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ABSTRACT

DEEPENING UNDERSTANDING OF SCIENCE CONTENT
THROUGH TEXT STRUCTURE INSTRUCTION

Karen Louise Thomas
Department of Teacher Education

Master of Arts

The purpose of this study was to examine the effectiveness of an instructional
program designed to explicitly teach text structure awareness to fourth grade students to
assist in their understanding of science content in a unit of study on weather. The changes
that occurred in teacher thinking and practice were also examined throughout the process
of developing and implementing the instructional program. A quantitative analysis was
performed to reveal any differences in mean posttest scores between a control group and
a treatment group. Results indicated that the treatment group students’ science content
knowledge was increased significantly more than the students in the control group. A
qualitative analysis was also performed to reveal the changes that occurred while this
program was implemented into science instruction. Results indicated that by using
research and results to guide her instruction, the researcher became more refined as a

teacher. Recommendations for further research are discussed.
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CHAPTER 1
INTRODUCTION

The period of 1910-2009 represents a century of efforts to change science
education (Hurd, 1998). However, regardless of continued attention to science education
throughout the years, a vast number of young Americans remain ill prepared to work in,
contribute to, or profit from our technological society as a result of an inadequate
grounding in mathematics, science, and technology (National Science Foundation [NSF],
1983). Consequently, researchers have explored possible issues that have contributed to
our nation’s failure to develop scientifically literate individuals. A number of these
researchers have suggested that students’ inability to negotiate the language of science
limits their ability to learn science (Norris & Phillips, 2003; Obsborne & Wittrock, 1983).
These researchers conclude that because the understanding of science concepts and the
ability to communicate about science require the use of language, understanding the
relationship between science and literacy may enable educators to improve the overall
quality of science education. As Wellington and Osborne (2001) argue, “Paying more
attention to language is one of the most important acts that can be done to improve the
quality of science education” (p. 1).

The most current science education reform states that teaching and learning
science should be a goal aimed at all citizens (Hurd, 1998), with the central objective of
developing a scientifically literate society (American Association for the Advancement of
Science, [AAAS] 1995; Southerland, Smith, Sowell, & Kittleson, 2007; Yore, Bisanz, &
Hand, 2003). In fact, “scientific literacy” has been referred to as one of the greatest

desired outcomes of student learning in science (DeBoer, 1991, 2000; Norman, 1998;



Shamos, 1996) and has been used “to describe a familiarity with science on the part of
the general public” (DeBoer, 2000, p. 582). As a result, science educators have been
charged with the responsibility to provide to all students “a broad understanding of
science and of the rapidly developing scientific enterprise whether one was to become a
scientist or not” (p. 586). Based on this definition, scientific literacy is more than just
knowing facts and vocabulary; it is understanding the processes and the nature of science
and being able to make meaning of the body of scientific knowledge (Lee, 1997).

Text Structure Instruction in Science

In school, students are continually exposed to a variety of social and academic
languages within each subject. Understanding these languages potentially increases
students’ content knowledge and improves discipline-specific literacy (Moss, 2005).
Students, therefore, must learn to comprehend and effectively use these languages in
order to achieve success in specific content areas such as science (Williams, Hall, &
Lauer, 2004).

Gaining a facility with the language of science is particularly important as
students enter the intermediate grades in school because by the time students reach fourth
grade, a large part of the text that they encounter in school is informational (texts that
convey and communicate factual information) (Chall & Jacobs, 2003; Venezky, 2000).
As a result, students who are not prepared to successfully negotiate this type of text may
find it extremely difficult to learn, understand, and apply new content knowledge (Hall,
Markham, & Culatta, 2005a). Additionally, it has been suggested that if today’s students
are to truly meet the literacy demands of their futures, they need authentic experiences

with informational texts from the beginning of their school careers (Alvermann, Swafford,



& Montero, 2004; Lemke, 2004; Moss, 2005; Ogle & Blanchowicz, 2002; Williams, Hall,
Lauer, Stafford, & DeSisto, 2005).

