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Abstract

The purpose of this descriptive study was to determine the textual characteristics
of junior high science textbooks, focusing on text type, truth status, metalanguage use,
scientific status and role in scientific reasoning. Two textbook series were selected for
analysis. Samples, representing ten percent of a life science and a physical science unit,
were randomly selected from each textbook and analyzed. Popular reports of science
were similarly analyzed to provide a comparative base.

The general findings are: (1) the text type is overwhelmingly expository with no
evidence of argumentation; (2) both forms of scientific writing are largely written as
“true,” but textbooks present scientific knowledge as less textured and more “true”; (3)
textbooks have only one-third the metalanguage use of popular reports of science; and (4)
the majority of statements are facts or conclusions. The differences found between the

two forms of scientific writing are discussed in light of the goal of scientific literacy.
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CHAPTER ONE

Purpose of the Study

Textbooks continue to play a fundamental role in science classrooms, often
determining the science curriculum and dictating the mode of science instruction.
Teachers rely on the student’s ability to read and construct meaning from the textbook in
order to gain understanding of science. Thus, science reading is a crucial part of the
development of scientific literacy. Reading of science also provides the most likely
avenue through which adults can continue to learn science and remain scientifically
literate. Yet, research indicates that students, having completed high school, have
difficulty accurately interpreting aspects of science texts (Norris & Phillips, 1994a). This
paper will consider the question, “If science textbooks are the fundamental tool used in
training students to read science text, are there characteristics of textbooks that might
hamper the student’s ability to construct meaning and develop an appropriate
understanding of the knowledge, nature, and processes of science?”

The study is focused specifically at the junior high school level because it represents
a crucial transitional stage in the education system, especially in the area of science. In
the age range of 10 — 14 years, important conceptual foundations for learning science are
established. Students become abstract thinkers and begin to construct initial mental
models of major science concepts (Glynn & Takahashi, 1998). As well, as students
prepare to enter senior high school, they must make many important decisions concerning

their education. For some. their decision will be to discontinue formal education entirely



as they drop out of school. For most, however, the key decisions to be made involve
determining the number and type of courses to take and their career paths. It is at the
Junior high school level that many students lose interest in science or develop the view
that science is too hard. These students choose to pursue a minimum number of science
courses or limit their science exposure. For example, biology and earth science, being
more descriptive and less mathematical than chemistry or physics, have traditionally been
the courses of choice for students wishing to satisfy a science requirement with the least
risk to their grade average (Shamos, 1995). If the education system is to provide the
basic skills and knowledge needed for all students to become scientifically literate, which
is a fundamental goal of science education, junior high school needs to become a focus.
The specific questions addressed in this study focus on the following textual
characteristics: text type, truth status, scientific status, and role in scientific reasoning. A
discussion of each textual characteristic follows separately. Included is a brief
description or definition, the findings within science education research that motivates its

investigation, and the specific question to be addressed.

Text Type

Texts often are placed into four categories: narrative, descriptive, expository, and
argumentative (Moore, 1988). These text types will be explained more fully in Chapter
Two. Different types of texts have different structural, lexical, semantic, and syntactic

features and make distinct demands upon readers as they interact with the text in order to
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construct meaning. The text type impacts the readers’ cognitive processing and learning
(Brewer, 1980; Flood, 1986; Spiro & Taylor, 1987). It is suggested that differences in
text type also result in differences in students’ declarative, procedural, conditional, and
metacognitive knowledge (Craig & Yore, 1995).

Science writing is a mix of the four types of text. Science generally describes and
explains patterns of events that are not part of normal daily discussions. Science writing
utilizes unique combinations of semantics, lexicon, syntax, and logic that influence
comprehension (Yore & Shymansky, 1991). Science text often has terse expository
patterns written in a relatively complex style, using many unfamiliar conceptual and
process words (Holliday & Braun, 1979). In addition, students do not seem to know how
to read and study expository text effectively (Armbruster, 1991; Baker, 1991). Both
adults and children tend to have greater difficulty understanding expository text, such as
science reading, than narrative texts, such as novels. Norris and Phillips (1994a) also
found that students were not adept at using the metalanguage of science, such as
“justification,” “evidence,” and “conclusion,” to interpret the argumentative structure of
science. Yet, exposition and argumentation are fundamental to the epistemic nature of
science.

Given the unique demands of text types, the study will investigate the text types
used in textbook presentations of different branches of science. Based on research
findings, to be described in chapter two, and my exposure to science textbooks while
teaching junior high science, [ expect physical science topics to be largely expository and

life science topics to be largely narrative. with some descriptive text in both. I also



expect to find very little argumentative text in either branch of science, but especially life
science topics. The study addresses the following question:
1. In junior high school science textbooks, what proportion of physical

science and life science topics are written using expository, argumentative,
descriptive, and narrative text?

Truth Status

Scientists make judgments of truth that are fallible and assert statements with
different degrees of certainty, from complete uncertainty to certainty. Even when
statements are declared to be certain, this declaration is taken as fallible. Research has
found that students have difficulty accurately assessing the expressed certainty of science
writing. Norris and Phillips (1994a) asked students to answer questions on popular
reports of science in which the statements presented a wide range of certainty. The
results indicated that students have a certainty bias, interpreting statements as being more
certain than their authors had written them.

Shamos (1995) contends that there is a popular belief that scientific judgments are
black or white and that science deals with hard facts, logical reasoning, and unequivocal
judgments. One possible explanation for such a view is that it is a product of science
education programs. Students are being trained to view science as truth. [t has been
argued that school textbooks create a context in which scientific phenomena are
presented as facts or unshakable truths (Koulaidis & Tsatsaroni, 1996; McGinn & Roth,

1999). Limited by time and student interest, textbooks present conclusions without proof



and imply that statements are to be accepted without question (Shamos, 1995). This
study investigates the following question:

2. On a five-point scale, from “false” to “true,” what proportion of statements
in junior high school science textbooks fall in each category?

Taken in their entirety, even statements that express doubt are presented as true. For
example, consider the sentence: “It may be that all living things have built-in clocks.” i
is true that all living things may have built-in clocks, but the writer is not attempting to
portray a mood of certainty or truth, but one of uncertainty. The writer is expressing
uncertainty about the fact that “all living things have built-in clocks.” In this study,
statements will be extracted from the text such that they will be in indicative mood and
that modalities and intentionalities will not be indicated explicitly. For the example, the
extracted statement would be “all living things have built-in clocks.” The truth of this
statement is presented as more uncertain. Extracting statements in this way, it is my
expectation that the vast majority of statements in the junior high science textbooks will

fall in the top category, “true.”

Metalanguage

Scientific knowledge is structured in the sense that not all scientific statements have
the same epistemic status and role in scientific reasoning. There is an extensive
vocabulary, or metalanguage, which helps indicate the structure of scientific knowledge.
This metalanguage includes terms such as “law,” “cause,” “observation,” “method,”

“justification.” “evidence.” “conclusion,” and so on. The metalanguage of science assists



the reader in determining a statement’s status and role in scientific reasoning and laying a
foundation for the critical interpretation of science text and the construction of meaning.

Textbooks have been criticized for their use of metalanguage. For example,

textbooks often project “theory” as being a fanciful speculation that need not be taken
seriously, which is the very opposite of its meaning in science. [t is important that
textbooks use metalanguage in such a way as to portray an accurate view of the nature of
science and to make the structure of scientific knowledge explicit. This study, then,
addresses the question:

3. Injunior high school science textbooks, what is the frequency per line of
metalanguage use, including such categories as ™ observation,” “method,”
conclusions,” etc.

In chapter three, [ will define the specific range of metalanguage categories to be

examined. [ expect “observation” and “method’ to be widely used.

Scientific Status and Role in Scientific Reasoning

As mentioned earlier, the metalanguage of science helps indicate the structure of
scientific knowledge by revealing the scientific status and role in scientific reasoning of
the statements made. Norris & Phillips (1994a) found that students did not accurately
interpret several aspects of the underlying structure of science and the implied authorial
intentions in popular reports of science. For example, students had difficulty identifying

statements of causation, justification, and evidence. Students were also less able to infer



the role of statements in scientific reasoning when contextualized interpretation on the
basis of perceived relationships among statements was required. One possible
explanation is that students have not been taught to interpret the semantic or logical
connections in science text, a skill that is key to scientific understanding.

Textbooks have been criticized for their poor distinction of scientific status
statements. They conflate observations, inference, and theory and present information as
if it were final, immutable truth that has come out of nowhere (Lemner & Bennetta, 1988).
Thus, both students’ tendencies to overestimate the truth of scientific statements and their
inability to identify and connect statements of scientific status may be a result of
exposure to science textbooks that poorly portray the structure of scientific knowledge.
The fact that students have difficulty differentiating particular aspects of the structure of
scientific knowledge (causation, evidence, justification, and conclusions) raises an
additional question:

4. In junior high school science textbooks:

A. what proportion of the text reflects various types of scientific status

statements?

B. what proportion of the text reflects statements playing various roles in
scientific reasoning?



CHAPTER TWO

Review of Related Literature

The purpose of this chapter is to review the literature pertaining to the role
of textbooks in the development of the student’s ability to read and accurately
interpret science text. [t begins with a discussion of scientific literacy, the primary
goal of science education today, and then discusses aspects of text structure and
organization that impact reading and understanding. Particular attention is focused
on text types and the structure and organization of science textbooks. The
importance of science textbooks, both as the primary instructional tool in science
classrooms and as the student’s principle source of science reading, is also
highlighted.

In the ideal, when science text is written, the author intends for the reader to
obtain a particular meaning and understanding which is scientifically accurate. An
important part of reading is the recognition that there is an intended meaning and
the use of print cues and context to infer this meaning. Thus, a discussion of
meaning, both literal and inferential, is included. Reading, however, is a
constructive process in which both student and textual characteristics come into
play. If print cues are inaccessible, ignored, or absent, students may construct a
meaning that is scientifically incorrect.

Students may have difficuity inferring the pragmatic meaning of a text if print

cues are limited or absent. Pragmatic meaning refers to the meaning in relation to the



intentions of the writers and the context of language use. An important print cue in
science is the use of metalanguage, such as “observation,” “conclusions,” and “method.”
Metalanguage is especially important in assisting in the identification of a statement’s
scientific status and role in scientific reasoning. If metalanguage is limited, absent, or
inaccessible to the student, the construction of scientifically accurate interpretations will
be difficult. This study examines the metalanguage, the scientific status of statements,
and the role in scientific reasoning of statements presented in textbooks. Thus,
metalanguage, scientific status, and role in scientific reasoning are all pertinent topics to
be reviewed.

Print cues may also be inaccessible to the students because they are unfamiliar
with the text type or the text structure being used to present the information. The text
structure and organization used in science textbooks have implications for science
reading. Finally, students may ignore print cues if they point to a meaning that
contradicts their present knowledge and views. For example, when scientific text is
presented as uncertain, it has been found that students interpret the information as being
certain, despite the print cues that would indicate otherwise. Students’ seem to have a
view of science as being certain truth that overrides the print cues provided. Recognizing
the textbook as a key source of prior knowledge concerning science, this study examines
the truth status of science presented in textbooks. Thus, a discussion of truth status is

included.



Scientific Literacy

I will discuss three aspects of scientific literacy. First, I will highlight scientific
literacy as a principle goal of science education. Second, [ will examine many
definitions proposed for what scientific literacy is. Finally, [ will show the significant
connection between science textbooks, the focus of this study, and the goal of scientific

literacy.

Scientific Literacy as a Goal of Science Education

Literacy is considered a necessary condition to functioning effectively as a
contributing member of society. The past few decades have brought tremendous
scientific and technological advancements and have led to an information explosion.
Science has played a role in creating our greatest achievements and our greatest fears.
The pace of technological change is so great that it is difficult to anticipate how best to
prepare students for the future. The certainty that existed in the past, that the education
system was providing citizens with the skills and knowledge needed, no longer applies.
This reality creates new challenges for science education and educational reform (Cross,
1995). In light of this reality, reform proposals have advocated the development of
general, rather than specific, scientific skills, attitudes, and knowledge. Scientific
literacy, then, has become one of the primary goals of high school science education
(Eisenhart et al., 1996; Gibbs & Lawson, 1992; McGinn & Roth, 1999; Norris & Phillips,

1994a; Zimmerman et al., 1998). Science education endeavours to cultivate the desire
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and skills for lifelong leaming in science, rather than solely preparing future scientists for
their careers.

Science is highly valued by our culture (Segal, 1997) and scientific literacy is
viewed as the educational solution to numerous societal problems. These include the low
level of scientific knowledge among members of the population, the poor teaching of
science in schools, the disproportionately low percentage of women and minorities in
many science fields, and the inability of many citizens to use scientific knowledge to
make decisions that affect their lives (Eisenhart et al., 1996). National destiny is seen as
being increasingly dependent on participation in the technological revolution. Science
education, then, is viewed as a national investment for the promotion of a technological
society (Cross, 1995). The students of today will be the citizens of tomorrow. They will
be called upon to make personal, professional, and public policy decisions that require an
evaluation of scientific findings and the ability to separate technical aspects of these
decisions from the political and moral ones (Zimmerman et al., 1998). Science has
played a role in creating problems that cannot be dealt with by scientists alone. The
promise of a prosperous, socially compassionate and responsible democracy lies in the
development of a scientifically literate population (Glynn & Muth, 1994; Rutherford &
Ahlgren, 1990). Ignorance of science and technology has become a self-indulgent luxury
(Bemnstein, 1984).

The fact that there is no single definition of scientific literacy has not lessened its
importance as a central goal of education. Although many definitions have been

proposed, there is remarkable agreement that scientific literacy is a broad and inclusive
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vision, promising widespread use and requiring much more than scientific knowledge in
the formal academic sense (Eisenhart et al., 1996; Shamos, 1995). The goal of scientific
literacy has received unequivocal support, although there are doubts that this goal can be
reached within the present science education curriculum. Reform agendas have resulted
in science education that continues to focus on key concepts and conventional science
practices, but this does not seem to be producing the desired results. Despite the
investment of massive amounts of money, time, and effort, little overall change in
scientific literacy has been found (McGinn & Roth, 1999). Shamos (1995) contends that
the average citizen’s knowledge of science is less today than at any other time since
science became a part of the school curriculum. The depth and breadth of science has
increased so dramatically that the problem of assisting citizens in better understanding
science has become compounded. As well, research has discredited the assumption that
an educational program focused on key concepts and conventional science practices leads
to socially responsible uses of science or to participation by a larger and more diverse
citizenry (Eisenhart et al., 1996). School science is often disassociated from the everyday
experiences of the students, resulting in a lack of appreciation for science or
understanding of science. The education system has been criticized for its failure to keep
pace with:

the nature of contemporary research in science, the increasingly more

holistic view of science, the influence of technology upon science, the

integrated nature of science and technology ... [or] with changes in

society, including how citizens both acquire and use knowledge (Kyle,
1995, p. 1007).

12



If the goals associated with scientific literacy are reached, it will profoundly change the
capabilities of our society. In order to reach these goals, however, the education system
that created the problems must be involved in the solution (Wright & Wright, 1998).
Science education will need the public’s appreciation and support and will need to
establish the importance of remaining literate in science. Kyle (1995) contends that what
is needed is widespread acceptance of the idea that becoming and remaining scientifically

literate is in one’s self interest.

Definitions of Scientific Literacy

As mentioned earlier, there is no single definition of scientific literacy. Suggested
components include the ability and willingness to continue leaming science, the
development of scientific processes and a contemporary view of science and the ability to
communicate ideas to others effectively (Holliday et al., 1994; Sutman, 1996). The
Council of Ministers of Education Canada (1997) have also identified an attitudinal
component as foundational to scientific literacy. Garcia (1985) examined the work of
many science education researchers and organizations to form broad and discrete
categories of scientific literacy for her analysis of the presentation of scientific literacy in
earth science textbooks. This examination resulted in four categories of scientific
literacy: a) The basic knowledge of science; b) the investigative nature of science; ¢) the
thinking process of science; and d) the interaction of science, technology, and society.
These same categories were adopted by other researchers examining the presentation of

scientific literacy in textbooks (Chiappetta et al., 1991: Chiappetta et al., 1993). These
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themes also reflect the most current trends in science education reform as found in
national science reform proposals in the United States, such as Project 2061 and the
National Science Education Standards, in the British National Curriculum, in a number of
Canadian provincial curricula, and in the new Spanish and Danish curricula (Matthews,
1998; Lumpe & Beck, 1996).

