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Abstract
A significant number of high school students struggle to read textbooks and other course
materials and to write successfully in content area courses such as mathematics and
science (Kane, 2011). This paper investigates how pre-service teacher education can
provide a strong literacy foundation for content area teachers. A pilot study, undertaken
as part of an ongoing longitudinal study, examines how secondary pre-service teachers
plan to infuse their teaching of secondary mathematics and science with literacy
practices. This paper inquires into the perspectives of six mathematics and science pre-
service teachers who were interviewed after completing a course in content area literacy.
Pre-service teachers emphasized their growing awareness of how literacy strategies can
enhance student learning in their specific subject areas.

Reading in the Content Areas: Contextualizing this Study

Despite what is known about the crucial role of reading and its impact upon
student learning, a significant number of students are unable to successfully read and
make meaning from textbooks (McKenna & Robinson, 2014). Research suggests that the
more students read, the more proficient they become (Krashen, 2004; Cunningham &
Stanovitch, 1998); in addition, they strengthen their content knowledge as they read
(Allington, 2001; Atwell, 2007). Yet many high school students struggle to read
textbooks and other course materials and to write successfully in content area courses
such as mathematics and science (Kane, 2011).

Because of this, mathematics and science teachers, among others, are being asked
to more fully incorporate literacy strategies into their teaching. Ross and Frey (2009)
found that while content area teachers were aware that comprehension of texts was
important to student learning, participants felt they had little knowledge of how to teach
for comprehension. To address this issue, professional learning opportunities are needed
for both teachers and pre-service teachers (Kane, 2011). Canadian pre-service teacher
education programs have been offering courses on literacy in content areas for a number
of years. However, research into the effectiveness of pre-service teacher education in this
area in Canada seems to be in its beginning stages; a scan of the literature reveals only
one such study (Begoray, 2002). Literacy in the content areas in pre-service teacher
education is the focus of the study described in this paper.

We are currently conducting a study examining how pre-service teachers infuse
literacy into their teaching during field experience, teaching high school mathematics and
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science courses with literacy practices learned in their Bachelor of Education (hereafter
referred to as B. Ed.) program. Each winter we teach a course called Literacy in the
Content Areas at our small Eastern Canadian university, with pre-service teachers who
will teach secondary subjects ranging from mathematics and science to physical
education and art. We hope to better understand the development of their teacher
knowledge in the area of literacy. This paper highlights findings from interviews with six
science and mathematics pre-service teachers conducted in the spring of 2012, the initial
phase of our longitudinal study into the emerging literacy practices of science,
mathematics, and other subject area pre-service teachers. Currently, we are in Year 2 of
the study, and have completed two sets of interviews in the spring of 2013 with 19 pre-
service teachers, as well as observations in eight secondary classrooms, where some of
the participants in the 2013 phase of the study were teaching during their field
experience. We plan to follow these teachers into their first two years of teaching, and to
do the same with participants over the next four years, so that our sample size will be
approximately 75 new teachers. The findings that are described in this paper from Year 1
of our study provide a starting point as we begin to analyze pre-service and new teachers’
understandings of why and how they infuse literacy into their content area courses.

Why Literacy is Relevant for all Teachers
The meaning of the term literacy is evolving, as is reflected in the Government of
Alberta’s (2009) definition:

Literacy is more than the ability to read and write. It involves the knowledge,
skills and abilities—the competencies—that enable individuals to think critically,
communicate effectively, deal with change and solve problems in a variety of
contexts to achieve their personal goals, develop their knowledge and potential,
and participate fully in society (p. 6).

As emphasized in Alberta’s Learning definition, literacy today is understood in broader
terms and as one of the ways by which individuals relate with others in particular
contexts in order to communicate, critically solve problems, develop knowledge, and
fully interact in society. This broader definition acknowledges the multiple possibilities
and situations in which individuals engage in relation to particular contextual
requirements (Downer, Sabol, & Hamre, 2010; Johnson, 2010). The term literacy also
refers to a combination of values and abilities to understand, think critically about,
engage with, and improve society (Gee, 2001; Kane, 2011; Lind, 2008; UNESCO, 2008;
Government of Alberta, 2009).

The Evolving Nature of Literacy

Thinking of literacy more broadly emphasizes that reading and writing are two of
the many different ways that individuals interpret and communicate information and that
different literacy practices are needed in response to particular situations and contexts
(Begoray, 2002; Draper, 2002; McKenna & Robinson, 2014; Vacca & Alverman, 1998).
Contemporary scholars have responded to the evolving nature of literacy, inviting us to
recognize that literacy is more than reading and writing (Gee, 2007; Kalantzis & Cope
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2011; Lind, 2008; Morocco, Aguilar, Bershad, Kotulam, & Hindin, 2008; New London
Group 1996; UNESCO, 2008; Williams, 2006).

