ

Rate each of these statements on a scale from 1 (not at all true of me) to 5
(very true of me).

Cognitive strategy use: not at very
all true true
1. When 1 study for a test, | try to put 1 2 3 4 5
together the information from class and
from the book.
2. It is hard for me to decide what the main 1 2 3 4 5
ideas are in what I read. (reversed)
3. When I study, 1 put important ideas into 1 2 3 4 5
my own words.
4_ 1 always try to understand what the 1 2 3 4 5
teacher is saying even if it doesn’t make
sense. 1 2 3 4 5
5. I use what 1 have learned from old
homework assignments and the textbook to
do new assignments. 1 2 3 4 5
6. When I am studying a topic, | try to make
everything fit together. 1 2 3 4 5
7. 1 outline the chapters in my book to help
me study. 1 2 3 4 5
8. When reading I try to connect the things 1
am reading about with what I already know.
Self-regulation 1 2 3 4 5
1. 1 ask myself questions to make sure | know
the material 1 have been studying. 1 2 3 4 5
2. When work is hard 1 either give up or
study only the easy parts. 1 2 3 4 5
3. 1 work on practice exercises and answer
end of chapter questions even when I don’t
have to. 1 2 3 4 5
4. Even when study materials are dull and
uninteresting, 1 keep working until 1
finish. 1 2 3 4 5
5. Before 1 begin studying, 1 think about the
things I will need to do in order to 1 2 3 4 5
learn.
6. 1 often find that I have been reading for
class but don’t know what it is all about. |1 2 3 4 5
(reversed)
7. 1 find that when the teacher is talking |
think of other things and don’t really 1 2 3 4 5
listen to what is being said. (reversed)
8. When 1’m reading, | stop once in a while
and go over what 1 have read.

NOTE: On most items, a higher score indicates better strategy use; on “reversed” items, a lower score indicates
more sophisticated strategy use.
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By giving a questionnaire such as this one, you can learn a great deal about your students’ strategy use.
There are currently websites that allow students to take different versions of the MSLQ online. Other
questionnaires, such as the Learning and Study Strategies Inventory (LASSI) (Weinstein, Zimmermann, &
Palmer, 1988), can be purchased and administered to students. Research with questionnaires such as the
MSLQ and the LASSI has usually found small but statistically significant correlations between reported
strategy use and measures of achievement such as course grades or GPA (e.g., Karabenick & Sharma,
1994; Pokay & Blumenfeld, 1990). If you cannot use a professionally developed questionnaire, or if you
want to assess use of a strategy not covered by existing questionnaire, you could construct your own
questionnaire with items like the ones above to gain insights into your students’ thinking.

Problem 7.13. Understanding students’ thinking: Elaborations

Now try your hand at evaluating students’ elaborations. Here are two middle
school students whose teacher has asked them to use the strategy of
elaboration in response to the text below. Does each response display
elaboration?

Text: Jackson was the first president to use the veto extensively. Earlier
presidents had used the veto very rarely, and only when they believed that a
bill that Congress had passed was unconstitutional. Jackson used the veto as
a weapon of policy.

Nate. “Earlier presidents didn’t use the veto much, but Jackson used it a lot.
Earlier presidents didn’t veto a bill unless they believed it was
unconstitutional. But Jackson was different.”

Julien. “Most presidents today use vetoes a lot, so it looks like Jackson
started something that has continued for almost 200 years.”

Response: Nate does not elaborate. This is a paraphrase, a lengthy one, but
still a paraphrase. There are no substantial ideas mentioned that were not
already in the original text. Julien does elaborate. He connects what he is
reading to his knowledge of contemporary presidencies.

One obvious problem with self-report measures of strategy use is that students may not truthfully tell
you what strategies they actually use, or they may not interpret the items in the way that you intend. For
instance, when a student reports that she usually “carefully studies each step in the example problems,” she
may think that this means that she reads every word in the example problems, not that she actually tries to
explain each step. Self-report measures also require students to have metacognitive knowledge about the
strategies they use; many students, however, may use effective or ineffective strategies but be unable to tell
you what they are.

Listening to students’ talk and reflecting on their written work. You have already had practice
evaluating students’ strategy use in the application problems. As these problems indicate, there are several
different ways to find out about your students’ strategy use. One excellent way is to really listen to them
and reflect on their strategy use when they are talking in groups or in class discussions. (I’ll discuss this
more in later chapters on discussions and collaborative learning.) You can also examine students’ written
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work to see what strategies they seem to be using, as you have done in earlier application problems in this
chapter.

You can also elicit think alouds when you are working one on one with students, perhaps before or
after school. It is quite easy to get students to think aloud as they are reading or solving a problem. You can
use instructions such as those in Figure 7.9 to get students started (see Chan et al., 1992; Chi, de Leeuw,
Chiu, & LaVancher, 1994). As you carefully listen to what your students say as they are thinking aloud,
you will gain insights into which strategies they are using and how well they are using these strategies. You
will have a chance to develop your skill evaluating students strategy use from think alouds in the problem
sets at the end of the chapter.

