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CHAPTER | 8

Reading and Writing In
the Service of Inquiry-
Based Science

Gina N. Cervetti and P. David Pearson

University of California, Berkeley

Marco A. Bravo

San Francisco State University

Jacqueline Barber

Lawrence Hall of Science, University of California, Berkeley

s literacy educators venturing into the world of science curriculum,

Awe have been guided by two assertions, one a statement of fact and

the other an aspiration.

e The fact: State and federal policies have, for better or worse (most-
ly worse), marginalized disciplinary curricula, including science, in
deference to a massive, almost manic, devotion to literacy teaching
and learning.

e The aspiration: In a perfect (or at least a better) world, language and
literacy—Ilike learning—would be regarded as a means to learning in
the disciplines rather than an end unto itself.

In that vein, the guiding principle in our work has been to lead with sci-
ence and follow with literacy. In other words, we try to make the knowl-
edge, skills, and dispositions of inquiry-based science the “end” of our work;
then we position language and literacy as a part of the array of means that
can help students achieve that end. For too many years, educators and
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policy makers have regarded literacy as an end unto itself, as a curricular
enterprise on a par with science, social studies, art, or mathematics. As a re-
sult we have created curricular structures (e.g., standards, assessments, and
mandated curricula) that undercut both disciplinary learning and, ironical-
ly, the acquisition of higher literacy skills, such as comprehension, critical
literacy, and strategic reading. Only when we return to a more functional
view of the role of language and literacy in supporting disciplinary learning
can we achieve our goal of an informed citizenry who can use their literacy
skills to think critically and flexibly across many domains of knowledge and
inquiry. Applying language and literacy tools to science learning, we think,
provides precisely the right opportunity for promoting these lofty but es-
sential educational goals.

We have mixed feelings about making yet another contribution to the very
enlightening, interesting, and even provocative—but largely “data free”—
conversation about the science-literacy connection. On the one hand, we
believe that we have a genuine contribution to make to this conversation.
On the other hand, we believe that all of us who care about this interface,
ourselves included, need to move beyond theoretical ruminations about the
benefits of integration to tough-minded empirical examinations. We are
pleased to report that we are in the process of gathering evidence that speaks
directly to the science-literacy connection, and we will share some of our pre-
liminary results, but our work is still too preliminary to allow us to speak with
great confidence about instructional implications and recommendations that
could assist teachers in promoting synergy between science and literacy.

Nonetheless, we do have a message in the form of a model that might
guide teachers and curriculum developers, as it has guided us, in shaping
an appropriate and supportive role for text and for literacy practices in
inquiry-based science. What we have are some very good hunches that
come with several sources of support, none of it definitive but all of it con-
sistent in pointing to these synergies. First, there is some good theory about
the efficacy of integrated curriculum.! Second, we can take some guidance
from a body of loosely related cognitive research and an even smaller cor-
pus of solid instructional research.? Third, we have much to draw from in
careful accounts of the professional wisdom of experienced teachers em-
bodied in what we have come to call “best practices” research.’ Fourth, and
most important in shaping this chapter, we have been forced (whether we
wanted to or not), as we have tried to achieve this integrated approach, to
develop insights about what works, what doesn’t, what is easy to achieve,
and what is very, very hard.
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Our journey into the interface of science and literacy begins with a de-
scription of the context in which we have conducted our conceptual and
empirical work on the science-literacy connection, followed by a brief re-
view of the science-literacy perspectives that have guided us. Next, the
heart of the chapter unfolds as a set of insights we have developed as we
have carried out our work, and this leads to the finale—a promising, but
cautiously proposed, set of implications for teaching integrated science-
literacy curriculum.

Context for Our Work
Our understanding of the science-literacy interface has developed in the
context of our work on a National Science Foundation—funded curriculum
development and research project, Seeds of Science/Roots of Reading, a
joint effort of the Graduate School of Education and the Lawrence Hall of
Science (LHS) at the University of California, Berkeley. The goal of the
project is to transform existing inquiry-based science units from the Great
Explorations in Math and Science (GEMS) curriculum series developed
at LHS into materials that help students make sense of the physical world
through firsthand experiences while addressing foundational dimensions of
reading, writing, and language.

Seeds/Roots has assembled science and literacy experts to study, enact in
the form of curriculum, and test the limits and potential of the science-lit-
eracy interface. The questions that have guided the effort are the following:

¢ How can reading and writing be used as tools to support inquiry-based
science learning?

e What benefits accrue to reading and writing when they are embedded in
an inquiry-based science curriculum?

e What skills, strategies, and processes are shared by these two curricu-
lar domains?

During the first two years of the project, we have built a model of
science-literacy integration, applied that model to the development of
three integrated units for second- and third-grade students, and carried out
a nationwide field test of these units in 87 classrooms in 21 states. We have
also initiated a series of qualitative and quasi-experimental research studies
designed to inform our curriculum development work and answer founda-
tional questions about both science and literacy learning in the context of
an integrated curriculum. While complete results are not yet available, we
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can and will share some early findings and some insights from our reflec-
tions on the entire experience to date.