New literacies may encompass critical literacy (Alger, 2007; Keyes, 2011),
critical media literacy (Robertson & Hughes, 2011) digital literacy (Kalantzis & Cope
2011; Gee & Hayes, 2011; Kim & Kamil, 2003), and content area literacy (McKenna &
Robinson, 1990, 2014; Kane, 2011), among other literacies. Advocates of critical literacy
endeavour to engage students in a critical examination of society, one that calls for
empathy and compassion, preparing them to become engaged world citizens (Alger,
2007; Keyes, 2011). Critical media literacy strategies encourage students to think about
sources of information as ideologically biased, representing selected points of view while
omitting others (Robertson & Hughes, 2011). Expertise in such strategies is becoming
increasingly important as multimedia technology and online sources proliferate. In order
to participate fully in today’s society, students must be fluent in digital literacy, as
multimedia proficiency requires additional competencies to those required for reading
traditional texts (Gee & Hayes 2011; Kane, 2011; Kim & Kamil, 2003; Lankshear &
Knobel, 2003). These competencies can be developed through literacy instruction in
content areas such as science and mathematics, among others.

Content Area Literacy

Content area literacy is the ability to acquire understandings of, and think
critically about, new content in a discipline using reading, writing and multiple other
forms of representation, content-specific literacy skills and attitudes, and prior knowledge
(Draper, 2002; Heller & Greenleaf, 2007; Kane, 2011; McKenna & Robinson, 1990). The
conception of content area literacy as one aspect of literacies requires teachers to rethink
their approach to literacy instruction in schools (Au, 1998; Barr, Watts-Taffe, & Yokota,
2000; Beers, 2003; Gee, 2008; Lankshear & Knobel, 2003; Olson, 2011; Robertson &
Hughes, 2011) as content area classrooms place certain literacy demands upon students
and content literacy enables students to better learn content knowledge (McKenna &
Robinson, 2014). This brings sharply into focus the literacy practices of content area
teachers and how they need to be highly literate in their particular disciplines and
discourse communities (Kane, 2011). In contrast, pre-service and beginning teachers may
not understand literacy as a “set of social practices” (Botzakis & Malloy, 2006; New
London Group, 1996), and lack awareness of its pervasive impact on students. This
conception of the role of literacies in learning emphasizes the importance of including a
focus on content area literacy in pre-service teacher education programs.

Content Area Literacy Enhances Learning across the Curriculum

The cross-curricular importance of literacy is highlighted by a number of studies
that demonstrate the relationship between literacy and content area learning (Alvermann,
Rezak, Mallozzi, Boatright, & Jackson, 2011; Lee, Penfield, & Buxton, 2011; Moje,
Ciechanowski, Kramer, Ellis, Carillo, & Collazo, 2004). Mathematics and science
teachers, among others, are being encouraged to think of themselves as teachers of
literacy and to bring literacy practices into their teaching (Cecil & Gipe, 2009). Shanahan
and Shanahan (2008)’s model of disciplinary literacy highlights how teachers in
particular subjects have expertize to share with students about literacy practices related to
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their field. For example, Seixas and Peck (2004) trace elements of historical thinking
with which students might become familiar as part of a disciplinary literacy in history.

Individuals with less proficiency in literacy are at an enormous cultural, social,
political and economic disadvantage (Alger, 2007; Government of Alberta, 2009;
UNESCO, 2008), and approaches to literacy development in schools have effectively
become an issue of social justice (Alger, 2007, 2009; Freire, 1997; Robertson & Hughes,
2011; Keyes, 2009). As the use of standardized assessments such as the Programme for
International Student Assessment (PISA) to measure students’ literacy proficiency
increases locally, nationally, and internationally, teacher accountability for student
literacy achievement in all subject areas is brought sharply into focus (Cheng, Kliner &
Zheng, 2009). Math, science, and social studies teachers, among others, are being asked
to more fully incorporate literacy strategies into their teaching in school boards across
Canada.

Because literacy is important in all subject areas, content area teachers can play a
significant role in their students’ literacy development (Alger, 2007, 2009; Draper, 2002;
Lind, 2008, Heller & Greenleaf, 2007). A number of studies have shown the importance
of teaching students skills, strategies, and attitudes that foster high level comprehension
and critical thinking in content areas (Duke, Pressley, & Hilden, 2006; Graesser,
McNamara, & Louwerse, 2003; Sweet & Snow, 2002; Taboada, Guthrie, & McRae,
2008). One approach to exploring teachers’ developing abilities to infuse literacy in their
content area teaching practices is through the lens of pedagogical content knowledge
(Shulman, 1986).

Literacy Practices and Pedagogical Content Knowledge

Shulman (1986) defined three categories of content knowledge as he considered
the question, “How might we think about the knowledge that grows in the minds of
teachers, with special emphasis on content?” (p. 9). These categories are: “(a) subject
matter content knowledge, (b) pedagogical content knowledge, and (c) curricular
knowledge” (p. 9). Subject matter knowledge refers to the depth of understanding
teachers have of their subject matter, such as mathematics, and its organization.
Pedagogical content knowledge is defined by Shulman as “embod[ying] the aspects of
content most germane to its teachability” (p. 9). Curricular knowledge is knowledge of
the curriculum programs that set out expectations for learners in each subject area and
across grade levels, and the variety of possible curriculum materials that can be used in
teaching and learning in those subject areas.