Figure 7.9:
Instructions to help students think aloud

Example of instructions for older students (upper elementary)
“When you think out loud, you read a short section, and then you pause and say anything at all that com
to mind as you read the sentences. These questions might give you some ideas of what to say:

--What does this mean?

--Is there anything I don’t understand? Is there anything | wonder about now?
--Is anything different from what I thought before?

--How do the new ideas tie in to things I’ve learned before?”

Example of instructions for younger students (early elementary)

When you think out loud, you read these sentences, and then you stop and say anything you are thinking
-- You can talk about what the sentences mean.
-- You can talk about something you don’t understand in the sentences.
-- You can talk about any new ideas you have when you’re reading.

194
(2]

STRATEGY INSTRUCTION: MAKING THINKING PUBLIC

In later chapters, you will learn how to teach cognitive strategies to your students. Right now, we will
foreshadow one important point about teaching cognitive strategies. An important component of instruction
that promotes strategy development is making thinking public, or making thinking visible (Collins, Brown,
& Newman, 1989). Making thinking public refers to explaining one’s thinking in group and class
discussions.

To illustrate the importance of making thinking public, let’s consider the following hypothetical
example of a discussion in a fifth grade social studies class. One of the teacher’s goals is to help students
infer the meaning of unknown words. In the following passage, the word cargo is unfamiliar to many
students. They read: “Did Sam Adams organize the Boston Tea Party? Although he never said so publicly,
he very likely knew that it was planned. Whoever led the tea party, however, made sure that the protest was
orderly. Only tea was destroyed. No other cargo was touched. The Boston Tea Party was meant to show
Britain that the colonist would act firmly.”

Teacher: What do you think cargo means?
Rafael: I think it means something like products.
Teacher: That’s very close. We could say that cargo is the products that are carried by a ship.

If the teacher’s goal is to help students learn how to infer the meaning of unknown words, did the teacher
succeed? Has Rafael inferred the meaning of a new word, or did he already know this word, or did he just
make a lucky guess? The teacher simply doesn’t know because he hasn’t asked Rafael to explain how he
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arrived at this definition. In addition, suppose that there are 14 students in the room who do not know how
to infer the meaning of this word. They might have learned the meaning of cargo, but they have not learned
anything about how to derive the meaning of a word from context.

In contrast, consider this exchange:

Teacher: What do you think cargo means?

Rafael: I think it means something like products.

Teacher: How did you come up with that answer?

Rafael: Well, I looked at those two sentences. One sentence says that only tea was destroyed. The next

sentence says that no other cargo was touched. So I was thinking that cargo is something on
the ship that could have been have been destroyed. Cargo could be things carried on the ship,
like products being taken from one place to another.

This time the teacher followed up on Rafael’s answer by asking him to explain his thinking. From Rafael’s
answer, the teacher knows that Rafael did know how to infer the meaning of this word from its context.
Because Rafael explained his thought process, those 14 students who did not know how to infer the
meaning of the word cargo have a chance to learn something about how to do it from Rafael’s explanation.
By listening to Rafael explain his thinking (i.e., from Rafael making his thinking public), these students
might learn that they should consider adjacent sentences, and that words like other can be a good clue.

Figure 7.10:
Showing cognitive work

[This is a two panel drawing.

The panel on the left shows a girl about 11 years old saying “I think the paragraph summary is that Hawaif
has people from many different backgrounds.”

The label under this drawing says “Doesn’t show cognitive work.”

The panel on the right shows the same girl saying, “I think the paragraph summary is that Hawaii has
people from many different backgrounds. I got this idea because each of the sentences in this paragraph
talks about people from different backgrounds, like Japanese, Chinese, Polynesian, and European. Even
though there isn’t any topic sentence, | can figure the topic out because all the sentences are about this one|
idea.”

The label under this drawing says “Shows cognitive work.”]

Making thinking public is analogous to “showing your work” on a math problem. Most of you
probably had a math teacher who would not accept homework or tests that only showed the answers to a
problem, you had to show all the steps you followed to answer the question. Making your thinking public is
a verbal form of showing your work, as illustrated in Figure 7.10. The girl on the left of Figure 7.10 simply
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gives a summary of a paragraph without explaining how she got the answer. On the right side of Figure
7.10, she does explain how she came up with her summary, thus showing her cognitive work.

How can teachers encourage students to make their thinking public? Asking the questions as our
hypothetical teacher did can elicit students to reveal their thought processes. Additional questions and
statements that teachers use to help students verbalize their thoughts are illustrated in the transcript
presented below. This transcript, based on research by Taylor and Cox (1997) shows a teacher (T) working
with fourth graders (J, R, L) solving relatively complex math problems. In the transcript, the students are
working on this math problem: Amy has $28. She plans to save $3 each week. In how many weeks will
she have enough money to buy a telescope that costs $49? Notice what the teacher says to elicit students’
public thinking.