Related Literature: Relevant Work on the

Science-Literacy Interface

Our work draws in part on literature from the 1980s and early 1990s examin-
ing the overlapping cognitive demands of science and literacy. For the most
part, this work is more conceptual and theoretical than empirical or pedagogi-
cal in orientation and consists largely of insights into the shared demands and
processes of thinking in science and literacy. For example, Padilla and his
colleagues (Padilla, Muth, and Padilla 1991) suggest that discovery science
and reading emphasize a shared set of intellectual processes (e.g., observing,
classifying, inferring, predicting, and communicating) and that the very same
problem-solving processes are used “whether [students are] conducting sci-
ence experiments or reading assigned science texts.” Others connect reading
and science through metacognition (thinking about our thinking), arguing
that science and literacy share a concern with fostering independent learning.
Baker (1991), for example, suggests that, while metacognition (“the aware-
ness and control individuals have over their cognitive processes”) is widely
recognized as an essential component of reading, its connection to science has
not been explored even though many science process skills can be regarded as
highly metacognitive (e.g., formulating conclusions, analyzing critically, eval-
uating information, recognizing main ideas and concepts, establishing rela-
tionships, and applying information to other situations). Baker contends that
attention to metacognition in science can help teachers foster independence
through “lectures, discussion, laboratory work, and hands-on activities.”

Our work also relies on existing, empirically based models of science-
literacy integration. Palincsar and Magnusson (2001) have contributed
greatly to our understanding of this integration process; among their most
important contributions, in relation to our work, is their distinction be-
tween first- and secondhand investigations. In their approach, literacy en-
gages students in secondhand investigations for one of three purposes:

1. To bolster and reinforce learnings from firsthand investigations

2. To take students on vicarious journeys (deep in the ocean, far into
outer space, or inside a volcano) that cannot otherwise be taken in
our classrooms

3. To provide students with an opportunity to apply the inquiry-based
skills and processes acquired in firsthand investigations to new do-
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mains of inquiry (e.g., drawing conclusions based on reading an ac-
count of an investigation)

Romance and Vitale (1992) take us in a slightly different direction. They
were among the first to design and empirically test a science-literacy inte-
grated curriculum that attempted to use vicarious text-based experiences as
a “test bed” for applying knowledge and reasoning skills that students were
supposed to have gained in firsthand science investigations. Students in
their integrated approach outperformed the control group (side-by-side but
thoroughly encapsulated science and literacy curricula) students on stan-
dardized measures of reading and science, and they displayed more positive
attitudes toward science.

Guthrie and his colleagues (e.g., Guthrie and Ozgungor 2002; Guthrie
et al. 1998) have approached the integration of science and literacy from
the reading side of the curricular integration and, equally as important,
from a perspective that pays as much attention to engagement as it does to
cognitive learning. Concept-Oriented Reading Instruction (CORI) places
emphasis on providing a rich and compelling context for teaching read-
ing strategies. Inquiry science (or other subject matter foci) serves as the
real-world interaction ingredient for the CORI model. In the early phases
of CORI, Guthrie and colleagues were able to show impressive advantages
over conventional approaches on measures of reading comprehension and
engagement but failed to examine conceptual learning of science. In their
later work, they added conceptual science learning to their portfolio of
outcomes and found positive results for science as well as literacy.

These few studies are the most notable exemplars in a much larger body
of work that has guided our entry into the science-literacy interface. They
represent at least a few of the points along the broad continuum of views
about the ideal relationship between science and literacy. In this work, and
among scholars in both science and literacy education who are concerned
about the disciplinary interface, there is broad acknowledgment that the
work of scientists is reliant in part on their literacy skills, particularly in ac-
cessing ideas from text and communicating results. Yore and his colleagues,
as well as Kamil and Bernhardt, recognize the active role that reading and
writing play in the everyday work of science and scientists.*

Despite this recognition that text is a fundamental part of the scientific
enterprise, there is at the same time strong apprehension about the use
of text in school science, particularly in the inquiry science tradition and
particularly with younger students. Three concerns seem to predominate.
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First, as Yager (2004) has noted, science texts are more often “declarations
of ‘fact’” than real representations of the “heart and soul of the scientific
enterprise” (p. 95). Second, science texts, particularly trade texts, often
include misinformation, exaggerations, and other misrepresentations that
can interfere with the development of science concepts. Third, text can
eclipse scientific discovery, taking the place of observation and experimen-
tation and supplanting children’s involvement in inquiry with passive re-
ception of ideas.’

Given these pervasive concerns, it is not surprising that text has been
largely absent from inquiry-based science or that, where text is part of the
curriculum, it has been relegated to a peripheral position. Even in programs
like those of Romance and Vitale and Guthrie and colleagues, where science
and literacy are given comparable status, the firsthand experience compo-
nent of the integrated curriculum always precedes the text component.