Here we focus on Shulman’s (1986) second category, pedagogical content
knowledge, which has strong relevance for our study. Shulman includes in this category
knowledge of:

the most useful forms of representation of those [topics to be taught in
the subject area and] ideas, the most powerful analogies, illustrations,
examples, explanations, and demonstrations—in a word, the ways of
representing and formulating the subject that make it comprehensible to
others. (p. 9)
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This requires a deep understanding of the subject, curricular development, and how
students learn concepts and topics particular to the subject. Additionally, Shulman
suggests pedagogical content knowledge incorporates “an understanding of what makes
the learning of specific topics easy or difficult: the conceptions and preconceptions that
students of different ages and backgrounds bring with them to the learning of those most
frequently taught topics and lessons” (p. 9).

We have applied Shulman’s (1986) conception of pedagogical content knowledge
to our study of pre-service and new teachers’ literacy practices in three ways. Firstly, we
understand pedagogical content knowledge as closely related to literacy in the various
content areas. Shulman describes the understanding of which forms of representation best
suit the teaching and learning of topics in one’s subject area as one aspect of pedagogical
content knowledge, and we see this as part of literacy in one’s content area. For example,
deciding among the use of a diagram, a descriptive text, or a video clip to teach parts of a
plant cell in biology (or deciding all are important) calls for a knowledge about which
forms of representation will enable students to better learn about the topic. Expanding
awareness of different possibilities for representing concepts in teaching is an important
focus of the B. Ed. course we teach, Literacy in the Content Areas, and we understand it
as a feature of literacy across subject areas. It follows that teaching that incorporates
appropriate choices of representation means high school students in those courses are
more likely to become more literate in that subject area. In our study we inquire into
teachers’ facility in choosing appropriate forms of representation for teaching topics in
their high school mathematics or science courses.

Secondly, we are drawn to Shulman’s (1986) contention that pedagogical content
knowledge includes an understanding of what students bring to the learning of new
content. How do pre-service and new teachers gain insight into what background
knowledge their students bring to bear on a new topic in their mathematics or science
course?

Thirdly, Shulman’s (1986) central question, “How might we think about the
knowledge that grows in the minds of teachers, with special emphasis on content?” (p. 9)
reminds us that teacher knowledge, including pedagogical content knowledge, grows
organically over time as teachers’ experiences acquire more depth and breadth. It is
impossible for pre-service teachers to fully develop the pedagogical content knowledge
they need during the relatively short span of teacher education programs. Rather, as
Grossman, Valencia, Evans, Thompson, Martin and Place (2000) suggest, the goal is to
help them become “adaptive experts” (Hatano and Inagaki, 1986) who will continue to
grow and develop their pedagogical content knowledge throughout their careers. In
conversations with our participants, we wanted to find out how they are developing
pedagogical content knowledge at this early stage of their careers, with a plan to follow
these teachers into their first two years of teaching to learn more about how this
knowledge grows.

While pre-service teachers are usually required to take courses on content area
literacy instruction, many pre-service teachers feel they are neither responsible for, nor
capable of, teaching students aspects of literacy related to their subject areas (Scharlach,
2008). Instead, they frequently abandon strategies learned in teacher education programs,
adopting the often traditional sociocultural practices of schools observed during their first
year of teaching (Alger, 2009; Bean, 1997; Begoray, 2002; Grisham, 2000; O’Brien &
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Stewart, 1990; Smagorinsky, Wilson, & Moore, 2011). Hammerness, Darling-Hammond,
Grossman, Rust, and Schulman (2005) believe that such traditional teaching practices
often produce knowledge and skills lacking utility outside of the classroom. Conversely,
other research suggests that pre-service teachers are influenced by their teacher education
programs (Grisham, 2000; Grossman et al., 2000). Grossman et al. indicate that early
career teachers make further use of pedagogical tools learned in teacher education
programs after their first year of teaching, thus problematizing claims by researchers
about limitations on what pre-service teachers learn during their teacher education
program. They also note that of all the pedagogical knowledge learned in teacher
education programs, fostering the attitude to embrace continual future development may
be the most important learning of all. Recent studies also indicate that many teacher
educators, teachers and principals believe that pre-service teachers in Canada receive
inadequate instruction in teaching and assessing literacy (Botzakis & Malloy, 2006;
Bruinsma, 2006) and that Canadian elementary teachers are often better equipped to
teach and assess literacy than secondary teachers (Botzakis & Malloy, 2006).

Like Cochran-Smith, McQuillan, Mitchell, Gahlsdorf, Terrell, Barnatt, D'Souza,
Jong, Shakman, Lam and Gleeson (2012), who conducted a longitudinal study of new
teachers’ practices, in this study we are beginning to explore participants’ teaching
experiences as they develop their pedagogies and their pedagogical content knowledge as
teachers of literacy in mathematics and science courses. Our study will be on a smaller
scale than that of Cochran-Smith et al. However we anticipate that continuing to talk with
teachers from the last days of their B. Ed. programs into their first two years as teachers
will provide a deeper understanding of how these literacy pedagogies and practices are
shaped, and how teacher education programs can facilitate the process.