Traditionally, knowledge of a wide range of science information has been
emphasized within science education. While this knowledge is still considered
important, the recent reform movement has espoused the view that science subject matter
should be focused on broad themes of science. They argue for greater depth of
understanding of a few key concepts rather than having breadth of coverage with only
cursory knowledge (Lumpe & Beck, 1996). Shamos (1995) argues that “contrary to what
most science educators contend, knowing science in the formal academic sense may not
be a necessary condition to attaining scientific literacy in the social sense. However,
knowing what science is about is prerequisite to such literacy” (p.45). Shamos proposes
a definition of scientific literacy based on teaching science in order to develop
appreciation and awareness of the enterprise rather than for content, focusing on
technology as a practical necessity, and emphasizing the proper use of scientific experts
for the development of social literacy. Based on these ideas, scientific literacy would
mean having an awareness of how the science/technology enterprise works, feeling
comfortable with knowing what science is about, understanding what can be expected
from science, and knowing how public opinion can best be heard in respect to science

and technology.
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Glynn & Muth (1994) also emphasize that scientific literacy is more than just
science knowledge. To be scientifically literate, “students also must have the reading
ability to evaluate the print-based information presented to them and the writing ability to
communicate their thoughts to others and have an impact on their thinking” (p. 1057-8).
Norris and Phillips (2000) agree. They support the view that literacy has at least two
senses, as described by Kintgen’s (1988). In the descriptive sense, literacy refers to the
ability to read and write and in the evaluative sense, literacy refers to the mastery of a
body of knowledge. Norris and Phillips (2000) argue that these two senses of literacy
result in two distinct educational goals for science: the goal of mastering the content of
science and the goal of teaching students how to read and write when the content is
science. The failure to attend to either goal would be a serious loss to science students.
They state that “reading and writing are inextricably linked to the very nature and fabric
of science, and by extension to learning science, ” (p.7) and thus “being literate in science
means being able to interpret accurately scientific text” (p.13). Hanrahan (1997,
December) views science learning as language leaming and science teaching as literacy
teaching. The ability to read, understand, and critically assess material from the various
genres of science literature encompasses the common elements found in definitions of
scientific literacy discussed earlier. Students require knowledge of science information,
the investigative nature of science, the thinking process of science, and the interaction of
science, technology and society. Thus, the skil! of reading and evaluating science text
can be seen as “a valuable capstone index of scientific literacy” (Zimmerman et al.,

1998).
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In their examination of national science reform proposals, Eisenhart et al. (1996)
found remarkable agreement that scientific literacy is a broad and inclusive vision,
requiring much more than a familiarity with scientific facts. The image of scientific
literacy implies the ability to act, using scientific knowledge and ways of thinking for
individual and social purposes. In fact, a recent document released by the National
Academy of Sciences, providing national standards for K-12 science education, defines
scientific literacy in terms of what a scientifically literate person is capable of doing.
These abilities include being able to: describe, explain, and predict natural phenomena;
read, with understanding, scientific articles in the popular press; and consider the source
and methodology by which scientific information is generated in order to evaluate the
quality of the information (Hinman, 1998). Glynn and Muth (1994) argue that “without
scientific literacy, it is difficult to make informed decisions about the interrelated
educational, scientific, and social issues that one confronts every day” (p. 1057-8).

The framers of the national standards expect that successful implementation of the
standards will result in the development of attitudes and skills all students will need for
success in life. Students will develop the skills needed to connect abstractions with the
concrete world. They will take ownership of their learning, incorporating what they
learn into everyday skills. The central strategy for bringing about these changes is to
engage students in meaningful inquiry (Wright & Wright, 1998). Genuine inquiry
provides the perspective and insights needed to help scientific ideas become part of a
person’s usable knowledge and skills (Newmann, 1991). Inquiry is at the core of science

and, thus, is a central aspect of scientific literacy (Staver & Bay, 1987).
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McGinn and Roth (1999) feel that the implemented changes in science education
have not been successful because they have been built upon mythical views of science
and scientists that have been discredited by recent research. Scientific knowledge is now
viewed as far more complex and tenuous than originally thought. Scientific research and
its products are recognized as situationally contingent achievements, created and used by
heterogeneous groups of people across diverse settings. McGinn and Roth (1999)
emphasize that “science education needs to look toward new educational aims that reflect
the situated, contingent, and contextual nature of science, while also acknowledging the
diverse range of communities and locations where science is created and used” (p. 17).
They see scientific literacy as empowering people to engage in the discourses and
practices of science, which requires an ability and willingness to reflect on the fallible
and contingent nature of science and scientists, the heterogeneity of science, and the
positive and negative aspects of science. Similarly, Hanrahan (1999) makes a case for
seeing literacy as “being willing and able to participate authentically in the social practice
of a particular community” (p.699). In their view, the resuit of implementing such a
vision of scientific literacy would be a critically engaged citizenship who are competently
participating in the many communities where science is created and used.

While the national standards emphasize scientific literacy for all, scholars in the
areas of multicultural education, feminism, religion, environmentalism, and sociology
and philosophy of science have challenged the basic notion of science and the meaning of
scientific literacy. They feel that scientific literacy is generally defined in the Western

science tradition and that this may have serious negative impacts with students from
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diverse cultures and languages. Students from non-Western cultures may have ways of
knowing and thinking that are incompatible with, or even contradictory to, the Western
science tradition and mainstream cultural norms. This makes the challenge of developing
scientific knowledge and habits of mind even greater (Lee, 1997, Matthews, 1998).

Segal (1997) suggests that canonical approaches implicit in authentic school science can
be tempered by framing school science through personal, social, historical and cultural
values. This approach would also provide a broader framework for recognizing the
values of canonical approaches to science.

It is unlikely that one definition of scientific literacy will be agreed upon. Sfard
(1998) suggests the use of metaphors to provide a framework that allows for dialogue
about the differences. He suggests two metaphors of learning that reflect upon the vision
of scientific literacy. The first, learning as acquisition, would suggest that the ability to
access the canonical knowledge of the scientific community is a crucial aspect of
scientific literacy. The second metaphor, leaming as participation, views scientific
literacy as being able to conceive, debate, and communicate ideas about phenomena.
Sfard (1998) emphasizes, however, that the vision of scientific literacy should never rest
upon any one metaphor since “theoretical exclusivity and didactic single-mindedness can
be trusted to make even the best of educational ideas fail” (p. 10).

Eisenhart et al. (1996) argue that, despite disagreement concerning the definition
of scientific literacy or the means by which scientific literacy can be reached, scientific
literacy should remain the abstract image that guides science education reform. They
point out that it sets a high and desirable ideal standard for education. The definition of
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scientific literacy is subject to change since it is a social achievement that varies and
evolves with location, time, and social purposes, but “regardless of definition or
metaphor, the image of literacy suggests the ability to act and the promise of widespread
use” (p. 282). Wright and Wright (1998) emphasis that a clear vision is needed of what
scientific literacy means and what it will look like when it is reached. Otherwise, “[if]

the vision is not clear, the implementation will fail” (p. 125).

Scientific Literacy and Science Textbooks

Scientific literacy has become the fundamental goal of science education. It
guides and directs science education and also the development of teaching tools, such as
science textbooks. Most of the textbooks being introduced into science education now
state that scientific literacy is a major goal. For example, this study focuses on two junior
high school science textbook programs: Science Directions (1991) and SciencePlus
Technology and Society (1989). Both of these textbook programs, which include
textbooks for Grades 7-9, have been written with the goal of scientific literacy in mind.
Although SciencePlus Technology and Society (1989) does not explicitly state that
scientific literacy is its guiding philosophy, it does state that it “supports the aim that all
individuals should be able to play an active role in science and technology, and that all
students should find science valuable and enjoyable” (p. vi). These are key components
of proposed definitions of scientific literacy. Science Directions (1991) more explicitly

states the importance of scientific literacy to the development of the program:
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Science educators all over the world are being challenged to

rethink the goals, purposes, and processes of science teaching. The

importance of scientific literacy for all citizens has become increasingly

clear...Science Directions responds to these new challenges. .. Science

Directions provides a balanced approach to science by emphasizing three

important goals of science education in each book. Some units

concentrate on the nature of science and science processes. Others place

their main emphasis on the relationship between science and technology.

And still others expose students to science-technology-society (STS)

understandings (p. ix)

The science textbook remains the fundamental tool used in science education.
Textbooks shape the curriculum and the mode of instruction, and affect the students’
perceptions of the scientific enterprise. The textbook provides a blueprint from which
students develop their views of science and technology. Therefore, textbooks are a
critical factor in the development of scientific literacy. It is important that textbooks
accurately reflect the themes of scientific literacy that are believed to be important.

Many commercially available textbooks have been criticized for their presentation
of the scientific enterprise. For example, many textbooks present science as a complete
body of information that was derived in an errorless manner (Chiappetta et al., 1991).
Some textbooks focus on science as a body of knowledge, to the near exclusion of themes
such as science as a way of investigating, science as a way of thinking, and the
interaction of science, technology and society. These textbooks hinder, rather than aid,
the development of scientific literacy. A well-written textbook, however, can familiarize
the student with the conceptual relations that form the basis of real scientific expertise
and understanding, leading to scientific literacy. Glynn & Muth (1994) note that

“students who are learning constructively will challenge the science text they are reading
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or writing, struggle with it, and try to make sense of it by integrating it with what they
already know” (p. 1060). Being able to read and understand the science textbook, then,
is a critical part of being scientifically literate.

Science textbooks also provide the avenue for continued life-long leamming in
science. Upon completion of formal schooling, individuals will only be able to keep
abreast with the constantly changing world of science through the processes of reading
and writing, as they interact with all types of print, from textbooks to computer screens
(DiGisi & Willett, 1995). Leaming from traditional and electronic scientific texts is an
important method of achieving and maintaining scientific literacy (Yore et al., 1998).
Developing a fundamental grasp of reading and understanding science text is a critical
part of enabling people to remain scientific literate. The ability to critically evaluate
media reports is crucial to making informed decisions about interrelated educational,
scientific, and social issues (Zimmerman et al., 1998). Thus, the fundamental aspects of
the image of scientific literacy depend on the development of the ability to read and
understand science. The development of this ability, which relies on an understanding
of the structure and organization of science text, begins with formal education and the

science textbook.

Summa
In light of the incredible pace of scientific and technological advancement,
scientific literacy has become the primary goal of science education. Focused on general

knowledge. skills. and life-long leaming of science. scientific literacy for all is seen as
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the best way of ensuring that students have what they need to be successful in the future
and to ensure a prosperous national destiny. Scientific literacy is also seen as the solution
to many of the present societal problems connected with science and science education.
Numerous definitions or components of scientific literacy have been proposed. They
include: a knowledge of broad themes of science; an understanding of the nature of
science and scientific processes; an appreciation of the interaction between science,
technology, and society; a willingness to continue with life-long leaming in science; and
an ability to interpret scientific text and communicate effectively about science.

Scientific literacy is generally viewed as a broad vision that implies the ability to
act and use scientific knowledge and ways of thinking for individual and societal
purposes. The development of scientific literacy is seen as the development of attitudes
and skills needed to succeed in life. Concerns have been raised, however, that scientific
literacy has been defined in such a way as to alienate students of non-Western cultures
and languages, thus limiting the likelihood of reaching the goal of scientific literacy for
all. As well, significant changes to the present science education system appear to be
needed in order to reach the goal of scientific literacy. Although there is disagreement
about the specifics of what scientific literacy entails, there is little argument about
whether or not it should be the vision that guides science education reform.

Textbooks are a critical factor in the development of scientific literacy since they
are the fundamental tool used in science classrooms, shaping the curriculum and the

mode of instruction. Being able to read and understand science textbooks is crucial. It
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assists students in becoming scientifically literate. It also provides an avenue by which
people can become life-long leamers of science and remain scientifically literate.
Given the profound influence that textbooks have, it is important that textbooks
be examined and evaluated before being used. Textbook analysis has become a
significant area of educational research. This study examines two junior high school
science textbook series — Science Directions and SciencePlus Technology and Society -
which are the textbooks of choice for several provincial science curricula in Canada. It
examines the text structure and organization, which can have a profound effect on a
reader’s ability to leamn from science text and affects the likelihood that the goal of

scientific literacy will be reached.

Text Structure & Organization

Text organization includes the purpose of materials, the arrangement of ideas, and
the choice of rhetorical patterns utilized to show relations between ideas. Text
organization encompasses characteristics of the text such as cohesion, explication,
conceptual density, metadiscourse, writability, and instructional devices (Barba et al.,
1993; Spiegel & Barufaldi, 1994). Organizational relations are expressed through
content words and organizational devices, such as levels of headings.

Text structure and text organization have a great impact on the reader’s

comprehension. The features of the text can affect the degree to which readers engage in
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cognitive processes needed for meaningful learning (Mayer et al., 1995). A reader’s
interpretation can be triggered by the overall text structure and by language cues
embedded in the text. Good readers pay attention to hierarchical text structure and
passage organization to learn from text (Alexander & Kulikowich, 1994). Recent studies
suggest that as students read text they must organize the ideas in a logical fashion.
Students either choose the structure employed by the author or impose one of their own.
Ideally, the text introduces an organizational structure that is understandable and usable
by the student and improves on the explicit structure in the student’s mind. Science
content is most efficiently stored in memory when the writer’s organizational structure is
used by the reader (Glynn & Muth, 1994; Holliday & Braun, 1979).

An important part of a text’s structure and organization is the text type utilized.
In this section, a discussion of the types of text and their characteristics is included.
Science textbooks present a unique combination of text structure and organization, thus
creating unique challenges for the reader. This section also includes a discussion of the
characteristics of science textbooks and the implications of the structure of science

textbooks for the reading and understanding of science.

Text Type

Text types represent groupings of texts that are similar in linguistic form or
pattern, regardless of genre (Paltridge, 1996). There are four general types of text.
Exposition presents facts or explains why something is important, how something works,

or what something means. The purpose of exposition is to inform the reader. For
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example, science text that explains how the principle of electromagnetic induction is
involved in a motor or generator would be expository. Argumentation uses information
to support or test a belief for the purpose of convincing the reader. For example, research
findings can be presented that suggest a negative impact on the environment due to
increasing pollution levels and the greenhouse effect. This information can be used to
convince people of the need for concem about global warming and to take appropriate
measures to reduce pollution levels. Narration relates action or tells some kind of story
as it chronicles an experience or series of events. A science text that chronicles the life
and research of a scientist would be an example. Description provides visual details that
enable the reader to see an object, person, or scene as the author has seen or imagined it
(Moore, 1988). For example, a description of the model of the atom could assist students
in their understanding of the chemical interaction of matter. An extended text may utilize
more than a single type of text. For example, description is often an important part of a
narrative. Different text types also have identifiable rhetorical structures. For example,
text structures of exposition can include time order, collections of descriptions,
comparisons, cause and effect, problem-solution, general-particular, matching-contrast,
and hypothetical-real texts (Paltridge, 1996).

A difference in text type can have a significant impact upon readers’
understanding of the text. For example, narrative and expository texts have different
lexical, semantic, and syntactic features that place different demands upon readers as they
construct meaning (Craig & Yore, 1995). The purpose of the text and the developmental

stage of the reader seem also to be factors in the reader’s understanding of text. Studies
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have shown that high school students have a better chance of leaming counterintuitive
science concepts when they are presented in expository text, while elementary students
seem more willing to give up their personal commitment to an idea when it is refuted in
narrative text (Alvermann et al., 1995). However, it has been found that both adults and
children tend to have more difficuity understanding and remembering expository text
than narrative text (Armbruster, 1991).

It has been argued that students simply do not know how to effectively read and
study expository text (Baker, 1991). One reason is that students do not practice reading
expository text enough, resulting in a lack of experience with expository text
(Armbruster, 1991; Craig & Yore, 1995). Insufficient instruction in how to read
exposition also has an effect, suggesting that explicit instruction in the unique
characteristics of expository text might improve reading effectiveness (Yore &
Shymansky, 1991). In addition, children have difficulty reading expository text because
they are unaware of text structure and organization. The text structures used in
narratives, such as the use of vigorous active verbs and chronological order, are generally
familiar to readers. The text structures of narration, however, differ greatly from those in
exposition. With exposition, readers more frequently fail to grasp the gist of the text or
the relationships between the ideas presented. Awareness of text structure can help the
reader in the selection of relevant information and building internal connections (Cook &
Mayer, 1988). Research has shown that students who are aware of text structure learn

more from expository text than those who do not (Armbruster, 1991). Thus, recognition
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of text organization is an aid to understanding text and research has shown that the
recognition of text structure can be taught (Speigel & Barufaldi, 1994).

Another reason for students’ difficulties understanding expository text may be a
lack of interest or motivation (Armbruster, 1991). Researchers have found, however, that
improved readability leads to greater interest (Johnson & Otto, 1982). The key, then, is
the students’ development of knowledge and skills for reading expository text. Text
learning is enhanced when students have knowledge of language conventions and
knowledge of text structure. This knowledge can be established through explicit
instruction and experience with expository text. Being able to interpret expository text is
vital to understanding science and depends on an understanding of the assumptions,

norms, and practices associated with exposition.