Insights From Our Work in Seeds of Science/Roots of Reading
In investigating the natural convergences between science and literacy, we
found a great deal of evidence for mutual support, and none was more cen-
tral than our understanding of the way in which text can support rather
than supplant inquiry-based science learning—and appropriately that is our
first insight. But as we planned our instruction, as we looked more closely
at elements like concept development and vocabulary, comprehension and
inquiry skills, visual displays, and talk about text and science, we came to
understand that, in some important respects, science and literacy are more
than supportive and synergistic, that they are in fact isomorphic—that is,
they have an inherent similarity of form and appearance, like two ancestral-
ly related organisms or two different substances that share the same crystal
structure. A careful analysis of which strategies and cognitive processes are
shared between science and literacy, and which are domain specific, led us
to four conclusions: comprehension strategies are inquiry strategies; words
are concepts; science is discourse; and literacy is visual literacy. These prin-
ciples have guided our model of science-literacy integration as we continue
to seek strategic opportunities to help students develop their ability to use
these common strategies and cognitive processes in both domains. Seeds/
Roots instructional materials explicitly make the connection between sci-
ence and literacy strategies and provide time for students to reflect on how
those similarities can make their learning more effective.
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Insight #1: Texts Can Support Scientific Inquiry
In the inquiry tradition of science education, inquiry is often equated with
firsthand involvement in investigations. Secondhand investigations, such
as “accounts” of scientific inquiry encountered in text, are generally re-
garded as poor substitutes for the real thing. And when teachers adopt a
strict inquiry approach, text may play little if any role in science learning.
As members of the literacy education community, we recognize that there
are serious limits to what students can learn about science through text, but
just as surely there are limits to what students can learn through an exclu-
sively firsthand approach. Not everything we want students to learn about
science can be observed or manipulated in the classroom (and some not in
the natural world!). In addition, as Palincsar and Magnusson (2001) point
out, it is unlikely that children will come to meaningful understandings in
science solely by interacting with materials and phenomena in a firsthand
way. Osborne (2002) elaborates on the limits of the laboratory and how
“engaging in the discourse of the scientific community requires scientists
to engage in both reading the work of others and writing to communicate
their own findings.” Indeed practicing scientists would be the first to admit
that text plays a significant role in the development of their own learning,
theory development, and methodological expertise. They learn about and
come to understand the natural world through text as well as firsthand ex-
perience. So too can students, or at least that is our claim and our goal.
Our experience suggests that text can serve a number of roles that are
supportive of inquiry science—before, during, and after firsthand investiga-
tions. In laying out these roles, we once again remind readers of our basic
commitment to leading with science and allowing literacy, including texts,
to play the supportive role of assisting students in acquiring and organizing
facts, concepts, and patterns into networks of meaningful relations (see

Guthrie et al. 1998).

Providing Context

Facts, concepts, and patterns—the stuff of scientific learning—are ground-
ed in contexts; contexts include the discipline in which the learning is situ-
ated, the real-world context in which the scientific phenomena operate,
and the specific experiential/instructional context in which the learning
occurs. And contexts provide a natural link to the knowledge and experi-
ence that students bring to both first- and secondhand investigations. Text
can support firsthand inquiry by providing an invitation for students to en-
gage with the scientific context and content. Text can prepare students for
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inquiry by inspiring students to wonder about science. In a study by Ander-
son and colleagues (Anderson et al. 1997), students read books to provoke
their wondering about a scientific topic, asked questions about the topic,
and engaged in investigations to answer their questions. Students selected
books by asking, “Is this interesting? Does it make us wonder about science
things? Do we want to talk about these wonderments with our friends?”
Collectively, they found many books that prompted “wonderments,” which
were sufficiently engaging to lead the students to substantive explorations
at a later point.

Text can introduce the scientific domain and invite students to engage
with the context. Texts that serve this introductory or invitational function
may engage students by representing new ideas or phenomena in interest-
ing ways or by presenting the familiar in a new, scientific frame—“making
the familiar strange,” if you will. We developed a book for a physical sci-
ence unit on mixtures that engages students in thinking about the relation-
ship between properties, materials, and human-made objects by exploring
imaginary and imaginative mismatches, such as rain boots made of paper
and frying pans made of rubber. The students subsequently think about the
relationship between properties and materials as they design new mixtures.
Franklyn M. Branley’s What the Moon Is Like invites students to view the
Moon up close as an astronaut would. The book offers a variety of per-
spectives on the Moon, from the aesthetic to the scientific, and shows the
Moon from Earth and up close. We cannot arrange classroom trips to the
Moon, but this book might set the context for study of the Moon or solar
system involving more inquiry-oriented, firsthand investigations.

Text can connect firsthand investigations to the world outside the
classroom. Students studying life science may never encounter many of
the habitats they study. Books can situate their learning and connect first-
hand investigations in the classroom to the environments in which the
phenomena operate in the world outside of school. Melvin Berger’s Oil
Spill describes the aftermath of the 1989 Exxon Valdez spill. It can be used
to support students’ firsthand investigations of oil spills by connecting that
firsthand experience with the causes and consequences of a real oil spill in
the ocean.

Delivering Content

Text can deliver (some of) the “goods.” Text can present scientific con-
cepts, facts, and patterns to students. This is the most traditional role for
text in science. And, as Palincsar and Magnusson (2001) suggest, it is an
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authentic role: “[T]he notion that inquiry must be exclusively activity
based is problematic because, in fact, much of what we know about scien-
tific reasoning has been acquired through the thinking and experiences of
others; that is, through learning in a secondhand way. Frequently, although
not exclusively, this secondhand learning can be facilitated with the use of
text” (p. 152). Most science texts deliver science information. Some pres-
ent scientific content incidentally as they, for example, discuss the work
of particular scientists. Other books are designed principally for delivering
information, including reference readers (e.g., encyclopedias, field guides,
and dictionaries) and “all about” books (e.g., a book all about plant roots
that students might read after they have observed and compared several
root structures firsthand). The delivery of information can connect, supple-
ment, and extend, not supplant, students’ firsthand investigations.

