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- The ability to engage effectively with texts across content arcas Is increasingly viewed
as central to advarnced literacy in the 21st century (National Governors Association Cen-
ter for Best Practices & Council of Chief State School Officers, 2010). As is becoming-
. More widely recognized, reading, writing, and talk are shaped in part by the texts and
. contexts in which they are situated, such that reading in the scientific disciplines calls
for different sets of skills and stances than, for example, reading literary texts does.
Moreover, whereas science educators traditionaﬂy regarded reading and writing as
Separate from learning and participation in science, literacy is increasingly viewed as
authentic and integral to science learning.

A growing body of instructional research provides insight into the characteristics
of effective approaches to literacy and science integration. In particular, this research
Supports the efficacy of approaches that help students acquire strategies to understand
and wrrite science texts and tie the literacy practices of science o science inquiry. The
#pproaches to literacy—science integration described in this chapter have demonstrated

_Widﬂ—ranging benefits for students’ learning in science and literacy, and for students’
Fhgagement and motivation in both domains.

Helping Studenss hequire Strategies to Understand and Write Science Texts

For many decades, reading was widely viewed as a set of general skills that could be
pplied to Nearly any text and nearly any purpose. The underlying assumption was
that students who were taught to read on literary texts would later simply transfer their
*eading skills to content-aras texts (Shanahan & Shanahan, 2008}. This view has been
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challenged recently by evidence that a focus on “basic” reading skills has failed to pre-
pare adolescents for the demands of content-area reading. In addition, many educators
now recognize that reading differs in important ways, depending on the nature of texts
and the disciplinary practices in which reading is situated. {(For more about helping
students learn to read and write specific genres of text, see Duke & Watanabe, Chapter
13, this volume.)

Several recent reports on reading and adolescent literacy have called for attention to
text- and discipline-specific reading and writing instruction (e.g,, Alliance for Excellent
Tducation, 2010; Heller & Greenleaf, 2007, RAND Reading Study Group, 2002). These
reports emphasize that literacy instruction should continue beyond the elementary
years and support students in developing the kinds of literacy gkills that foster involve-
ment in disciplinary learning and participation (Alliance for Excellent Education, 2010;
Heller & Greenleaf, 2007). The reports emphasize that each discipline involves differ-
ent kinds of texts, different approaches to reading, and different purposes for reading
(Heller & Greenleaf, 2007). :

The authors of some key adolescent literacy reports express concern that the
emphasis on generic reading skills and strategies might lead students to believe that
they can approach every text in the same way, when the texts that students encounier
in history are different from those they encounter in chemistry (Carnegie Council on
Advancing Adolescent Literacy, 2009; Heller & Greenleaf, 2007). For example, although
texts differ across different disciplines in science, students are more likely to encounter '
reports, procedural texts, and explaaa’tions in the sciences than in other conient areas
(Fang, 2012), and each of these text genres is associated with different features. Lee
and Spratley (2010) note that scientific reports often include features such as abstracts,
headings, and diagrams, which can support understanding if students are taught to use
them. Experts in adolescent literacy note that students can be supported in navigating
the complexities of the texts they will encounter in science by being taught to use these
features and to do the following:

« Make sense of technical vocabulary and complicated syntax, such as long noun
phrases, :

. Make sense of visual elements, such as diagrams, drawings, photographs, and
maps.

. Use textual structures, such as cause-and-effect and sequential structures, 0
understand text.

. Gearch text to find information related to their purpose for reading,

. Read key parts of texts with exactitude—for example, noting even smail differ-
ences in research results (England, Huber, Nesbit, Rogers, & Webb, 2007; Fang,
2012; Heller & Greenleaf, 2007; Lee & Spratley, 2010).