Science Textbooks

Textbooks play an integral part in science education. In fact, science textbooks
are the ultimate source of science knowledge in many science classrooms (Alexander &
Kulikowich, 1994; Barba et al., 1993; Chiappetta et al., 1991; Shamos, 1995). Textbooks
shape the curriculum and dictate the mode of science instruction to the extent that, in
many ways, they become the embodiment of school science (Chavkin, 1997; Chiappetta
et al., 1993; Eltinge & Roberts, 1993; Glynn & Muth, 1994; Koulaidis & Tsatsaroni,
1996; Meyer et al., 1988; Musheno & Lawson, 1999; Omstein, 1992; Staver & Bay,
1987; Yore, 1991). There is little to indicate that this reality is likely to change. In fact,

the challenges faced by the education system, such as increasing class sizes, decreasing
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budgets for equipment and supplies, increasing safety concemns and aging teacher
populations, will likely contribute to a continued dependence on textbooks (Farragher &
Yore, 1997, Yore, 1991). Studies estimate that as much as 75% of classroom instruction
and 90% of homework is structured around science textbooks (Lumpe & Beck, 1996,
Spiegel & Barufaldi, 1994). Clearly, textbooks profoundly affect the learning
experiences of students and their perception of the scientific enterprise (Chiappetta et al.,
1993; Eltinge & Roberts, 1993; Ormnstein, 1992).

Science textbooks rely more on exposition than most other school reading, which
commonly rely on narration. Science textbooks contain common expository text
structures, such as enumeration, generalization, sequence, classification, and
comparison/contrast. Lack of familiarity with these aspects of science text can make
leaming more difficult. Research has found that even college-level readers do not
possess fully developed concepts for expository text structures, tending to confuse
enumeration, generalization, and comparison/contrast. Readers can, however, leamn to
become more effective processors of scientific text by learning active reading strategies
(Cook & Mayer, 1988). The ability to recognize and utilize text patterns is an important
part of obtaining a sound interpretation of text. Knowledge acquisition, then, depends on
the skills and strategies students use to read and comprehend expository text (Spiegel &
Barufaldi, 1994).

In comparison to other scientific writing, the reading difficulty of textbooks
occupies a wide spectrum between that of popular articles and research papers. All

textbooks. however. have approximately the same educational format. They are designed



to be used interactively and include features to enhance comprehension. Objectives are
clearly outlined and chapter overviews are provided. Textbooks include series of
qualitative and semi-quantitative questions and exercises that assist the reader in testing
his or her knowledge of specific chapter sections. There are also problem sections that
contain series of exercises that span a number of sections and require synthesis of
concepts (Mallow, 1991). Textbooks traditionally use organizational features, such as the
table of contents, chapter titles, section headings, and the use of typefaces and type size,
to guide the reader’s learning (Walpole, 1998). Readers need to use these features as
clues for building an understanding. For example, many students have learned to ignore
headings in narrative text, whose purpose is mainly to titillate, rather than inform.
However, to ignore the headings in science is to ignore the plot of the text itself. The
headings in science text contain accurate, pertinent information, cover all the main points,
and reveal a sequential, unambiguous logic (Young, 1992). For example, text under the
heading “results” would provide a list of observations or findings. Text under the
heading “discussion” would connect these observations to previous findings, make
inferences of relationships, present how the results reflect on the hypothesis being tested,
and discuss the significance of the relationships found to the reader or research area.
Recognition of the unique characteristics of science textbooks can assist students in
developing a better understanding of science.

There are several other features commonly used in textbooks that can assist
readers in their construction of meaning, if used appropriately. One is the presence of

illustrations. Much of science lends itself to visual representation, making illustrations
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essential to the reading process (Mallow, 1991). Research has found that annotated,
multi-frame illustrations greatly improve the understanding of a cause-and-effect system.
Used in this way, illustrations can effectively promote problem-solving transfer. Yet,
despite the devotion of one-third to one-half of the space in science textbooks to
illustrations, many textbook illustrations do not seem to serve an important instructional
function (Mayer et al., 1995). This suggests that modest modifications in the way
illustrations are presented could greatly improve students’ comprehension. Another text
feature commonly used is the analogy. The history of science and science education
illustrates the important role that analogies can play in explaining fundamental concepts.
Analogies continue to be frequently used in science textbooks to help explain points.
Analogies can help students build meaningful relations between their prior knowledge
and a new leaming experience, compatible with a constructivist view of learning (Glynn
& Takahashi, 1998; Iding, 1997). Unfortunately, lacking guidelines for the effective use
of analogies, authors’ analogies are often ineffective and can lead to misconceptions and
confusion. Research, however, has begun to provide such guidelines. Analogies can be
very effective in promoting learning, especially for novices. Analogies used for
instructional purposes usually involve the presentation of an abstract new concept (target
domain) with a concrete, familiar concept (base domain) to help students conceptualize
the new concept. Characteristics of a good analogy include the use of a familiar base
domain, having multiple features of the base and target that can be mapped, and using
features that are similar enough that the mapping can be carried out without confusion.

To avoid misconceptions. the limitations of analogies should always be pointed out
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(Iding, 1997). Providing explicit instruction on the use of illustrations and analogies can
assist students in the effective use of science textbooks and enhance science learning.

Textbooks provide the blueprint from which students construct their initial
understanding of science. As such, it is of vital importance that science textbooks be both
accurate and well written. Many educators, however, criticize textbooks for their
presentation of science. Textbooks often present enormous amounts of information
(Chiappetta et al., 1993; Linn et al., 1989; Omstein, 1992) and in so doing may provide
only a superficial coverage that discourages conceptual thinking, critical analysis, and
evaluation. By its structure, the textbook defines science as a collection of facts, rather
than a dynamic process of discovery and theory generation (Gibbs & Lawson, 1992;
Jabion, 1992; Musheno & Lawson, 1999). Textbooks have also been criticized for
presenting information in a piecemeal, incoherent manner, leaving readers with
inaccurate or incomplete interpretations (Alexander & Kulikowich, 1994). Yager (1983)
reviewed twenty-five of the most commonly used science texts in K-12 classrooms and
found that more new science words were introduced in these texts than foreign language
words introduced in foreign language texts. Scruggs (1988) found the same pattern in
junior high science texts, which introduce as many as 2500 technical terms and
unfamiliar words. Among the corpus of technical terms introduced are many words that
have precise meanings and which differ from those used in everyday speech (Daniels,
1996). This is alarming for educators who are interested in promoting meaningful

learning. Not only does the sheer amount of new information and vocabulary make
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understanding difficult for most students, it especially affects students who are low verbal
learners or have limited proficiency in English (Barba et al., 1993).

Recognizing the significant role that science textbooks play in creating the
students’ views of the nature of science, it is important that textbooks reflect the themes
of scientific literacy that are believed to be important. These include science as a body of
knowledge, science as a way of investigating, science as a way of thinking, and the
interaction of science, technology, and society. Research indicates, however, that large
portions of science textbooks reflect science as a body of knowledge, to the virtual
exclusion of science as a way of thinking and the interaction of science, technology, and
society (Chiappetta, 1993; Hamm & Adams, 1988; Lumpe & Beck, 1996; Staver & Bay,
1987). Discussions of the processes of science and scientific thinking are often limited to
a few pages at the beginning of the book, under the heading of “scientific method.”
Inconsistencies in the definitions and use of terms, such as “hypothesis,” “prediction,”
and “theory,” were found to be common among textbooks, and even among different
sections of the same textbook. This finding is the basis for the opinion expressed by
Gibbs & Lawson (1992) that “if being scientifically literate means understanding how
one does science, we would have to conclude that many authors of introductory textbooks
are scientifically illiterate as well” (p.151).

When present, the four major themes of scientific literacy are presented in
isolation rather than being integrated to display the holistic nature of science (Gibbs &
Lawson, 1992; Lumpe & Beck, 1996). Scientific inquiry is occasionally present in its

most limited form in textbook activities. but the majority of lab activities are simply
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cookbook in nature, and inquiry is absent (Lumpe & Beck, 1996; Musheno & Lawson,
1999; Staver & Bay, 1987). Relying on the presentation made by textbooks, students will
develop an incomplete and inaccurate view of the nature of science. Scientific literacy
depends on having an accurate understanding of the nature of science, which perhaps is
the reason a heavy reliance on textbooks does not appear to produce the desired states of
effective science instruction or scientifically literate graduates (Lumpe & Beck, 1996;
Yore, 1991). Wright and Wright (1998) contend that:

the umverse provides the incentive and inspiration for learning. Self-

discovery and creation build a respect and love for the universe that cannot

be attained by passive activities. We can never destroy what we have

come to love and respect. If we insist on teaching content and do not

include the experiences that build the values of beauty and soul, the

content will not be permanent. There will be little of importance that

remains (p.140).

There have been inconsistent findings concerning science textbooks. Teachers
often express concemn that textbooks are too difficult for their students. Factors that are
believed to have an impact are the state of readiness of the students, their background
experiences, their intelligence and maturity, the readability level of matenials, and the
level of sophistication of the material (Vachon & Haney, 1991). Yet, research has found
that interviewed teachers have described the reading level of textbooks as “about right”
for the majority of the students in the class at each academic level (DiGisi & Willett,
1995). Some studies have found many examples of science textbooks that were not

“reader-friendly”, based on structure, coherence, unity, and audience appropriateness,

while other studies found very few examples of such textbooks. This may be a result of
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the substantial differences in readability, content and pedagogy found across content
domains and between textbook programs (Eisenhart et al., 1996). It is crucial, then, that
science educators evaluate and select science textbooks carefully. There is also evidence
that publishers are making the effort to change textbooks. Many new science textbooks
aspire to match trade book models, as information books have become the fastest
growing new area in children’s publishing. Walpole (1998) examined two textbooks
published by the same publisher, one published in 1992 and the other in 1995. The study
found significant differences in structure and organization between the two texts. The
newer text also asks the reader to do or think something more often, speaks directly with
the reader and directs personal connections and cognitive reflections. In this way, it
encourages the reader to take responsibility for making meaning and integrating text
ideas with prior knowledge. As this is more in line with the interactive-constructive view

of science reading, these changes are encouraging.

Science Reading

The connection between science learning and science reading is a little studied
topic (Yore, 1991; Yore & Shymaasky, 1991) and yet reading is one of the most
frequently used forms of sciznce instruction reported by practicing science teachers
(Craig & Yore, 1995; Yore, 1991; Yore et al., 1998; Yore & Shymansky, 1991). Reading
science text is seen as an essential component of doing science (DiGisi & Willett, 1995).
Students, then, must have the reading ability to interpret the print-based information

presented to them. They also require the reading ability to keep up with changing
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scientific knowledge as they continue their life-long learning of science through science
text. The ability to deal with science-related issues that arise in the future will require
knowing how to read and understand science text. Thus, to be scientifically literate and
to maintain scientific literacy, reading is a crucial life-skill (Gaskins et al, 1994; Yore &
Shymansky, 1991). Scientific literacy cannot occur outside of general literacy since
being able to understand and explain fundamental scientific concepts is central to
scientific literacy and is dependent upon the ability to read science text effectively (Glynn
& Muth, 1994; Sutman, 1996).

An important advancement in science reading has been the reconceptualization of
reading as an interactive-constructive process, recognizing the importance of experience,
language, and thinking. This model is also philosophically compatible with the current
constructivist models of science leamning and current philosophies of science (Glynn &
Takahashi, 1998; Holliday et al., 1994; Stein & McRobbie, 1997, Yore ctal., 1998; Yore
& Shymansky, 1991). Reading is viewed as the active construction of a text’s meaning,
involving an interaction between writer and reader. Both science reading and science
learning, then, are complex undertakings involving the knowledge and interests of the
learner, characteristics of the text, science reading strategies, and the context of the
reading (Alexander & Kulikowich, 1994; Craig & Yore, 1996; Holliday et al., 1994;
Speigel & Barufaldi, 1994; Watters & English, 1995). This dynamic interplay can
change significantly as a function of the scientific domain of study. For example,
students may find biology easier to leamn if they perceive it to be more personally

relevant. This may also explain why many students find biology easier to learn than
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other subjects, such as physics (Alexander & Kulikowich, 1994). Biology is more likely
to be seen as personally relevant.

The text acts as a blueprint, guiding the construction of meaning. It establishes
broad limits of possible meaning, but does not specify a single meaning. The perception,
storage, and retrieval of information are all constructive processes that are influenced by
the students’ expectations, beliefs, values, sociocultural background, and existing
knowledge. Readers actively construct meaning as they access ideas using basic
decoding skills and clues from the text and then interpret these ideas in light of prior
knowledge, environmental clues, and social context (Valencia & Pearson, 1987; Yore &
Shymansky, 1991). Since what students construct determines what they learn, no two
students are guaranteed to learn exactly the same thing when reading a science text
(Glynn & Muth, 1994). Construction of meaning is a personal, internal, mental process
regardless of the information source provided (Farragher & Yore, 1997). Readers, not
texts, create meaning as they negotiate with authors.

What the reader brings to the text is a critical variable in the meaning they
construct, and this depends heavily on the experiences they have had (Alexander &
Kulikowich, 1994; Yore & Shymansky, 1991). The knowledge constructed by children
based on direct experience is frequently inconsistent with the ideas of expert scientists, as
indicated by the vast literature on misconceptions and alternative frameworks. Yet, these
constructions are remarkably consistent, suggesting that they are based on a common
body of observations (Linn et al., 1989; Watters & English, 1995). When real-world

experiences conflict with formal knowledge. it is often the formal knowledge that suffers

36



(Alexander & Kulikowich, 1994). One criticism of print-based science instruction is the
decoupling of sensory experiences and symbolic labeling (Holliday et al., 1994).
Students need to appreciate the connections between the real-world experiences they
have had and the formal knowledge they are expected to know, if they are to confront
their misconceptions and embrace a “scientifically correct” understanding.

Studies indicate that science teachers recognize the importance of science reading
and science reading instruction, and yet few teachers report utilizing activities to improve
the cognitive and metacognitive skills of students (DiGisi & Willett, 1995; Yore, 1991).
Research suggests that middle-school-aged students do not consistently increase their
metacognitive awareness of science reading, science text, and science reading strategies
with further schooling as they do with narrative text (Yore et al., 1998). Whether
explicitly taught or not, these skills are necessary for successful reading.

Assessments suggest that many students have difficulty reading and
comprehending scientific writing. The conceptual density of science text, the prior
knowledge demands, the scientific language, the patterns of argumentation, the canons of
evidence, warrants, and claims, result in a need for a much more deliberate strategic
approach to constructing meaning from science text than from most narrative text (Craig
& Yore, 1996; Yore et al., 1998). Students have been shown to have a range of
misconceptions about the process of reading science. They believe that science
vocabulary is the same as ordinary vocabulary, that one can read science as rapidly as
narration, and that all science reading is of the same sort and at the same level. These

misconceptions ultimately lead to failure to understand scieatific writing and often result
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in science anxiety and avoidance (Mallow, 1991). Myer (1991) contends that some of the
difficulty in reading scientific text is that it is characterized by long noun phrases with
many words readable as either adjective or noun. Scientific writing also does not use
pronouns or replacement for cohesion, making it hard for a non-specialist to follow.
Instead, scientific writing uses repetition as a cohesive device. In this way, the cohesion
and the relation between sentences are implicit rather than explicit. To accurately
interpret scientific text, readers not only need knowledge of the words and the functions
of connectives, but they also need to know lexical relations and the social actions that the
text represents. It is argued that scientific texts must be understood as part of the larger
processes of argument and alliances within scientific communities (Bazerman, 1988).

If leamning from science textbooks is to be meaningful, students need to be aware
of the conceptual relations that form the basis of scientific expertise and understanding
(Glynn & Muth, 1994; Yore & Shymansky, 1991). Students need to learn to challenge
the science text, struggle with it, and make sense of it by integrating the new information
with what they already know. Efficient, successful science readers are ones who possess
knowledge and control of factors related to science reading and science cognition. They
are also aware of science text-related factors, such as what text represents; its purpose,
value, and limitations; its structure; and its features (Craig & Yore, 1995; Walpole,
1998). To ensure optimal leaming, science textbooks must have consistent, predictable,
and familiar structures (Young, 1992).

Science writers need to organize instructional materials in an unambiguous and

coherent fashion. Authors can also assist students in their construction of scientifically
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accurate interpretations by providing more explicitness within the text (Holliday &
Braun, 1979; Norris & Phillips, 1994a). Studies in which the text has been revised to
make it especially well signaled and more explicit, expressly indicating relationships
among ideas, have been successful in increasing student leaming (Walpole, 1998). Yet,
even the most well-written textbooks will be of little advantage if students do not have
the knowledge and skills needed to effectively use the textbooks. Research has shown
that teaching students to recognize and utilize the organization and structure of the text
increases their reading comprehension (DiGisi & Willett, 1995; Omstein, 1992; Spiegel
& Barufaldi, 1994) and the opportune time for explicit reading instruction is the middle
school years (Yore et al., 1998). Students need to learn to read sequentially and to
classify information as textbooks do. For, in the words of Carter and Simpson (1978):

Close examination of reading skills reveals that many are actually inherent

in logical thought, and thus represent some of the most fundamental “tools

of the trade” for scientists. To the extent that our students are good

readers, then, they will have mastered some of the skills necessary for

good science. But, . . . the opposite is also true: to the extent that our

students become proficient in the processes of science, they will also
become better readers (p.19).