Texts can make the obscure accessible. Text can provide information
about, and even illustrate, phenomena that would otherwise be unobserv-
able in a classroom context. Sometimes objects and phenomena are actual-
ly unobservable; other times they are practically unobservable. Phenomena
may be unobservable because they are too small, too big, too hidden, or too
distant for us to see firsthand or because they are too expensive to recreate
in classrooms. In Ann Earle’s Zipping, Zapping, Zooming Bats, students can
seek out information about internal and external structures of a bat. Few
students will see a bat close up, and fewer will be able to examine its inter-
nal structures in a firsthand way.

Modeling

Both implicitly and explicitly, texts can model important processes in both
literacy and science. The models range from inquiry, to reading and writ-
ing, to the nature of science itself.

Texts can model inquiry processes. Text can provide rich models of sci-
entific inquiry skills, including what careful observation involves, how to
compare and classify things, and how to make inferences and explanations
based on evidence. In Irene Brady’s Wild Mouse, students can read a true
account of a writer who discovers that a mouse has nested in the drawer of
her desk. The writer makes systematic observations and drawings of what
turns out to be a pregnant mouse every day for a month. This book models
careful observation and description and the use of drawings to amplify par-
ticular parts of the text.

Texts can model literacy processes. Just as the stories students read pro-
vide models for their own narratives, so science texts can provide models of
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how particular text genres are constructed, how data are recorded, and how
scientists read and make sense of scientific information. Text can model
scientific modes of communication, including evidence-based explana-
tions and argumentation. In one of our units, we use a story about a boy
who consults his older sister at every stage of the process of preparing a re-
port for his science class. Importantly, scientific texts can provide students
with practice reading informational scientific text, so rarely encountered
in the early grades. The scientists’ notebooks texts developed by Palinc-
sar and Magnusson for their Guided Inquiry supporting Multiple Literacies
(GIsMI) project are good examples of text models of literacy processes (and
of secondhand investigations); they provide students with models of scien-
tists writing and reading about scientific investigations.

Texts can illustrate the nature of science. Text can provide insights into
the scientific enterprise and scientific dispositions. Text can model the won-
dering, exploration, and hypothesis testing that are the heart of scientific liter-
acy (Yager 2004). Books can model missteps and dead ends, as well as successes
of science and the application of scientific work to everyday dilemmas. Text
can demonstrate human and commercial uses for science. There are many
examples of high-quality trade texts that focus on the life and/or work of a
particular scientist, books in which scientists describe their interest in science,
demonstrate scientific habits of mind such as persistence and curiosity, share
aspects of their work, and model excitement, passion, and commitment.®

Supporting Secondhand Inquiry

Texts provide experience with data. Text can provide data on which the
reader is challenged to draw conclusions and develop claims. Secondhand
investigations can allow students to investigate phenomena that are not
easily modeled in classrooms. Texts can also provide additional practice
with especially challenging inquiry skills, such as making sense of data and
drawing conclusions. Palincsar and Magnusson’s scientists’ notebooks texts
provide an opportunity for students to make sense of data collected by an
invented scientist. In Steve Jenkins and Robin Page’s What Do You Do With
a Tail Like This?, students draw conclusions about the function of specific
animal structures based on illustrations of those animal structures. On one
spread, students are presented with illustrations of various animals’ feet and
asked, “What do you do with feet like these?” Without making direct obser-
vations of various animals’ feet, students are challenged to make inferences
about the form-function relationships in nature.
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Supporting Firsthand Inquiry

Texts provide information that facilitates firsthand investigations. Texts
can help students make sense of their firsthand investigations and draw
conclusions about their data. They can provide an opportunity for stu-
dents to support and/or revise their thinking based on the addition of new
information in text. They can address misconceptions that might arise
in the conduct of firsthand investigations. Reference readers are often
useful for this purpose. For example, a reference guide that pictures and
describes Earth minerals might be used to help students find information
related to the composition and formation of the sand as they investigate
real sand samples.

Texts support students in making sense of firsthand investigations.
Texts can provide information that brings meaning to firsthand investiga-
tions. Leslie Dendy’s Tracks, Scats and Signs provides students with a field
guide they can use to identify evidence of animals they see on a nature
walk. A book such as this can encourage students to be careful, motivated
observers—to take on a scientific stance—and it can help them make sense
of the things they observe.

Texts can inspire firsthand investigations. Students can be inspired to
engage in firsthand investigations by the texts they read. One of the books
in a unit on designing mixtures, Jess Makes Hair Gel, prompted more than
one group of second-grade students to design their own hair gel and send us
pictures of the results.

Insight #2: Comprehension Strategies Are Inquiry Strategies

The model of science-literacy integration that guides our work relies on a
recognition that science and literacy share a set of core meaning-making
strategies. Comprehension strategies and inquiry strategies represent accept-
ed problem-solving and meaning-making strategies in literacy and science
respectively. Inquiry is the approach that scientists use to pose questions,
investigate phenomena, and make meaning. Comprehension strategies simi-
larly represent an approach to questioning and making sense around text.
As the domains of meaning making in reading and science, comprehension
and inquiry share a set of important functions and strategies that, at least in
second and third grade, are identical.