Dialogue Analysis
T: OK, how’s his math? Everything OK up there [on the < The teacher asks other students
whiteboard where the student has written his to evaluate one student’s work.
answer]?

J,R: [together] Yeah.

L: | don’t know yet. < The teacher asks the student to

T: What do you mean, we don’t know vyet? explain why she doesn’t know.

L: Well, it could be wrong. We didn’t check it yet. Then the students try to explain

T: We didn’t check it yet, but as for his division, 21 their thinking in the next several
divided by 3, is that correct? turns.

L: Yeah.

T: What about the subtraction 49 minus 28?

L: Well, we only gotta go 7, minus 14, minus 28 to check
it.

T: Well, we’re not up there yet are we? So, what’s the
answer to our question so far?

L, J, R: [together] Seven.

T: OK, Linda, you can go up there [to the whiteboard **] | € Here the teacher gives explicit
and give it a good ol’ try. Talk to us. Tell us what instructions asking Linda to make
you’re doing while you check it. her thinking public by telling what

she is doing as she works at the

L: 7 times 3, so if it’s 21, then we know it’s the answer. board.

And it is 21!
T: OK, but how do you know?
< The teacher prompts the
student to explain her thinking
even more.

L: Because 7 plus 7 is 14, and then you add another 7 and
it’s 21.

T: Right, but how do you know she has enough money? < The teacher wants more

L: Well .... elaboration and therefore prompts

('I.'he teacher continues working with the students to understand
why they have come up with this answer.)
Taylor and Cox (1997, pp. 209-210, underlining added)

the student to explain further.

The teacher encourages students to make their thinking public in several ways:

e by generally asking students to show their thinking out loud

e by asking for further clarification of their ideas (“What do you mean?)

e by having students explain their thinking while working out the problem on the board (“tell us what
you’re doing while you check it”)

e by insisting that the students come up with explanations for their answers (“but how do you know....”)
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As the students explain their thinking, the teacher learns about her students’ mathematical problem solving
strategies. In addition, the students are learning more because now they are engaged in active explanation.

Problem 7.14.
Evaluating teaching: Encouraging students to make their thinking public

Sharon Gettis is a third grade teacher who has recently learned about the idea
of encouraging students to make their thinking public, and she has decided to
begin trying to do this during her lessons. Here is a reading lesson in which the
students are discussing a story about a girl named Lauren who is not a good
soccer player but still contributes to her team by being very supportive of her
teammates. As Sharon talks with her students about the story, she wants to
have her students not just answer her questions but explain how they came up
with the answers to her questions. Evaluate how well she accomplishes her
goal in this exchange. If you think she could have done better, identify what
she could have said instead.

Several minutes into the discussion, Sharon asks a new question.

Sharon: We’ve been talking about the mistakes Lauren made on the
soccer team. Why did Lauren’s teammates like her so much?
Colby?

Colby:  Because she gave them presents and things. [This is an idea
that is not very well supported by the story.]

Sharon: OK. That’s one possibility. How about any other reasons?
Noemi?

Noemi: Because she really helped her teammates play better.

Sharon: Why do you think that?

Noemi: Well, because in the story it said that, like, her friend Savannah
heard Lauren cheering for her, so she ran as fast as she could.

Response: With Noemi, Sharon asks a question that does prompt Noemi to
explain her thinking. When Sharon asks why she thinks that, Noemi explains
the textual evidence that she used to support her position. However, Sharon
does not do as well with Colby. Perhaps because Colby got what she viewed as
a less acceptable answer, she decided not to ask him to explain his thinking.
But teachers can ask students to make their thinking public even if answers are
not right. In fact, by following up on a less acceptable answer with Colby,
Sharon could have helped Colby see why the answer was less acceptable. If
Colby had not been able to find any textual evidence for his idea, then he
would learn that his ideas need to be more closely tied to textual evidence. If
he had offered some support for his idea, the teacher could have continued the
conversation to help the students understand why some ideas are better
supported by the text than others.
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EXTENSIONS

In this section we examine how strategy use by students varies across different kinds of students. We
first examine developmental changes in strategy use. We then explore strategy use in students of other
cultures as well as ESL students. Finally, we consider strategy use by special education students.

Developmental Changes

In Chapter 3, you learned that there are theories about major developmental changes in children’s
minds as they grow older. An important aspect of cognitive development is the changes in strategy use that
occur as children grow older. As students gain a greater understanding of their own minds, their
understanding of learning strategies that are available to them increases, and their strategy use grows more
sophisticated. For instance, older learners are more proficient at using strategies such as summarization,
elaboration, explanation, and monitoring than younger learners are (A. L. Brown et al., 1983).