In order to better understand how to prepare students with the skills and strategies
needed to negotiate informational text, researchers have begun to examine the influence
that text structure awareness (understanding the way an author arranges information in a
text) has on student comprehension (Alvermann et al., 2004; Dickson, 1999; Williams et
al., 2005). This work has explored promoting text structure awareness, including
explicitly teaching students to (a) be aware of the internal and external structure of a text
(Brooks, Dansereau, Spurlin, & Holley, 1983), (b) use graphic organizers while reading
informational text (Bakken & Whedon, 2002), and (c) focus on one or more of the
conventional text structures (Armbruster, Anderson, & Ostertag, 1989; Williams, Nubla-
Kung, Pollini, Stafford, Garcia, & Snyder, 2007). The most common types of
conventional informational text structures have been identified as: description, temporal
sequence of events, explanation of concepts, definition and example, compare/contrast,
cause/effect, and problem-solution-effect (Armbruster, Anderson, & Ostertag, 1987;
Bakken & Whedon, 2002; Brooks et al., 1983; Ciardiello, 2002; Dreher & Singer, 1989;
Montelongo, Berber-Jimenez, Hernandez, & Hosking, 2006; Neufeld, 2005; Williams,
2005).

Statement of the Problem

An instructional focus on text structure awareness may be relevant in helping
students learn to cope with informational text; however, much of the existing research
(excluding the few studies described in the review of literature) has been mainly with

intermediate and secondary students, and adults, rather than early elementary age



students (Pearson & Dole, 1987; Williams et al., 2004). Further research, particularly that
which focuses on each individual text structure, and research with young (Grades 2-4)
elementary age students, seems warranted because so many young students, when dealing
with informational text, appear to be insensitive to informational text structure and,
therefore, have difficulty with comprehending this type of text (Pearson & Duke, 2002;
Taylor, 1982; Williams et al., 2007).
Research Questions

This study sought to explore how an increased awareness and understanding of
the cause/effect text structure affect students’ comprehension of science content. To that
end, two of the questions guiding this study were

1. What effect does explicit instruction designed to enhance students’ awareness

and understanding of expository text structure (e.g., cause/effect) have on

students’ learning in science?

2. What effect does this instruction have on students’ ability to identify and use

this text structure?
A third question investigated my experience, as the classroom teacher and researcher,
while implementing this instructional program. The hope was that this exploration would
provide a better understanding of a teacher’s thinking as new instructional practices were
adopted:

3. What changes in teacher belief and instructional practice occur as a result of

developing and implementing an integrated science and literacy unit that

explicitly teaches text structure awareness as a means of enhancing students’

science content knowledge?



CHAPTER 2
LITERATURE REVIEW

Recent calls from scientists, educators, public figures, and other policy makers are
for the school curriculum to reflect the real-world needs of students within a society
increasingly impacted by science and technology (Lang, Drake, & Olson, 2006). Amidst
responses to these petitions to reform science education, a number of researchers have
begun to examine the links between science and literacy. Much of this research suggests
that because language and science are inextricably interrelated, understanding the
connections between them may enable educators to improve the quality of science
teaching and learning and reflect the needs of students (Norris & Phillips, 2003).

This study is grounded in the current literature on these important links between
science and literacy and will draw upon two main bodies of research: that which
describes the history of science education reform and the literature that explicates what is
known about linking science and literacy. More specifically, the contents of this literature
review will focus primarily on (a) the current science education reform movement, which
emphasizes the development of scientifically literate individuals; and (b) the key factors
and issues related to improving the quality of science education through integrating
science and literacy.

The History of Science Education Reform

The period of 1910-2009 represents a century of ever-changing landscape of
science education reform (Hurd, 1998). The United States alone has seen three major
science reform movements in an effort to change the way science is taught in schools so

that students can acquire essential scientific knowledge (Hurd, 1998; Shamos, 1996).



Speaking of this period of time, DeBoer (1991) writes, “Science has come to be viewed
as a fundamental aspect of our culture, and is, therefore, an essential part of the
curriculum” (p. 216). The following paragraph will briefly introduce each of the three
major science education reform movements that have occurred in the United States. Each
will then be reviewed below in greater detail.