Some Shared Functions

e Metacognitive regulation. Comprehension strategies and inquiry strategies
share a concern with promoting self-regulation. That is, comprehension
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strategies and inquiry strategies are both designed to help students moni-
tor their learning—to help students plan an approach to the task ahead,
evaluate the outcomes of their efforts, and revise them as needed.

e Acquiring information. Comprehension strategies, particularly in in-
formational and content-area literacy, support students’ efforts to ac-
quire information. Inquiry shares the goals of gathering and making
sense of information in order to construct more complex and com-
plete understandings.

e Solving problems. Problem solving is all about managing complexity. We
take a complex domain and make it manageable by attacking one as-
pect of the problem at a time. Then we piece the steps and chunks back
together. Comprehension and inquiry strategies structure, systematize,
break down, and then re-synthesize aspects of reasoning about text or
experience in exactly this way. And save for the fact that the informa-
tion that drives the process comes from different sources (text versus ex-
perience), the overall process looks and feels the same across domains.

e Making connections. Comprehension and inquiry strategies help students
bring together diverse sources of information—including text-based in-
formation, experience, and personal knowledge—to make judgments
and draw conclusions. Comprehension requires a reader to both under-
stand ideas from the text (“Oh, I get it!”), build a coherent account of
the full array of ideas the text offers (“Oh, I see, this goes with this.”),
and connect them with other experiences and ideas already available
in schema-like structures in long-term memory (“Oh, this is sort of
like...”). Inquiry requires a scientist to see steps as well as the relation-
ships among the steps of any particular inquiry process and to compare
them to previous experiences with similar inquiries.

All of these functions come together to support meaning making. While
the “doing”/activity element of reading and scientific inquiry look quite dif-
ferent, the meaning-making elements share powerful commonalities and can
look very much the same. As Pratt and Pratt (2004) note, while the source
of learning differs (natural phenomenon as object versus text as object),
both “call for the construction of meaning from experience” (p. 396).

Shared Strategies

Comprehension strategies and inquiry not only share overlapping goals
and functions, they also share common strategies—strategies that support
the construction of meaning. Our emphasis is on encouraging students to
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engage in meaning making around their firsthand experiences and their
reading and to be both active and strategic as they do so. We want to help
students connect the strategies to the doing. We find these strategies in
both science and literacy activity:

e Activating prior knowledge. When we read, just as when we do scientific
investigations, it is essential to think about what we know. Activating
prior knowledge prepares students to make connections, draw conclu-
sions, and digest new ideas (Barton, Heidema, and Jordan 2002). In our
work, we connect literacy and science by encouraging students to acti-
vate their knowledge from text experiences, hands-on experiences, and
out-of-school experiences. We also emphasize reviewing prior knowl-
edge in light of new information.

e Establishing purposes/goals. In both reading and science inquiry we set ex-
plicit goals for what we want to learn and we identify strategies to help
achieve those goals.

e Making/reviewing predictions. Prediction builds purpose in either domain;
you read on or work on to see whether your prediction turns out to be
accurate. Prediction builds commitment by giving readers and scientists
a stake in the outcome.

e Drawing inferences and conclusions. An essential goal of science educa-
tion is to encourage students to weigh evidence and reach defensible
conclusions (Watson 1983). In reading, drawing conclusions is a valued
high-level interpretive skill. In both instances, using evidence to war-
rant claims is the heart of the activity.

e Making connections/recognizing relationships. When reading and engag-
ing in inquiry, we want students to broaden and deepen their under-
standings by making connections across a range of experiences and in-
formation and by discerning relationships of various kinds, including
cause and effect relationships and comparison/contrast relationships,
among others.

Table 1 illustrates what each of these important strategies looks like
when it is exemplified by a prompt designed to provoke students to be more
strategic both when reading and when engaging in inquiry.

Insight #3: Words Are Concepts

To have active control of a word is to know more than its definition; it is
also to know how the word is used in different contexts and where it fits in
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TABLE 1 lllustrations of the Shared Cognitive Functions of Inquiry and
Comprehension Strategies

Shared
Strategy
Activating
prior
knowledge

Establishing
purposes/goals

Making/
reviewing
predictions

Drawing
inferences and
conclusions

Making
connections/
recognizing
relationships

234

Common
Questions

e Whatdol

already know?
What do I know
now that [ didn’t
know before?

Why am [
reading/doing
this?

What am [ trying
to learn?

What
information am I
seeking?

What do |

think is going to
happen?

What does this
mean!

How do I explain
x!

What caused x?
How are x and y
related?

How is x like/
unlike y?

Example in Science
Students use an
anticipatory chart to
monitor their growing
knowledge of shorelines
and the organisms that
live on shorelines.
Before engaging in
guided investigations
of their shoreline
organisms, students write
about what they want
to learn through their
investigations.

Students continually
make, review, and revise
their predictions about
what will happen in a
worm bin—and they
document the growing
evidence that soil is
being made.

Students gather
evidence from a bucket
of beach sand to answer
the question, “What is
sand made of?”
Students compare the
adaptations of different
isopods.

