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ur journeys to understanding and, later, enthusiastically embracing and
even advocating for the integration of literacy into inquiry-based science
instruction took us down different paths. Jessica, a middle school science
teacher with several years of elementary experience, first saw the importance of this integration while teaching fourth-grade students. She further developed
this understanding while directing a National Science Foundation–funded grant to assist
elementary teachers in using an integrated approach to teach science. For Terry, a former
high school science teacher and science specialist, the journey didn’t truly begin until she
started viewing literacy through the lens of inquiry. Then, after reading “Science Text Sets:
Using Various Genres to Promote Literacy and Inquiry” by Margaretha Ebbers (2002), she
felt she had finally found a great example of how literacy can support science learning.
In her article, Ebbers describes how multiple genres of nonfiction (including biographies, field guides, reference books, and journals) present scientific information in
different ways. Collections of these nonfiction works, known as text sets, can be used to
support inquiry-based instruction. Finally, Terry thought, here was an example in which
the literacy didn’t overtake the need for rigorous, evidence-based inquiry science. As we
planned a professional development workshop for elementary teachers that was based
on this article, the idea for a book was born. Together, we published Inquiring Scientists,
Inquiring Readers: Using Nonfiction to Promote Science Literacy, Grades 3–5 (Fries-Gaither and
Shiverdecker 2013).
Over the next few years, we presented our work at conferences and in other professional development settings. Conversations with teachers and curriculum specialists led
us to realize that research-based, yet practical, information about integrating literacy was
needed just as much at the middle school level. Thus, we began to write this book.

About This Book
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In this book, we share an approach to integrating all aspects of literacy (reading, writing,
speaking, listening, and viewing) into inquiry-based science that is appropriate for middle
school students. The units in Part II are inquiry-based and center on testable questions
and data collection and analysis. These data are then used to make evidence-based conclusions. Each inquiry asks students to write. The writing ranges from scientific arguments to
visual representations of a science concept. These practices are at the heart of the scientific
enterprise and are highly engaging for students.
Each unit is constructed using the learning cycle framework. In this way, students
are engaged in data collection and analysis before being expected to read to develop their
understanding of the concept. This practice, often described by Terry as “experience before
expertise,” promotes critical thinking and enhances comprehension of the text. Reading
may be used before inquiry to engage students or set the stage for the inquiry itself, but
reading for content knowledge happens only after students have had a chance to develop
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their own understanding through the inquiry. Our approach is in direct contrast to the
“read, then experiment to confirm” approach that many of us experienced in our own
science education—an approach that is not nearly as engaging or effective in developing a
rich understanding of science content.
The texts that students read, discuss, and write about are exclusively nonfiction and
include children’s literature, newspaper and magazine articles, articles published online,
infographics, and even videos. Students engage in a wide variety of literacy activities
before, during, and after reading to enhance their comprehension of the text and to link
their inquiry experiences to what they have read. Only after these activities are completed
are students expected to demonstrate mastery of concepts and vocabulary. Though this
process takes time, the result is a deep and enduring understanding of science concepts.
We begin the book with a brief review of the research and best practices that serve
as the foundation for our approach. First, we discuss the natural connections between
science and literacy and review research that demonstrates that an integrated approach
can increase student achievement in both areas. We then take a comprehensive look at
the learning cycle, its history, and the myriad ways that inquiry and other science and
engineering practices can be implemented into the classroom. Next, we turn our attention
to literacy and how best practices can be applied to middle school science instruction.
We also discuss the significant links between the Next Generation Science Standards (NGSS
Lead States 2013) and the Common Core State Standards, English Language Arts (NGAC
and CCSSO 2010) and the positive implications of those links for middle school teachers.
Practical suggestions for getting started with the units conclude Part I of the book.
Part II consists of 10 units, and it is in those units that the research and best practices
come to life. This is the heart of our work and where we know teachers will spend the most
time. Each detailed unit includes scientific background information, common misconceptions that are associated with the content, an annotated list of the texts, safety considerations, strategies for differentiation, supporting documents (e.g., graphic organizers, writing
prompts), and suggested assessments. The units encompass life, physical, and Earth and
space science. All units have been tested in middle school science classrooms. An appendix
provides information about grading and rubrics for evaluating student work products and
science process skills.
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Why This Book Is Important

