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Introduction

The scholarship of teaching and learning (Shulman 2004) refers to inquiries by
faculty into their own teaching practices and students’ learning. This study reports
upon such an inquiry into ways to integrate physics and literacy learning in a
physics course for prospective teachers.

The term literacy is associated with many meanings. Scientific literacy, for
example, typically refers to understanding the nature of science. We use the term
literacy, however, as it is used in schools. A leading literacy textbook defines
literacy in terms of the acts of listening, speaking, reading, writing, and critiquing
multi-media sources such as television, movies, and the Internet (Cooper and Kiger
2006).

Our intent is to foster prospective teachers’ ability to:

e listen closely to another person’s thinking, even when those thoughts are
expressed in fragments, with many starts and stops, as the speaker searches for
words to express an idea about physical phenomena that may be forming as the
speaker speaks

e speak clearly, to be able to articulate well what one is thinking and why in
physical science contexts, and to summarize the thinking expressed by others as
well

e write coherent scientific explanations that utilize relevant physics principles in
analyzing and explicating physical phenomena
read with comprehension literature about physical phenomena
create multimedia representations of one’s own science learning

e judge the credibility of scientific information obtained from various media.

The ability to listen closely, speak clearly, write coherently, read with
comprehension, and to create and critique media offerings in science contexts is
essential for effective science teaching. Recent calls for reform in science education
have included attention to such literacy issues. The strands of science proficiency
articulated in Taking Science to School (National Research Council 2007), for
example, include “Participate in scientific practices and discourse” (p. 2). This
study contributes to the literature an example of ways in which science faculty can
nurture such abilities while developing understandings of natural phenomena.

Literature Review
Below we discuss why integrating science and literacy learning is desirable in

schools and why physics departments should take responsibility for preparing
teachers to do this.
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Integrating Science and Literacy Learning

Both literacy educators and science educators have articulated a national need to
increase knowledge about the ways to prepare teachers to integrate science and
literacy learning (Century et al. 2002; Saul 2004; Yore et al. 2004; Yore and
Treagust 2006). Integrating science and literacy learning can motivate children to
learn to read as well as deepen their understanding of scientific knowledge (Douglas
et al. 2006; Guthrie et al. 2004). This is particularly important in improving the
performance of second language learners and of students from high poverty homes
(Greenleaf et al. 2001; Lee et al. 2005). Science and literacy learning both use
inquiry and comprehension strategies such as activating prior knowledge,
establishing goals, making predictions, drawing inferences, and recognizing
relationships (Cervetti et al. 2006).

Encouraging teachers to integrate science and literacy learning also is a
pragmatic necessity in districts that emphasize literacy instruction to the near
exclusion of science. Even literacy professionals call for literacy instruction to be
less of a ‘bully’ and more of a ‘buddy’ where reading and writing serve as tools in
learning meaningful content rather than as isolated goals (Cervetti et al. 2006;
Pearson et al. 2007). There are many ways to embed explicit literacy instruction
within science contexts (Anthony et al. 2010; Douglas et al. 2006). Prospective
teachers need to experience such integrated science and literacy learning if they are
to teach in this way.

Need for Special Physics Courses for Teachers

The American Association of Physics Teachers and American Physical Society are
collaborating in encouraging physics departments to develop model teacher
preparation programs through a project known as Physics Teacher Education
Coalition (www.phystec.org). Such special physics courses for teachers can address
many issues (McDermott 1990, 2006). Prospective teachers need to develop the
conceptual understanding necessary for the instructional approaches advocated in
reform documents (National Research Council 1996, 2007, 2012). They also need to
learn about resources students bring to the study of science as well as about diffi-
culties students may encounter. In addition, teachers need to gain experience with
equipment typically found in schools. Developing a positive attitude toward science
is important, as teachers who dislike science may transmit this attitude to their
students.

The National Science Foundation has supported development of a variety of
curricular materials to address these needs at the college level. These curricula
include Powerful Ideas in Physical Science (American Association of Physics
Teachers 2001; Ukens et al. 2004), Physics and Everyday Thinking (Goldberg et al.
2008), Physics by Inquiry (McDermott, L. C. and the Physics Education Group
1996), Workshop Physics (Laws 2004), and instructional practices known as
modeling (Hestenes 1987). Our project materials and strategies are intended to be
useful as supplements in these and similar contexts.
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Research Questions

A key aspect of reforming precollege science instruction involves inspiring teachers
to facilitate conversations about science with their students. Such conversations are
crucial for students to construct a deep understanding of a topic (Driver et al. 2000;
Gallas 1995; Kelly 2007; Lemke 1990; Osborne 2010). Such conversations depend,
however, upon the teacher’s ability to listen closely to what the students say.
Teachers who encourage student discourse are likely to hear science content that is
ambiguous and incoherent. Teachers need to listen closely to such student
utterances and to respond appropriately, typically by requesting clarification and
justification. Teachers also need to be able to state their thoughts clearly at the point
they summarize the main ideas that have emerged from a conversation. If they
choose to create written summaries of what students are saying, they need to be able
to write coherently, particularly if they are modeling how to develop a written
argument based on evidence. In addition, teachers need to be able to seek
information from a variety of sources and to help their students to comprehend what
they are reading from such sources. Also important is recognizing the need to seek
and read media critically, with awareness of accuracy and potential biases.