NATIONAL SCIENCE TEACHERS ASSOCIATION

Example in Literacy
Before reading a book
about earthworms,
students discuss what they
have learned from their
hands-on observations of
earthworms.

Having investigated

the effects of oil spills
through a series of hands-
on science activities,
students discuss what they
still want to know before
reading a book about a
real oil spill.

Students make predictions
about what a habitat
scientist is and does before
reading a book about a
habitat scientist; they
review and revise those
predictions during and
after reading.

Students use a scientist’s
sand journal to make
inferences about the
origins of sand samples.

Students use a reference
reader about substances

to select ingredients that
will help them make paint
with specific properties.
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a rich network of related concepts. Word knowledge is multidimensional
(Nagy and Scott 2000). At its most basic, knowing a word involves know-
ing how the word sounds or looks when it is written. More sophisticated
knowledge of a word might involve knowing its definition. Even more so-
phisticated knowledge might also involve things like its syntactic register,
its context of use, and its association with other words.

In this sense, word knowledge at its most mature is conceptual knowl-
edge—it involves understanding of words as they are situated within a net-
work of other words and ideas (what psychologists have called paradigmatic
relations) and their relationship to other words in spoken or written con-
texts (what psychologists have called syntagmatic relations).

We suggest that, from this perspective, word learning in science can and
should be approached as conceptual learning. Even though it is true that
words are labels for concepts, it is better to think of them as inherently con-
ceptual in order to prevent ourselves from teaching them as a set of labels
and definitions. If we assert that words are concepts, we are more likely to
help students understand how they connect to other concepts to form rich
conceptual networks.

Vocabulary instruction in science has sometimes been reduced to re-
call or definitional knowledge of a large number of words. Indeed some
science textbooks introduce more new vocabulary than foreign language
textbooks! However, vocabulary instruction at its most complex focuses on
a targeted number of words and approaches a depth-of-knowledge criterion
that is comparable to that of science conceptual learning. In science (as in
other domains), “students should learn concepts as organized networks of
related information” (Glynn and Muth 1994, p. 1060).

We know from a substantial body of research that effective vocabulary
instruction integrates new words with other word knowledge. We also know
that word learning requires multiple exposures in meaningful contexts. As

Stahl and Stahl (2004) suggest,

For each exposure, the child learns a little about the word, until the child
develops a full and flexible knowledge about the word’s meaning. This will in-
clude definitional aspects, such as the category to which it belongs and how it
differs from other members of the category.... It will also contain information
about the various context in which the word was found, and how the meaning

differed in the different contexts. (p. 63)
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In many ways, science is an ideal context for developing rich conceptual
networks of words. Science provides natural opportunities for authentic,
repeated, and varied encounters with these new words/concepts—during
firsthand experiences, through texts, and in discussions and written activi-
ties. All of these contexts provide students opportunities to practice using
the words in appropriate ways.

In our work, we create opportunities for students to encounter and use
a focused set of core concept words in discussion and in print. [All of the
words in italics below are core concepts for the science unit. Students en-
counter and learn these words as a connected set of ideas.] For example,
students are introduced to the concept of habitat as they simulate a forest
floor habitat in building their own terrariums. Students discuss the vari-
ous elements of a habitat (food, shelter, water, air, light) for the organisms
(plants and animals) they will introduce to the terrarium. Further discus-
sions take place about the soil the organisms will require and the nutrients
and moisture that the soil will provide the habitat.

Students also read about the concept of habitat in the Talking With a
Habitat Scientist book, where they learn that a habitat is a place where
plants or animals live and find everything they need to survive. The book
explains how plants and animals depend on each other and the prey/predator
roles they play in the environment. Through print, discussion, and firsthand
experiences, students learn about the concept of habitat in relation to a
conceptual network of other important science words.

Insight #4: Science Is Discourse
Science is an academic language, a way of communicating about the natu-
ral world. In this fourth synergy, we recognize that in addition to being
a discipline, science is a social context in which the language used is a
powerful and specialized way of talking about the world, writing about the
world, and even “being” in the world of scientists (Gee 2004). The spe-
cialized language of science, which linguists call a discourse, has its own
vocabulary and organization, which are embodied in the ways scientists
communicate about their work. Postman (1979) emphasized this point by
claiming that “biology is not plants and animals. It is language about plants
and animals.... Astronomy is not planets and stars. It is a way of talking
about planets and stars” (p. 165).

This is very different from older views that treated science and language
as existing in separate domains where science was about experience—think-
ing about or doing science—and not about language at all. Science, in fact,
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is a highly communicative field with established ways of talking and writing.
Lemke (1990) puts the proposition in bold terms: “Learning science is learn-
ing the language of science.” Postman and Weingartner (1971) state it quite
practically: “What is biology (for example) other than words? If all the words
that biologists use were subtracted from the language, there would be no biol-
ogy....” For example, the need for precision motivates scientists to exchange
the vocabulary of everyday language for specialized words that will be clear to
other scientists (but are likely to be obscure to the average person). Scientists
make predictions rather than guesses, they observe rather than see, and they
talk about habitats rather than homes and properties rather than qualities.