Although the most obvious difference in reading as students move into differ-
ent disciplinary contexts concerns the nature of the fexts, reading in the disciplines
involves the use of more sophisticated and specialized skills. Shanahan and Shana-
han (2008) examined the reading processes of disciplinary experts as they read and
thought about texts in their areas. The researchers found that the experts in each dis-
cipline approached texts differently and leveraged a different set of reading strategies
For example, whereas historians attended to possible sources of bias, mathematicians
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engaged in close examination and rereading to ensure that they understood the con-
tribution of each word to the meaning. Shanahan and Shanahan suggested that differ-
ences in the reading practices of disciplinary experts are related to the values, norms,
and methads of scholarship within each discipline. That is because historical scholar-

ments being made by the authors and the authors’ interpretations of sources that under-
lie the arguments. Because chemists use experimentation to develop knowledge in their
field, they read the reports of others’ experiments with a careful eye to the quality of

lar results. The recent adolescent literacy reports have ajiso pointed out strategies and
stances that scientists take toward texts, For example, Lee and Spratley (2010) point out

that in the context of reading scientific reports, students need to be able to pose ques-
tions about these aspects:

o = The functions of investigations.
“ & The appropriateness of the data collection and its analysis in relation to the ques~
tions and conciusions. ' '

e The tradeoffs of the research design in terms of what we can learn from the
research.

# Potential sources of bias that might have influenced the findings.

Mereover, studenis of science need 1o be able to look across texts in order to make sense
of conflicting claims and in order to synthesize knowledge (McMahon & McCormack,
19983,

Several research studies have demonstrated the power of teaching students strate-
gies to help them read and write science texts. One effective, research-based approach
5 that of the Reading Apprenticeship (RA} program {e.g., Greenleaf et al, 2011). The
RA model is focused around the metacognitive conversation, in which teachers mode]
and discuss how to read science texts, why people read science texts in these ways, and
‘he content of the texts, Although teachers use well-known comprehension routines in
RA, such as reciprocal teaching (Palincsar & Brown, 1984) and ReQuaest (Manzo, 1969),
they also use the metacognitive conversations to model and guide students explicitly
inusing an array of comprehension taols to understand and reason about science texts.
for example, teachers might talk about how they pull apart difficult sentences, where
' they find information about unknown words, and how they take notes from a content-

irea text, In metacognitive conversations, teachers provide explicit support for science
‘eading by making visible the processes of reading and comprehending complex texts.

_ Research on RA has demonstrated many positive outcomes for students. In one
fecent study, high school students in RA classrooms made greater gains on the state
Standardized test scores in English language arts, reading comprehension, and biology




The Science Writing Heuristic (SWH] is an approach to engaging students in writ-
ten and oral argumentation in order to support their learning from laboratory experi-
ences in science (Hand & Keys, 1999). The SWH includes a student writing form that
student use over the course of their laboratory experiences. The form, which is designed
to scaffold students” writing and reasoning about their inquiries, includes the following
questions (Hand, 2008, p. 6):

Questions: What are my gquestions?

Test and Collect Data/Observation: What did [ do? What did I see?
Claims: What can I dlaim?

Evidence: How do I know? Why am I making these claims?
Reading: How do my ideas compare with others?,

Reflection: How have my ideas changed?

The SWH also includes a template for teachers to use in designing laboratory activities
and facilitating group discussions. The template lays out a series of instructional steps;
including pre- and postassessments using concept mapping, prelaboratory activiiies
{such as posing questions and brainstorming), laboratory activities, and several phases
of negotiating understandings through writing and discussion.

In two separate studies (Hand, Wallace, & Yang, 2004; Mohenshell & Hand, 2006),
SWH researchers found that 7th-, 9th-, and 10th-grade biology students using the SWH
made greater gains-in their conceptual understanding of cell biology than students in
a control group who participated in traditional to laboratory activities across 78 weeks
of instruction. In addition, 5th-, 7th-, and 10th-grade students using the SWH improved
in their ability to make written arguments regarding their biclogy lab experiences over
time.