Exploring Pre-Service Teachers’ Developing Content Knowledge about Literacy

A number of researchers indicate the need for more longitudinal studies of pre-
service teachers, which follow them into their careers as teachers (Alger, 2007; Bean,
1997; Cochran-Smith et al., 2012; Caudle & Moran 2012; Grisham, 2000; Grossman et
al., 2000; Hoffman, Roller, Maloch, Sailors, Duffy, Beretvas, & the National
Commission on Excellence in Elementary Teacher Preparation for Reading Instruction,
2005; Jones & Enriquez, 2009). We are currently in the second year of a five-year
longitudinal study in which we explore beginning science, mathematics, and social
studies teachers’ literacy practices and their evolution over time. We are endeavoring to
understand the topic from the perspective of beginning teachers (Bogdan & Biklen, 1998)
and as part of our ongoing study have begun to conduct classroom observations and
personal interviews with pre-service and new teachers in order to learn more about the
“multiple realities” (Creswell, 2007, p. 16) of teachers’ experiences. Through our
qualitative research inquiry into the development of beginning teachers’ literacy teaching
practices, the experiences and voices of individuals provide vital insight into how these
teachers “interpret their experiences” (Merriam, 2009, p. 5). In what follows we focus
specifically upon findings from Year 1 of the study, with new mathematics and science
teachers only.
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In the spring of 2012, we conducted the first phase® of our longitudinal study,
interviewing six recently graduated mathematics and science teachers, whom we had
taught in a course called Literacy in the Content Areas in the winter of 2012 in the
Bachelor of Education program at our university in Eastern Canada. Potential participants
had already graduated from the B. Ed. program before being approached for interviews.
Six agreed to be interviewed and two did not. Regarding ethical concerns about how our
relationships with participants may have influenced their responses, since the course we
taught was completed and marks were submitted several months earlier, the relationship
we had with the participants at this point did not involve a difference in power. We
invited participants to talk with us about their learning in the course and their attempts to
integrate literacy into their mathematics and science teaching practices during their final
six-week field experience in March and April 2012. These interviews took place in July
2012; some were face-to-face and others were by phone or Skype. The interviews were
semi-structured, approximately 30 minutes in length (the interview guide is included in
Appendix A), and were transcribed by a research assistant.

During data analysis, we analyzed the transcriptions along with our field notes
from the interviews. As we read and re-read participants’ descriptions of their teaching
experiences, we focused upon pre-service teachers’ understandings of how literacy
activities were used to create opportunities for high school students to better understand
content area knowledge and concepts particular to the mathematics or science course. We
investigated how the infusion of literacy activities demonstrated pre-service teachers’
understandings of the teaching process, one of the three aspects of pedagogical content
knowledge Shulman (1986) defined.

The process of data analysis involved inductively analyzing and comparing the
interview data (Creswell, 2007; Merriam, 2009). We individually made notes of key
ideas or themes that we saw emerging and repeating across the interview transcripts and
field notes. As part of this process, we also developed codes for the ideas we saw
frequently in the data. For example, when one author began to note authentic assessment
practices as a recurring theme in her reading of the transcripts, she used the acronym AA
in the margin beside any references to this topic she saw in the transcripts and field notes.
These codes were developed based on the frequency with which all six participants
mentioned topics and how often we found these topics individually as we separately
analyzed the transcripts. Initially we had approximately twelve potential themes among
us. We then met several times and discussed these themes, finding much congruence and
some dissonance in our analyses. Some themes did not have enough rich data to support
their inclusion in our findings. That is, they may have been mentioned only three or four
times throughout the interviews and field notes. As we discussed the themes and returned
to the data we determined there were four themes that recurred repeatedly and appeared
significant. In what follows we describe the four main themes and include excerpts from
transcripts of the interviews grouped around the four themes.

1 We had not initially planned to interview participants until the winter of 2013, but were encouraged by
the senior administration of our university to begin the interview process earlier, when we received internal
funding from our institution. We are very grateful to the university for this funding. We began with a small
sample size in 2012. As noted in the introduction, in 2013 and in subsequent years, we have interviewed
/plan to interview larger numbers of teachers.
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Our findings: Awakening to possibilities and challenges
of infusing literacy across math and science courses

The pre-service teachers we interviewed in 2012 had strong views about the
importance of incorporating relevant literacy practices into their teaching. Each one
described changes in their beliefs and/or understandings, in part as a result of completing
the Literacy in the Content Areas B. Ed. course, and provided a number of examples of
how they more or less successfully attempted to integrate some literacy practices during
their six-week field experience in the spring of 2012. These pre-service teachers also
discussed their expanding understandings of integrating literacy into mathematics and
science courses, and their developing sense of how literacy can contribute to authentic
assessment and learning in mathematics and science.