But the discourse of science is more than specialized words; it is also about
organizing claims and evidence into arguments expressed in a scientific way
of “talking” or “writing.” The language of science is evident in the way sci-
entists debate and discuss scientific concepts and in the ways they approach
investigations and negotiate meaning by questioning and posing alternative
solutions during scientific discourse. Argumentation plays a major role in the
social construction of scientific knowledge. Language mediates this process
of “supporting, criticizing, evaluating, and refining of ideas, some of which
may conflict or compete, about a scientific subject” (Kuhn 1992).

While this specialized discourse serves the interests of the scientific
community, it is generally inaccessible to outsiders, including students in
our schools. Yet, the language of science is part and parcel of doing science,
and it is one of the many academic discourses that students are expected
to understand and use when encountering texts and tests in school. And,
talking about science is critical to the social activity involved in science—
observing, describing, questioning, evaluating, concluding, arguing, clas-
sifying, comparing. In other words, students must learn the various, often
complex, scientific discourse styles, including the vocabulary necessary to
share, clarify, and distribute knowledge among peers. For many students,
these special discourses become a catch-22. They don’t come to school
with the discourse of science already under control, so it is hard for them
to just jump in and do and talk science. But unless they just jump in, they
are not likely to get better at doing and talking science. We are committed
to demystifying the language of science so that students can embrace it in
the science classroom. We do students a disservice if we do not help them
acquire this tool kit for doing science.

One strategy for dealing with the obscurity of scientific discourse is to
avoid it or at least delay its use until middle or high school. Our experience
with inquiry-based science for young learners suggests, to the contrary, that
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they benefit from thoughtful immersion in and exposure to the language
of science early and often. Just as students deserve a chance to acquire the
firsthand tools of inquiry-based science, so too do they deserve a chance
to acquire its discourse. Science is a powerful discourse that, among other
things, will support their entry into valued disciplines of academic learning.
In our own work, we have found that even second- and third-grade stu-
dents can appropriate the discourse as they participate in firsthand science
if the curriculum is focused and systematic in scaffolding the language use
to fit the science goals and processes.

We are committed to a four-pronged approach:

First, we create an environment for science instruction that is replete
with the discourse of science. Students encounter the words and linguis-
tic structures of science through books, student sheets, visual displays, and
teacher talk.

Second, we have chosen core scientific terms to emphasize both within
and across domains. Thus, within the domain of Earth science, in a unit on
habitats, core words include habitat, decomposition, adaptation, ecosystem,
evidence, investigate, observe, and classify. Notice that the first four words
are crucial to the domain of life sciences and will be essential to classroom
talk about the activities of the creatures in the terrariums the students have
built. The last four words are not unique to life science; students will en-
counter them in units in physical science and Earth science.

Third, we use students’ existing understandings about language and the
world to support their development of scientific language. As we mentioned
above, we use everyday language as hooks on which students can “hang”
new scientific language. But we also help them understand why and how
it makes a difference when you say observe rather than see or look, or when
you talk about your data as evidence rather than clues.

Finally, we view firsthand investigations as the glue that binds together
all of the linguistic activity around inquiry. The mantra we have developed
for ourselves in helping students acquire conceptual knowledge and the
discourse in which that knowledge is expressed (including particular vo-
cabulary) is “read it, write it, talk it, do it!"—and in no particular order, or
better yet, in every possible order.

Insight #5: Literacy Is Visual Literacy

Text, particularly in science, refers to more than words on the printed page.
Science relies heavily on the use of visual elements to represent and convey
information, and these visual elements are an essential component of sci-
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ence text (Kress 2000). In science, the diversity of visual elements extends
from photographs to highly complex charts, tables, graphs, and diagrams.
These visual representations often carry new information that supplements
and supports printed text, and sometimes they literally offer re-presenta-
tions of textual information in a visual format. Both forms of representa-
tion—visual and print—are used to communicate complex arrays of ideas,
evidence, and claims about natural phenomena. But visual representations
also serve three special functions that support students’ ability to recognize
relationships, solve problems, and draw conclusions:

1. They can condense large amounts of information in ways that facilitate
drawing of conclusions.

2. They can represent relations among facts, concepts, and patterns in a
way that increases the likelihood that students will develop a rich and
elaborate set of connections among these elements.

3. They make transparent what can otherwise be obscure; this is the max-
im that a picture is worth a thousand words.

But these functions apply to more than pictures. A graph, for example,
makes the magnitude of a linear relationship between two variables im-
mediately apprehensible in a way that even the most well-crafted sentence
cannot. These three functions make problem solving and conceptual un-
derstanding all the more likely.

Visual displays also bring variety to the representation of complex ideas
and data, increasing opportunities to access that information. In our work,
we have been able to identify key roles for at least the following types of vi-
sual displays—maps, charts, graphs, and diagrams; moreover, each of these
major types has its own subcategories (e.g., within diagrams, we have cross-
sectional, Venn, and flow).

Despite the centrality of visual information to science, students are
often not taught to “read” and interpret these displays. As Lowe (2000)
suggests, successful reading of scientific representations requires differ-
ent skills from those required for reading other, more “everyday,” photo-
graphs and illustrations. To “read” visual elements in science requires an
understanding of their form, purpose, and function. While we might be
more inclined to surround print texts with comprehension instruction
and assessment, the centrality of visual texts in science invites an equally
strong emphasis on both literal and interpretive comprehension tasks.
Either can be examined at “face value” (akin to a literal reading) or from
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a more interpretive perspective (e.g., How does this display change how
we think about X?) (Lowe 2000).