Integrating literacy and science with a focus on reading and writing strategies has
been shown to support literacy development for English language learners (ELLs). Lee,
Mahotiere, Salinas, Penfield, and Maerten-Rivera (2009) worked with third-grade teach-
ers to improve their students” science writing, with a particular focus on supporting
the ELL students in their classrooms. In the professional development, teachers learned
to use science instruction to teach literacy strategies, such as activation of prior knowl-
edge, comprehension of science texts, and language functions in science, with a special
focus on science writing, Teachers also learned to support ELL students’ learning in sci-
ence through the use of Iinguistic scaffolds (e.g., pacing, repetition, and rephrasing), the
use of students” home language to provide access to science terms and concepts, and the
incorporation of students’ cultural experiences into science instruction. The teachers
were provided with curticulum units that included language supports for ELLs in sci-
ence, such as hands-on investigations and use of realia (i.e, visual images and artifacts,
such as photographs and objects). In each of three years, the intervention had positive
impacts on ELL students” writing gains. It is particularly notable that the ELL students
made gains comparable to those of non-ELL students. In a related study, Lee, Maerten-
Rivera, Penfield, LeRoy, and Secada (2008) reported that third-grade students whose
teachers participated in the professional development infervention improved their s
ence achievement scores. Importantly, the growth scores for students identified as ELLS
were not different from those of students who had exited ELL status or had never beer
ElLs.
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Tying the Literacy Practices of Science 1o Science Inquiry

: Although there are many ways to define fnguiry as it relates to science teaching and
learning (Anderson, 2007; Minner, Levy, & Century, 2010; National Research Council
INRC], 2011}, the defining characteristics of science inquiry for the purposes of this dis-
cussion of science and literacy learning are that students (1) actively engage in explor-
. ing scientifically oriented questions, (2) gather evidence in the interest of answering
those questions, and (3) ingage iii firsthand or hands-on activities that allow them more
c(}ncre%e experiences with scientific Phenomena (or models) and allow them to gather
. evidence in a firsthand way, Reading and writing are important tools of science inquiry,
. but they are too often used in place of students’ involvementin firsthand mvestigations,

There is a long history of division between textbook-based approaches to science learn-
- mg and inquiry-based approaches to science learning, but research has increasingly
demenstrated that a combined approach not only better Supports students’ science
_ 'I'éarnmg, but also supports students reading and writing of science texts,

. i tudents’ reading and writing to science inquiry

! (Romance & Vitale, 1992). In the context of ongoing
is not just getting from the beginning to the end of

Xt and it turns out that a focus on deep understanding Supports students’ growth in
f&‘_ading comprehension (Knapp, 1665; Purce]‘l~(}}ates, Duke, & Martineay, 2007; Taylor,
P ‘arson, Peterson, & Rodriguez, 2003; Taylor, Peterson, Pearson, & Rodriguez, 2002),
Purcell.Gateg and colleagues (2007) examined the impact of authenticity of literacy
aHvities Involving the reading and writing of science fext genres on second- and third-
gtade students’ growth in reading and writing the genres. Purceil-Gates and colleagues
defined authentic activity in the study as reading and writing the science text genres for
Puf‘POSes other than learning to read ang write them (e.g,, reading for information or

F__e text gonres. Guthrie and colleagues (2004) provide one possible explanation for the
Mpact of authenticity (or application} on comprehension: They note that the goal of
Eu_}'éel“Standimg 4 conceptual theme provides a purpose for using comprehensions strat-
“Bles, thyg building students’ skill with the strategies,
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Relatedly, firsthand experiences in science support motivation to read. Reading
motivation is an important outcome of reading instruction and a mediator of growth in
reading comprehension {e.g., Wigfield et al, 2008). Severai studies have demonstrated
that hands-on experiences in science support sustained motivation and gains in read-
ing comprehension. For example, Guthrie, Wigfield, and colleagues (2006) found that
the number of stimulating (hands-on) activities that teachers used related to reading in
science predicted third-grade students’ growth in reading comprehension through the
mechanism of motivation; that is, the stimulating tasks increased students’ motivation
to read, and motivation to read supported students’ growth in reading comprehension.
In a related study, Guthrie, Hoa, Wigfield, Tonks, and Perencevich (2006) studied the
results of involving third-grade students in a reading program designed to increase
their situated interest in reading (i.e., their enjoyment of reading particular texts in par-
ticular situations) by involving the students in observational and hands-on activities
in science and then providiﬂg an abundance of related, interesting texts for students to
choose to read. The researchers found that students who participated in the program
not only increased their situated interest, but also increased their general motivation to
read over 3 months, - A