Similarly, as elementary school children move into middle school and then high school, their
understanding of the distinction between theories and evidence improves. At this point, they better
understand the role of evidence in supporting theories and that evidence can either support or contradict
their current theory (Kuhn, in press). This ability lays the groundwork for improved use of the reasoning
strategies that you have learned about in this chapter.

Researchers have found that even many adult learners fall short of proficiency on most of the
strategies that you have learned about in this chapter. Moreover, even early elementary school students can
begin learning most of the strategies in this chapter at a basic level (A. L. Brown et al., 1983). Research
has shown that young children can learn sophisticated scientific and mathematical strategies that until more
recently, were thought to develop only in early adolescence (Lehrer & Schauble, 2002; Metz, 1995). This
research indicates that most—if not all—of the strategies in this chapter should be introduced in early
grades and revisited in more complex ways as students move into higher grades.

Students’ use of each of the strategies discussed in this chapter will become more sophisticated over
time, as well as other strategies they learn, as they continue to use them throughout their school years.
Table 7.6 presents six dimensions of change in strategy mastery, using the strategy of summarization as an
example. Instruction should focus on helping students gain sophistication in strategy use along these six
dimensions.

Cultural and Linguistic Diversity

There is some evidence that students from different cultures may use different cognitive strategies for
learning. In a comparison of Australian and Japanese high school students, Japanese students reported
more rehearsing and memorizing and more reviewing of textbooks, whereas Australian students reported
more goal setting, more use of self-rewards, and they were more likely to seek teacher or adult assistance.
They also tended to review notes and tests (Purdie, Hattie, & Douglas, 1996). In a study of U.S. students,
Stevens and Tallent-Runnels (2004) found that the Hispanic and Anglo students seemed to interpret
questionnaire items differently, which made it difficult to compare strategy use across the two groups.

Nisbett and his colleagues (2001) have reported on a broad range of differences in reasoning
strategies between European Americans and East Asians. For instance, East Asians are more likely than
European Americans to consider the surrounding context when explaining events. In one study, Koreans
reported a much stronger belief than European Americans that people’s behavior is determined by the
situation in which they find themselves. When asked to explain people’s behaviors, East Asians are more
likely to take the situation into account when making attributions. In explaining a murder case, an East
Asian might say “he became ambitious because he had grown up in a small town,” whereas a European
American is more likely to say simply that “he became ambitious” (Choi, Nisbett, & Norenzayan, 1999, p.
58). Thus, the East Asian explains the murder partly in terms of the situation in which the individual lived,
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whereas the European American tends to explain the murder strictly in terms of the internal characteristics
of the individual.

These differences in strategy use may very well arise from larger differences in cultural norms and
values. Niles (1995) found that Australian university students tended to report competition as a central
driving force that influenced how they approach learning, whereas Asian students studying at Australian
universities reported social approval as an important factor. Nisbett et al. (2001) argued that differences in
reasoning between East Asians and European Americans arise from a general collectivist orientation in
East Asian countries, which contrasts with a more individualistic orientation in Western countries.

There is a danger, however, in assuming that students of a particular background will employ
particular kinds of strategies. Niles (1996) found that in contradiction to a stereotype that Sri Lankan
students prefer rote memory strategies, these students actually preferred complex learning strategies. What
should you, as a prospective teacher, take away from this? Regardless of your students’ cultural
backgrounds, there is likely to be wide variation in your students’ strategy use, as well as in the underlying
theories of learning and epistemology that guide their choice of strategies. Your task, as a teacher, is to find
out the various strategies that your students are using and then to help students who need to use more
effective strategies.

Capitalizing on students’ strategic knowledge. There is limited research on transfer of strategies
from one language to another. Spanish speakers who are successful in English reading are able to transfer
strategies used in Spanish to learning in English (Jimenez, Garcia, & Pearson, 1995, 1996). Successful
bilingual learners are also explicitly aware of relationships between English and their native language.
Thus, teachers of bilingual students can capitalize on strategies that students can deploy in their first
language and help them learn to use these strategies in English, as well.

Students with Learning Disabilities

Without instruction, students with learning disabilities typically show limited use of the strategies
discussed in this chapter (Butler, 1998; Graham et al., 1998). For example, LD students exhibit these
characteristics:

e They fail to monitor their comprehension when they are reading (Swanson, 1991).

e They are poor at identifying important information and using text structure signals (Alexander, Garner
et al., 1998).

e They have difficulty summarizing and asking meaningful questions of texts (Palincsar & Brown, 1984).

e They fail to engage in adequate planning and idea generation when they are writing (Graham, 1990;
Page-Voth & Graham, 1999).

e They do not engage in meaningful revision of their writing (Graham, 1997).

It is not only that LD students do not use useful strategies; they may also have less metacognitive
control over their strategy use (Butler, 1998; Wong, 1985). This suggests that making thinking public may
have particular value for LD students so that they can gain practice at talking and thinking about strategy
use (cf. Palincsar & Brown, 1984).

