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In staff meetings, the principal of my school would periodically exhort those of us who were “subject-area teachers” to
contribute to the school-wide emphasis on improving reading. I would return to my classroom and assign pages from
the textbook to my students, only to be greeted by moans
and groans. After I finally cajoled my groaners into reading,
I would ask them questions, but they never seemed to learn
much from what they read. Does this sound familiar?
I finally returned to university to find out more about
how science teachers could design successful reading lessons for their classes. I compiled what I had learned into a
book for life science teachers. I quickly learned I wasn’t the
only person who had wished for such a book – teachers of
other subjects routinely ask me for a book in their area. With
the increase in more integrated curriculum standards, even
more teachers are finding themselves struggling to integrate
reading, writing and science.
The good news is that there are many parallels between
how people learn science and how they learn to become better readers. In fact, many studies have indicated that integrating reading and science can lead to gains in both areas
(e.g. Fang et al. 2008, Kamil and Bernhardt 2004, Morrow et
al. 1997 and Radcliffe et al. 2008).
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This book is for secondary school earth and environmental science
teachers who are ready to implement successful reading experiences that
support science content learning. Each lesson in this book consists of a
science activity, a reading about an important earth and environmental science concept and a writing activity that asks students to connect what they
did with what they read. This book also contains information on teaching
reading strategies to help you create a complete reading program in your
science class. To begin, let’s look at how the processes of science and reading are complementary.
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Science teachers know that people learn science best when they anchor
their learning in firsthand experiences. This idea has been formalised
into the learning cycle, a way to organise lessons so that students have
a chance to explore a concept before they learn the relevant vocabulary and principles (Lawson 2009). While the 5E learning cycle is often
used in science (see Bybee et al. [2006] in the Find Out More box), in
this book we will focus on the critical middle three phases because they
relate most directly to integrating reading and they form the heart of a
learning cycle in both science and reading (Baker 2004).
Exploration. In this phase, students experience a new concept in a concrete way by exploring a specific example. Students may be asked to design
an experiment, attempt to solve a problem, or simply make observations.
Explorations in this book include designing an experiment to measure the
amount of current used by an electrical device, finding ways to destroy a
model mountain with erosion and watching a convection current move
through convection tubing. In the exploration, students form an internal
framework for the broader ideas that they will encounter during the explanation. This phase also fosters student questions about the topic so they
are more interested and engaged during the explanation phase.
Explanation. In this phase, students learn vocabulary and general
principles. For example, if students watched a convection current take
place during the exploration phase, they would be introduced to the terms
density and convection during the concept introduction phase. They would
also learn that the concept they observed during the exploration – that
hot liquid has lower density and rises – is a general principle that affects
weather and ocean currents. In a learning cycle, concept introductions can
come from lectures, discussions, readings or videos. For the cycles in this
book, the explanation is provided through reading.
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FIND OUT MORE
If learning cycles are new to you,
see the following:
• Bybee, R. W., J. A. Taylor,
A. Gardner, P. Van Scotter,
J. C. Powell, A. Westbrook
and N. Landes. 2006. The
BSCS 5E Instructional Model:
Origins, effectiveness and
applications. Colorado
Springs: BSCS. www.bscs.
org/curriculumdevelopment/
features/bscs5es.html.
• Chapters 5 and 6 in Lawson, A.
2009. Teaching inquiry science
in middle and secondary
schools. Thousand Oaks, CA:
SAGE Publications.
For an excellent overview of how
the learning cycle fits with what
we know about how people learn,
see the introduction to
• Moyer, R., J. K. Hatchett and
S. A. Everett. 2007. Teaching
science as investigations:
Modelling inquiry through
learning cycle lessons. Upper
Saddle River, NJ: Pearson
Education.
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Concept Application. Finally, students need a chance to apply
the new terms and principles themselves in a new situation. The concept application phase of a learning cycle can include doing additional
hands-on activities, designing new investigations, making a concept map
or solving a new problem. In this book, the concept application phase for
each cycle includes a graphic organiser and writing prompt.
The learning cycle is based in constructivism, a view of learning that
holds that students base new knowledge on the understandings they
already hold (Lawson 2009). The prior knowledge that students bring to
a lesson may be helpful for learning the new material, or students may
bring misconceptions that make learning more difficult. The exploration
phase can help challenge students’ misconceptions so they are ready to
restructure their understanding.
The exploration also fills in gaps that may be present in a student’s
prior knowledge. For example, if a student’s main exposure to rocks has
been gravel, they will find it difficult to understand that different rocks
have different properties. Observing and conducting tests on different
types of rock during the exploration phase can provide the necessary
background for learning the rock cycle.