Summary

There are four general types of text: exposition, argumentation, narration,
and description. Text type has a significant impact upon readers’ understanding
of text, since each text type places different demands upon readers as they
construct meaning. Exposition appears to be more challenging to readers than

narration. Reasons may include a lack of experience with exposition, a lack of
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interest or motivation, and being unaware of the text structure and organization
characteristic of expository text.

Science textbooks rely heavily on exposition and argumentation, so many
students find it difficult to read and comprehend science text. Science textbooks
also have unique organizational features which readers must use to build
understanding. Science textbooks have become the embodiment of school
science and profoundly affect the learning experience of students. Yet, textbooks
have been criticized for their presentation of science. They present science as a
collection of factual information and technical terms. As well, most do not
adequately incorporate and integrate components of scientific literacy, such as
science as a way of thinking, science as a way of investigating, and the interaction
of science, technology and society. Reliance upon such textbooks could leave
students with an incomplete or inaccurate view of the nature of science, thus
limiting scientific literacy. Since science textbooks differ substantially across
content domain and program, careful evaluation and selection of science
textbooks is crucial.

To be scientifically literate, students must have the ability to read science
text, since science reading is an integral part of science education. As well,
students will need to read science text to keep abreast with the changing world of
science and remain scientifically literate. Reading is an interactive-constructive
process. The reader actively constructs meaning by interacting with the text.

Both characteristics of the reader. such as knowledge. values, and beliefs, and



characteristics of the text, such as structure and purpose, influence the meaning
that is created. To assist readers in their construction of scientifically accurate
interpretations of texts, writers need to organize the text in a coherent fashion,
making the text especially well signaled and explicit. As well, readers need to
have the knowledge and skills to recognize and utilize the structure and
organization of science text.

The importance of science textbooks within science education should not
be overlooked. Science reading is the avenue by which students become, and
remain, scientifically literate. Yet, as mentioned earlier, many students have
difficulty reading and understanding science text. A reason for this is that
students have difficulties in dealing with expository text. Given the unique
demands of text types, this study investigates the text types used by two different
science programs. More specifically, it examines equivalent physical science
topics and life science topics in each program. The purpose of this examination is
to determine the relative amounts of each text type used in life science and

physical science text.

Literal versus Inferential Meaning
One difficulty in discussing literal meaning is that there seems to be little

consensus on how to define it. There are at least five different meanings within the
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cognitive sciences: 1) conventional literality, in which literal usage is contrasted with
poetic usage, such as exaggeration; 2) subject-matter literality, in which certain
expressions are the usual ones used to talk about a topic; 3) non-metaphorical literality, in
which one word or concept is never understood in terms of a second word or concept; 4)
truth-condition literality, or language that is capable of being objectively true or false;
and 5) context-free literality, in which the literal meaning of an expression is its meaning
apart from any context. Some of these definitions of “literal™ are closely equivalent
(Gibbs et al., 1993). Literal meaning, then, appears to be a complex concept. Kintsch
(1994) sees the meaning constructed by the reader as being a two-story structure. The
lower story is built from the words the reader recognizes one at a time and links together
through very simple inferences. This would be suggestive of literal meaning —
information provided explicitly by the words, apart from the reader’s knowledge or
assumptions about the intended meaning. The second story involves the reader
elaborating through additional inferences, drawing on his or her knowledge, and
arranging the information hierarchically. This corresponds to determining the inferential
meaning.

Attending to the literal meaning is an important part of evaluating the
communicative quality of a spoken message. Research indicates that young children, and
those who know the intended meaning of a message, will overlook message inadequacies
and ambiguities. They focus on whether they can construct an interpretation of the
speaker’s intended meaning rather than the literal meaning of the message. In this way,

they overlook alternative interpretations. The ability to attend to literal meaning. then, is
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a crucial part of comprehension monitoring and referential communication (Beal &
Belgrad, 1990; Bonitatibus, 1988). The ability to attend to literal meaning is especially
important in situations where there is a premium in the precise communication of
technically complex ideas, such as scientific discourse.

[t must be emphasized that the context in which a statement is spoken or written is
a vital consideration in determining meaning. It is unlikely that there is any single set of
attributes that uniquely defines the literal meaning in the same way in all contexts (Gibbs
etal, 1993). Austin (1975) emphasizes this point by referring to speech acts, which
include the total situation in which an utterance is made. He notes that the words used
are to some extent explained by the context in which they are spoken. For example, the
word “real” can have many and diverse meaning in different contexts. Therefore, what is
meant “can be decided only by examining the full circumstances in which the words are
used” (Austin, 1962, p. 41).

Although some linguistic expressions seem quite literal, others represent
intermediate degrees of literality. Norris and Phillips (1994b) define reading as inferring
meaning from text, by creating an interpretation through the integration of text
information and reader’s knowledge. There is often more than one adequate interpretation
that can integrate the textual information and the reader’s knowledge into a coherent and
consistent whole. During the process of reading, the reader uses highly reliable
inferences derived from the community of language users, conceming such things as
conventional word meanings. As well, the reader makes less reliable inferences about

aspects such as the-author’s purpose. Norris and Phillips propose that the obviousness of
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meaning be viewed on a continuum, with literal and inferential reading being opposite
ends of the continuum. These varying degrees of obviousness would also be indicative of
varying degrees of inferential reliability.

The pragmatic meaning of text refers to the meaning in relation to the goals and
intentions of the writers and to the context of language use. This can also be referred to
as inferential meaning. As with written text, the primary purpose of spoken language is to
convey a speaker’s meaning to a listener. This intention is often only partially present in
the literal meaning and, in cases such as irony, may be almost totally absent. Thus,
listeners must rely on other information to determine the speaker’s intention (Bonitatibus,
1988). For spoken language, characteristics such as tone of voice, cadence, emphasis,
and non-verbal cues, provide this addition information. These features of spoken
language are not easily reproducible in written language, however. Features such as
punctuation, italics, and word order can be used, but are rather crude devises (Austin,
1975). The reader must infer the pragmatic meaning using the context and print cues of
the text to decide on the authors’ intentions. A central tenet of pragmatic theories of
meaning is that the interpretation of text is only possible by taking into account the
context in which statements are made (Norris & Phillips, 1994a). As well, the
interpretation of text depends upon all that one believes and understands. This includes
understanding the purpose and use of language, which is molded by even more
fundamental epistemological beliefs.

An important component of scientific literacy is the continuation of life-long

learning. For most. reading scientific text will continue to be the primary source of



scientific information and learning after high school graduation. Thus, the interpretation
of pragmatic meaning is a crucial skill if readers are to maintain scientifically accurate
understandings and beliefs. As well, interpreting pragmatic meaning is a basic part of the
critical interpretation of science text. Critical interpretation, also viewed as a goal of
scientific literacy, requires the reader to evaluate the believability of the text. The science
texts used for life-long leaming, such as popular reports of science, are likely to be very
different from the science textbooks used in school. While the believability of science
textbooks need rarely be questioned, the believability of accounts in popular reports of
science must be carefully evaluated. Unless readers can do this, they are unable to think

critically and are not scientifically literate.

Meaning in Science

Although the text acts only as a blueprint, it is important that science textbooks
provide the print cues needed to assist readers in narrowing their construction to that of
the author’s intended meaning. An important type of print cue in science text is the use
of language that enables talk about science. This extensive vocabulary, which [ will refer
to as the “metalanguage of science”, includes terms such as “law,” “cause,”
“observation,” “method,” “justification,” “evidence,” “conclusion,” and so on. The
metalanguage of science lays a foundation for the critical interpretation of science texts.
It highlights the unique characteristics of scientific reasoning. An ability to interpret the
metalanguage of science is crucial to understanding science as a way of thinking and to

achieving scientific literacy.

45



L4

The metalanguage of science reveals the structure of scientific text. Scientific
knowledge is structured in the sense that its statements do not all have the same scientific
status or play the same role in scientific reasoning. The use of metalanguage assists the
reader in distinguishing between the various types of statements, resulting in an accurate
perception of science. The metalanguage of science also reveals the relationships
between these various types of statements. For example, one cannot understand what a
cause is without understanding its relation to an effect.

The epistemic status of scientific statements varies depending on which aspect of
the scientific enterprise is being addressed. To understand scientific research, readers
need to understand how the research was done and what was observed. Scientific
research involves raising causal questions, using abduction to make alternative
explanations, and imagining conditions that allow the deduction of expected outcomes.
When outcomes are gathered, they are compared with expectations and conclusions are
drawn concerning the degree of support the correspondence between observations and
predictions gives to the initial hypotheses (Gibbs & Lawson, 1992). The metalanguage
of science indicates these aspects of scientific research, using words such as
“hypothesis,” “prediction,” “method,” “data,” “observation,” and “discover.” One
purpose of scientific research is to reveal relationships between variables. The strength
of the relationship is implied by the type of scientific statement made. Being able to
distinguish between statements indicating only that two things are related rather than that
one thing causes another is crucial. Metalanguage, such as “cause” and “affect,” assist

readers in making this distinction.



Given the importance of reading science text to the development and maintenance
of scientific literacy, students’ abilities to obtain an accurate interpretation of the intended
meaning of the text is important. A study conducted by Norris and Phillips (1994a)
examined students’ abilities to use the metalanguage of science to infer the scientific role
of statements in the chain of reasoning of popular science reports. Their findings
indicated that, while students were able to interpret the scientific status of statements
taken one at a time, students failed to recognize the implied connections among
statements. Students have also been shown to have difficulty using logical connectives
like “and” correctly, suggesting that this inability would hinder their ability to infer in
science (Daniels, 1996). Since the authors’ intentions are conveyed in how statements
relate to each other, these difficulties in inferring relations are disturbing. Norris and
Phillips (1994a) highlight the need for science textbooks to make the relationships among
the parts of the text more apparent. The ability to see connections is fundamental to
scientific understanding and science textbooks can play a key role in assisting, or
hindering, the development of scientifically accurate views.

It must also be noted that using the metalanguage of science in science text does
not necessarily assist students in their development of scientific understanding.
Sometimes textbooks use metalanguage in such a careless way that it leads to ambiguity,
misinformation, or outright error. Gibbs and Lawson (1992) found that many textbooks
have inappropriate definitions for the term “hypotheses.” Many textbooks also fail to
clearly distinguish between hypotheses and predictions. They leave the reader with the

impression that hypotheses are the product of inductive reasoning rather than the creative
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process of abduction. A number of textbooks also give examples of hypotheses that are
clearly predictions, not hypotheses. The term “law” is equated with highly supported
theories, despite the fact that theories explain patterns in nature while laws merely state
what those patterns are. Finally, similar problems were found for the use of the word
“theory.” The natural sciences are characterized by theories, which are structures of
ideas, confirmed by evidence, that explain a body of observations concerning some
aspect of nature (Lerner & Bennetta, 1988). A central theory unifies a science so
thoroughly that one cannot understand the science outside of the context of the theory and
the predictive powers of the theory direct all scientific research. Yet, research indicates
that textbooks sometimes portray theories as simply supported hypotheses or they

conflate the scientific meaning of theory with one of its extrascientific

meanings: a fanciful speculation that need not be taken seriously by

anyone who doesn’t find it attractive, ... [or] they mash observation,

inference and theory together and present scientific information as if it

were final, immutable truth that has come out of nowhere (Lerner &

Benneta, 1988, p. 4041).
Such misinterpretations of scientific theory ultimately lead to errors in the presentation of
the science as a whole. Recognizing the fundamental role that textbooks play in science
education, teachers expect textbooks to present an accurate view of the scientific
enterprise.

Recent views concerning the nature of science emphasize that scientific
knowledge and understanding are both tentative and inconclusive. Science progresses in
the context of history and circumstance, since “[it] is human creativity and imagination

that push scientific knowledge along, the direction in which it moves being determined

438



by context” (Stein & McRobbie, 1997, p.620). Studies that have examined students’
conceptions of the nature of science, however, have found that these defining ideas
related to modern views of science were not evident. The students had not recognized the
consensus of scientific observation and the changeability of scientific understandings.
This may be a result of textbooks misrepresenting the scientific enterprise and presenting
scientific information as immutable truth. Based on Myers analysis, Koulaidis and
Tsatsaroni (1996) conclude that textbooks “create a context within which the scientific
phenomenon is presented as a fact” (p. 63). Lemke (1990) states that science is usually
presented and taught “not as a way of talking about the world, but as the way the world
is” (p. 126). It is presented as incontrovertible, objective truth. Lemke, and others, have
questioned the moral and epistemological basis of how scientific knowledge is presented
to the public and how it is generally taught (Hanrahan, 1997, December). While
acknowledging that the content of science textbooks is usually uncontroversial and
established knowledge, McGinn and Roth (1999) contend that “even reflective high
school students recognize that textbooks present scientific knowledge as unshakable
truths” (p. 190). The way students conceptualize science influences the understanding
they construct when learning about science (Stein & McRobbie, 1997). Research has
found that middle school-aged students perceive what is presented in science text as
being the absolute truth, ascribing greater authority to the text than to non-print
experiences. An efficient science reader, however, realizes that science text is not an
absolute truth, but an interpretation of ideas resulting from the scientific enterprise. The

reader “evaluates text for plausibility. completeness. and interconnectedness by verifying
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the textual message against prior knowledge, evidence, and observed reality and by
assessing the logic and plausible reasoning of the text’s patterns of argumentation” (Yore
etal., 1998, p. 34).

An aspect of determining the meaning of scientific text which students seem to
have difficulty with is the evaluation of the degree of certainty of‘ scientific statements.
Scientific statements in text are asserted with varying degrees of certainty and, in this
sense, scientific knowledge is textured. Even when scientists declare statements to be
known with certainty, there is recognition that the statements are fallible. Yet, research
using popular reports of science has shown that students hold a certainty bias that skews
their interpretations towards being more certain of the truth of statements than were the
authors who had written them (Norris & Phillips, 1994a). It appears that students need to
familiarize themselves with the nature of science text structure and recognize the role of
the reader in evaluating science text. Students also need further development of their
views of the nature of science. If, in fact, the way in which scientific information is being
presented in textbooks is contributing to the difficulties students have in determining the
meaning of scientific text, then improving science textbooks in these regards should

greatly improve scientific understanding and literacy.

Summa;
When readers construct meaning from text, they must consider both the literal and
inferential meaning of the text. The literal meaning is determined by linking the

individual words together by very simple inferences. It provides explicit information
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apart from the reader’s knowledge and assumptions about the intended meaning. It is
important that a reader or listener attend to the literal meaning, especially for evaluating
comprehension and referential communication. The context in which the text is written,
however, is also vitally important in determining meaning,

It has been proposed that the explicitness of meaning be viewed as a continuum,
with literal and inferential reading being opposite ends of the continuum. Inferential, or
pragmatic, meaning refers to the meaning in reiation to the goals and intentions of the
writer. To determine inferential meaning, the reader must examine the context and print
cues of the text and make less reliable inferences than with literal meaning. Reading is
itself a process of inferring meaning from text. The ability to read and understand
science text is a crucial skill. It is both a goal of scientific literacy and a means by which
scientific literacy can be maintained.

Students can be assisted in determining the author’s intended meaning of text by
the use of print cues. An example is the use of the metalanguage of science, words that
enable talk about science. Metalanguage reveals the structure of science text. Even with
the use of these print cues, students still have difficulty inferring relationships between
statements in science text. Metalanguage aiso helps the reader develop an accurate view
of the nature of science. Unfortunately, some textbooks use metalanguage in a careless
way, leading to ambiguity, misinformation, or outright error. This study examines the
use of metalanguage in junior high school science textbooks. It also investigates the

presentation of the structure of science in these textbooks. More specifically, it examines
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the type of statements that are used to reveal the structure of science and scientific
reasoning.

In determining the meaning of science texts, students must realize that scientific
writing is textured in the sense that scientific statements are asserted with varying degrees
of certainty. Even when presented with a high degree of certainty, scientific statements
are not to be taken as being infallible or immutable truth. Previous research, however,
has found that students have a certainty bias when reading scientific texts. Recognizing
the significant role that science textbooks play in developing students’ views of science,
this study rates the extent to which scientific statements are presented as “truth” in junior

high science textbooks.