LD students profit from instruction in many of the strategies presented in this chapter (Baker,
Gersten, & Graham, 2003; Page-Voth & Graham, 1999; Palincsar & Brown, 1984). Indeed, it appears that
a particularly effective technique for working with LD students is to identify strategies that they need to
learn and provide instruction in these strategies. Because many non-LD students in the class will profit
from learning the same strategies, it is often a good idea to teach the same strategies to all students. LD
students may especially benefit from the instruction.

An important question is why LD students demonstrate difficulties with metacognition and strategy
use. As we discussed in Chapter 4 (individual differences), one possible explanation is that LD students
have less working memory capacity. Another is that poor strategy use is responsible for differences in
performance on memory and other tasks. Consider a child who can recall only 5 digits on a digit span task,
in comparison with a non-LD student who can recall the more typical 7 digits. Even on a simple task such
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as this, it is possible that more proficient performers use some memory tricks to try to remember an extra
digit or two, whereas LD students fail to use any such strategies. This could at least partly account for
differences in performance on short-term memory tasks.

It is important to keep in mind that even if LD students learn more effective strategies, they may still
have more difficulty learning than other students. One reason is that prior knowledge is also an important
factor that influences learning, and if a student has used inefficient strategies for many years, that student
will have a much smaller knowledge base to draw from to understand new information. Learning better
strategies should help student enrich their knowledge base, but it may be difficult to catch up.

To the extent that some LD children’s difficulties are caused by physical differences in the size of
short-term memory, these students will likely have more difficulty with some of the strategies. For instance,
elaboration is a strategy that makes heavy demands on short-term memory, as the learner combines new
information with elements of prior knowledge in short-term memory to construct new memory structures.
Indeed, most of the strategies outlined in this chapter pose demands on working memory, and LD students
with restricted working memory space may find it harder to use these strategies and may profit less from
them. Nonetheless, strategy instruction has proven to be a valuable intervention with LD students. In
Chapter 16 (strategy instruction), you will also learn about ways to adapt instruction to students with
learning disabilities.
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CHAPTER 8 Assessment

Chapter Outline

INSTRUTIONAL GOALS AND THE INSTRUTIONAL CYCLE
The instructional cycle
Instructional goals
Behavioral objectives

ASSESSING UNDERSTANDING
ASSESSING TRANSFER

The difficulty of achieving transfer
Assessing for transfer

INSTRUTIONAL GOALS AND THE INSTRUTIONAL CYCLE
The Instructional Cycle

There are three central parts of instructional planning in Figure 8.1 (cf. Smith & De Lisi, 19xx):

Figure 8.1: Instructional planning

Plan instructional
activities

Plan instructional s Plan assessments
goals

There is no particular order in which these planning activities need to be performed. Most commonly, you
would start with instructional goals. But however you proceed, it is crucial that goals, activities, and
assessments are in tight alignment.

Serious problems can arise when goals, activities, and assessments are not in alignment. Here are some
examples, all taken from undergraduate classes.

Example 1. An educational psychology professor has student groups act out a series of skits in which the
undergraduates in the class act out the role of K-12 students of various ages interacting on an assigned
task.. After each skit, there is a discussion about ““how effective the collaborative learning was in each
acted out group. Afterwards, the students leave the class thinking that the class went quickly, but they
really don’t know what they were supposed to “get”” from this.

The problem here is a failure to articulate goals. This is an experience that was very common for me
when | first began teaching educational psychology courses. My instruction was all organized around
interesting, “hands-on” activities such as skits and role plays. But my classes weren’t going well, and |
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couldn’t figure out why. When | consulted my department chair, he simply asked me, “What were your
goals for this class?” | couldn’t answer. Students left the class unsure of what they were supposed to learn
because | had set up an activity that—no matter how hands on it was—had no clear goals. When | revised
this (and many other activities) so that they were clearly focused on clearly specified instructional goals, the
classes started to fall together better. | was able to communicate to students what the instructional goals
were, and this helped them understand better the point of the activities. And | modified the activities, too, to
fit the goals more tightly.

Example 2. A recently hired history professor is teaching classes on her own for the first time. Although
she uses a fairly traditional history textbook, she has the central goal of promoting “historical thinking”
among the students. Her classes are heavily focused on discussions in which students debate what can be
concluded from primary source documents. In each class, she clearly articulates the range of reasoning
strategies that she hopes to see used in the discussion. Her exams consist of 30% multiple choice
guestions about the textbook, 50% short-answer questions about the textbook, and 20% essay questions
in which she provides them with original source documents and asks them to draw conclusions and
explain their responses. As the semester progresses, she finds that students participate less and less in
the discussions. Lately she has been dreading going to class. She supposes that her students just don’t
like to think.