2

As science educators and professional development providers, we know that the current
emphasis on literacy means that secondary science teachers need resources and support
to meet current standards. We also know that today’s students often arrive in middle
school with specific needs in terms of reading and writing, which can frustrate teachers
who have not received subject-specific guidance in meeting those needs. Again, support
and resources are the keys. Finally, as lovers of science, we know that reading, writing,
and communicating are part and parcel of the scientific enterprise. However, we strongly
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believe that any effort to integrate literacy into science instruction must do so while still
preserving the quality of the science instruction itself. In our approach, literacy activities
support the acquisition of science content through inquiry-based instruction. They do not
replace active engagement with data with reading about science concepts.
Nonfiction text has unique demands that make it more difficult for students to read
and comprehend. Without this understanding, teachers can mistakenly assume that students who do not complete assigned reading are simply failing to do homework. Many
times, these students are experiencing difficulty with the text and give up. By incorporating reading strategies at appropriate points of a learning cycle unit, teachers can better
support students and ensure that they are developing sufficient understanding through
reading text.
Writing to communicate understanding is a key component of a scientist’s work, yet
students tend to be unfamiliar with the conventions of technical writing. Teaching students to write argument and other forms of scientific discourse better simulates the types
of writing done in the scientific field. Of course, other forms of writing—quick writes to
develop understanding and journaling about observations—have important places in the
curriculum as well.
Scientific discourse is a crucial, yet regularly overlooked part of instruction. Too often,
classroom conversation is best described as initiate-respond-evaluate, or IRE (Roller 1989).
The teacher poses a question, the students answer, and the teacher informs the students if
the response was correct or not. This pattern of discussion stems from a model of education
in which a teacher’s role is to transmit factual information rather than promote creativity
and critical thinking (Beghetto 2013). Although this model has its place in the classroom at
specific times, overreliance on it limits students’ thinking and emphasizes correct answers
over creativity and divergent thinking. Devoting time for students to talk to each other
about what they are learning promotes deeper understanding and fulfills early adolescent
students’ developmental need for social engagement.
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How to Use This Book
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Although we have positioned the research background as the first section in our book,
we know that many classroom teachers will gravitate toward the units. In fact, we admit
that we would be tempted to do the same if handed a copy of this book! Our research into
reading nonfiction tells us that having an authentic context is vital for comprehension.
Beginning with the units does, in fact, provide that context. So if you’re inclined to begin
with Part II, feel free to start there. But please do go back and spend time with the research
review. Education is a research-based profession. Research findings inform our practice
and help us better meet the needs of our students. You will significantly enhance your
understanding of the units if you take the time to read these first few chapters.
Embedding nonfiction text and literacy activities into inquiry-based science honors the
best practices of both disciplines. We began this introduction by sharing our journeys to
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not only understanding but also advocating for an integrated approach. We hope that our
work helps you along your own path.
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cience educators may be very tempted to relinquish responsibility for literacy
instruction to someone else—the English language arts teacher, for instance.
After all, we have a lot of science to teach. Nestled within all of the science
we have to teach are things such as diagrams, charts, graphs, formulas, lab
reports, maps, micrographs … the list goes on and on. Deciphering all of these things is
reading; constructing them is writing. Literacy is as fundamental to science as a microscope,
test tube, graduated cylinder, or balance. We cannot do science without it. We must use
literacy skills to engage in the practice of science. Why would we relinquish responsibility
for literacy instruction when it is so intimately intertwined with inquiry-based science
instruction?
Literacy can be used to support science learning in a multitude of ways: linking what
is revealed through firsthand investigations to generally accepted scientific knowledge
(Fang, Lamme, and Pringle 2010), gathering information through secondhand investigations (Pearson, Moje, and Greenleaf 2010), developing vocabulary in a meaningful way
(Fang et al. 2008), illustrating science-specific ways of talking and writing (Pearson, Moje,
and Greenleaf 2010), and organizing thinking prior to writing. Just as literacy can be used
to build science knowledge and skills, we can use inquiry to support the development
of literacy skills. Inquiry-based science can also be used to support literacy instruction.
Krajcik and Sutherland (2010) have identified five aspects of literacy that can be developed
through inquiry-based science, as follows:
Linking new ideas to prior knowledge and experiences

2.

Anchoring learning in questions that are important in the lives of students

3.

Connecting multiple representations

4.

Providing opportunities for students to use science ideas

5.