Finally, firsthand experiences can build the knowledge that supports students’
comprehension of text--both immediately and in the future. We have known for
decades that having knowledge about a topic supports rea ding comprehension (Alexan-
der, Kulikowich, & Schuize, 1994; McNamara, Kintsch, Songer, & Kintsch, 1996; Tierney
& Cunningham, 1964}. Readers who have more knowledge can more easily assimilate
new information and can better distinguish between important and peripheral infoz-
mation {Stahl, Hare, Sinatra, & Gregory, 1991). As such, building a wide base of knowl-
edge about the natural world is likely to support students’ reading development as they
move through school and beyond. Tt also-appears that a developing bank of knowledge
supports students in learning and use of reading strategies and in overall reading com-
prehension {Guthrie & Ozgungor, 2002; Taboada, Tonke, Wigfield, & Guthrie, 2009).

Several programs of iristructional research have demonstrated the efficacy of
approaches that bind reading and writing to inquiry experiences in science. Romance
and Vitale (1992, 2001) have designed an integrated science-literacy program at the ele-
mentary level that involves students in hands-on science activities, reading comprehen-
sion instruction, concept mapping, and writing with the goal of supporting students’
deep conceptual understanding in science. The program, In-Depth Expanded Applica-
tions of Science (IDEAS), involves teachers in developing concept maps of key science
concepts and then planning a range of science and literacy experiences to engage stu-
dents in different aspects of the concepts.

The reading comprehension program includes three components:

i Text analysis, in which students are taught to use their prior knowledge for
reading and to build new knowledge while reading.

Concept mapping, in which teachers guide students to pull apart and map ideas
encountered during reading.

% Writing summaries based on the concept maps.

These three activities not only help students make sense of the science concepts
in the texts they read, but also help them to understand how these texts are organized.
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In addition, becauge reading is linked to students’” involvement in multipie hands-on
inquiry experiences, students learn to bridge text and experiences in ways that are
authentic to science. In a series of research studies, this approach has resulted in wide-
ranging positive impacts for the students, Notably, students in grades 1-5 in classrooms
that used this approach demonstrated greater gains on the lowa Tests of Bagic Skills
Reading and Science subtests than students in classrooms that did not use this approach
{Romance & Vitale, 1992, 2001; Vitale & Romance, 2010),

Concept-Oriented Reading Instruction (CORD) is an integrated science-iteracy
program based on a model of reading engagement that includes the tollowing five prac-
tices (e.g., Guthrie et al,, 2004):

Using content goals for reading instruction,
Affording choices and control to students,
Providing hands-on activities.

Using interesting texts for instruction,
Organizing collaboration for learning from text.

B B £43 Bl s
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The program also involves students in assembling portfolios that include records of

- questions and reading inferences, summaries of text passages, illustrations, charts, and
© even physical models (Guthrie, McRae, & Klauda, 2007 Swan, 2003). Student use the

portfolios to write books related to the themes of the units,
In the Guthrie and colleagues (2004) study, third-grade students in CORI class-

© rooms were taught reading comprehension strategies, such as activating background
- knowledge, questioning, searching for information and summarizing, as they learned

‘With a nature walk described in a trade book. Embedding strategy instruction in a
“knowledge-rich context full of firsthand experiences had a powerful influence on stu-
“dents’ acquisition of the strategies. These students showed greater growth on a compos-
 lte assessment of reading strategy use than did students who received more traditional

strategy instruction.
The same framework has been implemented with students at other grade levels,

‘with similar results. In a study of fourth-grade students, CORT was compared with cog-

Rtive strategies instruction and traditional instruction, Following 12 weeks of instruc-
tior, students in the CORI classrooms outperformed students in the other classrooms

.. Mmeasures of reading engagement, reading comprehension, nultiple-text comprehen-
° 8len, and use of reading strategies. Guthrie and colleagues (2009) found positive results

for fifth graders involved in CORI on measures of word recognition speed, reading

- Wmprehension, and ecology knowledge. Moreover, they found that the CORI instruc-
o fl_D_;_ﬂ was equally effective for lower- and higher-achieving readers.