This professor’s problem is a mismatch between her goals and activities, on the one hand, and her
assessments, on the other. Although nearly 100% of her classes are focused on reasoning goals, only 20%
of her exams have this focus. It is no wonder that students become less and less willing to participate in
activities that are poorly represented on the exams. They become angry that she is not preparing them for
the tests she gives. This professor should either change her goals and activities to reflect what is on the
exams or change her exams to reflect her goals and activities. Here you can see that when exams are out of
sync with goals and activities, students become disaffected and unwilling to participate in the class
activities.

Example 3. This is a variant on the previous example. This time the same history professor has the same
central goal of promoting “historical thinking™ using primary source documents. Her exams are heavily
focused on this. But her classes are mostly lecture classes in which lectures about the historical events
described in the textbook. She provides information that goes beyond the text but very seldom brings in
any primary sources. She occasionally provides pointers on how to think about primary source
documents, but this activity takes up less than 10% of all class time. She is baffled at the end of the
semester when she finds that she has received awful teaching evaluations.

This time the professor’s problem is a mismatch between her goals and assessments, on the one
hand, and her class activities, on the other. Her assessments are admirably tied to her goals, but she does
not provide instruction during class activities that prepare students properly for the assessments. If she
wants students to learn the difficult strategies involved in thinking like a historian, she must provide
instruction that helps them understand these strategies and give them many opportunities to use the
strategies they are learning.

The examples above illustrate some of the problems that can arise when goals, class activities, and
instruction are not tightly aligned.

Figure 8.2 below elaborates slightly on the instructional cycle (Zola, 19xx). Once a teacher establishes
instructional goals, the teacher can give pretests to find out what students know. The teacher designs
instruction that is responsible to what students still need to learn. While providing instruction, the teacher
monitors how learners are doing and diagnoses any learning difficulties that she notices; she uses this
information immediately to revise her planned instructional procedures. At the end of the instructional
cycle, she gives an assessment that is tightly linked to goals and classroom activities. Then she uses the
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information from the assessment to revise her own instruction so that it will be better the next time. The
assessment also provides feedback to students, and it can be used to provide information to the entire
school to help teachers and principals in general understand how students are doing.

Instructional Goals
Instructional goals are important for two reasons:

1. When teachers develop clear instructional goals, it helps them decide what to assess and what to
focus on in class activities. (This is the instructional cycle again.) When the teacher formulates clear
instructional goals, it makes it more likely that the teacher will focus instruction and assessment on what is
most important.

2. When teachers develop clear instructional objectives and communicate these objectives to students,
students show greater achievement. In part, this is because the objectives help the teachers structure and
focus their instruction. In part it is because objectives help students understand what to focus on as they
participate in class and study at home.

A large body of research evidence shows that when students know the objectives, achievement scores
are better. Presenting objectives helps average students most of all.

As one example of such research, researchers have compared mathematics classes in elementary
schools in Japan and the U.S. Here is a summary of the findings:

Table 8.1: Summary of findings in Japan and the U.S. Mathematics classes

Teacher statement of Students understanding of Student achievement
goals goals
U.S. classes Teachers were not clear In interviews, students Lower mastery of the
about the goals of the showed that they did not lesson content.
lesson. know what principles they
were supposed to learn during
the lesson.
Japanese Teachers made goals of | In interviews, students Higher mastery of the
classes the lesson clear. showed that they knew lesson content.
exactly what the point of the
lesson was.

ASSESSING UNDERSTANDING

What does it mean to understand something? And how would you test whether someone understands
something? The purpose of this chapter is to give you some powerful answers to these questions.

Here’s an initial but useful definition of understanding. You understand an idea when you can use that
idea to answer novel questions and solve novel problems. These novel questions and novel problems should
require students to use the information to make new inferences.

Many questions used by teachers are not novel questions, and students do not have to understand the
material to answer these questions. You have seen some examples of some of these questions in class.

Here is another example:
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Read this paragraph (presented by **ref**), and then answer the questions at the end of the paragraph.
(Pretend that you’re taking a test and that your grade depends on getting the answers right.)

For most of the 20th century, the teaching and learning of restike has never aroused the same degree of
interest within language teaching as have such issues as satical competence, tound analysis, and halish
skills. Restike instruction has often been relegated to secondary status because restike acquisition was not
considered a beal. Basically, restike instruction was seen as a means to improve other skills, especially
halish skills.

Questions:

1. What hasn’t aroused much interest for most of the 20th century?

2. What issues in language teaching have aroused a lot of interest this century?

3. Why was restike instruction relegated to secondary status?

4. What was the relationship between restike acquisition and halish skills for most of this century?

Because nonsense words were used in the paragraph, understanding the paragraph is impossible. Yet I’ll
bet that you could come up with plausible-sounding answers to most of the questions. Clearly, these
guestions are very poor at assessing understanding.