We have explored the following multi-faceted questions about our own teaching
practices: How can we integrate science and literacy learning in a physics course for
prospective teachers? In particular, how can we develop prospective teachers’
abilities to:

e listen closely to another person trying to express ideas about physical
phenomena?

e speak clearly about one’s own ideas about physical phenomena, as well as to
clarify, elaborate, summarize, and/or refute ideas that others have expressed?

e write coherently about physical phenomena one has explored and explained?
e read with comprehension literature about physical phenomena?

e create multimedia representations of science learning?

e critique media presenting information about physical science concepts?
Methodology

This study is an example of the scholarship of teaching and learning (Shulman
2004). Sometimes called practitioner research (Zeichner and Noffke 2001), teacher
research (Cochran-Smith and Lytle 1993; Roth 2007), or self study (Loughran
2007), such studies involve examining one’s own teaching practices and students’
learning. We report here on development of a physics course for prospective
teachers by faculty at a large research university.

We limit enrollment to a maximum of sixteen and restrict entry to students
stating plans to become teachers. Typically, these are female undergraduate majors
in human development and family sciences, liberal studies, or general science. They
usually are freshmen or sophomores who plan to apply as juniors to the College of
Education’s double degree program, with a second major that leads to a license to
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teach. In the seven versions of the course discussed here, taught from Winter 2008
to Spring 2011, enrollment ranged from 7 to 15, with a total of 82 students.

We routinely video class sessions, archive electronic bulletin board entries, and
copy homework, examinations, and reflective journals. We drew from these data to
provide illustrations of activities and assignments. We also drew on data from
periodic surveys. Mid-way in the Spring 2011 course, for example, we asked the
following questions (n = 15):

1. What aspects have fostered your learning the most? Explain.

2. What aspects have fostered your learning the least? Explain.

3. How is this class different from other science classes you’ve taken?

4. Have the first 5 weeks of the course had any influence on how you think about
teaching and learning? Why or why not? If so, how?

At the end of the course, we also asked about aspects that may have changed such
as:

1. To what extent were you interested in science before this course?

Not 1 2 3 4 5 interested
interested

2. To what extent are you interested in science now?

Not 1 2 3 4 5 interested
interested

In addition, we asked for ratings of various components of the course such as:
How interesting and useful were various aspects of this course to you?
Learning about literacy strategies

Not 1 2 3 4 5 interesting
interesting

Not 1 2 3 4 5 useful
useful

We drew from these data to illustrate the physics activities and assignments we
designed to foster integrated physics and literacy learning. Our purpose has been to
document how we are teaching the course and to share examples of what students
are learning. We also report here common themes in written responses to surveys as
well as the mean, median, mode, and range of ratings. For the quantitative data, we
used a paired ¢ test to judge statistical significance (p < .05).
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Design of the Course

With support from the National Science Foundation, we have been developing ways
to prepare teachers to enhance literacy learning as they teach science (Jansen et al.
2006). The project involves collaboration by faculty in the College of Science and
the College of Education. The course has been approved for the “Baccalaureate
core.” Students can choose it among others to complete the graduation requirement
of three science courses.

Inquiring into Physical Phenomena meets twice a week for one ten-week quarter
(http://physics.oregonstate.edu/coursewikis/ph111). Each session is two and one
half hours. Emphasis is on questioning, predicting, exploring, observing, discussing,
writing, and reading in physical science contexts. Course objectives include
increasing abilities (a) to use understandings of physics principles to explore and
explain physical phenomena, (b) to articulate ways knowledge is developed within
scientific communities with examples drawn from the prospective teachers’ own
inquiries as well as historical cases, and (c) to integrate science and literacy
learning. This study focused upon the last objective.

Preliminary Findings

A variety of activities and assignments have evolved as our answer to the question
“How can faculty integrate science and literacy learning in a physics course for
prospective teachers?” As indicated in Table 1, we have developed many ways to
enhance listening, speaking, reading, writing, and creating and critiquing media
through class activities, assignments, examinations, and a field trip to a local school.
By describing activities and assignments along with some examples, we present
below ways to enhance listening and speaking in physics contexts, ways to enhance
reading and writing in physics contexts, ways to enhance media awareness, and
ways to elicit reflections about science learning and teaching.

Enhancing Listening and Speaking in Physics Contexts

As listed in Table 1, we strive to enhance listening and speaking abilities by
engaging the prospective teachers in a wide variety of class activities and
assignments.

Class Activities

Passing by our lab, curious onlookers see and hear a hubbub of interaction. Class
activities include articulating and interpreting positive physics learning experiences,
opening topics with brainstorming, concept mapping or KWL charting, exploring
phenomena in small groups, presenting findings to the whole group, coming to
consensus in whole group discussions, interpreting video of children’s conversations
about science, role playing, and closing with a round robin of what we each have
learned and are still wondering.
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Table 1 Ways to integrate physics and literacy learning

Contexts Listening Speaking Writing Reading Critiquing
media

Class activities

Articulating and interpreting positive physics X X
learning experiences

Opening topics with concept mapping or KWL

>
>
ko

Exploring physical phenomena in small groups

>
>
kol

Presenting findings on whiteboards to whole X X X X
group

Coming to consensus in whole group X X
discussions

Interpreting video of children’s conversations X X
about science

Role playing X X
Preparing science book talks X X

Creating a word wall X X X

LT B B

Articulating and using pre-/during-/post-
reading strategies

Responding to diagnostic questions X

Recording thoughts and experiences in science X
notebook pages

Creating a website or blog summarizing X X X X X
findings
Closing with reflective writing X