In our work, we teach students to read visual representations, connect
them to information provided in the print text (i.e., words arrayed in sen-
tences and paragraphs on the page), and create their own representations as
they conduct and communicate their firsthand investigations. For example,
in each book that students encounter in our curriculum, teachers are en-
couraged to provide students with explicit instruction and opportunities to
practice reading illustrations, diagrams, and tables. Our book on snail inves-
tigations, for instance, distills large amounts of data from the investigations
of several students by placing data in table format. To help students gain ac-
cess to this information, teachers are asked to explain the function of tables
(make connections between various pieces of information) and how to read
the table (the role of row and column headings and how to trace certain
findings using these two elements). Students are then encouraged to make
conclusions about the investigation outcomes and connect this information
to the printed text. Understanding the form and function of tables helps stu-
dents to use tables to record the outcomes of their own investigations.

Taking Stock

We are very excited about our work and fully committed to seeing it through
to the end, or at least to the point where we have lots of empirical data,
of both a qualitative and quantitative character, to test the efficacy of our
insights. The early returns from our first year of field trials is very encour-
aging. On measures of science learning, vocabulary acquisition, and read-
ing comprehension, an approach that integrates literacy (both reading and
writing) and oral language activities into inquiry-based science units elicits
significantly greater growth than does either a strict inquiry-only approach
or a text-only approach (Pearson and Cervetti 2005). Thus even at this
early point in the research process, the evidence we do have points compel-
lingly to this integrated approach and to some highly plausible principles
to guide us in our quest to improve both literacy and science learning by
capitalizing on what each has to offer the other.

Use text, don’t avoid it. We are not afraid of using text to support in-
quiry-based science. We understand—and share—the fear that many sci-
ence educators have that text will supplant experience as the primary me-
dium for learning science. Our experience tells us that in spite of a dismal
history in its support of science learning, if we can keep our wits about us
text needn’t be regarded as an alternative to science. Instead, it can be a
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powerful support to inquiry by extending firsthand into secondhand inves-
tigations, by helping students travel into spaces where experience cannot
easily take them, and by providing an integrative fabric to weave together
experiences that might otherwise remain discrete and disconnected.

Celebrate the synergies and isomorphism. At the level of activity and
cognitive process, science and literacy are much more alike than different.
One of the dangers in offering a separate curriculum for each discipline is
that students will learn that it is better to encapsulate the insights from each
rather than to search for common processes, strategies, and understandings.
Our experience tells us that both literacy and science are supported by inte-
gration and shortchanged by encapsulation. While we have emphasized in
this chapter the ways in which literacy can support inquiry-based science,
we could just as easily have emphasized the ways in which learning literacy
is enhanced by situating it in the science classroom. Literacy learning ben-
efits when it is enacted as a means to an end rather than an end unto itself.
The stuff of science, both content and process, gives meaning and motive
to literacy activity.

Emphasize the authenticity of embedding literacy within science. We
are convinced that when reading and writing and text are put to service in
the interests of acquiring scientific knowledge, they become appropriately
contextualized in a school setting. When literacy is encapsulated in its own
curricular space (often for 120 to 150 minutes per day because of Reading
First), it runs the risk of becoming the curricular “bully” in today’s schools,
gobbling up so much of the curricular time and space as to effectively elimi-
nate science, social studies, and the humanities as viable enterprises. The
early evidence suggests that both literacy and science benefit when the for-
mer is embedded in the latter. We want to opt for the metaphor of literacy as
a critical friend (one that can provide support and a lens for reflection). In
short, literacy can be a curricular “buddy” rather than a curricular “bully.” To
move from one to the other requires only a small phonological shift!
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Endnotes
" There are several good starting points on integrated curriculum, such as Gavelek et al.

(1999) and Yore et al. (2004).

2 The work of Guthrie (e.g., Guthrie and Ozgungor 2002) and Palincsar (e.g., Hapgood,
Magnusson, and Palincsar 2004) is most relevant to this issue.

3 The most relevant work on best practices in literacy comes from Pressley and his col-
leagues (e.g., Pressley et al. 1996).

4 Yore and his colleagues (2004) note that “scientists rely on printed text for ideas that
inform their work before, during, and after the experimental inquiries” (p. 348). Kamil
and Bernhardt (2004) further suggest that “anyone lacking literacy skills will be un-
able to access [the scientific] body of knowledge and data” (p. 126).

® Rice makes the point about the misinformation rampant in science texts (Rice 2002;
Rice and Rainsford 1996), and many have noted the damage to inquiry inflicted by
assuming that text is “all knowing,” that is, the ultimate authority for content (e.g.,
Palincsar and Magnusson 1997; Peacock and Gates 2000).

¢ Jane Goodall’s Chimpanzees I Love: Saving Their World and Ours is a good autobiographi-
cal example. We have also written several biographical books, not limited to lives of
a few famous scientists but including scientists in different stages of their careers, in
different disciplines, and from a diverse array of ethnic backgrounds.
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