Supporting students’ engagement with the discourses of science
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1.

The overall benefit of integration is increased student achievement in both science and
literacy (Fang et al 2008; Romance and Vitale 1992).
The benefits of integrating literacy into science instruction are clear, but there are some
challenges. One of the challenges associated with integration is the fear that literacy will
overshadow inquiry—instead of doing science, students will be reading about it. Other
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challenges include the poor quality of available texts, students’ struggles with expository
text, and secondary teachers who lack preparation in literacy instruction (Pearson, Moje,
and Greenleaf 2010). It is also likely that secondary teachers do not feel they have time to
integrate literacy instruction. Incorporating literacy instruction doesn’t mean secondary
teachers will be helping students learn to read at the most basic level (e.g., decoding text,
developing phonemic awareness), nor does it mean they will be teaching students writing
skills such as basic sentence structure. It does mean that teachers will arm students with
strategies for interpreting, communicating, and making meaning of the many ways we
represent science.
In short, they will be arming students with strategies for reading and writing to learn
about science. This includes explicit instruction on literacy strategies. Strategy instruction
leads to gains in science knowledge and literacy skills (Radcliffe et al. 2008). Literacy strategies help students make meaning of the many ways science is communicated.

Integration Examples
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Think about each of the following examples in the context of an inquiry investigation in
which students discover that plants gain mass from atmospheric carbon, not from soil or
water as they may have predicted. They have not yet discovered the process of photosynthesis and are trying to make sense of how plants can take carbon from the atmosphere.
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Linking Inquiry-Based Knowledge to New Learning Through
Nonfiction Text
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The process of photosynthesis is difficult to uncover through firsthand inquiry investigations. In this case, nonfiction text can be used to build on what students learned through
their earlier investigations. It is likely that the reading will be challenging and will include
scientific terminology, diagrams of cellular structures, and a chemical equation. The objective is for the students to connect this new information to what they learned through their
firsthand investigation. Ultimately, they will construct a cohesive understanding of photosynthesis from the macroscopic to microscopic level. Making meaning from the complex
text and connecting it to previous knowledge is a high-level cognitive task. For students to
meet the objective, they need as much support for the literacy demands as they do for the
content demands. Support can be provided through literacy strategy instruction, followed
by teacher modeling, group practice, and then individual practice (Duke and Pearson 2002;
Pearson and Gallagher 1983).
Following an investigation with purposeful reading from nonfiction texts can help
students connect what they learned through the firsthand investigation with current
scientific knowledge. The firsthand investigation gives them an authentic experience
that they can link with the established content knowledge. Reading to develop content
knowledge before engaging in an authentic experience often results in the “I read it but I
didn’t understand it” phenomenon. Students need experiences that they can build on as
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Modeling Cells
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This unit develops an understanding of structure and function in animal and plant cells.
Although only selected organelles (nucleus, cell membrane, cell wall, mitochondria, and
chloroplasts) are studied, students think deeply about them. This unit uses hands-on
investigation and nonfiction text to answer the question, What role do organelles play in a
cell’s survival? Additionally, students reflect on the advantages and limitations of models in
conveying structure and function in cells. This unit deals specifically with eukaryotic cells,
or cells that contain a membrane-bound nucleus and organelles. This unit is an excellent
precursor to studying either heredity in “The Genetic Game of Life” (Chapter 7) or photosynthesis in “Seriously … That’s Where the Mass of a Tree Comes From?” (Chapter 8).
This unit assumes that students are able to use a compound light microscope. If
students are not familiar with a microscope’s parts and proper usage protocols, we recommend conducting a lesson or two about those topics before beginning this unit.
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• Explain the function of the nucleus, cell membrane, cell wall, mitochondria, and
chloroplasts.
• Relate the structure of each organelle to its function.
• Develop and use a model to explain the functions of organelles within a cell.

aw

• Identify differences between plant and animal cells.
• Synthesize information from images, investigations, and text.

Standards Alignment

H

Next Generation Science Standards (NGSS Lead States 2013)
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LS1.A: Structure and Function
• All living things are made up of cells, which is the smallest unit that can be said to
be alive. An organism may consist of one single cell (unicellular) or many different
numbers and types of cells (multicellular). (MS-LS1-1)
• Within cells, special structures are responsible for particular functions, and the
cell membrane forms the boundary that controls what enters and leaves the cell.
(MS-LS1-2)
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