Closing with what learned, what still X X
wondering

Assignments

Reflecting on readings

Posting on electronic bulletin board

Interviewing child and adult about a topic X X
Exploring topics with friends/family X X
Critiquing websites

Writing a term paper

Examinations

Lo T B B B - S

Field trip to local school X X

Articulating and Interpreting Positive Physics Learning Experiences Both literacy
and science teacher educators emphasize the importance of opening a topic by
eliciting students’ relevant knowledge and experiences (Cooper and Kiger 2006;
NRC 2007). In order to adapt instruction, a teacher needs to become aware of
intellectual resources on which the students can build and any conceptual
understandings that need refining (Smith et al. 1993; Hammer 2000). Activating
prior knowledge also will help the students to make sense of the new information
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being developed. In addition, opening a topic by making connections with prior
knowledge enables students to begin using relevant language in familiar contexts.

We activate prior knowledge about physics learning and teaching by inviting the
prospective teachers to draw pictures of themselves learning physics, inside or
outside of school, at any time during their lives (van Zee and Roberts 2001). The
small group members talk with one another about positive experiences such as
riding roller coasters, making musical instruments, or just simply swinging on
swings. Next small groups introduce themselves by holding up their posters with
their individual drawings and describing these experiences to the whole group.
Then, they generate a list across all the groups of aspects that fostered their physics
learning such as “fun, hands-on, challenged, curiosity, questioning, out of the
ordinary, experiential, visual, learning with others, and motivating.” This first-day
activity establishes a classroom climate in which the prospective teachers begin
‘speaking physics’ in successful ways.

Opening Topics with Brainstorming, Concept Mapping or KWL Charting Some-
times we open a new unit by asking each small group to brainstorm together about
their understanding of a concept and to create a poster as shown in Fig. 1 for the
meaning of literacy. Or we may ask the prospective teachers to make a concept map
by writing a topic, such as light, in the middle of a piece of chart paper and then

Fig. 1 Example of a small group of prospective teachers’ initial understanding of the word literacy
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Fig. 2 Final word web for the concept of light by prospective teacher #6, Spring 2009

writing relevant words connected by lines that indicate relationships. This process,
called concept mapping, semantic mapping, or word webbing, is recommended by
both science and literacy educators (e.g., Cooper and Kiger 2006; Novak and Cafias
2006). As shown in Fig. 2, used individually as pre- and post-assessments, such
concept maps can provide a visual representation of the complexity of a learner’s
current knowledge (White and Gunstone 1992). Used as a small group task, creating
such concept maps engages group members in verbalizing and discussing what they
remember and have experienced relevant to the topic. Another way to open a topic,
either in small groups or as a whole group discussion, is to begin a KWL chart, a
strategy adapted directly from literacy educators (Ogle 1986). First, the prospective
teachers articulate what they already Know about the topic and what they Want to
learn. Near the close of the topic, they summarize what they have Learned.

Exploring Physical Phenomena in Small Groups, Making Presentations of Findings,
and Coming to Consensus in Whole Group Discussions The prospective teachers
become more comfortable ‘speaking physics’ as they and their group members
come to understand whatever physical phenomena are the focus of their
explorations (van Zee et al. 2005). They summarize their findings on large white
boards and present these to the whole group. These small group presentations build
confidence in ‘speaking physics’ in formal ways. Whole group discussions involve
coming to consensus on the main ideas that have emerged from these presentations
and the evidence in support of those ideas. The instructor interacts with the small
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groups through questions, comments, and silences (Rowe 1986; van Zee 2000) as
well as facilitating these whole group discussions. This process models the emphasis
on building scientific arguments and explanations advocated in national science
education reform documents (NRC 1996, 2007, 2012). As the prospective teachers
talk with one another about their insights and experiences, they are gaining
confidence in speaking as well listening in physics contexts.

On a reflection requested mid-way in the course, one prospective teacher
commented about ways that the small and whole group discussions had been
fostering her learning:

The aspect of this class that has fostered my learning the most has been the
group explorations we do in class. These learning groups allow us to build up
our own ideas, share them, and hear the ideas of others in a small and safe
environment. I learn a lot from what others have to say in both large and small
group discussions. However, I am much more likely to participate and
verbalize my thoughts in a group of two or three others. It helps me to become
more invested in the learning and involved in the process, which, in the long-
run, also helps me to understand and remember things better.
(Prospective Teacher #1, reflection on learning, Spring 2011)

However, she also conveyed some negative impressions, noting that the small group
presentations seemed repetitive when all came to the same conclusions. This
feedback about the course prompted an immediate change in practice. For the next
topic, we asked each of the small groups to present on a different aspect of their
exploration so that the small group presentations would not be repetitive of one
another.

Interpreting Video of Children’s Conversations About Science One way to bridge
the gap between courses at the university and the reality of school classrooms is to
devote some class time to watching and interpreting video of children’s
conversations about science (Annenberg, n.d.; Hammer and van Zee 2006). Such
videos provide confirmation that thoughtful open-ended science conversations can
occur even with young children, a surprise to some. The prospective teachers
practice listening closely to what children are saying and gain experience in
interpreting ambiguous remarks, particularly in identifying potentially useful
comments which could be elaborated upon in productive ways. Reading the
teacher’s interpretation (Mikeska 2006) helps them envision themselves facilitating
such a discussion.