Science initially became part of the general education of most high school
students in the United States during the 19" century due to urgings from scientists. The
main goal of this first reform effort was to develop scientific habits of mind in students
(DeBoer, 2000; Shamos, 1996). Later, after World War 11, largely because of personnel
shortages in scientific, technical, and industrial fields, the importance of science in the
school curriculum once again became a major focus (Hurd, 1998). At this time, a massive
curriculum reform effort began, which included scientists and university faculty rewriting
curriculum and textbooks so that students with the most promising futures in science
would receive the instruction needed (DeBoer, 2000). The focus was on science to
develop scientists. This curriculum, however, was viewed by many teachers as too
difficult for most students and was, therefore, not fully implemented in the schools (Yee
& Kirst, 1994). This second reform movement soon came to an end when it was realized
that academic performance in science as a nation began to fail (Shamos, 1996). As a
result of this awareness, the National Science Foundation Advisory Committee for
Science Education proposed that science should not only be for the elite few, but for all
citizens (Hurd, 1998). Thus, the most current reform movement in science education has

come to be known as the era of “scientific literacy” (AAAS, 1995; Shamos, 1996).



The first reform, beginning in about 1910 and lasting until the post-World War Il
period, was brought on by urgings from scientists themselves. Their main desire was to
develop ways of thinking in students that mirrored the way scientists thought about the
natural world (DeBoer, 1991). They emphasized the importance of providing this broad
understanding and the way that it affected people’s personal and social lives (DeBoer,
2000; Shamos, 1996). Although these efforts did not result in completely changing the
scientific habits of mind in students, they did result in science becoming a part of the
general education of most high school students (Shamos, 1996).

Following World War 11 (in the late 1940s and early 1950s) and extending to the
early 1980s, the second reform movement in science education was brought on as the
United States moved into an era that was increasingly dominated by science and
technology. With dramatic changes in society resulting from the devastations of World
War I, followed by the successful launch of Sputnik I in 1957 by the Soviet Union, the
impact on the social, economic, and political foundations of the nation triggered what
came to be known as the Curriculum Reform Movement or Alphabet Soup Era (Bybee,
1997; DeBoer, 2000; Hurd, 1998; Yee & Kirst, 1994) because many curricula were
developed and were known by their acronyms (e.g., SAPA and SCIS).

Up until the 1950s the school curriculum had traditionally been controlled by
individual school systems in response to the perceived needs of the local communities
(Yee & Kirst, 1994). However, after the devastations of World War Il and the perceived
drain of science talent, national government agencies and policy makers argued that
science education in the United States was in great need of modernization; curricula and

textbooks needed to better reflect science as seen through the eyes of professional



scientists (DeBoer, 1991; Shamos, 1996). These ideas triggered a major curriculum
reform effort, which included reaching a consensus on what promising students needed to
know in order to develop into the scientists of the future (DeBoer, 2000). The new
curricula were created primarily by scientists and university faculty in order to provide
science teachers with the most current content and pedagogy (Bybee, 1997). These
curricula received little or no input from K-12 classroom teachers. Moreover, they were
designed to be “teacher proof,” meaning that teachers were to act as the transmitters of
the scripted curriculum (Yee & Kirst, 1994) and, therefore, could not “mess them up”
(Yager, 1992, p. 905). However, although pleasing to the scientific community, this effort
seemed to run out of steam in the late 1970s due to limited teacher implementation. As a
result, this reform effort had only marginal effect on teacher practice or student
achievement (Shamos, 1996).

By the mid 1980s, a more critical look into the trends of public education revealed
that the average science proficiency among students was below that of students in the
1970s (AAAS, 1995) and had fallen below that of students in many other industrialized
nations. As a result, scientists, educators, public figures, and other policy makers issued a
third call for changes in the way science is taught in schools, including a major change in
focus relative to which students should be targeted during science instruction. The
Curriculum Reform Movement had emphasized curricula focusing on science for
students with abilities that suited them for the most promising careers as future
scientists—*science for scientists” (DeBoer, 1991; Duschl, 1990). In contrast, this latest
and current reform movement in science education focuses on all children, not just a

select few, with the overarching goal to develop a scientifically literate population