Pre-service teachers’ growing awareness of possibilities for infusion of literacy
throughout content area courses

After completing the final field experience of the B. Ed., the pre-service teachers
demonstrated a growing awareness of the imperative for literacy to be infused throughout
content area courses, putting particular emphasis upon how the infusion of literacy into
the teaching of content created better learning opportunities for students in their course
work and in everyday life situations. Participants also demonstrated a more sophisticated
understanding of metacognition and the ways they felt literacy strategies enabled students
to express their learning as it was happening:

Literacy is important...for everyday life outside of school. So after students are
done with high school and, in really any kind of job, you really need literacy to
even express that you have a knowledge of math. So you need to communicate
your ideas. So I found that...was a proof for me that their math literacy was really
important. (Participant 22, Pre-service math teacher)

My perception of literacy [shifted] to a point where it was more about getting to
the learning and what that means in relation to content literacy...getting into those
deeper levels of understanding...those different [levels] analyze, synthesize, that
type of thing. | like to focus on that when it comes to literacy because it gets
students thinking more [deeply] about what is a “protist” [for example] and
explaining why we classify them this way. (Participant 5, Pre-service science
teacher)

This pre-service teacher uses the example of how she might help students learn about the
term “protist” within the context of understanding how organisms are classified to
illustrate how she sees literacy as relevant for her in a high school biology class.

As part of infusing literacy into their teaching, pre-service teachers talked
practically about how they used some of the literacy strategies taught and demonstrated
in the Literacy in the Content Areas course. Participants often discussed the successes
they experienced teaching students by using writing to learn strategies (Daniels,

2 We refer to the six participants as Participants 1, 2, 3, 4, 5 and 6. The participants were interviewed
on the following dates: Participant 1: July 18, 2012, Participant 2: July 6, 2012, Participant 3: July 3,
2012, Participant 4: July 4, 2012, Participant 5: July 6 and Participant 6: July 4, 2012.
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Zemelman, & Steineke, 2007) like exit slips, writing breaks, brainstorms and drawing.
One participant, a pre-service mathematics teacher, talked about encouraging drawing in
the teaching of high school mathematics. “One of the units we were doing was
polynomials [using] the algetiles and they could draw the parts out, because this is how
you can see how some of this works: use the tiles and you can draw it too” (Participant 1,
Pre-service math teacher). In this example, the pre-service teacher notes how using
drawing and manipulatives helped students work toward an understanding of
mathematics concepts. This reflects a key point of the B. Ed. Literacy in the Content
Areas course: that literacy strategies can be tools to enable deeper understanding of
course content.

As well as the writing to learn activities, the B. Ed. Literacy in the Content Areas
course focused on larger writing projects that could be integrated into high school
mathematics and science. In a grade 10 science ecosystems unit, a pre-service science
teacher engaged students in a multi-genre project. She described her thinking about the
assignment:

And | got them to do a multi-genre project where they had to complete a web
quest first of all, in which they had to answer ten questions. And then on a piece
of looseleaf, they had to make a [graphic organizer] about three different
ecosystems that they were studying. So the next part of the web quest was to
create a map of the world and put where those ecosystems are in the world. And
then the third part was kind of their choice, they could decide what they wanted to
do. I had a rubric and | wanted to see that they kind of understood what their
ecosystem looked like and what their ecosystem was...[and] the interactions
within their ecosystems. One student did a painting for the third part of her
project.” (Participant 6, Pre-service science teacher)

This pre-service teacher’s comment reflects the practical nature of B. Ed. Literacy
in the Content Areas course, with its emphasis on giving students teaching ideas such as
the multi-genre project and other larger writing projects. This pre-service science teacher
saw the multi-genre project as a useful activity she could import into her Science 10
course. At the same time, due to the emphasis that participants placed upon the practical
nature of literacy activities, we also looked closely at whether they were able to discuss
the reasons why they would use these ideas, the philosophy and learning principles
behind literacy in their content areas. In the next section, we explore this question and
look at pre-service teachers’ expanding notions of literacy in math and science.

Pre-Service Teachers Develop Expanded Notions of Literacy in Math and Science

In response to the B. Ed. Literacy in the Content Areas course and the opportunity
to infuse literacy practices into the final field experience of the B. Ed. program, pre-
service teachers spoke not only about practical attempts to include literacy strategies as
part of their teaching practices, they also noted how their understandings of literacy in
math and science had expanded. A number emphasized that at the beginning of the B. Ed.
course they initially thought literacy “was reading and writing and getting those skills,
and that it wasn’t something that was my responsibility” (Participant 5, Pre-service
science teacher). More than one pre-service teacher noted that their understandings of
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literacy began to broaden in the B. Ed. course and put particular emphasis upon literacy
strategies as “rich meaningful activities for the students that went beyond just knowing
how to read and write; it was more about getting to the learning and what that means in
relation to content” (Participant 5, Pre-service science teacher).