Role Playing Role playing is another literacy technique (Cooper and Kiger 2006)
that can be adapted by having the prospective teachers act out a discussion in which
they present and argue different points of view, either spontaneously or with scripts.
When we study the physics of falling objects, for example, three of the prospective
teachers play the parts of Salviati, Sagredo, and Simplicio in Galileo’s Dialogue
Concerning Two New Sciences (1638/2002)
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This dramatizes the logical argument Galileo presented to refute the prevailing
view derived from Aristotle’s writings that heavy objects fall faster than light ones.
This historical example is rich in aspects prompting discussion of the nature of
science. After small groups explore the issue by dropping two objects from the same
height at the same time, we bring this question into the modern era by watching a
videoclip of astronauts talking about Galileo while dropping a hammer and a feather
on the moon (http://www.youtube.com/watch?v=5C5_dOEyAfk).

Closing with What Learned, What Still Wondering We close each session with
reflective writing, during which everyone has the opportunity to record their
thoughts about what has just occurred, followed by oral reflections during which
everyone, including staff, comments upon what was learned and what one is still
wondering about the phenomena explored or pedagogy experienced that day.
Sometimes these closing thoughts generate an idea for an experiment that can be
conducted at home or at the next class session. Sometimes they simply leave us with
a sense of belonging to a community of physics learners, sharing interesting insights
and ponderings. After exploring shadows outside and pinhole phenomena inside, for
example, a prospective teacher reflected “I learned that if I form a question, I can
find out the answer by exploring” and wondered “Does the moon cast shadows?
What can we learn by observing the sky?”

Assignments

Some homework assignments require the prospective teachers to listen to and speak
physics outside the classroom. These assignments include interviewing a child and
adult about a topic, exploring physical phenomena with a friend or family member,
and teaching children during a field trip to a local school.

Interviewing a Child and Adult About a Topic For each topic, we ask the
prospective teachers to interview a child of the age they want to teach and an adult.
They design questions to ask about the topic and post these, their interviewees’
responses, and a summary on an electronic bulletin board. By reading one another’s
findings, they can learn about common ideas expressed on a topic. One prospective
teacher noticed differences in the type of responses she was hearing:

The adult tried to use bigger, “more sophisticated” words and sentences,
whereas the child just got straight to the point and said what they (sic) wanted;
they didn’t try to make themselves sound smarter. The child wasn’t afraid to
say whatever it was they thought, even if it was wrong.

(Prospective Teacher #6, interview assignment, Winter 2008)

This comment highlights an awareness of behaviors relevant to our course. Videos
of class sessions show changes in the prospective teachers’ ways of speaking. Later
in the course, they seem less likely to try to use ‘fancy’ words and more willing to
risk contributing whatever they are thinking in their own words to the small group
and whole group discussions.
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Exploring Physical Phenomena with a Friend or Family Member A graduate
student assistant, a former museum educator, initiated a new assignment, exploring
a topic from class with a friend or family member (Crowl 2010; Crowl et al. in
press). This shifts the prospective teachers’ role from learner to teacher. One
articulated aspects of this shift when describing teaching her boyfriend about how
big a mirror is needed for a full-length image:

I learned through this that teaching the concept of a mirror/reflection can be
very difficult to do. There were many times that I wanted to just tell [him] the
answer, but I had to bite my tongue and think of questions to help [him] think
about the possibilities and understand the concept...My boyfriend did not
have any idea how this idea worked. He experimented for a while, and then we
drew a ray diagram together. I had to think of questions to get him thinking. He
came to the right conclusion with my help. The mirror would have to be half
the person’s height. (Emphasis added).

(Prospective Teacher #1, friends/family assignment, Fall 2009)

This prospective teacher is beginning to transform her image of teaching, from
telling answers to listening closely and asking responsive questions. Several
prospective teachers have identified the friends and family assignments as the aspect
of the class that fostered their learning the most.

Field Trip to a Local School Toward the end of the course, we go to a local school
to teach one of the topics that we have been exploring in class. Each prospective
teacher gains experience teaching science with a small group of the children. They
learn the physics content in a deeper way as well as listening and speaking physics
in a setting that matches their aspirations. One wrote a reflection about teaching a
small group of fifth-grade students about pinhole cameras:

We spent over an hour teaching about pinhole cameras and the phenomena
that occur...It was amazing to see the excitement of the students to explore
and discover the pinhole phenomena ...(they) proceeded to move the light
bulb around, flip the light bulb upside down, turn their head upside down, turn
the light bulb sideways, etc.... Throughout all of my life, I was always under
the impression that the teacher must impart knowledge on the students by
preaching to them...I realized, though, through this classroom experience, that
students are fully capable of discovering phenomena and coming to
conclusions ... Given the right tools, students can do anything. I think this
classroom experience helped me discover that I can run an inquiry-based
discovery classroom.

(Prospective Teacher #2, reflection on school visit, Spring 2011)

For many, this is their first experience teaching. Our hope is that they begin forming
an identity as teachers who enjoy science and who engage their students in
exploring natural phenomena.
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Enhancing Reading and Writing in Physics Contexts

As listed in Table 1, we also have developed a variety of ways to enhance reading
and writing abilities through class activities and assignments. We describe these
below.

Class Activities

We strive to enhance the prospective teachers’ reading and writing abilities by
engaging them in explicitly using literacy strategies, responding to diagnostic
questions, recording thoughts and experiences in science notebook pages, creating a
website or blog summarizing findings, and closing with reflective writing.