(AAAS, 1995; Southerland, Smith, Sowell, & Kittleson, 2007; Yore, Bisanz, & Hand,
2003). This reform effort has come to be known as the era of “scientific literacy” (AAAS,
1995; Shamos, 1996).
The Nature of Scientific Literacy

Reform initiatives continue to claim the term “scientific literacy” as one of the
greatest desired outcomes of student learning. However, from the 1950s up until today,
this term has defied precise definition (DeBoer, 1991, 2000; Norman, 1998; Shamos,
1996), an issue that complicates reform efforts. The term was first introduced in the late
1950s by Conant in the book General Education in Science (1952) as World War Il came
to a close (Shamos, 1996). At that time, scientific literacy was associated with science
policy and meant “an ability to cope with the societal implications of science, from
understanding what science does to exercising control over it” (p. 46). Gradually,
however, the educational community expanded the definition of the term “to describe a
familiarity with science on the part of the general public” (DeBoer, 2000, p. 582). This
meant that the responsibility of science educators was to provide to all students “a broad
understanding of science and of the rapidly developing scientific enterprise whether one
was to become a scientist or not” (p. 586). Researchers (DeBoer, 2000; Lang et al., 2006)
agree, however, that without a consensus concerning the meaning of this broadly defined
term, “science reform becomes a vague notion at best” (DeBoer, 2000, p. 582).

Despite the attention that has been given to science education throughout the
years, schools in the United States continue to fail to effectively educate students for a
world that has become so heavily dependent upon science and technology (Aldridge,

1992; Berry, Champagne, Penick, Raizen, Weiss, & Welch, 1988; Eisenhart, Finkel, &



Marion, 1996; Lang et al., 2006; Shamos, 1996; Yee & Kirst, 1994). There are an
alarming number of young Americans who are not prepared to work in, contribute to,
profit from, and enjoy our technological society as a result of an insufficient grounding in
mathematics, science, and technology (NSF, 1983). Indeed, it has been suggested that
students even “lack sufficient knowledge to acquire the training, skills, and understanding
that are needed today and will be even more critically needed in the 21% century” (NSF,
1983, p. 19). Concerning this trend, Berry et al. (1988) stated,

Because elementary science instruction tends to be weak, many students—

especially those in less affluent schools—are inadequately prepared for middle

school science. The failure they experience in middle school may convince these
young people that they are incapable of learning science, thus contributing to the
low enrollments observed in high school science courses. Unless conditions in the
nation’s schools change radically, it is unlikely that today’s 9 and 13 year-olds

will perform much better as the 17 year-olds of tomorrow. (pp. 6-7)

A number of researchers have begun to explore possible factors that have
contributed to our nation’s failure in science education and have found considerable links
between science and literacy (Norris & Phillips, 2003; Osborne & Wittrock, 1983). These
researchers conclude that because understanding science concepts and communicating
about science requires the use of language, understanding the connections between
science and literacy may enable educators to improve the overall quality of science
education. For example, Yore, Bisanz, and Hand (2003) argue that the quantity and
quality of oral interactions in science classrooms are typically low and unfocused and that

this may be a major contributor to students’ inability to learn science effectively.
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Wellington and Osborne (2001) agree that the connections between language and science
learning are critical, claiming that “for many pupils the greatest obstacle in learning
science—and also the most important achievement—is to learn its language” (p. 3). Yore
and Treagust (2006) have also argued that the educational systems of today do not place
sufficient emphasis in the science curriculum on students’ cognitive tools and
communication abilities, which would aid students in maintaining and renewing their
science knowledge after leaving the formal education system.
The Literacy Component of Scientific Literacy