CHAPTER THREE

Design of the Study

A current trend in science education research is textbook evaluation using content
analysis. Since a person’s or group’s beliefs, values, attitudes, and ideas are revealed in
their communications, content analysis enables researchers to study human behaviour in
an indirect way (Fraenkel & Wallen, 1996). Content analysis is primarily descriptive in
nature and is a means of systematizing and quantifying information. Content analysis of
science textbooks has been undertaken for various purposes. A search of the ERIC
database covering 1985-2000 indicates that during this period there were 161 different
studies conducted that involved content analysis of science textbooks. The majority of
these studies (83) were focused specifically at the secondary or post-secondary level.
Only 16 of the studies were limited specifically to the junior high school level, although
some of the studies examined science textbooks representing a range of educational
levels. The most common purpose for content analysis was to examine the coverage of a
specific science concept within the textbook, as seen in 34 studies. The second most
common purpose was to reveal misconceptions or errors found in the science textbooks,
as found in 16 studies. Other purposes included an examination of the coverage of
environmental or global issues (8 studies); the emphasis on STS themes (6 studies); the
presentation made of the history, philosophy, or nature of science (7 studies); the
emphasis on aspects of scientific literacy (3 studies); the reading level and cognitive

demand of the text (9 studies); racial/gender bias (9 studies); the level and type of
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questioning (5 studies); the activities and the level to which inquiry is promoted (8
studies); and the use of analogies (2 studies).

There were a small number of studies that examined textual characteristics of
science textbooks, as does the present study. Hyland (1999) examined the use of
metalanguage as a manifestation of the writer’s linguistic and rhetorical presence in
college microbiology textbooks. The text organization and structure of elementary
science textbooks was investigated by Eichinger and Roth (1991) and Farris et al.(1988).
Elementary science textbooks, along with ESL schemes, were also analyzed by van
Rooyen (1990) for differences in vocabulary, syntax, speech acts, cohesion, and
coherence. At the senior high level, Strube (1988; 1989) examined the language of
physics textbooks and Ramasamy (1985, April) analyzed secondary science texts for
linguistic content. The only study of textual characteristics focused on the junior high
level was conducted by Wignell (1994) and involved the use of systemic functional
linguistics to examine the selections and functions of different sets of genres in science
and history textbooks. To date, there has not been a content analysis undertaken to
examine the specific textual characteristics of junior high science textbooks that the
present study examines. No previous study has examined junior high science textbooks
in terms of text type, the use of metalanguage, and the presentation of statements in terms
of scientific status, role in scientific reasoning, and truth status.

Although specific details of the procedures used in analyzing text content may
vary greatly from study to study, two general techniques of content analysis have been

widely used. The first technique involves the researchers’ application of a classification
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scheme to the materials to be analyzed with respect to the content of interest (Jeffrey &
Roach, 1994). The second technique applies computers in classifying words and phrases
from texts of transcripts. This study relies on the first technique, the application of a
classification scheme. For each aspect of the text to be examined, a classification scheme
was developed and applied to the text. Fraenkel and Wallen (1996) outlined three other
common variations in types of content analysis. The first involves an analysis in terms of
frequency counts. After the units of coding are identified and the coding categories are
defined, a careful count is made of the number of times the units that fit the various
categories are found in the text. This study utilized this approach extensively. A second
vanation is a qualitative or non-frequency analysis. With this approach, an attempt is
made only to ascertain whether certain categories of units are or are not present. This
approach was used in the present study to examine the presence of metalanguage in the
science textbooks. The third variation is a contingency analysis, involving a count of the
number of instances in which combinations of two or more categories of units are found
in the same communication. This approach was not used in this study.

This chapter outlines the criteria by which the selection of text for analysis was
made. First, the selection of a life science and physical science unit for each textbook
was made and then a representative sample was chosen from within these units. The
chapter also outlines the procedure for evaluating the text for each of the relevant aspects
pertaining to the questions that this study attempts to answer. These aspects include the

text type, use of metalanguage, and the scientific status, role in scientific reasoning, and
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truth status of statements within the text. For each of these, a discussion of the evaluation

instrument and procedure for analysis are given.

Program Identification

Criteria for Selection

The first criterion used to select the textbook programs this study investigates is
the academic level for which the textbooks have been written. This study focuses on
Junior high school programs for several reasons. First, much of the research on science
text to date has focused on high school and university levels (Craig & Yore, 1995). Also,
the junior high school years are crucial to the students’ development of scientific interest
and scientific literacy. It is the age at which students progress towards abstract thinking
and begin to establish important conceptual foundations for leaming science (Glynn &
Takahashi, 1998). Junior high is often the stage at which students lose interest in school,
and especially science. Some students, especially females, begin to form the opinion that
science is too difficult to pursue. Finally, it is also the last common science curriculum
that students have. Upon entering the senior high school program, students vary in their
choices of science courses. While some students will choose to maintain a strong science
content in their educational program, other students will limit their science studies to that
of the minimum requirements for graduation. Unfortunately, still others remove
themselves from the educational system entirely and terminate their formal science

education altogether. For these students, the foundation for the development of scientific
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literacy must be firmly established before the completion of junior high school, if these
students are to become scientifically literate adults.

Another criterion for selection is the extent to which the textbook programs are used
within Canada. The programs that were selected are currently used, or approved for use,
in several Canadian provinces. They are the authorized learning resources for the junior
high school science program in Newfoundland and Alberta. One of the textbook series,
Science Directions, is a recommended learning resource for the provinces of
Saskatchewan and Manitoba. The other, SciencePlus Technology and Society, was
specifically developed for the Atlantic Provinces of Canada and for Ontario. Through
significant extension and modification, an edition was developed to specifically support
the Alberta curriculum. As such, these textbooks are readily available and easily

accessible.

Programs Selected

The two programs selected for this study are Science Directions (1991) published by
John Wiley & Sons/Amold Publishing, and SciencePlus Technology and Society (1989)
published by Harcourt Brace Jovanovich. Both of these programs have separate
textbooks for each of the junior high school grades (7-9), as well as teacher resources.
They are general science textbooks, including content from life science, physical science,

and earth science in each year of the program.
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Science Directions. The Science Directions program was developed specifically
for the Alberta junior high school science program, but has been adopted by other
provinces, including Newfoundland. In its development, it was reviewed by Alberta
Education and each unit was field tested. All the textbooks in the program, from grade 7
to grade 9, have six units. Each unit is designed to develop student’s critical thinking
abilities and “introduces a major area of science, using an appropriate balance in
emphasis: nature of science, science and technology, and science-technology-society
(STS)” (Science Directions, 1991, p. x). Table 3.1 provides an overview of the units in
each grade level.

Each unit includes many and varied activities, followed by three levels of
questioning to help students consolidate their findings, to challenge them to reason and
reach conclusions, and to encourage investigations or explorations in new directions.
Checkpoint questions provide review throughout the unit and each unit ends with a unit
review. There are also a number of special features in each unit. Brief statements of
scientific, technological or societal interest are given under the heading, Did You Know?
Science and Technology in Society sections highlight real-life applications of the
scientific ideas being investigated. There is also a career feature included.

Accompanying each grade-specific textbook is a Teacher Resource Package. This
provides guidance on the program and general information conceming various teaching

strategies. [t also provides teachers with specific lesson plans, suggestions for further
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activities and extensions, and reproducible worksheets that reinforce the ideas being

taught. In addition, sample questions are included for the purpose of evaluation.

SciencePlus Technology and Society. SciencePlus Technology and Society (1989)
was developed by the Atlantic Science Curriculum Project (ASCP). The materials were
extensively field tested and benefited from the critical reviews and advice of Canadian
scientists and of educators from England and the United States of America. SciencePlus .
Technology and Society uses a directed discovery, or inquiry-based approach, including
many activities under the heading, Explorations.

Like Science Directions, SciencePlus Technology and Society has a separate
textbook for each of the junior high school grades (7-9), as well as a teacher’s resource
package. Each textbook contains six units and has content that includes life science,
physical science, and earth science topics. Table 3.1 gives a breakdown of the units in
each grade level. SciencePlus Technology and Society attempts to present science in the
context of society, giving particular attention to major science-related social issues.

SciencePlus Technology and Society textbooks also have a number of special
features. Science in Action sections present conversations with people who use science in
their work and provide the students with many project ideas. The Science on Your Own
feature includes questions and research projects designed to develop a better
understanding of the links between science, technology, and society. Each unit ends with
a Brain Teasers section that reviews the material discussed in the unit. A Teacher's

Resource Book is also available with this textbook series. It provides unit overviews,
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sample lesson plans, solutions to textbook questions and reproducible worksheets for the

students.
Table 3.1: Comparison of Units in the Junior High Science Programs
Grade 7 Grade 8 Grade9
Unit | Science Science Science Science Science Science Plus
Directions Plus Directions Plus Directions
| A Close Look Living Matter and Interactions | Understanding | Diversity of
at Life Things Mixtures Chemistry Living Things
2 Structure and Force and Energy and Solutions Fluids and Chemical
Design Motion Machines Pressure Changes
3 Forces and Temperature Consumer Machines, Controlling | Heat Travel
Motion and Heat Product Work & Heat
Testing Energy
4 Temperature | Structure and The Earth’s Consumer Using Fluids
and Heat Design Crust Product Electricity
Testing _
5 Micro- Changes in Managing Face- Diversity of | Electromagnets
organisms the Land Plant Growth Lifting a Living Things
and Food Planet
6 Changes on Micro- Environmental | Growing | Environmental | Environmental
the Earth’s organisms Interactions Plants Quality Quality
Surface and Food
Supplies
Selection within Pro
Unit Selection

Criteria. Each grade level of both programs contains six units, as illustrated in

Table 3.1. The significant correlation between the programs resulted in comparable units

in the two programs. The selection of units to be analyzed began with the elimination of

units that are not part of the Newfoundiand junior high science curricuium. This




eliminated the Grade 7 unit dealing with micro-organisms and food, the Grade 8 unit
concerning plant growth, and the Gr. 9 unit discussing fluids (used only superficially in
the oceanography unit of the Newfoundland curriculum). Another criterion for selection
was the distinction between pure and applied science units. Although this is generally
not a clear or sharp distinction, in this context it was considered a safe one to make. For
the purposes of this study, a comparison of the text structure of life science and physical
science was desired. As such, it was important to be able to categorize the selected units
as largely life science or physical science. Some of the units would more accurately be
considered applied science, taking students outside the natural sciences altogether and
into the social sciences. For the purposes of this study, only units that were natural, pure
science units were considered. This eliminated the Gr. 7 unit concerning structure and
design, the Gr. 8 unit dealing with consumer product testing, and the Gr. 9 unit discussing
environmental quality. Finally, earth science units were eliminated. This resulted in one
life science unit and two or three physical science units per grade level. The life science
unit was selected for consideration and one physical science unit was randomly selected
for consideration from the remaining units in each grade level of both programs.

The decision to focus on life science and physical science content is based upon two
considerations. Firstly, there appears to be a significant difference in text type between
these two areas of science. Life science topics tend to be more narrative and descriptive
than physical science topics, which is why many students opt for such areas of science
(Shamos, 1995). Text type has a significant impact on the reader’s understanding of the

text (Craig & Yore, 1995) and readers tend to have more difficuity understanding
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expository text than narrative text (Armbruster, 1991). By analyzing both areas of
science, I will be able to establish whether the same text type trends are evident in the
Junior high science programs. Second, I am familiar with content from both of these
areas of science. Although my formal training focused in the life science area, the
majority of my teaching experience has involved subjects that fall into the area of the
physical sciences, including physics and chemistry. [ am also familiar with both of the
programs being analyzed, since [ have used both as resources while teaching junior high-

science courses.

Units Selected. Table 3.2 displays the accumulated judgments made during umit
selection and the units that remain for analysis. The life science unit in each grade level
was automatically selected. This included the Gr. 7 unit about the characteristics of
living things (Unit 1 in both programs), the Gr. 8 unit concerning environmental
interactions (Unit 6 in Science Directions and Unit 1 in SciencePlus Technology and
Society), and the Gr. 9 unit regarding the diversity of living things (Unit 5 in Science
Directions and Unit 1 in SciencePlus Technology and Society). One physical science unit
was randomly selected at each grade level from the remaining units. The selected units
were the Gr. 7 unit related to temperature and heat (Unit 4 in Science Directions and Unit
3 in SciencePlus Technology and Society), the Gr. 8 unit discussing machines and energy
(Unit 2 in Science Directions and Unit 3 in SciencePlus Technology and Society), and the

Gr. 9 unit dealing with heat transfer (Unit 3 in both programs).
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Table 3.2: Selection of Units of the Junior High Science Programs

Grade 7 Grade 8 Grade 9
Unit | Science Science Science Science Science Science Plus
Directions Plus Directions Plus Directions
| A Close Look Living Matter and Inmeractions | Understanding Diversity of
at Life Things Mixtures Chemistry Living Things
* * * *
2 Force and Energy and Solutions Fluids and Chemical
Motion Machines % Pressure Changes
3 Forces and Temperature Machines, Controlling Heat Travel
Motion and Heat Work & Heat
* Energy % * *
4 Temperature - The Esntl s> Using Fluids
and Heat g : Electricity
*
5 Micro- Managing Diversity of | Electromagnets
organisms Plant Growth tin Living Things
and Food RO anet: *
6 | Changeson:: Micro- Environmental | Growing
“the: Interactions Plants
*
Legend:

Not included in Newfoundland curriculum

Applied science units

| Earth science units

Units eligible for selection

*

Units selected

Sample Selection

Criteria. The specific samples to be analyzed were chosen from the selected units in

each grade level of the programs. The ideal situation would be to analyze the same topics

within these units in each program. However, there are numerous difficulties with this

approach. First, it would be very difficult to isolate common topics within the units,

because each program varies in how it deals with the general theme of the unit. It would
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require considerable subjectivity in deciding what constitutes a particular topic. Second,
even when the programs appear to have common topics within the units, the programs
cover these topics to varying degrees of depth. Since this study is focused on obtaining
an overall picture of what junior high school science textbooks are like, rather than
comparing the specific textbook programs, random sections of each unit were selected
instead. Any thought of comparing the textbook programs must be rejected. The only
valid comparison that can be made is between text of differing branches of science (life
and physical).

Random selection is key to ensuring validity and dispelling any impression of bias
(Popham, 1993). However, for the purposes of this study, it was also important to
preserve significant segments of connected text. Therefore, rather than randomly
selecting individual pages of text, a larger block of text was randomly selected and
analyzed sequentially. Sequential analysis was used because of the important role
contextual clues play in the coding process. As Eltinge and Roberts (1973) point out, the
advantages to validity afforded by within-chapter sequential coding can be considered
more valuable than any additional benefits that might be gained with a totally random
ordering for coding purposes. Therefore, one block of text was randomly selected from
each unit. The samples represent 10% of the pages of each selected unit, disregarding
end of chapter review sections, rounded upwards to a whole number of pages. Dukes
and Kelly (1979) recommend sampling 10% of the text for readability studies. The
samples were chosen by randomly selecting the starting page numbers of the blocks of

text from a random numbers table. Only those page numbers that allowed a 10% sample



of the unit to follow were used. Pages that exclusively contained review questions,
pictures, lab activities, vocabulary terms, or objective and goal statements were skipped
and not considered part of the sample. Question sections or lab activities embedded in
the main text were also ignored.

The pages of the textbooks presented the text in varying fonts, formats, and line
lengths. If proportions of the text displaying various characteristics were to be
determined, it was necessary to standardize the format of the text. Upon randomly
selecting the starting page numbers for the samples and determining the number of pages
that represented 10% of the units, the specific page numbers of the samples were
determined. Eliminating lab activities, questions, vocabulary lists, goal statements, and
review sections, the rest of the text in each sample was re-typed into a continuous block
of text with a common font size and format. [ndentations were not used to indicate
paragraph divisions and single spacing was used to separate both words and sentences.
For the purposes of this study, therefore, the operational definition of a /ine is the amount
of text that fills a line when typed on a standard page, with 1 4 inch margins, using

Times New Roman font of size 12.

Samples Selected. Table 3.3 specifies the particular sections of each of the selected
units that were selected as samples to be analyzed. It also indicates the text length of the
sample after it was placed into a common font and format, to the nearest quarter of a line.
The text samples from Science Directions are generally longer than the text samples from

SciencePlus Technology and Society. This reflects the fact that the Science Directions
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textbooks tend to have more text per page and fewer illustrations, activities, and

questions integrated into pages that also contain text. The difference in length of the text

samples has no effect on the findings of this study, since there is no attempt to compare

the two textbook series. Instead, the text samples are combined for each grade and

branch of science, rather than being considered separately.