Explicitly Using Literacy Strategies Such as Interactive Book Talks, Word Walls,
and Pre-, During-, and Post-Reading Strategies Once a week we open class with
explicit attention to using literacy strategies in physics contexts. A graduate student
assistant, a former elementary special education teacher, facilitated activities such
as giving interactive book talks using a variety of relevant children’s books (Devitt
2010; http://contentbuilder.merlot.org/toolkit/html/stitch.php?s=68418716982397).
He also introduced making a word wall for relevant science words (Brabham and
Villaume 2001). These opening sessions also focused on pre-, during-, and post-
reading strategies (Cooper and Kiger 2006; Readence et al. 2000). What, for
example, can readers do to set a purpose for reading before they begin, particularly
if the text looks challenging? During reading, how can they make sense out of new
vocabulary in this context? Revise or generate new predictions and questions based
on what they are learning? After reading, what can they do to remember the new
information presented and to form a purpose for seeking additional resources? Such
explicit conversations about reading strategies, grounded in materials related to
topics we study in the course, apparently have enhanced reading experiences even in
other classes, according to some of the prospective teachers’ reflections on changes
they have experienced through this course.

Responding to Diagnostic Questions The importance of writing to learn has been
documented in many contexts (Bangert-Drowns et al. 2004; Ellis 2004; Klein 2000).
We start many topics with diagnostic questions, for example, to document the
prospective teachers’ initial ideas (Minstrell 2000). Then, they revisit the same
questions later to document and interpret their own progress. We begin the study of
light, for example, with a diagnostic question about how one is able to see a
basketball in a dark room lit by a single lamp and how another person in the room
also could see the ball. As shown in Fig. 3a, the prospective teachers often simply
draw a ball and lamp. Typically, they draw lines radiating from the lamp, an
intuitive beginning of a ray diagram. If they include a person, they typically put an
arrow from the person’s eye to the ball, a visual representation of ‘looking at’ the
ball. A few words describe, rather than explain, what they see. Later responses are
more detailed. As shown in Fig. 3b, this prospective teacher sketched the situation
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Name 1'. P DamCIZC?OQ
' Physics 111 Fall 2009
Diagnostic Question: Llshl
1. How can you see the basketball?
How can your classmates on the other side of the room see the basketball?

Explain with words and a sketch.

The side opposite of
“the Q{Sh-r s Shaelid
doeler —thon —The
Side  cfostst 1o the
Q)%hT,
I Ahnt vy classmotes on e othee siole
of “the woOM w‘.u 28 the  looskethboll as
folly sroded WTh jet o bt of Lghf on
g foft nond Siel-

®

\ / The -Q,iah# 5eem:’>.*m.ba
4 _ + oFf 1O -The
R 2ight hord  side et
radsating eosgh ot

Tl e bulb.

Fig. 3 a Example of prospective teacher #6's initial response to diagnostic question, Fall 2009.
b Example of prospective teacher #6's later response to the diagnostic question, Fall 2009

with a lamp, basketball, and person, wrote statements about five relevant powerful
ideas about light, drew a diagram with at least one continuous ray going from the
light bulb to the ball to an eye, and then applied powerful ideas about light in
writing a coherent explanation about how she was seeing the ball. Responding to
this diagnostic question is the first step in building an explanatory model for the
phases of the moon. Although many of the prospective teachers initially attribute the
moon’s changing phases to the moon being in the earth’s shadow, they come to
realize that the dark portion of the moon is due to the moon itself blocking light
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Name+ Date

Physics 111 Fall 2009
Diagnostic Question: Light
1. How can you see the basketball?
How can your classmates on the other side of the room see the basketball?

Explain with words-and a sketch.
2osic_ stvahon. :

i Licjw LL%H souRCt P?ai?)(.(ﬁb in A
oMeeckions
* Lght pays +pavel n o STRaight
fine  yarl i+ his amofiue object

@ ‘ l‘F ar D}:ﬁ{b’t =) - Qaf leeve ﬂ_{siﬁ-
( e bouwcss  in all cligackdns.
cTo see ,joﬂd’h;,v '?"'9;'1 st
Aevovel v Tha Eye.
: “theogh Some
Lig clsax o Thesy I
Pow # wiogkS & sincee ,bcjh-r sozce pEoyects
n mony digecses, and ol i & Stea.y
Line, paus bone off dhe _E.-?im ard it The bbasictha
We k—c"o:u?—rm objeria The pastet is nes . poflitive 3o
dhe  Qught ROME Tt ht ¥ boucs bo:& i~ okl ct.iu;fpf:.
0 tt.
one of Ahese RowS ko inf0 o;ﬁm{mm_,,rg VS - :
/ﬁu Reason fhat Hhe e @hﬂzguﬁq chmd Py peEspective s k 5
pgne does Mot go Aheoogh mo olyjects. Aike basket oalls,
Ho-o does cladss makS 2 -m@mmu%im Sidng
m Ohaded  pecajme T P.«jm oloes mot

% L]
s thewgn Ahe Coject

Fig. 3 continued

from the sun, just as the dark portion of the ball is due to the ball itself blocking light
from the lamp. This is an example of using analogies as bridges in building
understanding of concepts in more abstract contexts (Clement 1993, 2008).