" Seeds of Science/Roots of Reading (Seeds/Roots) is a curriculum-based integrated -

- Sdﬁ?rlcehliteracy program. Seeds/Roots is premised on the idea that both science and lit-
& ey development benefit from integration that focuses on shared and complementary
%8, but that leads with science conceptual development and involvement in inquiry.
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The curriculum units engage students in reading, writing, discussing, and using firss-
hand experiences to develop understandings about science concepts, the nature of scj-
ence, and the process of inquiry. One of the main principles underlying the Seeds/
Roots model is that texts can and should be used in various roles to support students’
inquiries. To this end, students read texts that model the inquiry processes that they
will use in their own investigations; they search handbooks for information that they
can leverage as they investigate; and they read books that situate their classroom-based
inquiries in the wider natural world. Students are instructed in issues related to science
text genres and science reading and writing strategies as they use literacy to support
their involvement in ongoing investigations.

In a study of second- and third-grade students learning about the shoreline eco-
system and the forest floor ecosystem, students who used the integrated Seeds/Roots
units made greater gains in science understanding, science vocabulary, and science
reading comprehension (in one of the twe units) than did students who participated
in an inquiry-based science unit involving firsthand experiences, but little reading and
writing (Wang & Herman, 2005). In a study of third- and fourth-grade students study-
ing light energy and light interactions, students using the Seeds/Roots integrated unit
outperformed students in classes using their regular science materials (also on the topic
of light) and literacy materials on measures of science writing, science understanding,
and science vocabulary (Cervetti, Barber, Dorph, Pearson, & Goldschmidt, 2012).

SUMMARY OF BIG KDEAS ?ROM RESEARCH

PP L T T S T )

The research on literacy—science integration is summarized in Table 14.1. This research
supports the following big ideas:

« Effective teachers provide instruction that supports students’ use of science lit-
eracy practices.

¢ Hffective teachers help students develop the range of distinctive reading pro-
cesses and stances toward fext in science that characterize reading in the disci-
plines of science.

# Effective teachers tie the literacy practices of science to science inquiry.

EXAMPLES OF EFFECTIVE PRACTICES

Helping Secondary Students Acquire Sirategies to Understand and Write Science Texts

High school science teacher Will Brown is working to apprentice his ethnically and
linguistically diverse urban students into the literacy practices of science (Greenleaf,
Brown, & Litman, 2004; Litman & Greenleaf, 2008). Will has been part of the RA project
for several years and has learned to use metacognitive conversations to help his students
make sense of science texts. In addition to engaging students in many firgihand investi-
gations in chemistry, Will routinely gathers his chemistry students together to discuss
their thinking, problem solving, and chalienges as they make sense of their reading. In
these conversations and in his in-the-moment interactions with students, Will thinks
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Wang & -3 Science reading Science
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Wigfield et al. 4 Reading strategy
{2008} use (a composite

of activating

background

knowledge and
posing questions)
Multiple-

text reading
comprehension

Reading
comprehension

Reading
engagement

aloud about his own comprehension processes, making visible often-hidden problem-
solving processes. Will invites students to see what it means to comprehend the texts,
and helps them to acquire the strategies that proficient readers use to deal with the
comprehension challenges encountered in complex science texts,

During one class period, the students watch Will think through a difficult passage
and discuss the comprehension strategies that help him overcome the difficulty. Stu-

dents listen as Will describes how first figuring out the meaning of boldfaced words in
the science textbook can help them make sense of a

difficult sentence or paragraph. He
explains hig strategy:

“It can still be hard even when they give you the definitions of the key words, The
words around the key words can be words you dont know. . . . Start with the word

in bold or italics and the sentence it is in. Try to understand that one sentence, work

very hard on it, and then lock around it in the paragraph. Put most of your energy
inio understanding the boldfaced words.”