Table 3.3: Sample Sections Analyzed from the Junior High Science Programs

Grade 7 Grade 8 Grade9
Unit | Science Science Science Science Science Science
Directions Plus Directions Plus Directions Plus
Life Unit 1 Unit 1 Unit 6 Unit 1 Unit 5 Unit 1
Science pp. 34-44 pp.37-46 | Pp.277-283 | Pp.19-34 | pp.253-260 | pp.32-46
103 % lines 67 lines 71 % lines 53 4 lines 118 % lines 74 lines
Physical Unit 4 Unit 3 Unit 2 Unit 3 Unit 3 Unit 3
Science | PP- 205-215 | 176 -179 pp. 78 -82 | Pp. 169 - 183 | pp. 134140 | pp. 156 - 161
68 % lines 60 lines 84 % lines 44 Y lines 102 % lines 73 Y lines
Text Analysis
Text Type

One of the purposes of this study is to determine the type of text used in junior high

school science textbooks. Text type has a significant impact on a student’s ability to read

and comprehend science text. To determine the text type used, each of the selected

samples was analyzed sentence by sentence to determine the text type being used. If the

sentence was a presentation or explanation of facts, with the purpose of informing, it was

categorized as “exposition.” An account of events or a sequence of happenings.
g Xpos ppe




involving the use of characters and time, was categorized as “narration.” If the sentence
presented the appearance of a person, place, or object, it was categorized as
“description.” A presentation that attempted to support or test a belief on the basis of
reasons was considered “argumentation.” The total number of lines of the sample
written in each of the different text types was determined, to the nearest quarter of a line.
Since there is no attempt to compare the programs, the two samples from a common
grade and branch of science were combined and the amount of each text type was
determined both as a total number of lines and as a percentage of the whole sample.
Then, to better compare the branches of science, all the samples from the same branch of
science were combined. The total number of lines of each text type was determined and
also expressed as a percentage of the whole sample.

Upon completion of the textbook analysis in terms of text type, [ decided to analyze
another form of science writing in the same way so a comparison could be made. 1
wanted the form of science writing to be one that most people would be familiar with and
be likely to use. This eliminated journal articles and college level textbooks, because
only those pursuing a career or further study directly involving science are likely to make
use of these types of science writing. Instead, [ decided to use popular reports of science.
There are several reasons for this choice. First of all, it is a form of science writing that
the average person would encounter in their everyday lives. Thus, it is a familiar form of
science writing and one that is most likely to reach a large proportion of the population.
Also, upon completion of high school, individuals are expected to remain scientifically

literate. This involves keeping abreast of major scientific changes and being able to
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appreciate their impacts on technology and society. The most likely way that adults will
keep up with changing scientific knowledge is through popular reports of science
(National Science Board, 1998; Select Committee, 2000).

The popular reports of science analyzed were the same ones as used by Norris and
Phillips (1994) in their study. Their study examined the ability of students to interpret
pragmatic meaning when reading in popular reports of science. By using the same
articles, a comparison of the results and conclusions of both studies can be made. The
articles were also selected to ensure the reports were short in length, covered different
areas of science, described both applied and basic science issues, and represented a range
of scientific technicality. The reports included “Weather Can Make You Sick”
(Weinhouse, 1992), “New Animal Species found in Vietnam” (1992), “Breakfast of
Champions” (McDowell, 1992), “Inner Glow™ (1992), and “Resecarchers Take Theory on
Cow’s Milk-Diabetes Link a Step Further” (Taylor, 1992).

The total number of lines in each report written in the different text types was
determined, to the nearest quarter of a line. The amount of each text type was determined
both as a total number of lines and as a percentage of the whole report. The results of the
individual reports were then combined to give an overall view of the proportion of each

text type found in popular reports of science.
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Truth Status

Statements in scientific text are asserted with varying degrees of certainty and, in
this sense, scientific knowledge is textured. There is recognition that even when
statements are presented as certain and true, they are still fallible. Truth status refers to
the extent to which a statement is presented in the text as being true or false and reflects
the amount of certainty the writer has about the scientific information. For example, a
statement may be presented as true or only likely to be true.

It has been found that students reading popular reports of science have a certainty
bias and tend to read statements as being more “true” than is actually reflected by the
truth status of the statements. Textbooks have been criticized for misrepresenting the
scientific enterprise and presenting scientific information as immutable truth. [f this
criticism has merit, the tendency of students to overestimate the truth of scientific
statements may be a result of receiving a science education that has trained them to
accept scientific information as true. Given the extent to which textbooks influence
science education, it is vitally important that scientific statements in textbooks accurately
reflect the nature of science and the texture of scientific knowledge. A purpose of this
study, then, is to determine the truth status of statements in junior high school science
textbooks.

The reported truth status of statements was categorized using a five-point scale, as
outlined by Norris, Phillips, and Dawson (1997). The categories were “true,” “likely to
be true,” “uncertain of truth status,” “likely to be false,” and “false.” The statements

were extracted from the text such that they were in indicative mood and that modalities
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and intentionalities were not indicated explicitly. For example, consider the following
sentence from the text: “In fact, it may be that all living things have such built-in clocks.”
Taken in its entirety, it is true that “it may be that all living things have such built-in
clocks.” The statement that was extracted, however, was “all living things have such
built-in clocks.” The truth of this statement is more uncertain, as presented.

As the selected text passages were read, it became evident that truth status was not
applicable to certain parts of the text. These included directions or instructions given to
the student, fictional narratives or examples, and descriptive poetry. Thus, the text
samples were shortened to eliminate these parts. The total number of lines of text which
fit into each of the established categories was determined and expressed as a percentage
of the total text sample analyzed, for each grade and branch of science. An overall
summary for life science, physical science, and for the total combined text was also
established.

The popular reports of science, previously analyzed in terms of text type and
metalanguage, were analyzed in terms of truth status of statements, as well. In this way,
the texture of scientific knowledge as presented in the two forms of scientific writing
could be compared. The total number of lines of text which fit into each of the
established categories was determined and expressed as a percentage of the total text
sample analyzed for each individual popular report of science. An overall summary for

the total combined text of the popular reports of science was also established.
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Metalanguage

There is an extensive vocabulary used in science writing that helps indicate the
structure of scientific knowledge. This vocabulary can be referred to as the metalanguage
of science. The use of metalanguage is significant because readers can use the
metalanguage explicitly provided in the text to assist them in the construction of
meaning. The range of metalanguage use also is indicative of the sophistication of the
text. A purpose of this study is to determine the frequency with which metalanguage is
used in junior high school science textbooks. To determine this, a preliminary list of
metalanguage words was constructed. This list included words that are vital to the
discussion of science, such as “theory,” “law,” “observation,” “method,” etc. Then,
through the process of reading the sample sections of the textbooks, this list was
expanded to include other words that actively indicate the scientific status and role in
scientific reasoning of the text. This final list of metalanguage words is in no way
exhaustive, as a list of all possible metalanguage words would be indefinitely long, but it
is broadly representative. When a final list was completed, the sample sections were re-
read and all the metalanguage words in the list were highlighted in the text. Table 3.4
provides the metalanguage list used in the analysis. Words that are used synonymously
have been grouped together for discussion purposes. As well, alternative forms of these
words were also highlighted. For example, in addition to the word “inference,” any
occurrence of the words “infer,” “infers,” “inferring,” or “inferred” would be considered

to be equivalent and would also be included.
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After highlighting the words listed in the Table 3.4, the frequency of metalanguage
use was determined for each grade and branch of science by tallying the number of words
highlighted and calculating the frequency per line of text. As well, the number of
occurrences of each of the words in the list was also tallied for the entire text analyzed,
with synonymous words being grouped together. This was done to illustrate the type of

metalanguage most frequently used in junior high school science textbooks.

Table 3.4: Metalanguage List for the Purpose of Analysis

Theory

Hypothesis

Prediction

Inference

Discover

Invent

Conclusion

Justification

Law

Observe, notice, find

Method, procedure

Evidence, data

Test, research, experiment, investigation, study, examination
Cause, effect, influence, result, determine, relate

Upon completion of the analysis of metalanguage use in junior high school
science textbooks, it became apparent that a reference base was needed. Otherwise, there
is no way of knowing if the amount of metalanguage use found for junior high science
textbooks is high or low. Thus, the same popular reports chosen for text type analysis
were also used to determine the frequency of metalanguage use in popular reports of

science. Norris and Phillip’s (1994) study dealt specifically with students’ abilities to
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interpret the scientific status and role in scientific reasoning of statements in popular
reports of science, recognizing that metalanguage use assists the students in this
endeavour. By using the same articles, a comparison of the results and conclusions of
their study and the present one can be made.

Using the metalanguage list given in Table 3.4, the reports were read and the
metalanguage words were highlighted. The frequency of metalanguage use was
determined for each report by tallying the number of words highlighted and calculating
the frequency per line of text. The overall frequency of metalanguage use was also
determined by combining the results from all the reports. As well, the number of
occurrences of each of the words in the list was also tallied for the entire text analyzed,
with synonymous words being grouped together. This was done to illustrate the type of

metalanguage most frequently used in popular reports of science.

Scientific Status and Role in Scientific Reasoning

Within science text, statements are used to reveal various aspects of scientific status
and play various roles in scientific reasoning. In this sense, scientific knowledge can be
viewed as structured. As discussed earlier, the use of metalanguage can assist the reader
in determining the structure of knowledge, and thus the author’s intended meaning. The
reader must have the ability to read science text and, using available print cues such as
metalanguage, determine the purpose of a statement in relation to the rest of the text.

This study investigates the frequency with which various types of scientific status



statements are used and the various roles that statements play in scientific reasoning
within junior high school science textbooks.

The categories used to analyze the text in terms of scientific status and role in
scientific reasoning were determined through the modification of an instrument
developed and used by Norris, Phillips and Dawson (1997). Their scoring guidelines lists
five categories of scientific status: 1) that one thing generally causes or influences
another; 2) that one thing generally is related to another; 3) what was observed; 4) what
prompted the work to be done; and 5) how the research was done. The selected text was
read and statements were categorized into these categories. As the text was read,
however, an attempt was made to also determine the general types of statements used in
the text relative to the categories listed in the scoring guidelines for the role in scientific
reasoning. Given that the instrument was developed for use with popular reports of
science rather than textbooks, it was found that some of the categories listed were not
applicable to the text, while other general categories were missing. Through
modification, therefore, the final categories used to determine the role in scientific
reasoning of the text were: |) statement of fact or conclusion; 2) explanation of a
phenomena; 3) suppositions for the purpose of exploring possibilities, such as “if-then”
statements; 4) reasons provided to support a statement; 5) examples; and 6)
comparison/contrast.

As the selected text passages were read, the total number of lines of text which fit
into each of the established categories was determined and then expressed as a percentage

of the total text sample. for each grade and branch of science. A comparison of the
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branches of science, across all grades, was also made. It is important to note that a given
statement could fit into more than one category. For example, a statement labeled as a
“statement of fact or conclusion” could also be labeled as “what was observed.” As well,
a statement showing “that one thing generally causes or influences another” could be part
of an “explanation of a phenomena.” Therefore, the percentages listed for each category
do not total 100%, but are still indicative of the relative frequency of each of the types of

scientific status statements and statements playing various roles in scientific reasoning.
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CHAPTER FOUR

Results of Study

Text Type

Tables 4.1, 4.2 and 4.3 provide a breakdown of the text type used in each grade of
the junior high school science textbooks that were sampled. There were a number of
interesting findings. First of all, there was no evidence of argumentation being used at
the junior high school level. The amount of description was also extremely limited,
accounting for no more than 4.5 % of any of the samples. [t was completely absent from
the Grade 8 textbook samples. The two types of text most frequently found in the
textbooks were exposition and narration. The vast majority of the text, however, is
written as exposition. The amount of exposition ranged from 78.7 % in the Grade 7 life
science sample to 100 % in the Grade 8 physical science sample. The amount of
narration ranged from 0.0 % in the Grade 8 physical science sample to 24.7 % in the

Grade 7 physical science sample.

Table 4.1: Text Type used in Grade Seven Science Textbooks

Grade?7
Text | Exposition | Narration | Description | Argumentation
pos P rgu
| Type

Life 134 % lines 28 % lines 7 % lines 0 lines
Science 78.7% 16.7% 45% 0.0%
Physical | 93 % lines 31 % lines 3 lines 0 lines
Science 73.0% 247 % 23% 00%
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Table 4.2: Text Type used in Grade Eight Science Textbooks

Grade 8
Text | Exposition | Narration | Description | Argumentation
| Tvpe
Life 122 % lines 2 Y1 lines 0 lines 0 lines
Science 98.0 % 20% 0.0% 0.0%
Physical 129 lines 0 lines 0 lines 0 lines
Science 100.0 % 0.0% 0.0% 00%

Table 4.3: Text Type used in Grade Nine Science Textbooks

Grade 9
Text Exposition | Narration | Description | Argumentation
| Tvpe
Life 184 lines 8 % lines 0 lines 0 lines
Science 95.5% 45% 0.0% 0.0%
Physical | 166 % lines 7 % lines 1 % lines 0 lines
Science 95.0% 43% 0.7% 0.0%

Table 4.4: Text Type used in Overall Junior High Science Programs

Junior High Science
Text | Exposition | Narration | Description | Argumentation
__Type
Life 441 lines 39 % lines 7 % lines 0 lines
Science 90.3 % 8.1% 16% 0.0%
Physical | 389 ':lines 39 % lines 4 Y lines 0 lines

When the two branches of science are compared, life science and physical
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science, very little difference in terms of text type is observed. This is illustrated in Table

4.4. The patterns are almost identical, with exposition accounting for approximately 90




% of the text, 8 — 9 % being narrative text, and only 1- 2 % of the text being descriptive.
These findings confirm some of the expectations I had based on previous research
findings. I expected to find very little argumentative text in either branch of science and
the results show it to be completely absent from the samples analyzed. As well, [
expected to see some descriptive text in both branches of science. Although less than [
had anticipated, descriptive writing is equally represented in the life science and physical
science topics. One of my expectations, however, was that physical science topics would
be more expository than life science topics, with a greater amount of narration in the life
science topics. However, these differences between the two branches of science were not

found. Expository writing is almost exclusively used, regardless of the branch of science

being presented.

Table 4.5: Text Type used in Popular Reports of Science

Article/ Breakfast | New Inner Milk- | Weather | Overall
Text Type of Animal | Glow | Diabetes Can
Champs | Species Link Make
You Sick
Exposition 19 Vslines | 25%lines | 15 Valines | 46 '2lines | 13 Ylines | 119 % lines
88.5 % 85.7% 57.0% 80.2 % 100.0 % 80.1%
Narration 0 lines 0 lines 0 lines 0 lines 0 lines 0 lines
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Description 0 lines 4 Y lines 0 lines 0 lines 0 lines 4 Y lines
0.0 % 14.3 % 0.0% 0.0% 0.0% 28%
Argumentation | 2 ':lines 0 lines i1 %lines | 11 '%lines 0 lines 25 '4 lines
11.5% 0.0 % 43.0% 19.8 % 0.0 % 17.1%

Table 4.5 gives a breakdown of types of text used in popular reports of science. It

provides a very interesting comparison with the text types used in junior high science
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textbooks, as summarized in Table 4.4. The vast majority of both forms of scientific text
are written as exposition. For junior high science textbooks, exposition accounts for
approximately 90 % of the text. Exposition accounts for approximately 80 % of the text
in popular reports of science. Both junior high science textbooks and popular reports of
science also have very little descriptive writing, accounting for, on average, less than 3 %
of the text. There are differences, however. In junior high science textbooks, 8 — 9 % of
the text is written in narrative form, while narration is completely absent from the popular
reports of science. Perhaps the most significant difference between the two forms of
scientific text, however, is in terms of the amount of argumentation. There is no evidence
of argumentative text in the junior high science textbooks. This contrasts with popular
reports of science, where the amount of argumentation ranges from 0% - 43 % for the

individual reports, giving an overall average of 17 %.

Truth Status

As illustrated in Table 4.6 and Table 4.7, there are no statements in the text
samples that fit into the categories “likely to be false” and “false.” In fact, very little of
the text is presented as anything except “true.” This category alone account for 90.0% -
98.9 % of the text sample, depending on grade and branch of science. Overall, physical
science text is presented as slightly more “true” (95.0 %) than life science text (92.3 %).
[ expected to find that more statements fit into the “true” category than any other, but the

extent to which this it true is surprising. It is also interesting to note that there are more
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statements that are “uncertain of truth status” than statements that are “likely to be true.”
[ expected that the categories further away from the “true” category would account for
decreasing amounts of the text. This can be partially explained by the fact that many of
the statements which fit into the “uncertain of truth status” category were addressing the
student personally, without direct knowledge of the student. For example, the following
statements were made: “but your family may be able to do something about it,” “you
might be able to add some insulation to your home,” and “you might be wondering why
some of the groupings in Linnaeus’s classification system have Latin names.” Without
knowing whom the “you” in each of these statements is referring to the writers cannot be

certain of the truth of the statement.