Recording Thoughts and Experiences in Science Notebook Pages We encourage
the prospective teachers to keep track of what they are wondering, thinking, and
doing on science notebook pages (Devitt 2010). The front of each page has areas for
recording questions, observations, and new vocabulary; the back provides space for
summarizing the powerful ideas developed and evidence supporting those ideas as
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Fig. 4 a Example of front of prospective teacher #5's science notebook page for session on pinhole
phenomena, Spring 2010. b Example of back of prospective teacher #5's science notebook page, Spring

2010

well as reflective writing about what happened that day and current wonderings.
This page is a progress report recording current understandings. The page shown in
Fig. 4, for example, shows an initial ray diagram for a pinhole camera. The
prospective teacher represented a light ray by drawing a continuous line from her
sketch of the top of the light bulb to her sketch of the top of the upside down bulb on
the screen. The detailed explanation tracing the path of a particular ray emerged,
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Fig. 4 continued

with guidance from staff, during joint construction on a large whiteboard for a small
group’s presentation.

One of the prospective teachers commented upon ways in which writing the
notebook pages had fostered her learning:

This class is very different from other science classes that I have taken because
it is focused on exploration and building ideas in our own ways rather than on
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taking notes and filling out worksheets. The notes we take and papers we fill
out are open-ended enough that we can interpret the information we learn or
are given in a way that makes sense to us. We aren’t copying exactly what the
teacher writes or filling in a missing word in a sentence about what we just
learned; we are recording things in our own ways and using them as reference
materials as we need to.

(Prospective Teacher #1, reflection on course, Spring 2011)

Creating a Website or Blog Summarizing Findings As part of our study of a topic,
members of each small group work together to create a website or blog summarizing
their findings. Each small group has a digital camera to take photos and make video
clips of their explorations. They work together in class to write descriptions of what
these show and what they learned. In addition to serving as resources for review before
exams, the URLs for these websites can be emailed to friends and family members,
perhaps initiating additional experiences in writing and talking about physics in
response to any questions their friends or family members pose. See, for example,
http://contentbuilder.merlot.org/toolkit/html/snapshot.php?1d=48464235615418. In
this website, Exploring the Nature of Light, a small group of students present their
findings from investigations that we derived from several sources. In the left panel,
they present evidence for the powerful idea that light leaves a source in all directions.
This follows opening lessons in the American Association of Physics Teachers’
Powerful Ideas in Physical Science: Light and Color (2001). The making of a sun plot,
shown in the middle panel, draws from the astronomy materials in Physics by Inquiry
(McDermott, L. C. and the Physics Education Group 1996). Their exploration of
pinhole phenomena, reported in the right panel, used online directions for making a
pinhole camera, (http://www.exploratorium.edu/IFI/
activities/pinholeinquiry/viewer.html), provided by a science museum. The structure
of their explanation shows the emphasis we adapted from Physics and Everyday
Thinking (Goldberg et al. 2008) on explicitly stating physics principles and applying
them in writing explanations.

Closing with Reflective Writing As noted above, we close each class with at least
10 min for quiet writing about what one has learned during the session and what still
wondering. We follow this with a brief comment by each student and staff member
to close the session.

Assignments

Homework assignments and examinations also foster development of reading and
writing abilities. These include reflecting on readings, posting on an electronic
bulletin board, writing a formal paper, and responding to examination questions.
Reflecting on Readings The prospective teachers read and reflect upon a variety of

documents in physics contexts. These include papers written by teachers about
engaging children in similar contexts to those we are studying in class, such as
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Hogan’s account (2007) of addressing a first grade literacy objective, writing clear
sequential directions, while using motion detectors with her students. Readings also
include excerpts from historical writings, such as Galileo’s dialogue (1638/2002)
about falling objects, as well as relevant excerpts from physics textbooks and news
items. Each reading assignment includes explicit use of one or more of the pre-,
during-, and post- reading strategies taught in class. One version includes
articulating three questions: what the reader would ask the author if that were
possible, what the reader would ask colleagues to launch a discussion of the paper,
and what the reader is wondering having now read and thought about the issues
presented.

Posting on an Electronic Bulletin Board The homework assignments provide
many opportunities for writing about physics in informal ways. As noted above, the
prospective teachers post findings on an electric bulletin board after interviewing
friends and/or family members or engaging them in explorations about a topic we
are studying in class.

Writing a Formal Paper Near the end of the course, the prospective teachers also
write a formal paper that reports their observations of the sun and the moon,
patterns in these observations, and the explanatory model we develop. They use
evidence from their responses to various diagnostic questions to discuss changes in
their thinking about the phases of the moon, the nature of scientific explanations,
and inquiry approaches to teaching and learning. In commenting upon this writing
experience, Prospective Teacher #1 in the Spring 2009 course noted, “I found that
I had so much to say and I actually kind of enjoyed writing parts of it. I had fun
adding different charts and diagrams and I think for the first time in my
[freshman] college year I actually wrote more than the minimum requirement of
pages!”

Responding to Examination Questions The last assignments before the mid-term
and final examinations invite the prospective teachers to propose questions. They
post their questions on the electronic bulletin board so all can review by working
through these possible exam items. Typically, about half of the exam questions
derive from these suggestions, with some editing. The mid-term and final
examinations are open-notebook and involve writing explanations rather than
solving equations. We attempt to situate these in classroom settings and to include
aspects of science pedagogy as well. Here, for example, is a question about the
phases of the moon:

One of the students in your classroom tells you, the teacher, “The last time I
saw it, the moon was lit on the left. But just last night, I saw the moon and it
was lit on the right side. Why did it flip-flop on me?” Explain in words and
drawings the physics underlying the student’s two observations. Then state the
age of your student and consider, how would you respond to this student’s
question?
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The exams also may include critiquing the scientific accuracy of a sample of
children’s literature.