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Developing Reading Skills: What Reading
Teachers Know
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It turns out that prior knowledge is important in reading as well (Rosenblatt 1994). Students often do not understand a text because they lack
information that the author of the text assumes they know (Fielding
and Pearson 1994). To help students access useful prior knowledge and
develop new background that they will need for a text, reading educators
use a plan for reading instruction that is very similar to the learning cycle
(Robb 2000).
Pre-Reading. During pre-reading, reading teachers ask questions to
help students think about what they already know that will be important
for understanding the text. For example, if students are going to read
about a volcano, the teacher may ask what students know about volcanoes or have them draw a picture of a volcano. Reading teachers call
this activating prior knowledge. In some cases, reading teachers need to
introduce new background information that students will need for the
reading, such as sharing about the time period in which a story is set or
showing students an example of an object that plays a key role in the text.
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FIND OUT MORE
Read more about prior knowledge
and misconceptions in the
following:
• Introduction to National
Research Council (NRC). 2005.
How students learn: Science in
the classroom. Washington, DC:
National Academies Press.
• Any volume of Page Keeley’s
Uncovering Student Ideas
in Science series (Hawker
Brownlow Education).
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Reading. This step includes the obvious task of reading the passage,
but reading teachers may expand it by asking students to use specific strategies
to monitor their comprehension as they read.
Post-Reading. After reading, students are led in reflecting on what
they learned and applying this knowledge in a new situation. Reading
teachers often have students summarise main ideas, create concept maps
or do projects based on what they read.
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A Natural Fit
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You can see how the work of science teachers and reading teachers fits well
together. An exploration can serve as a pre-reading activity by generating
background knowledge that supports new learning. It also provides an
authentic purpose for reading. No more reading just to answer questions at
the end of the chapter – now students can read to answer real questions that
they have developed from experiencing science firsthand. For the next phase,
reading provides an excellent source for the concept introduction. Reading
also models the work of real scientists, who usually read a great deal in the
process of developing and interpreting experiments. Finally, both models
call for an activity in which students apply their developing knowledge.
One difference in the two models is that reading educators focus more
of their attention on what takes place during the actual reading. They
know that good readers monitor their comprehension as they read. Reading
teachers help students pay attention to whether they understand and teach
strategies that improve comprehension and memory. Science educators
can also teach these strategies, and once again, reading research is on our
side – research has shown that students learn reading strategies best if the
strategies are incorporated into meaningful reading opportunities (Baker
2004; Fielding and Pearson 1994).

The Larger Goal
It is important to remember, when teaching reading in science, that our
goal is bigger than reading comprehension. We do not want our students to
make sense of just one bit of text; we want them to draw from several texts,
their prior experiences, conversations, labs, lecture, media and video and to
assemble it all into an understanding of the topic. We want them to read as
an act of “knowledge building” (Cervetti and Hiebert 2015).
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One way to use this book would involve selecting certain lessons that suit
your curriculum and using them à la carte. But this book can also be used
as a reading development program by spacing the lessons throughout the
year and including the following components that are provided with each
chapter:
Strategy Introduction. Each lesson in this book includes a specific
reading comprehension strategy that you can introduce before students
read. Teaching this strategy does not need to take a great deal of direct
instruction; much of the strategy learning will take place during individual practice and small-group interactions. But explicitly addressing reading
strategies can help students learn to take control of their reading (Baker
1991; Radcliffe et al. 2008; Spence, Yore and Williams 1999).
Reading Groups. Working in reading groups can be a powerful tool
for improving comprehension (Rosenshine and Meister 1994; Wheeler-Toppen 2006). By working together to read a passage, students can fill
in gaps in prior knowledge and model reading strategies for each other
(Robb 2000). Talking about what they have read causes students to observe
how successfully they are comprehending it, and over time, that awareness
can lead to self-regulation even outside of the group (Baker 2004).
There are a number of ways to organise successful reading groups,
and in the next chapter I will introduce one such procedure that is simple
enough to be implemented in most science classrooms.
Journalling. It takes time, practice and reflection for a new reading
strategy to become a stable part of a student’s repertoire. Reading teachers often conduct individual reading conferences with their students to
reinforce new strategies, monitor progress and help students reflect on
their development as readers (Allen 1995; Robb 2000; Schoenbach et al.
1999). Science teachers rarely have time to implement individual reading
conferences in their classes. Therefore, this book includes journal questions to encourage students to internalise the strategies introduced in
class. These questions are designed to help students plan ways to use a
strategy, practise a strategy by writing an example situation or evaluate
their own use of a strategy. You can increase the value of the journalling
activity by periodically responding to entries in your students’ journals.
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Making the Most of This Book
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FIND OUT MORE
For more information on
helping students “read” visual
representations of concepts,
consider the following
resource:
• Vasquez, J. A., M. W.