In the English language, the term “literacy” is understood in two distinct ways.
In one sense, Norris and Phillips (2003) propose, literacy refers to the ability to read and
write. In the other sense, “literacy means knowledgeability, learning, and education” (p.
224). They go on to argue that “The two senses are related. A person can be
knowledgeable without being able to read and write: individuals can learn much by trial
and error, word of mouth, and apprenticeship” (p. 224). In applying the definition of the
term “literacy” to a certain disciplined body of knowledge such as science, however, the
link between knowledgeability and the ability to read and write becomes tightly
connected (Norris & Phillips, 2003). Thus, scientific literacy entails communicating and
knowing science in both a “fundamental” and “derived” sense. The fundamental sense
refers to being able to communicate (read, write, speak, and listen) in science, where
comprehending, interpreting, analyzing, and the critiquing of differing forms of text are
of great importance. In contrast, the derived sense is defined as being knowledgeable,
learned, and educated in science. This aspect of the definition of scientific literacy

involves more than just knowing facts and vocabulary; it also means that one understands
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the processes of science, the nature of science, and is able to make meaning of the body
of scientific knowledge (Lee, 1997).

Scientific literacy, then, is not simply being able to read and write about science,
nor is it only about memorizing the vocabulary of science. Rather, for students to achieve
scientific literacy, “they must not only learn and remember what science texts say by
decoding the words and locating information in them, but also develop the ability to read
those texts from a theoretical perspective” (Norris & Phillips, 2003, p. 235). In addition,
students must be able to gather meaning based on this theoretical perspective from verbal
concepts, mathematical relationships, and visual representations (Lemke, 2004; Norris &
Phillips, 2003; Yore, 2004). In essence, scientifically literate individuals not only possess
knowledge about scientific principles and concepts, but they have the ability to use their
knowledge in varied contexts and for worthwhile purposes (Eisenhart et al., 1996).

One who is unable to communicate within the discipline of science (the
fundamental sense of scientific literacy) may find that his or her depth of scientific
knowledge, learning, and education (the derived sense of scientific literacy) is limited
(Norris & Phillips, 2003). Indeed, the idea that reading is just an ability to decode words
properly is an all-too-simplistic view in that just decoding the words does not entirely
yield complete comprehension of what is read (Norris & Phillips, 2003). Rather,
understanding text also requires an active construction of new meanings and an ability to
use comprehension strategies to aid in the reading process for a more complete
understanding (Block & Pressley, 2002). Therefore, Norris and Phillips (2003) propose

that “the fundamental sense of literacy is central to scientific literacy” (p. 224).
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Linking Science and Literacy in School

Reading and writing in school are “both embedded in and integrated with learning,
using, and talking about specific content” (Gee, 2004, p. 13). In essence, as students read
and write texts in different disciplines, they are exposed to the social and academic
languages used within each subject, which potentially increases their content knowledge
and heightens their awareness of how discipline-specific texts are created (Moss, 2005).
Thus, achieving success in specific content areas relates to the learner’s ability and
willingness to cope with these social and academic languages as well as his or her ability
to comprehend the texts used within each subject (Williams et al., 2004).

It is through language that the nature of science and scientific inquiry is
communicated (Yore, 2004, p. 72). Thus, comprehending the language of science is
critical and requires an understanding of how science text (both written and spoken) is
organized. In looking at skills or strategies that students might use to allow them to
negotiate this discipline-specific type of text, researchers have begun to examine the
influence of text structure awareness (Alvermann et al., 2004; Dickson, 1999). This
research suggests that instruction that focuses on helping students become aware of the
way text is organized or structured is effective in improving their ability to comprehend
informational text.

The Challenges of Text Structure

Stories, textbooks, and informational books all have something in common: the
authors of these texts do their best to organize their writing in ways that readers can
easily understand. These authors organize their writing by choosing a text structure (the

way an author arranges information in a text) that best matches the content they wish to
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convey to readers (Alvermann et al., 2004; Dreher & Singer, 1989; Hall, Sabey, &
McClellan, 2005b). Sometimes, for example, if an author wishes to tell a story, he or she
may choose to write using a narrative or story structure (e.g., setting, characters, problem,
solution, and outcome). At other times, however, an expository (informational) structure
(e.q., cause/effect, problem/solution, compare/contrast) is chosen because the author may
feel that it is the most effective way to communicate the content or ideas (Alvermann et
al., 2004).

Narrative text (e.g., stories, fables, fairy tales) is organized according to a
sequential pattern of events that consistently follows the conventions of story grammar
(setting, characters, problem, solution,