Enhancing Media Awareness in Science Contexts

One of our goals is to prepare prospective teachers to recognize the need to critique
children’s books and other media for scientific accuracy. Near the end of the moon
studies, for example, an assignment asks them to find and critique websites
that purport to explain the moon’s changing phases. One prospective teacher found
a website that had a reasonable explanation of the moon’s phases but provided
a religious explanation for its origin. The prospective teachers also critique
children’s books such as a popular one that shows a gibbous moon shaped like a
cookie with a bite out of it and labels this a three-quarter moon (Asch 1978).

Eliciting Reflections on Learning and Teaching

Midway in the Spring 2011 course, we asked the prospective teachers for reflections
on aspects of the course that had fostered their learning, or not, ways the course
differed from other science courses they had taken, and changes in their views about
learning and teaching. Near the end of the course, we asked the prospective teachers
to rate their impressions of changes in their interest in science and intended teaching
practices as well was their opinions about various course components. We asked
these questions to direct attention explicitly to issues of teaching and learning as
well as to gather evidence of their perceptions of the course.

Aspects that Foster Learning the Most

Almost all the prospective teachers mentioned exploring phenomena and working
with peers. One wrote, for example,

I’ve really enjoyed “playing” in this class so far because it gives me the
chance to predict what I think will happen during an activity and then to
explore for myself what actually will happen during the activity. I also enjoy
the opportunities we get to have somewhat of a science fair where each group
gets to explain their predictions and findings. It helps because each group
member has to talk and explain a part of the findings, which gives me practice
on how to explain things.

(Prospective Teacher #12, reflection on learning, Spring 2011)

Some mentioned the emphasis on crafting explanations in terms of the homework:

The homework allows me to fine tune my physics thinking and language. By

performing multiple repetitions on problems, I get more comfortable solving

the problems as well as improve my language to become extremely clear.
(Prospective Teacher #13, reflection on learning, Spring 2011)

Also mentioned was exploring phenomena with friends and family members.
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Aspects Foster Learning the Least

Five of the fifteen mentioned the repetitiveness of the group presentations, which
prompted our change in practice to vary each group’s focus. Mentioned twice were
the repetitiveness of some homework questions, creation of the websites, reflections
on the readings, and the sky journals to record observations of the moon. A well-
prepared prospective middle school teacher noted how simplistic the course seemed,
whereas a prospective early childhood teacher described having a hard time with
aspects directed toward those planning to teach in middle schools. Another
mentioned hesitating to ask questions, which resulted in our making an extra effort
to be more supportive and encouraging. A senior, graduate of a science teaching
methods course, wanted better connections to her future teaching career such as
lesson plans and explicit mention of relevant standards and children’s books.

Comparison to Other Science Courses

Most of the prospective teachers mentioned that lectures were typical of other
courses. One explained the differences as follows:

Other science classes we had a lecture and a lab. There was minimal group
work; you work with a partner at the most. The instructors weren’t too keen on
figuring things out for yourself; it was more of memorizing and learning the
information out of the book or in lab where they told you what to do. In this
class we get to problem solve in groups and have a bit of fun with science
which I have never really experienced anywhere else.

(Prospective Teacher #7, reflection on learning, Spring 2011)

A recurring theme was being able to share ideas rather than being told what to think.
Changes in Views About Science Teaching and Learning

The prospective teachers’ typical anxiety when they enter the course seems to ease.
One, for example, wrote:

The first five weeks of this course have really opened my eyes about what you
can do with science in a classroom. After all of my previous science class
experiences as a student I think science was probably one of the subjects I
feared having to teach the most. I didn’t feel confident in my own scientific
knowledge and didn’t know how to make it interesting to my students.
Experiences in this class have gotten me very excited about teaching science
and using student interests to guide the curriculum and learning. The methods
we have used have shown me new ways to lead experiments and lessons as
well as incorporate multiple subjects, like literacy and math, into science on a
regular basis.

(Prospective Teacher #1, reflection on learning, Spring 2011)

Another theme in these reflections was the perception that science can be the focus
for learning:
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Table 2 Prospective teachers’ ratings on end-of-course questionnaire

Item rated from 1 to 5 N Mean Median Mode Range
Initial interest in science 10 23 2 1-3
Current interest in science 10 33 35 4 2-4
Initial likelihood of teaching science through inquiry 10 22 2 2-4
Current likelihood of teaching science through inquiry 11 48 4 4-5
Initial likelihood of integrating science and literacy learning 13 1.8 1.5 1 1-4
Likelihood of integrating science and literacy learning 13 45 5 5 5
Teaching at elementary school 13 4.6 5 3-5
Learning about literacy strategies 13 4.1 4.5 5 1-5
Friends and family assignments 13 38 4 4and 5 2-5
Reflecting about what learned, what 13 3.1 3 1-5
wondering at the end of class

Moon unit 13 44 5 5 2-5
Light unit 13 4.1 4 5 2-5
Heat and temperature unit 13 3.6 4 3and5 1-5
Motion unit 13 3.1 3 3 1-5

These first five weeks of this course have had an influence on the way I think
about teaching and learning, especially for science. In the younger grades
teachers can implement other things into science, such as new vocabulary,
reading, writing and crafts. Before when I thought about science for
elementary school I thought we would do one experiment and be done, but
now I understand that a science topic can be the center of your classroom for
all other subjects.