Because words are often stumbling blocks for students in understanding school
f?X'iS, including the science textbook, Will often focuses his metacognitive conversa-
Hons on building students’ knowledge about and interest in words. Will occasionally
starts a class period by asking students to talk about “interesting” words they have
learneg recently. Sometimes this leads to a group problem-solving session, as it does

he



382 - o s

one morning whern Veronica shares the word subsmnfiallymexpiaining that she encoun-
tered it while reading the science textbook on the previous day, but does not know what
it means. Veronica’s classmates first try the strategy of looking for a familiar word in
the unfamiliar word, but this leads them to substance, which dbes not seem to help, Will
guides the students in using other strategies for figuring out the word, such as using
tie condext to substitute a synonym. Veronica suggests parfially as a synonym, and Will
rereads the passage aloud, substituting the partially for substantinlly, to see whether it
makes sense in context: “A fundamental property of acids and bases is that an acid and
a base always react to ‘neutralize’ one another. That is, the products of the reaction do
not have acidic or basic properties {or they are partially reduced compared to the reac-
tant acid and base).” Will asks students whether they think partinlly and substantially
mean similar things, but the class is divided. Will calls the students’ attention fo the
phrase thaf is, and asks, “What does that is mean to you? What is it telling you?” Wil
asks Darren to reread the sentence, but stops Darren after the phrase do not have, Will
asks, “How much is do not have? How does partially reduced compare to do not have?”
Will points out the parentheses following do not have acidic or basic properties, and helps
students see that substantinlly reduced must have a similar meaning to do not have. Karen
suggests that completely reduced would fit.

Will's students gradually come to see that replicable strategies and determination
are the keys of science comprehension. And they become more comfortable in sharing
their own reading processes. Students discuss what's easy for them in texts and what's
confusing, and they share their own strategies for overcoming comprehension chal-
lenges. Metacognitive conversations make individual reading and thinking processes
part of the community of Will's classroom.

Will has worked hard to establish the kind of environment in which these kinds of
conversations can take place. He has talked to his students since the beginning of the
year about the purpose of the conversations, and he has guided students to explore their
current ideas and feelings about reading in science. Throughout, Will has communi-
cated excitement about figuring things out through firsthand inquiry and reading. Will
has found that metacognitive conversations invite greater engagement in his classes
and help students take on more productive roles as readers and learners.

Helping Elementary Students Acquive Strategies fo Understend and Write Science Texis
in Service of inguiry

Lorna Ratliff is planning a sdence unit for her class around the second-grade stan-
dards related to changes in matter, Lorna has participated in the Science IDEAS profes-
sional development workshop over the last few years, and is using the IDEAS model to
deveiop the unit.

Lorna begins by selecting a core concept to serve as an entry point into the unit.
Lorna selects the concept of evaporation because she knows that many of her students
will have had everyday experiences with this concept, such as watching when water is
heated in a pot on the stove and disappears into the air as it turns into an nvisible gas
{(water vapor), or noticing how water in a cup slowly disappears if it is left open for a
day or two.

Following the IDEAS model, Lorna selects the concept of evaporation from
the “Changes in Matter” concept map that the professional development facilitators
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provided in the IDEAS workshop (see Figure 14.1). Lorna learned in the IDEAS work-
shop that it is important to begi

n planning with a concept map of the key ideas, so that
unit development is coherent, i

(NRC, 2011). :

Lorna uses sticky notes to add to or replace some ideas from the concept map,
based on her objectives and her students’ existing knowledge of changes in matter,
Lorna knows that she will rebuild thic concept map with her students as they move
through the unit, and she will have students use the map as the basis for written expla-
nations of evaporation,

Once she has a conce

puzzle about evaporation, At the beginning of the school

day, she will introduce the unit and ask students to discuss what they already know
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about phases of matter. She knows that they are familiar with solids, liquids, and gases,
but she doesn’t think they understand a lot about how matter changes between thege
phases. Following the discussion, Lorma will dampen a thin rag and piace it outside,
She will ask students to make predictions about what will happen. Later in the day,
they will revisit the rag and set up two additional firsthand experiences with evapora-
fior.