One pre-service teacher described how her expanding understanding of literacy
helped her see its place in her high school mathematics class, as she:

had at least a couple students in my math practicum that had disabilities around
like English and writing but one of the guys in particular was really good in math
so | was kind of hesitant to make him write out a whole bunch of things because it
might lower his confidence. Knowing that math literacy isn’t always about
writing, but it’s also about graphic organizers and about speaking, like telling
people how you understand this or explaining a process, was helpful as well.
(Participant 2, Pre-service math teacher)

As part of her expanded understanding of literacy, another pre-service teacher
noted the difference between being literate and being literate in a particular content area,
particularly when:

teaching very abled students and how they probably consider themselves very
literate, which they are and they have high levels of literacy, but in terms of that
content literacy [in biology], how does it go beyond just knowing what it is, to
really understanding what you’re talking about...that this activity that we’re
doing, it’s helping your literacy in biology right now... giving the students the
opportunity to read it, summarize it on their own, get it into their own heads
without me just telling them the important points. (Participant 5, Pre-service
science teacher)

Pre-service teachers’ comments suggest they understand the relationship between
the infusion of literacy and the opportunity for increased comprehension of content that is
particular to mathematics and science. They seemed to see the teaching of literacy
strategies as beneficial for student learning beyond the classroom, helping them to think
like scientists and mathematicians and to demonstrate their thinking:

All the strategies we learned, that was all amazing. I wasn’t expecting that. I don’t
really know what I was expecting but I know that it wasn’t that. I honestly didn’t
think there were even remotely that many things that you could do to infuse
literacy in your content area. (Participant 4, Pre-service math teacher)

Participants began to develop a repertoire of literacy strategies relevant to their
content areas, but also broadened their knowledge and definitions of literacy.
Additionally, this sometimes benefitted the cooperating teachers in whose
classrooms the pre-service teachers worked during field experience, as the following
excerpt highlights:
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So | would say [the course] was incredibly useful. And | would say, too, that the
teacher, my cooperating teacher this year, anytime | would try some of them, she
would say “Oh that was cool” and take a mental note of it because it was
something that she hadn’t thought of or hadn’t used yet. And you know in the
end, she thought, “Hey, those are some really cool activities that you did and I’'m
going to try those. (Participant 5, Pre-service science teacher)

This was an unexpected byproduct of pre-service teachers’ beginning efforts at
incorporating literacy into their teaching during field experience, and one which suggests
an intriguing path this research study may expand into, inquiring into more experienced
teachers’ use of literacy practices in mathematics and science courses.

Pre-Service Teachers’ Beginning Understandings of How Literacy Can Contribute to
Authentic Assessment in Mathematics and Science

In conversation, it became evident that participants were developing an
understanding of how the literacy strategies they employed in mathematics and science
classrooms could add more depth to their assessment of student learning, as well as to
students’ self-assessment of their learning. In a Grade 10 science unit on the nervous
system, a pre-service science teacher had students watch a short video clip and write or
draw about what they knew about sight, so that she and the students could get a sense of
their knowledge on this topic midway through the unit. She explained that she told the
students:

Here’s a chance for you to see what you can do and see what you’ve learned for
yourself as well as for me to see what you’ve learned. Maybe we need to talk
about sight in a different way and maybe we need more diagrams and that type of
thing. And as soon as they realized that it would be a benefit to their learning, it
was great. (Participant 5, Pre-service science teacher)

Participants also spoke of how they were starting to see informal assessments
such as the one in the example above as useful in informing their lesson planning and
instruction. Another pre-service Science teacher commented that, “...when I told them
[students] it wasn’t graded and I just wanted to know, then they were like, okay...I can be
free to write...write whatever I want... They didn’t realize that I actually wanted to just
see what they knew as opposed to testing them” (Participant 4, Pre-service science
teacher). This remark seems to indicate that this pre-service teacher may be navigating
thorny questions around grading student work in ways that value student learning as a
developmental process, rather than considering the grade as an end in itself.

On more formal assessments such as math tests, one participant noted that, for
her, a student showing they can understand the math concepts is the bottom line:

| like to include questions like: make your own word problem for two to the
power of x equals eight. Students always groan about those types of questions but
it really shows that they understand what the equation means or what they’re
actually solving for. So 1 like to include them because it shows me who really
understands what we’re talking about. (Participant 2, Pre-service math teacher)
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Including a literacy-based question like making one’s own word problem requires
being able to think about math concepts from different angles and to transfer learning into
new situations. Again, for this pre-service teacher, the focus appears to be on students’
deeper understanding of course content.

Although participants acknowledged their growing confidence in assessment,
particularly in how the infusion of literacy practices created opportunities for them and
the students they taught to observe their deeper understanding of content, one pre-service
teacher noted the ways in which she needed to improve her own authentic assessment
practices explaining that in the future she would “actually record how students are doing
so | can see their progress throughout” (Participant 2 Pre-service math teacher).

Uncertainties and Challenges around Integrating Literacy into Mathematics and Science
Courses

As pre-service teachers talked about their field experiences, they described a
number of challenges experienced as they attempted to infuse literacy into mathematics
and science courses. Firstly, the issue of time and the pressures to “cover the content”
loomed large. One pre-service teacher noted, “There are a lot of outcomes. And a lot of
students find the courses, they find it very difficult and a lot of times you do have to
spend extra time on things and there isn’t enough time [to integrate literacy]” (Participant
6, Pre-service science teacher). Another stated, “It is hard to infuse [literacy] when your
content is just so overwhelming” (Participant 4, Pre-service math teacher). Building on
this theme, another said, “Um, ah it’s just [literacy], it seems that sometimes it can [be] a
little time consuming. And I know we’ve talked about this in class quite a bit, that finding
time, it is important. But still the pressure of all the outcomes [is overwhelming]”
(Participant 3, Pre-service science teacher). Clearly, the perceived time/content factor
affected these pre-service teachers’ confidence as they began to try to integrate literacy
into their teaching, as it has for new teachers for many years (Lortie, 1975).