(Prospective Teacher #9, reflection on learning, Spring 2011)

Shift in Interest in Science and Intended Teaching Practices

As shown in Table 2, the prospective teachers rated the extent of their interest in
science for before this course and at the end of the course from 1 (not interested) to 5
(interested). Excluding three who rated options at 5’s for both before and at the end of
the course, a paired 7 test indicated a statistically significant increase in the means,
from 2.3 to 3.3 at p < .001. They also rated the likelihood they would teach science
through inquiry, for before this course and at the end of the course, from 1 (not likely)
to 5 (likely). A paired ¢ test indicated a statistically significant increase in the means,
from 2.2. to 4.8, at p < .001. Similarly they rated the likelihood they would integrate
science and literacy learning in their own classrooms. A paired ¢ test indicated a
statistically significant increase in the means, from 1.8 to 4.5, at p < .001.

Interest and Usefulness of Course Components

Although we thought there might be a difference in the prospective teachers’
perceptions of their interest in and the usefulness of various activities and
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assignments, these ratings were too similar to distinguish and we report just one
value for each question. The highest rated activity was teaching at the elementary
school (mean, 4.6). Learning about literacy strategies was well regarded (mean,
4.1). Doing the friends and family assignments was somewhat well regarded (mean,
3.8). Both were controversial, however, receiving median and mode ratings of 4 and
5 but some low ratings of 1 and 2, respectively. Closing class with oral reflections
was controversial with range 1-5 and mean of 3.1. The moon unit was highly rated
(mean, 4.6), with positive views of learning in that context about the nature of
scientific explanations (mean, 4.2) and about inquiry teaching and learning (mean,
4.2). Also well regarded was the light unit (mean, 4.1). The unit on heat and
temperature was somewhat accepted (mean, 3.6). The motion unit, rushed at the end
of the course, was tolerated (mean, 3.1).

Limitations

This has been a progress report on an evolving effort to engage prospective teachers
in integrating science and literacy learning in a physics course under development.
The prospective teachers’ comments on the mid-course reflections were not
anonymous and therefore may have been overly positive. Responses on the end-of-
course survey were anonymous but provided limited information as ratings; few
wrote comments. Many aspects of our own learning have been omitted as well as
discussion of our collaborative process. Space limitations also have prevented
presentation of detailed evidence of the prospective teachers’ learning during the
course. The biggest limitation is that we have no information about the eventual
outcome: will integrating physics and literacy learning in this course impact the way
these prospective elementary and middle school teachers actually teach science? We
need to follow them into the classroom to see whether they choose to integrate
science and literacy learning with their own students.

Implications

This project contributes to the literature on integrating science and literacy learning
(Anthony et al. 2010; Douglas et al. 2006; Saul 2004). We described a physics
course designed to prepare prospective elementary and middle school teachers to
engage students in exploring and explaining physical phenomena, and while doing
so, to enhance students’ abilities to listen closely, speak clearly, read with
comprehension, write coherently, and create and critique multi-media resources
competently in science contexts.

Implicit modeling of literacy learning occurs in many physics courses that
emphasize student discussions. Faculty who practice peer instruction (Mazur 1997),
for example, already provide opportunities for students to speak physics with one
another as well as listen to lectures. Using such interactive engagement techniques
in a lecture course seems to increase the effectiveness of physics instruction (Crouch
and Mazur 2001; Hake 1998; Meltzer and Manivannan 2002). Encouraging

@ Springer



E. H. van Zee et al.

interactive engagement outside of class also would enhance learning. An easy way
to do this would be to make assignments that involve students in interviewing
friends and/or family members about the topic currently presented in class and
engaging them in exploring that topic with simple equipment likely to be found at
home (Crowl 2010; Crowl et al. in press). Emphasis would be placed on listening
closely to what was said and asking questions to elicit clarifications and
justifications. Students could post their findings on an electronic bulletin board
for a small amount of credit with little extra work for the instructor as such informal
writing would not need to be formally assessed for content. Such postings also could
provide useful information for the instructor about ways to make connections
among topics in the course and everyday life, ideas that individuals new to physics
may generate when prompted, and intellectual resources that the students may be
able to build upon if utilized.

Explicit modeling of literacy techniques could be integrated into all physics
instruction. Introducing pre-, during-, and post-reading strategies in large lecture
courses could help students learn how to make better use of their textbooks and
associated materials. Even just personal stories about how the faculty member
approaches reading challenging technical materials could be helpful. Explicitly
requiring students to read and respond to questions before class supports peer
instruction during lecture and can alert faculty to difficulties that need to be
addressed (Crouch and Mazur 2001). Faculty also could assign students to critique
relevant blogs and websites to learn by accessing a variety of presentations on a
topic (Duda and Garrett 2008).

Increasing formal writing opportunities can be problematic, given the extra work
needed for assessment. However, faculty can encourage students to approach typical
physics problems systematically by sketching the situation, reviewing and writing
relevant physics principles, drawing appropriate visual representations, and
explicitly using the relevant physics principles to explain their analyses of the
situation before undertaking mathematical calculations.

Integrating physics and literacy learning can help students, including prospective
secondary teachers enrolled in the standard physics courses, perceive science to be
an ideal context to foster learning across the disciplines. That is the long-term
objective of this collaborative project.
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