In class, you will see other examples of questions that are poor at assessing understanding. The
purpose of this chapter is to help you develop skills at asking questions that will successfully assess (and
promote) understanding.

In order to assess understanding, you must ask novel questions that require new inferences. Here are
some guidelines.

1. Use Bloom’s Taxonomy in Table 8.5 as a guide to asking questions at higher levels. Benjamin
Bloom and his colleagues have developed a taxonomy of learning objectives that was intended to guide
instruction. There were six categories of objectives in the cognitive domain.

A. Knowledge of such items as facts, terms, classifications, theories. Students are able to recall
these items. These objectives could conceivably be achieved using rote memory.

B. Comprehension. Students show that they comprehend ideas, as indicated by their ability to
communicate ideas in their own words.

C. Application. Students show that they can apply ideas, as by solving problems or applying
ideas to concrete situations.

D. Analysis. Students separate ideas into their component parts. For instance, students might
break a process into component steps, or students might analyze the role of different parts that make up a
whole.

E. Synthesis. Students integrate new ideas with prior ideas, or students put two sets of ideas
together.

F. Evaluation. Students evaluate the quality or ethics of something.

A very useful application of this taxonomy is to help you think of useful questions you could ask
students. Here are some examples for several different topics:

Table 8.5: Bloom's Taxonomy

Category Ed Psych: Responses to Literature: Mathematics:
Anomalous Data Romeo and Juliet Adding fractions

Knowledge List the 8 responses to Name the main characters | Give the definition of a
anomalous data. of Romeo and Juliet. numerator.
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Comprehensio
n

Explain in your own words
what each of the responses is.

Explain why Juliet killed
herself.

Explain why you have to get the
same denominator before you
add two fractions.

Application You show your students that | Generate a modern-day Solve this problem.
a thermometer in a sweater story with the same basic
sitting in a closet does not get | plot as Romeo and Juliet. | 1/2 + 2/3=7?
warm (as they expect it to).
Anticipate responses in each (Word problems are even better.)
of the eight categories to this
experiment.

Analysis What are the core Which plot elements of Write down and explain each
psychological processes Romeo and Juliet could be | step neededtosolve 1/2 + 2/
common to all the 8 removed without affecting | 3 =7
responses to anomalous data? | the final outcome of the

play?

Synthesis Explain the relationship Compare and contrast Solve this problem:
between the eight responses West Side Story with Susan has half an apple.
to anomalous data (in section | Romeo and Juliet. Lourdes has two thirds as much
4.2) and the different ways in of an apple as Susan. How
which people can respond to much pie do they have
new sentences in a text (in altogether? (This problem
section 4.3). requires synthesizing knowledge

of adding fractions with
knowledge of taking a fraction of
a fraction.)

Evaluation Do teachers have a right to Which has greater artistic | Which method of solving

try to foster theory change in
students in the domain of heat
and temperature? How about
in the domain of effects of
capital punishment on the
murder rate?

merit: West Side Story or
Romeo and Juliet?

fractions is more efficient?

Generally, you can think of the top two question types (knowledge and comprehension) are lower-order
questions. The other four question types (application, analysis, synthesis, and evaluation) are higher-order
questions. Higher-order questions have generally been found to promote greater student learning than
lower-order questions.

2. Here are some general question types that are often very useful in assessing understanding, if you
ask about something students haven’t already learned directly.

What would happeniif . . ..
Explain why . . .

How would a new piece of information change your interpretation?
How does knowledge in situation A apply to a new situation B?

Table 8.6: Examples from history

| Question Type

| Example
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What if (change in event)?

What would have happened differently in 1775 and 1776 if the British
had repealed the Stamp Act?

What would you think if
(change in historical data)?

What would you think about the justifiability of the American
Revolution if the British had offered the colonists 5 seats in
Parliament?

How does a new piece of data
change your interpretation?

How does this testimony [have students read eyewitness testimony]
affect what you think about who fired the first shot at Lexington
Green?

Apply historical case #1 to a
current situation.

We have studied the processes of the demise of communism in the
Soviet Union and eastern Europe. Apply what you’ve learned about
these countries to China. Is China likely to undergo a similar process?

Table 8.7: Examples from science

Question Type

Example

What if (change in event)?

How would the rusting process change if the temperature of the room
was 20 degrees higher.

How would a process be
different if . .. .?

How would the rusting be different if oxygen had a stronger
electrovalence than it really does. (This is a hypothetical contrary-to-
fact question.)

How does a new piece of data
change your interpretation?

Now we see that there is no rust formed when the iron is below
freezing. How does this change your theory?

Apply information #1 to a
current situation.

Now you’ve learned about rusting. What do you think happens when
copper pipes turn green? How would you explain that?

Explain a new event.