Table 4.6: Truth Status of Statements in Grade 7 and Grade 8 Science Textbooks

Category Grade 7 Grade 8
Life Physical Life Physical
True 134 % lines 93 lines 101 % lines | 103 % lines

90.4 % 98.9 % 90.0 % 95.0 %

Likely to be 9 lines 1 line 6 Y lines 3 Y lines
True 6.0% 1.1 % 5.5% 3.0%

Uncertain of 5 Y4 lines 0 lines S lines 2 Y lines
Truth Status 3.5% 0.0 % 44 % 2.1%




Table 4.7: Truth Status of Statements in Grade 9 Science Textbooks and in the Overall

Junior High Science Programs
Category Grade 9 Overall Overall
Life Physical Life Physical | Combined
True 165 Y2 lines | 157 % lines | 402 lines | 354 2 lines | 756 % lines
95.3 % 92.9% 92.3 % 95.0 % 93.5 %
Likely to be 0 lines 3'%lines | 15'%lines { 7 % lines 23 lines
True 0.0% 2.1% 3.5% 2.1% 2.8%
Uncertainof | 8 Y lines 8'%lines | I8 '%2lines | 10 % lines | 29 % lines
Truth Status 4.7 % 5.0 % 42 % 29% 3.6%

Table 4.8: Truth Status of Statements in Popular Reports of Science

Category Breakfast New Inner Milk- | Weather | Overall
of Animal | Glow | Diabetes Can
Champs | Species Link Make
You Sick

True 13 % lines | 27 ‘2lines | 15'lines | 37 %lines | 7 '%lines | LO1 % lines
63.2% 924 % 57.9% 64.2% 56.6 % 67.9%
Likely to be 1 2 lines Vi lines 1 line | Y4 lines 4 lines 8 lines
True 6.9 % 08% 3.7% 22% 30.2% 54%
Uncertain of 6 Y2 lines 2 lines 8 % lines | 18 % lines 1 line 37 lines
Truth Status 299% 6.7% 32.7% 323% 7.5% 24.7%
Likely to be 0 lines 0 lines 1 Y lines % lines % lines 3 lines
False 0.0% 0.0% 56% 1.3% 57% 20%

Table 4.8 provides a summary of the truth status of statements presented in
popular reports of science. Similar to junior high science textbooks, as summarized in
Table 4.6 and Table 4.7, the majority of statements in popular reports of science are
written as being “true.” There is a difference in terms of amount, however. All of the
text samples in the junior high science textbooks analyzed had a least 90.0 % of the text
written as being “true,” giving an overall average of 93.5 % for the textbooks. For the

popular reports of science, however, the category “true” accounted for between 56.6 % -
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92.4% of the text, giving an overall average of 67.9 % for the reports. This is
considerably lower than for the junior high science textbooks. Another difference is in
terms of the number of categories of truth status utilized. Neither form of scientific
writing presented statements as being “false,” but the popular reports of science did
present a few statements as being “likely to be false.” This category was completely
absent in the junior high science textbooks. Finally, the category “uncertain of truth
status” accounted for approximately 25% of the statements in popular reports of science,
but less than 4 % of the statements in the junior high science textbooks. Thus, popular
reports of science present a more textured and uncertain view of scientific knowledge

than junior high science textbooks do.

Metalanguage

Table 4.9 provides an overview of the findings conceming the frequency with
which metalanguage is used in junior high school science textbooks. When samples were
analyzed for both branches of science at each grade level, the number of occurrences of
metalanguage range from 11 to 23. Because these samples were not all identical in
length, the frequency of metalanguage use per line of text was determined. Table 4.9
shows that in both Grade 7 and Grade 8 there was a higher frequency of metalanguage
use in the life science topics than the physical science topics. The opposite is true for
Grade 9, although the difference is much smaller. Comparing the branches of science,

metalanguage is used slightly more frequently in life science topics (0.119/line) than in
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physical science topics (0.095/line). Grouping all the text together, there are 99
occurrences of metalanguage use in 921 'z lines of text, which is equivalent to 0.107

occurrences per line. That is, there is approximately one example of metalanguage use in

every 10 lines of text.

Table 4.9: Frequency of Metalanguage Use in the Junior High Science Programs

Grade 7 Grade 8 Grade9 Overall
Life 23 occurrences 20 occurrences IS occurrences 58 occurrences
Science 0.135/ line 0.160 /line 0.078 / line 0.119/ line
Physical | 11 occurrences 14 occurrences 16 occurrences 41 occurrences
Science 0.086 / line 0.109 / line 0.091 / line 0.095 / line

In terms of the type of metalanguage found in the textbooks, Table 4.10 provides
a count of the number of occurrences in the text of each of the words in the metalanguage
list, which was used to analyze the text (Table 3.4). Words that are synonymous have
been grouped together. As Table 4.10 illustrates, the most common type of metalanguage
used is relational words, words that show the relationship between two things. These
words include “cause,” “effect,” “influence,” “result,” “determine,” and “relate.” A very
close second are words that describe the process of doing science — “test,” “research,”
“experiment,” “investigation,” “study,” and “examination.” The third most common type
of metalanguage used, which occurs only half as much as the first two, is observational

words, such as “observe,” “notice,” and “find.”
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Table 4.10: Type of Metalanguage Used in the Junior High Science Programs

Word(s) #
Law 0
Theory 2
Hypothesis 0
Prediction 0
Inference 1
Discover 6
Invent 3
Conclusion 2
Justification 0
Observe, notice, find 15
Method, procedure 1
Evidence, data 2
Test, research, experiment, investigation, study, examination 33
Cause, effect, influence, result, determine, relate 35

Prior to conducting this study my expectations were to find the terms
“observation” and “method™ to be widely used in junior high school science textbooks.
As mentioned, observational words were frequently used in the textbooks. However,
there was only one use of the term “method.” Nonetheless, it should be noted that
although the word itself was not used, the actual methods or procedures involved in
numerous investigations were discussed. This likely relates to the high frequency of use
of words showing the process of doing science, such as “test,” “investigation,”
“research,” etc.

The frequency of metalanguage use in popular reports of science is provided in
Table 4.11. It offers an interesting comparison to the frequency of metalanguage use in

junior high science textbooks, as given in Table 4.9. For the text samples taken from the

junior high science programs, the number of occurrences of metalanguage use per line of



text ranged from 0.078 to 0.160. The overall average, for all the text samples combined,

was a frequency of 0.107 occurrences per line of text. For the popular reports of science,

however, the number of occurrences of metalanguage use per line of text ranged from

0.150 to 0.500, giving an overall average of 0.348 occurrences per line of text. In other

words, metalanguage use is more than three times higher in popular reports of science

than in junior high science textbooks.

Table 4.11: Frequency of Metalanguage Use in the Popular Reports of Science

Article | Breakfast New Inner Milk - Weather Overall
of Animal Glow Diabetes Can
Champs Species Link Make
You Sick
Meta- 9 5 4 29 5 52
occurrences occurTences occurrences OoCcCufrences occurrences occurrences
@%:%gg 0.414/line 0.168/line 0.150/line 0.500/ine 0.377/line 0.348/line

In terms of the type of metalanguage being used, popular reports of science appear to
utilize a more restricted range of metalanguage words, as illustrated by Table 4.12. Of
the fourteen categories of metalanguage listed, only 6 categories were found in the
popular reports of science. Table 4.10 indicates that junior high science textbooks were
found to utilize ten of the fourteen categories. There are a number of similarities,
however. For both junior high science textbooks and popular reports of science, the two
most common types of metalanguage use are relational words, such as “cause”, and
words that describe the process of doing science, such as “research” and “experiment.”

Junior high science textbooks have slightly more relational words than words that
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describe the process of doing science, while the pattern is reversed for popular reports of
science. Together, however, these two categories account for 68% of the metalanguage
use in junior high science textbooks and 58% of the metalanguage use in popular reports
of science. As well, the third most common category of metalanguage use for both types
of science writing is observational words, such as “observe,” “notice,” and “find.” This
category accounts for 15% of the metalanguage use in junior high science textbooks and
17% of the metalanguage use in popular reports of science. Finally, the words “method”
and “procedure™ were absent from popular reports of science, as they were for junior high
science textbooks. It is important to note, however, that each of the popular reports did
indeed describe the actual procedure that was utilized in the experiment or research. As
mentioned earlier, this is likely reflected in the high frequency of occurrence of words

that describe the process of doing science, such as “test,” “research,” and “experiment.”

Table 4.12: Type of Metalanguage Used in Popular Reports of Science

Word(s)

Law

Theory

Hypothesis

Prediction

Inference

Discover

Invent

Conclusion

Justification

Observe, notice, find

Method, procedure

Evidence, data

Test, research, experiment, investigation, study, examination
| Cause, effect, influence, result, determine, relate
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Scientific Status and Role in Scientific Reasoning

Tables 4.13, 4.14 and 4.15 provide the categorization of the statements in the text,
in relation to scientific status and role in scientific reasoning, for each grade. Table 4.16
gives an overview for each of the branches of science, as well as for the text considered
in its entirety. Some of the statements in the text fit into more than one category. For
example, some statements could be classified into one category based on scientific status
and another based on its role in scientific reasoning. The first five categories are
indicative of the scientific status of statements. The results reveal that much of the text
does not fit into any of these categories. When the first five categories are totaled, they
account for only 13.9% - 22.2% of the text, depending on the grade and branch of
science. In other words, 77.8% - 86.1% of the text does not fit into any of the scientific
status categories. The first two categories, which contain statements that reveal
relationships, account for 5.6 % - 20.4 % of the text, depending on the grade and branch
of science. The next three categories, which are descriptive of the process of scientific
research, account for 0.6% - 12 % of the text. Overall, in terms of branch of science, the
first two categories account for 9.9 % of life science text and 13.3 % of physical science
text. The next three categories account for 8.7 % of life science text and 3.6 % of
physical science text. This result indicates that statements that reveal relationships are
used slightly more often in physical science text, but the process of scientific research is

described more often in life science text.
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Table 4.13: Scientific Status and Role in Scientific Reasoning of Statements in Grade 7

Science Textbooks
Category Life Science | Physical Science

That one thing generally causes or influences another 8 !4 lines 13 Y lines
50% 10.3 %
That one thing generally is related to another | line 2 lines
0.6 % 1.6 %
What was observed 7 2 lines 0 lines
44 % 0.0 %
What prompted the work to be done 2 Y lines 4 lines
1.6 % 3.1%
How the research was done 10 Y lines 7 lines
6.0 % 54%

Statement of fact or conclusion 97 % lines 72 Y4 lines
57.2% 56.2 %

Explanation of a phenomena 15 lines 4 ¥ lines
8.8% 3.5%

Supposition for the purpose of exploring possibilities 0 lines 2 Y lines
0.0% 1.8 %

Reasons provided to support a statement 1 % lines 1 %2 lines
1.0 % 1.2%

Examples 10 % lines 12 % lines
6.3 % 9.5%
Comparison/contrast 15 % lines 4 lines
9.2 % 3.1%

88




Table 4.14: Scientific Status and Role in Scientific Reasoning of Statements in Grade 8

Science Textbooks
Category Life Science | Physical Science

That one thing generally causes or influences another | 20 Y lines 11 % lines
16.2 % 9.1 %

That one thing generally is related to another 5 Ya lines 2% lines
4.2 % 2.1%

What was observed 2 Y% lines | %4 lines
1.8 % 1.0 %

What prompted the work to be done 0 lines 2 % lines
0.0% 1.7%
How the research was done 0 lines 0 hines
0.0% 0.0 %

Statement of fact or conclusion 73 Ya lines 80 % lines
58.5% 62.2 %

Explanation of a phenomena 4 % lines 6 Y lines
3.8% 4.8 %
Supposition for the purpose of exploring possibilities 8 'z lines 6 lines
6.8 % 4.7%

Reasons provided to support a statement 1 line 2 % lines
0.8% 2.1%

Examples 26 Y lines 20 % lines
21.0% 159 %
Comparison/contrast 7 lines 0 lines
56% 0.0%




Table 4.15: Scientific Status and Role in Scientific Reasoning of Statements in Grade 9

Science Textbooks
Category Life Science | Physical Science
That one thing generally causes or influences another 1 % lines 21 lines
0.9 % 12.0 %
That one thing generally is related to another 11 Y lines 7 lines
6.1 % 4.0%
What was observed 0 lines 0 lines
0.0 % 00%
What prompted the work to be done 9 lines 1 line
4.7% 0.6 %
How the research was done 10 % lines 0 lines
5.6 % 0.0%
Statement of fact or conclusion 98 Y4 lines 134 Y2 lines
51.0% 76.6 %
Explanation of a phenomena 4 % lines 14 % lines
25% 8.1%
Supposition for the purpose of exploring possibilities 2 % lines 2 % lines
1.4 % 1.4 %
Reasons provided to support a statement 8 %2 lines 1 4 lines
4.4 % 0.9 %
Examples 69 lines 14 lines
35.8% 8.0%
Comparison/contrast 3 lines 5 Y2 lines
1.6 % 3.1%




Table 4.16: Scientific Status and Role in Scientific Reasoning of Statements in Overall

Junior High Science Textbooks
Category Life Physical Overall
Science Science
That one thing generally causes or influences 30 2lines | 46 lines 76 ' lines
another 6.2 % 10.6 % 83%
That one thing generally is related to another 18 lines 11 % lines | 29 % lines
3.7% 2.7% 3.2%
What was observed 9 % lines 1 Y% lines 11 lines
2.0% 0.3% 1.2%
What prompted the work to be done 11 % lines | 7 % lines 19 lines
24 % 1.7 % 2.1%
How the research was done 21 lines 7 lines 28 lines
43% 1.6 % 3.0%
Statement of fact or conclusion 269 lines | 287 lines 556 lines
55.1 % 66.5 % 60.3 %
Explanation of a phenomena 24 Y2 lines | 2S5 lines 49 Y2 lines
5.0% 5.8% 5.4%
Supposition for the purpose of exploring Il Y lines | 10 % lines 22 lines
possibilities 23% 2.5% 24%
Reasons provided to support a statement 11 % lines | 5 % lines 17 lines
23% 1.3% 1.8%
Examples 106 lines | 46 % lines | 152 % lines
21.7% 10.8 % 16.6%
Comparison/contrast 25%lines | 9.5lines | 35 Ylines
53% 22% 3.8%

The last seven categories are indicative of the statements’ role in scientific

reasoning. The most obvious result is that a large portion of the text is presented as

statements of fact or conclusion. This category alone accounts for 51.0 % - 76.6 % of the

text, depending on the grade and branch of science. [t accounts for more in physical

science text (66.3%) than life science text (55.1%). Given that very little of this same

text has statements that are descriptive of the process of scientific research (0.6% - 12%),

most of these statements of fact or conclusion are presented without insight into their
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origin. It is also interesting to note some of the common techniques used by textbook
writers to aid students in learning the textual information. For instance,
comparison/contrast is used for an average of 5.3 % of life science topics and 2.2 % of
physical science topics. The most widely used technique is that of providing examples.
This accounts for 21.7 % of life science text and 10.8 % of physical science text. This is
the most significant difference between the two branches of science, in terms of the role

of scientific reasoning.
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CHAPTER FIVE

Discussion and Conclusions

As discussed in Chapter Two, scientific literacy has become the overarching goal
of science education. It is generally believed that scientific literacy is a necessary
condition to functioning effectively as a contributing member of society, given the
tremendous rate at which scientific and technological advancements are occurring. An
evaluation of scientific findings can influence personal, professional, and public policy
decisions (Zimmerman et al., 1998). Thus, the purpose of formal science education is to
give the students the skills they need to become and remain scientifically literate.

One of these important skills is the ability to read, understand, and leamn from
scientific texts. This ability is “a mark of one’s independence as a literate person”
(Alvermann & Gunthrie, 1993, p.5). During formal science education, most of the
scientific information students encounter comes from science textbooks. For many
students, the textbook is science and, thus, the textbook influences their view of the
scientific enterprise. The image of science presented to the student is quite often limited
to the facts and concepts included in the textbook. Given the extensive role that science
textbooks play within science classrooms, the way in which textbooks are written will
have an impact on the ability of formal science education to reach its goal of producing a
scientific literate citizenry.

If students are to be lifelong learners, maintaining scientific literacy, they need to

know how to learn through interacting with all types of print (Digisi & Willett, 1995;
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Yore et al., 1998). Although students will develop scientific literacy to some extent
through their interaction with science textbooks, when formal education is completed, a
major source of new scientific information is likely to be the media and popular reports
of science. Therefore, skill in evaluating new scientific findings, as presented in media
reports, can be considered part of the collection of skills necessary to be a scientifically
literate citizen (Holliday et al., 1994; Zimmerman et al., 1998). Although the subject
matter of science textbooks is often uncontroversial and established knowledge,
textbooks must help students develop the skills needed to read and understand frontier
science, the subject matter of media reports and popular reports of science, if they are to
truly be scientifically literate.

The results of this study will be discussed in light of the ideas presented above.
The characteristics of the junior high science textbooks analyzed will be presented and
their significance will be discussed. As well, the characteristics of popular reports of
science will be presented as a comparison to that of junior high science textbooks. Each
research question will be addressed separately and recommendations will be made, based

on the findings.