As Lorna proceeds in planning the unit, she refers often to her concept map, anno-
tating it with references to activities that address each concept cluster on the map. She
inciudes reading experiences, which she can also use to reinforce students’ understand-
ings of informational text features. She also includes writing experiences to help stu-
dents record their observations and make sense of the key ideas In the unit,

Lorna’s objective is to ensure that the students understand that water changes
phases because of specific factors, such as heat and surface area. She carefully lays outa
series of science and literacy experiences that together form a journey to help students
grasp these important concepts. She also makes preliminary plans to use students’
experiences with reading and writing in the unit to help them acquire strategies for
comprehending and writing science texts. She also knows that she can use the concept
map as a blueprint to guide expository writing.

Tying the Literacy Practices of Science o Science inquiry

Over the last 2 weeks, the students in Michael Medina's third-grade class have been
engaged in an ongoing inquiry about soil as a habitat for plants and animals. They
started the inquiry by building and observing two tabletop terrariums (see Figure
14.2). They built the terrariums in clear plastic containers by adding soil and other earth
materials. Then they planied alfalfa seeds and observed the first sprouis. Michael told
the students that the terrariums are models of a forest floor habitat. The students have
been learning about habitats and know that they are preparing to add earthworms to
the terrariums,

The students are excited on the day that Michael brings the earthworms. They
observe the earthworms’ body parts and how the earthworms move. They write their
observations and make drawings of the worms, Michael asks them to write predictions
about what will happen when they add the earthworms to the terrariums, What will
the earthworms do? Some students think that the earthworms will eaf the leaves in the
terrariums and grow bigger. Others think that the earthworms will go underground.
Finally, the students add earthworms to the terrariums,

The next day, the students observe the terrariums again, but the earthworms have
disappeared. They look for evidence about where the earthworms might be. One stu-
dent notices holes in the soil and suggests that the earthworms are under the soil. The
other students agree that this must be the case. Michael asks how the sarthworms can
survive underground, He wonders aloud what the earthworms do down there, What
do they eat? How do they move? The students join in with questions and wonderings
about the activities of the earthworms underground,

Michael tells the students that he has a book about different forest foor animals
that might help them answer their questions about the earthworms, The students join
their reading partners and begin to read. Michae! knows that the students can read this
book with their partners, because they possess a powerful combination of curiosity and
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relevant knowledge from their wor int the habitat unit so far. They have encounterad £e,
almost al] pf the challenging vocabulary in the book aiready, and they know hoyw to the

use the glossary to Iook 1P words they don’t recognize. In addition, Michael has beer 2%y
teaching students Strategies for reading informationa] texts since they entered his clasg- ent
oom. Students yga the reading to answer their observatiomdriven Guestions about the the

-~ behayipy o earthworms. Later they will POse questions ahoyt different aspecis of life and
“Nand under the soil, answering the questiong through firsthang investigations and ard
eading (see Figure 14.3) cher
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Perhaps the easiest way to begin enacting science-literacy integration is to use
existing curriculum materials. Increasingly, there are curriculum materials available
through publishers and cnline that support the integration of literacy and science
instruction. However, it is also possible to design these experiences in your classroom.
You might begin with & science unit that uses mainly firsthand experiences and look
for authentic opportunities to infuse reading and writing. You might gather a set of
thematically related science trade texts, or even a science textbook, and imagine where
firsthand experiences could be used to support students” understandings of the science
concepts. Or you might engage in the ambitious work of developing a fully fleshed out,
integrated unit of instruction,

= Map out the science goals and the literacy goals that you are setting for students. ¢ _
The science goals should include attention to science concepts, science inquiry -t ooy




- Integration of Literacy and Science o« 387

skills, and understandings about the nature of science. The Iiteracy skills might
include using the structural features of informationa] text genres (e.g, headings,
glossaries); making sense of the visual features that often appear in these texts;
reading for information across different texts : recording observations and taking
notes; or using comprehension strategies that support students’ comprehension
of science text, such as goal setting, summarizing, and questioning.

Gather sefs of books that relate o your science goals. These m
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&

thing from books about the science concepts you want to address to books about
the lives of scientists to news articles that connect the science to everyday life,
Try to select texts that provide the kinds of information and experiences that
would be difficult to recreate in the classroom, such as experiences in distant
places (under the ocean, in spAace) and experiences with things that are difficult
to cbserve {molecules, internal body systems).