Rust doesn’t form when oil is put on the iron instead of water. Why is
this?
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Table 8.7: Examples from math

Students have learned to solve problems such as this one:

Solve for a.
(a+1)(a-1)=(3a-2)(2a-4)

Solution: 2a2-2a+a-1=6a2-12a-4a+8

15a - 9 = 4a2
4a2 -15a+9=0
(4a-3)(@-3)=0

Obviously, you can ask many questions of the same type. But also ask questions that “tweak” the
process in various ways.

For example:

1. Give a problem with a denominator, such as a - 3 as a denominator.

2. Give a problem where it is not necessary to multiply out, suchas (2a+1)(a-1)=(3a-2)(a-
1).
In general, at the end of a lesson, you should give problems in which it is appropriate to use the
procedure taught in the lesson, and you also should give problems in which it is inappropriate to
use the procedure taught in the lesson. Otherwise, students will not learn when to use the
procedure, and when not to use the procedure.

3. Give a more complex problem with a cube in it.

4. Give a problem that cannot be factored.

5. Give a problem in which the numbers don’t turn out to be whole numbers. (In real life, unlike
most math problems, the answers don’t come out to nice round numbers!)

6. Add a complexity such as: 2a(a-3) - 6a = 16a2 - 3a + 9.

7. Have students write a problem that can be solved using this method.

8. Have students write a problem that looks as if it can be solved using this method but actually

cannot.

Finally, just a couple of examples from literature.

Who do you find more appealing as a Jane Austen protagonist, Emma of Emma or Elizabeth of Pride
and Prejudice? Give specifics to justify your view.

Judging from these five poems, what kind of person do you think Emily Dickinson might have been?
Provide evidence for your answer.

To recap, the purpose of the previous sections was to illustrate questions that are successful at
assessing understanding. Students cannot answer these questions using strictly rote memory. As a teacher,
it is exceedingly useful for you to construct a large pool of questions of this sort. The questions have three

uses:

1. You can use the questions to define understanding for this topic. By constructing novel, challenging
questions and problems for a topic, you define for yourself what it means to understand that topic. Once
you have this understanding, you can design your instruction to promote this understanding.
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2. You can use the questions in instruction. By asking students novel, challenging questions and posing
novel, challenging problems in your class, you can help students achieve deep understanding.

3. Obviously, you can use the questions to assess what students have learned.

4. Whenever you are trying to construct questions that assess understanding, ask yourself this question: IF
| SUBSTITUTED NONSENSE WORDS FOR THE KEY WORDS IN THE TEXT AND IN MY
QUESTIONS, COULD MY STUDENTS STILL GET THE ANSWERS RIGHT? If the answer is yes,
you’d better start over.

ASSESSING FOR TRANSFER

Obviously, the goal of education is not to produce students who are highly skilled at taking unit tests.
The goal of education is to produce students who can do things in the real world--design bridges, keep
accurate accounts, market cars, discover new cures for cancer, negotiate agreements, choose investments,
vote wisely, and so on and so on. In other words, we want our students to transfer what they are learning
in classes to tasks in the real world. Transfer refers to using information learned in one situation in a
different situation. Researchers have found that transfer is extremely difficult to obtain. In this chapter,
you will learn about the difficulty of obtaining transfer and some techniques that you can use to increase
the chances that transfer will happen among your students.

The Difficulty of Achieving Transfer

Over the past century, researchers have repeatedly found that it is very difficult to obtain transfer. In
other words, people often (or usually) fail to transfer knowledge to situations in which that knowledge is
relevant.

Here are some examples of research that has failed to find transfer:

1. Historically, one of the arguments for learning languages such as Latin and Greek was that
learning Latin and Greek would improve one’s general thinking ability. Research has not found any such
transfer. It is possible that learning Latin may help a little with English vocabulary, but if your goal is to
learn English vocabulary, you would be far, far better off spending your time studying English vocabulary
than spending the same amount of time studying Latin. The finding that training in classical languages did
not transfer to other aspects of thinking or reasoning was one of the important early findings of the field of
educational psychology.

2. Many people believe that studying computer programming helps students get generally better at
problem-solving ability because students learn to think through a problem very thoroughly. Research has
been clear on this point. When students learn a computer programming language, they do not show
improvement on tasks other than programming a computer. They often do not even show transfer to
another computer language, at least in the early stages of learning. Even worse, students who learn to
program in a language frequently fail to transfer their knowledge to troubleshooting a program in the same
language, and vice versa.

3. People who are very good at doing comparative pricing at a supermarket are often completely
unable to solve exactly the same problems when presented as paper and pencil tests. For instance, in one
study, adults who decided that a 16 ounce can of tomatoes that cost 67¢ was a better buy than a 14 ounce
can that cost 59¢ were unable to solve the exact same problem when presented as a word problem on a
piece of paper.
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4. Anderson et al. did a study of transfer in which they used three different word processing
programs. The study was done years ago when word processors were nothing like what you are all using
today. The programs were simple word processors that had lot