However, it seemed some did not allow this issue to prevent them from trying.
Instead, as one pre-service teacher noted, she recognized the need to “...kind of start out
with literacy, like, kind of start out small in math [or science] class...” (Participant 2, Pre-
service science teacher). She seemed to indicate that, despite the challenges of time and
content pressures, she would gradually build literacy into her teaching once she was a
teacher in her own classroom, after completing her B. Ed.

Another challenge pre-service teachers highlighted was the lack of modeling of
literacy strategies in math and science courses by the cooperating teachers with whom
they were placed during their field experience. One participant recalled, “...but like I
didn’t even see a content area literacy thing across the science department level of the
whole school” (Participant 6, Pre-service science teacher). As well, another noted he
could not recall his own teachers using such approaches when he was in high school.
“...[integrating literacy is] a different approach but I think it’s the right approach, so.
Um, it’s just a matter of perfecting the practice, I guess, and getting used to it. Because
it’s not really something that a lot of teachers have used in my experience growing up...”
(Participant 3, Pre-service science teacher).

Some pre-service teachers articulated uncertainties around their confidence as
readers and writers, which caused them to feel self-doubt when attempting to infuse
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literacy into mathematics and science courses. The following statement shows the
ambiguity felt by a number of pre-service teachers. “Like, | hate essay writing but |
would absolutely encourage it and expect students to do it so, um, so yeah. Just giving
them opportunities and almost, not necessarily forcing them, but...encouraging them...
(Participant 4, Pre-service math teacher). With a different perspective on this issue
another pre-service teacher said, “I didn’t use um essays at all, now that I think about
it...Um no, I didn’t use essays at all. But basically the reason why I didn’t use essays
probably like when I tested or...even in tests...was probably my uncomfortability with
actually correcting one” (Participant 6, Pre-service science teacher). In both cases, the
pre-service teachers’ lack of confidence in essay writing had an impact on their
pedagogies and literacy practices, causing one to avoid assigning essays at all, while the
other felt she should assign them but seemed unclear about how to support students as
they wrote essays.

Not only were some pre-service teachers lacking in confidence about their
literacy, they also found students filled with uncertainty about and therefore, resistance
to, literacy in mathematics and science courses. “But I did run into, I, I consistently ran
into [students asking]... Is this right? Is this what you want? Is this what you want it to
look like?” (Participant 5, Pre-service science teacher). This same pre-service teacher
also noted, “And yeah, people just think that [literacy] belongs in a different class. Like
this is just where that belongs. Just like a math book or a calculator belongs in a math
class. It’s just like it, it just seems like it’s...that’s sort of where it’s best suited.” It
seemed many students did not understand the place of literacy in their mathematics and
science courses, and wanted clarity from pre-service teachers regarding assignments that
included some aspect of literacy. This was not an unreasonable desire, but one that pre-
service teachers found onerous, perhaps because of their own uncertainties about their
literacy practices and about how to assess the assignments.

According to pre-service teachers, students and cooperating teachers did not
necessarily see a place for literacy in mathematics and science classes. This resistance
sometimes led to issues around grading. “How do you get them to do something that’s
not being graded? | found that was quite an issue. It was hard to get them to do something
that wasn’t being graded” (Participant 4, Pre-service math teacher). Pre-service teachers
struggled with how to value literacy in a paradigm which seemed not to incorporate this
aspect of learning into the grading system. One pre-service teacher spoke of her own
awareness of the need for literacy in her subject areas, but could not reconcile this with
the classrooms she encountered in school. “They [literacy strategies] do have a place, um
because...if students have a deeper understanding going into a test, then chances are
they’re going to do better on the actual test” (Participant 1, Pre-service math teacher).
This comment reflects the idea that pre-service teachers appear ready to incorporate
literacy strategies into their science and mathematics classrooms, and see why this is
important. However, the challenges of schools that appear not to support the integration
of literacy in science and mathematics courses is a stumbling block as these new teachers
develop their pedagogies and make decisions about the place of literacy in their
classrooms.
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Discussion: Enhancing Literacy Practices and Developing
Pedagogical Content Knowledge

The previous sections describe some of the ways six new teachers were beginning
to develop their pedagogical content knowledge (Shulman, 1986) in the final field
experience of their B. Ed. program, after completing the Literacy in the Content Areas
course in their final term. We found these teachers willingly supported the idea of
integrating literacy in mathematics and science courses, although their successes were
somewhat uneven as they attempted to make this a regular part of their teaching practice.