Develop firsthand experiences that invite students to explore the concepts you
- arestudying and to develop their inquiry skills.

#

Guzzetti (2009) describes an example of this approach: a chemistry teacher’s imple-
mentation of a forensics unit she implemented with her high school class. While the
teacher, Sharon, wanted to capitalize on the students’ interests in forensics and to sup-
port their development of important science concepts (such as the difference between
physical and chemical evidence), her main goals related to students’ development of
inquiry skills, such as the ability to evaluate evidence and to draw conciusions from
this evidence. Sharon also wanted them to develop science literacy skills, including the
ability to read a range of science texts for evidence and to communicate scientificaily.
Across the 3-week unit, the students read from a wide range of texts that Sharon had
gathered. The students read about crime scene evidence in teacher-constructed cases,
They also read forensics procedures and reference documents, news articles, (fictional)
police reports, and sections from forensics textbooks. These readings supported the stu-
dents’ ability to solve the Crime scene cases. In addition, the students uged a variety of
forensic processes, such as fingerprinting, blood spatter analysis, chromatography, and

chemical analysis, to explore physical and chemical evidence “found” at the fictional
crime scenes,

LOOKING FORWARD

B T T T L A

Although the programs of research discussed in this chapter provide strong evidence

for the efficacy of instructional approaches that integrate literacy and science, the fol-
lowing efforts will be needed

in order to make instruction in disciplinary literacies a
reality in 1J,g, classrooms; :

® Broader development of materials and approaches that provide opportunity for
students” authentic engagement in reading and writing (Purcetl-Gates, Duke, &
Martineau, 2007), particularly as part of inquiry-oriented content-area instruc-
tion (RAND Reading Study Group, 2002).

* Improvements in the quality and accessibiiity of content-rich texts across the
K-12 spectrum (Pearson, Moje, & Greenleaf, 2010). Although science texts for
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young readers are changing, typical science textbooks are dense and disengag-
ing (Lee & Spratley, 2010; Schleppegrell, 2004), and teachers still struggle to find
good text for inexperienced science readers {Eisner, 1987; Lee & Spratley, 2010;
NRC, 1990; Schleppegrell, 2004). In addition, most science texts present facts, but
fail to help students understand the nature and processes of scientific inquiry
{Cervetti & Barber, 2008).

» Changes in the structure of the elementary school day to allow more time for

rich engagement with content-area learning. Undoubtedly, the biggest obstacle to
the adoption of integrated approaches to science and literacy is the general status
of science teaching at the elementary level. Surveys of elementary teachers over
the last decade have indicated that the pressures of standards and testing have
driven many teachers to forgo science instruction entirely, and that those who do
teach science tend to devote only 12 hours per week to its instruction (Dorph et
al., 2007; Fulp, 2002; McMurrer, 2008). '
The development of assessments to help us track students’ progress in applying
literacy skills in the interest of inquiring and learning in the content areas. As
long as multiple-choice tests constitute the primary metric for measuring student
learning in science and literacy, it will be difficult to advocate for the approaches
described in this chapter.

- Professional develepment opportunities and changes in initial teacher prepa-
ration to soften the boundaries between literacy instruction and content-area
instruction {(Pearson et al, 2070}, .

» Research to help us better understand and capitalize upon complementari-
ties between science and literacy at different points in students’ development,
including better understanding of how literacy skills are similar and different
across the disciplines of science, and the relationship of these myriad skills to
our goals for students” science and literacy development across the K12 spec-
frum. '

» Research to help us better understand the nature of the relationships among
inquiry, knowledge development, reading motivation, and reading comprehen-
sion skill.

To what extent do | support students in understanding that science texts call for different
approaches to reading than literary texis do? How do | ensure that students have strategles 1o
make sense of chalienging, content-rich informational texts?

z. To what exient do | make explicit for students the differences among the texts that we read
across differant content areas?

% To what extent do 1 help students make sense of the visual elements of science texts, such as
diagrams, tables, and graphs?

To what extent do | help my students develop the understanding that science involves reading,
writing, talking, and doing—al! in the interest of reaching a better understanding of the natura!
waorld?