Comer and F. Troutman.
2016. Developing visual
literacy in science, F–8.
Melbourne, Victoria:
Hawker Brownlow
Education.
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Assessment is a critical piece of any teaching endeavour. The assessment
exercises in this book are based on the idea that assessments should give
you feedback on what your students are learning and also serve as learning
opportunities for your students (NRC 1996). Therefore, each activity, in
addition to being a learning tool, is designed to provide information about
how well your students understand the lesson. These assessments fall into
four general categories:
The Big Question. The Big Question is a reading comprehension
check found at the end of each reading selection. The question can be
answered in a fairly straightforward manner from the information in the
text but cannot be answered simply by skimming or quoting a section of
text. Answers to the Big Question are generally short, and if students work
in reading groups, each group may submit just one answer. You should
be able to scan the answers relatively quickly to determine if students
grasped the main ideas of the text.
Thinking Visually. In science, many ideas are best represented using
diagrams, concept maps and other graphic organisers. These tools are
important pieces of text that students often overlook. Learning to “read”
visual representations is a significant part of reading and learning science.
Likewise, having students organise their own thinking visually is a powerful tool (Fisher 2002). Therefore, each chapter in this book includes an
activity that asks students to either reflect on an existing visual representation of key ideas from the chapter or use a visual framework to organise
their new knowledge.
Writing Prompt. The last activity in each chapter is a writing activity
that asks students to integrate what they learned from the exploration and
the text. Each activity focuses on a key idea. That idea will be listed below
the writing prompt. You can use the rubric in Table 1.1, along with this focus
point, to assess your students’ responses to the writing prompt. Because
these are open-ended questions, they provide an especially good opportunity to watch for misconceptions that your students may have developed.
Claims and Evidence. One science skill highlighted in this book is the
ability to use claims and evidence. To this end, six of the explorations ask
students to make a claim and support it with evidence. This ability should
be assessed as well because what we choose to assess communicates to
students what we think is important. Information about assessing the
claims and evidence aspects of the explorations can be found in Chapter 3.
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Table 1.1. Rubric for Evaluating Responses to Writing Prompts
Question

Completely

Partially
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Does the response correctly describe the
key idea?
Is the response supported by details from the
reading or investigation?
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What misconceptions are present in the
response?
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IMPORTANT SAFETY INFORMATION
With hands-on, process- and inquiry-based activities and
investigations, the teaching and learning of science today can
be both effective and exciting. The challenge to securing this
success needs to be met by addressing potential safety issues
by conducting hazard assessments and using appropriate
engineering controls (ventilation, fume hoods, fire extinguishers,
showers, etc.), administrative procedures and safety operating
procedures and use of appropriate personal protective
equipment (indirectly vented chemical-splash goggles,
chemical resistant aprons, non-latex gloves, etc.). Teachers
can make it safer for students and themselves by adopting,
implementing and enforcing legal safety standards and better
professional safety practices in the science classroom and
laboratory. Throughout this book, Safety Alerts are provided
for investigations and activities and need to be adopted
and enforced in an effort to provide for a safer learning and
teaching experience. Teachers should also review and follow
local polices and protocols used within their states and school
(e.g. chemical hygiene plan, Department of Education safety
policies).
Additional applicable standard operating procedures
can be found in the National Science Teachers
Association’s Safety in the Science Classroom,
Laboratory, or Field Sites document (www.nsta.org/docs/
SafetyInTheScienceClassroomLabAndField.pdf ). Students
should be required to review the document or one similar
to it under the direction of the teacher. Both the student
and the parent or guardian should then sign the document
acknowledging procedures that must be followed for a safer
working and learning experience.
Disclaimer: The safety precautions of each activity are based,
in part, on use of the recommended materials and instructions,
legal safety standards and better professional practices.
Selection of alternative materials or procedures for these
activities may jeopardise the level of safety and therefore is
done at the user’s own risk.
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Additionally, you will want to
assess how students are developing as
readers. This is challenging because
much of what we teach students to do
happens invisibly as they read. But you
can listen to what students say in their
reading groups and write in their reading journals. You can also give students
the self-evaluation found in Chapter 2
several times during the year to look
for growth.
Remember
that
assessment
should affect what you do next with
your students (Black 2003). If you find
that students are struggling with the
Big Question or graphic organiser,
you may need to talk about the text
with your class. If you encounter misconceptions in the written responses,
you need to address them. If students
are struggling with claims and evidence, stop and take a day to try one
of the activities from Chapter 3 that
will help students develop that skill.
Conversely, if students are successful
with these activities, you can move
on with the confidence that they are
ready for new topics.

Incorrectly or
Insufficiently
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