All six participants in our study talked about examples of how they had integrated
literacy into their teaching, and how they believed in the need to include literacy in their
teaching practices. One of the key aspects of Shulman’s (1986) definition of pedagogical
content knowledge concerns teachers’ abilities to choose from a variety of ways to
represent topics as they teach students new concepts. Comments from the participants
indicate they had a broader repertoire of ways to represent topics in their subject areas as
a result of taking the Literacy in the Content Areas course, and they were able to draw
upon this repertoire during their field experience. For example, the pre-service science
teacher who had students complete a multi-genre project on ecosystems described how
she felt this choice of representation enabled Grade 10 students to gain a solid
understanding of the topic. We see participants’ use of drawing, graphic organizers,
diagrams, and other ways of representing knowledge that they had opportunities to learn
about and practice in the B. Ed. course, as an expression of their developing pedagogical
content knowledge.

Participants also discussed challenges they experienced, which they attributed to
their uncertainties about their own reading and writing abilities, student resistance, lack
of experienced teacher models, and the overwhelming number of outcomes to address in
their courses. Earlier, we noted it is challenging, if not impossible, for pre-service
teachers to fully develop their pedagogical content knowledge during their B. Ed.
programs. As we spoke with our participants, we could see that while they are cultivating
their pedagogical content knowledge, this is a process that will continue over the years of
their careers, as they become “adaptive experts” (Hatano and Inagaki, 1986) and find
ways to address the challenges they named during interviews.

In spite of these challenges, we observed these new teachers having expanded
notions of what learning can look like and how understanding of content can be enhanced
through infusing literacy into their science and mathematics courses. Comments about
how particular students benefitted from approaches that incorporated literacy into
teaching and learning indicated that this emphasis helped pre-service teachers consider
the background knowledge, strengths and challenges students bring to their learning
about new topics. For example, one participant noted that a student in her math class had
learning disabilities but her expanded knowledge about how to infuse her math lesson
with literacy strategies (“...it’s not always about writing...”) enabled her to make
decisions that enhanced this student’s learning. Another participant found that her
expanded knowledge of how content can be enhanced through literacy strategies allowed
her to address the learning of “very abled students” in her biology class by providing
opportunities for higher level thinking about the topics she taught. Shulman’s (1986)
description of pedagogical content knowledge included an awareness of the background
knowledge of students and “what makes the learning of specific topics easy or difficult”
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(p. 9). In comments from participants, such as those noted here, we observed how
expanded conceptions of how literacy can enrich learning in content areas seemed to give
pre-service teachers a heightened awareness of the need to consider students’ background
knowledge in their teaching, thereby fostering the growth of their pedagogical content
knowledge.

Finally, we noted the depth of some participants’ awareness of how literacy can
contribute to authentic assessment in mathematics and science. This was perhaps one of
the most surprising findings. We did not expect these new teachers to have such
relatively sophisticated conceptions of assessment, as some of them demonstrated their
understanding of the need for students to be able to represent their learning in a variety of
ways and to be self-assessors at the same time, metacognitively considering their own
learning practices. Shulman (1986) does not discuss assessment directly, but he asks,
“How do teachers decide...how to question students about [the topics being taught] and
how...[do they] deal with problems of misunderstanding?” (p. 8) The new teachers we
interviewed appeared to be endeavouring to address these questions head on in their
teaching, which seems to reflect a deepening pedagogical content knowledge.

In this section, we considered the participants’ comments using Shulman’s (1986)
conception of pedagogical content knowledge. From the findings discussed in this paper,
we suggest pre-service teachers’ pedagogical content knowledge seems to have been
shaped to some degree by their experiences in the Literacy in the Content Areas course
and in the subsequent six-week field experience.

Conclusion: Promising Perspectives and Challenging Contexts

Mathematics and science teachers across Canada, as well as teachers in other
content areas, are being asked to more fully incorporate literacy strategies into their
teaching. This paper provides a glimpse into how some pre-service teachers at one
institution appear to both embrace and struggle with this direction. Considering the
development of the participants’ literacies as teachers in their subject areas and their
pedagogical content knowledge provided a framework for us to understand their growth.
We hope to contribute to the field of research on literacy instruction in the content areas
in Canadian pre-service teacher education programs by our ongoing inquiry, and we feel
the results of this study offer a thought-provoking beginning.
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Appendix A: Interview Guide for participants Spring 2012

1.

10.

Tell me about your initial thoughts when you learned you would be taking a
course in Literacy in the Content Areas.

What were your impressions/feelings during the first few weeks of the course?

What were some of the significant moments in the course? What stood out for
you?

Was there a turning point for you, when you realized you could use these literacy
strategies in teaching your science, math, or social studies courses? If so, describe
that turning point.

What literacy strategies can you remember from the course that will be useful to
you in your teaching?

Did you try any of the literacy strategies in your teaching placement? If so, which
ones? How successful were you at implementing them? Why do you think that? If
you did not use any of the literacy strategies, what are the reasons for this?

Across Canada, provincial departments of education and school boards are
placing an increasing emphasis on the understanding that all teachers are teachers
of literacy. How do you feel about having this responsibility?

How will you take up this responsibility? What literacy strategies do you see
yourself using in the science, math or social studies courses you will teach?

Suppose you get a full-time job as a math, science, or social studies teacher. What
are the literacy goals you will have in that position?

There is pressure on all science, math or social studies teachers to raise
achievement levels. What place do literacy strategies have in school goals to
increase these achievement levels?
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