Text Type

The first question that this study addresses is: In junior high school science

textbooks, what proportion of physical science and life science topics are written using

expository, argumentative, descriptive. and narrative text? [t was found that the branch
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of science analyzed had little impact, as both life science and physical science topics
display very similar patterns in terms of text type. There was much greater variation
between grade levels, in fact. For example, when both branches of science are combined,
76 % of the text is expository in the grade seven science textbook, but the amount is
much higher for grade eight (99 %) and grade nine (95 %) science textbooks. There may
be several reasons for this. First, it may simply be a product of the specific topics that are
being introduced at each level, since different topics are discussed in each grade. It may
also reflect the conscious efforts of the authors to include as much narrative text (20 %)
as possible at a crucial transition point in the students’ science education. As the students
leave elementary school, narrative text is much more familiar to them than expository
text. Thus, including more narrative text in the grade seven science textbook should
mabke it easier for the students to read and understand the science textbook.

Overall, the text type of junior high science textbooks was found to be
overwhelmingly expository (90 %). A similar pattern was also found with popular
reports of science, where approximately 80 % of the text is expository. [t is important to
note, however, that there is considerable variation within the popular reports of science.
The amount of exposition in the reports ranges from 57 % to 100 %. Overall, the results
suggest that students are being exposed to large amounts of expository writing in their
formal science education. In this way, the junior high science textbooks appear to be
successfully preparing students to read popular reports of science, which are also largely

expository in nature.
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The fact that both forms of scientific writing tend to have large amounts of
exposition is significant for two reasons. Firstly, by providing an early introduction to
expository writing, science textbooks perform a crucial function. They give students
exposure to the text type used in popular reports of science. Upon graduation, the
popular media will be the most likely source of scientific information for students. The
ability to read expository text, therefore, is a key aspect of developing and maintaining
scientific literacy. Secondly, the large amount of exposition in scientific writing is
significant since students tend to have greater difficulty reading exposition than narration
(Armbruster, 1991). The text structure of exposition differs greatly from that of narration
and is generally less familiar to readers. When students are made aware of the text
structure, however, they are better able to select relevant information, built internal
connections, and learn from the text (Alexander & Kulikowich, 1994; Cook & Mayer,
1988). A familiarity with the structure of science textbooks, then, would increase
students’ reading comprehension (Jacobs & Paris, 1987; Omstein, 1992; Young, 1992).
Knowledge acquisition depends greatly on the skills and strategies students use to read
and comprehend expository text (Spiegel & Barufaldi, 1994). The key is to ensure
students are made aware of the unique characteristics of exposition and given the reading
strategies to learn from exposition effectively.

The development of reading strategies is crucial to the developing the ability to
effectively learn from text. Dole, Duffy, Roehler, and Pearson (1991) and Pressley,
Johnson, Symons, McGoldrick, and Kurita (1989) provide some examples of reading

strategies that are crucial to the reading process and that respond to instruction: (1)
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assessing the importance of text-based information and prior knowledge; (2) generating
questions to set purpose; (3) summarizing; (4) inferring meaning; (5) monitoring
comprehension; (6) utilizing text structure; (7) reading and reasoning critically; (8)
improving memory; (9) self-regulating to fix up comprehension failures; and (10)
skimming, elaborating, and sequencing. The problem is that few teachers of science have
realized how complex and difficult it is to learn from scientific text. While they
recognize the importance of reading as a means of learning science, they fail to utilize
specific strategies or incorporate explicit reading comprehension instruction into their
science curriculum (Craig & Yore, 1996; Digisi & Willett, 1995). This might explain
why Wandersee (1988) found that even university students who excelled in their studies
demonstrated a limited repertoire of science reading strategies.

Science reading instruction needs to be an integral component of elementary and
secondary science teacher education programs ( Yore & Shymansky, 1991). Teachers
need to be made aware of research findings conceming the connection between science
learning and reading and the importance of incorporating reading instruction into the
science curriculum. They also need to be armed with the confidence and skills needed to
incorporate explicit reading comprehension instruction into the curriculum. Textbook
authors can also assist, by providing information and resources that clarify strategies for
reading science text. This is especially true for junior high science textbooks, which are
the focus of this study, since research indicates that the middle school years are
opportune times for explicit reading comprehension instruction (Yore et al., 1998). This

is a time when important conceptual foundations for learning science are established, as
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children move from being concrete, intuitive thinkers to abstract, reflective thinkers
(Glynn & Takahashi, 1998).

An interesting finding of this study is that there is no argumentation present in
junior high science textbooks. This is similar to some of the popular reports of science,
but vastly different from others. The amount of text using argumentation in the popular
reports of science ranged from 0 % to 43 %, with an overall average of 17 % . This
finding raises several concerns. The first concern relates to the view of science which
textbooks are portraying to students. Although there is a recognition that textbooks
usually deal with established knowledge, argumentation is a key part of science. In fact,
Kuhn (1993) proposes a characterization of science as argument. Kuhn emphasizes that
there is no scientific method capable of detaching science from controversy or argument.
Reflecting the social activity of science, she argues that even the “facts” of science
become argumentative constructions that must be entered into the arena of public debate.
If, in fact, students are not being presented with the argumentative nature of science, they
are not being given a true picture of how science is done. This study provides support for
the criticism that textbooks define science as a collection of facts, rather than a dynamic
process of discovery and theory generation (Gibbs & Lawson, 1992; Jabion, 1992;
Musheno & Lawson, 1999).

A second concern is that these textbooks may fail to develop critical skills needed
for the students to become scientifically literate adults. If students are not being exposed
to argumentative text during their formal science education, they may not develop the

skills needed to read and comprehend argumentative text. Yet, argumentative textis a
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key part of some popular reports of science, which adults rely on to keep abreast of new
scientific knowledge. Thus, becoming scientifically literate, and remaining scientifically
literate, requires the ability to interpret argumentative text. Norris and Phillips (1994)
found that students reading popular reports of science had difficulty identifying
statements of justification, evidence, and conclusion. This is not surprising when you
consider the fact that these students have had little exposure to argumentative text. Yore
et al. (1998) describe an efficient science reader as one who “assess[es] the logic and
plausible reasoning of the text’s pattems of argumentation” (p. 34). This ability is
impossible to learn, or demonstrate, when the junior high science textbooks students are
using do not provide exposure to argumentative text.

Science textbook authors need to incorporate argumentative text into science
textbooks. They can do this in three ways. Firstly, while presenting the established
knowledge of science that is currently found in science textbooks, authors can provide a
more explicit view of the social activity that led to its acceptance. As well, authors can
include examples from frontier science, which would allow students the opportunity to
evaluate the strength of the arguments and reasoning used. Finally, authors can
incorporate activities that reflect true scientific inquiry. This would influence the way
science is done in the classroom and provide opportunities for students to practice
reasoning to conclusions, the essence of argumentation. Science teachers can also make
the effort to supplement science textbooks with articles from popular reports of science.
Thus, students can be given the opportunity to develop the critical reading skills needed

to effectively interpret argumentative text.

99



Truth Status

Scientific knowledge is textured in the sense that not all of its statements have the
same truth status and the statements are asserted with varying degrees of certainty. This
study looks at the truth status of statements in junior high science textbooks. The specific
question that it addresses is: on a five-point scale, from “false” to “true,” what proportion
of statements in junior high school science textbooks fall in each category?

In terms of truth status, more than 90 % of the text of junior high science
textbooks is presented as being “true.” The rest is described as being “likely to be true”
or “uncertain.” Textbooks have been criticized for their presentation of scientific
knowledge. It has been argued that school textbooks, by presenting conclusions without
proof, create a context in which scientific phenomena are presented as facts or
unshakable truths that are to be accepted without question (Koulaidis & Tsatsaroni, 1996;
McGinn & Roth, 1999; Shamos, 1995). This study lends support to this criticism.

Popular reports of science provide a contrast to junior high science textbooks.
There was greater variation between the individual reports of science than there was
between the individual grade levels or branches of science of the junior high science
textbooks. Regardless of grade level or branch of science, the amount of “true” text was
consistently more than 90 %, ranging from 90.0 % to 98.9 %. Within popular reports of
science, the amount of “true” text ranged from 56.6 % to 92.4 %, giving an overall
average of 67.9 %. As well, popular reports of science have a small amount of the text

presented as “likely to be true” (5.4 %), but almost 25 % of the text is presented as being
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“uncertain.” There is also a small amount of text that is written as “likely to be false”
(2.0 %). In this way, the junior high science textbooks present scientific knowledge as
less textured and more “true” than the popular reports of science.

Norris and Phillips (1994) found that when students were asked to judge the truth
status of statements in popular reports of science, they overestimated the truth of the
statements as reported. They demonstrated an epistemic framework within which
scientific knowledge is seen as untextured, or at least less textured than it actually is.
Norris and Phillips (1994) contend that

when science textbooks are examined, it is not surprising that students

have acquired the view that science discourse ascribes only truth to

statements . . . [f textbooks are just stores of facts, then it makes pointless

any questioning other than of the accuracy of alleged facts. (p. 959)

This study provides support for the view that students are being trained to view science as
truth. Yet, students need to develop the skill of recognizing the texture of scientific
knowledge if they are to accurately interpret popular reports of science, which is the most
likely way that they will keep informed about scientific developments and issues. If, as
adults, students are to make informed decisions about science issues that impact society,
they must not accept all scientific writing as being true. Without the ability to interpret

the texture of scientific knowledge, they cannot be scientifically literate.
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Metalanguage

The third question considered in this study is: In junior high school science
textbooks, what is the frequency per line of metalanguage use, including such categories
as “observation,” “methods,” “conclusions,” etc. It was found that the frequency of
metalanguage use for junior high science textbooks ranged from 0.078 occurrences per
line to 0.135 occurrences per line, depending on the grade level and branch of science.
The overall average was 0.107 occurrences per line, which is approximately one example
of metalanguage use for every ten lines of text. There was slightly more metalanguage
use in life science topics (0.119 occurrences/line) than in physical science topics (0.095
occurrences/line).

To provide a comparative base, popular reports of science were also analyzed in
terms of metalanguage use. The amount of metalanguage use ranged from 0.150
occurrences per line to 0.500 occurrences per line in the individual reports, giving an
overall average of 0.348 occurrences per line. A large part of learning science is leaming
the language to talk about science, or metalanguage, which lays a foundation for a critical
interpretation of science texts. With more than three times as much metalanguage used in
popular reports of science than in junior high science textbooks, one wonders how well
students are being taught the language of science in their most formative years of science
education. It is also interesting to note that the students in Norris and Phillips’s (1994)
study demonstrated difficulty in interpreting the structure of scientific text despite the fact

that the popular reports of science contained more than three times as many
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metalanguage words as junior high science textbooks. If, indeed, metalanguage assists
the reader in identifying the structure of scientific text, than it would be expected that
students reading junior high textbooks would be even more unlikely to accurately
interpret the scientific status and role in reasoning of statements than that demonstrated
with popular reports of science. Given that the students reading the junior high textbooks
are younger, and thus likely to be less scientifically literate, greater use of metalanguage
as an explicit print cue is needed. Reading instruction that helps students make effective
use of metalanguage is also needed.

In addition to the frequency of metalanguage use, it is also interesting to note the
type of metalanguage that is used in junior high science textbooks and in popular reports
of science. The present study found that the two most common types of metalanguage
used are relational words, such as “cause,” and words that describe the process of doing
science, such as “research™ and experiment. Relational words accounts for 35 % of the
metalanguage use in the junior high science textbooks and 25 % of the metalanguage use
in popular reports of science. Words that describe the process of doing science account
for 33 % of the metalanguage use in both junior high science textbooks and popular
reports of science. Metalanguage to explicitly identify observational statements is also
common in both popular reports of science and in junior high science textbooks. It
accounts for 15 % of metalanguage use in junior high science textbooks and 17 % of the
metalanguage use in popular reports of science. There are other categories of
metalanguage that are rarely used, such as “justification,” “conclusion,” and “evidence.”

In the popular reports of science, only 4 of 52 occurrences of metalanguage use fit into
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these categories, and these were specifically the terms “evidence” or “data.” The same
pattern can be seen in junior high science textbooks, where only 4 of 100 occurrences of
metalanguage use fit into these categories. This suggests that readers are not being given
important print cues that could assist them in the identification of these types of
statements.

Research has shown that students completing high school have proven to be
proficient at identifying observational statements or statements of method, but have
difficulty identifying statements of justification, evidence, and conclusion (Norris &
Phillips, 1994). The results of this study provide insight into why this is the case. In both
Junior high science textbooks and popular reports of science, metalanguage to identify
observations is commonly used. Although the term “method” is hardly ever used, the
actual methods or procedures involved in scientific research are described in junior high
science textbooks, and especially in popular reports of science. This is reflected by the
large amount of metalanguage in both forms of science writing that describes the process
of doing science, such as “test,” “research,” and “experiment.” This suggests that when
Jjunior high science textbooks reflect the type of scientific text that students will
encounter in reading popular reports of science, the textbooks prepare the students to be
successful life-long leamers. The types of textual characteristics they have been trained
to identify in their formal education are easily identified in other forms of scientific
writing, as well.

In contrast, the metalanguage categories of “justification,” “evidence,” and

“conclusion” are rarely used in either junior high science textbooks or popular reports of
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science. Thus, students are not being given the exposure they need to leam to use these
forms of metalanguage effectively to identify the type of statement being read. This
suggests that textbooks need to provide a large amount of metalanguage, covering a wide
range of metalanguage categories, to ensure students can use metalanguage effectively
and identify the structure of the text. Print cues, such as metalanguage use, are especially
important at the junior high level where students are still developing their skills in
reading scientific texts. Students cannot be expected to recognize the implied
connections between statements when they have not even been taught to recognize and
distinguish the types of statements that are found in scientific text. It is important that
science textbooks make the structure of scientific text as explicit as possible. Only when
students are proficient at using metalanguage and identifying statements when they are
explicitly marked can they be expected to recognize the connections that are implied
among statements. Yet, the ability to see connections is fundamental to scientific
understanding. Thus, science education must ensure students have the skills needed to
interpret scientific text accurately if they are to be expected to play the role of a

scientifically literate citizen.

Scientific Status and Role in Reasoning of Statements

The final question that this study addresses is: In junior high school science
textbooks, what proportion of the text reflects various types of scientific status statements

and statements playing various roles in scientific reasoning? [t was found that the most
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common type of statement is a statement of fact or conclusion, which accounted for
between 51.0 % to 76.6 % of the text, depending on the grade level and branch of
science. Overall, an average of 60 % of the text in junior high science textbooks is
statements of fact or conclusion. In contrast, less than S5 % of the text is presented as
statements that described the motivation or procedure of scientific research. Thus, most
of these statements of fact or conclusion are presented without insight into their origin.
As mentioned in the discussion of truth status, textbooks have been criticized for
presenting conclusions without proof and, thus, creating a context in which scientific
knowledge is presented as unshakable truths. These findings provide further support for
this criticism, by showing that much of the text of junior high science textbooks do,
indeed, present conclusions without proof. It is not surprising, then, that students view
scientific knowledge as less textured and more “true” than they should.

[n terms of scientific status and role in scientific reasoning, there were some
notable differences between the two branches of science analyzed. Firstly, a greater
proportion of the physical science topics is presented as statements of fact or conclusion
(66 %) than life science topics (55 %). As well, common techniques used to aid students
in learning the textual information are more common in life science topics. For example,
twice as much of the text is given to providing examples and comparison/contrast in life
science topics than in physical science topics. These finding may provide insight into
why many students feel that life science topics are easier to learn than physical science

topics.

106



Summary

This study identifies a number of trends in the textual characteristics of junior
high school science textbooks. In terms of text type, the textbooks were found to be
largely expository, with no evidence of argumentation. The statements in the text are
overwhelmingly written as being “true.” The junior high science textbooks also reflect a
limited range of metalanguage use. It is largely limited to observational words, words
that describe the process of doing research, and relational words, such as *“cause.” The
frequency of metalanguage use is only one-third that found in popular reports of science.
Finally, in terms of scientific status and role in scientific reasoning, the majority of the
text is written as statements of fact or conclusion. There is little discussion of the
research behind the facts or conclusions, such as what was observed, what prompted the
work to be done, or how the research was done.

The branches of science analyzed are surprisingly similar in terms of text type,
truth status, and many aspects of scientific status and role in scientific reasoning. It was
found however, that there were some differences. A greater proportion of the physical
science text is written as statements of fact or conclusion than life science topics. Life
science topics, however, have a slightly higher frequency of metalanguage use and utilize
techniques to aid the student, such as providing examples and using comparison/contrast,
twice as much as physical science topics.

These trends indicate that junior high science textbooks effectively capture certain

aspects of science to the neglect of others. They effectively present the information, or
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facts, of science and they assist students in the identification of certain types of
statements, such as observational and methodological statements. They also expose
students to large amounts of expository text, provide students with the opportunity to
develop the skills of reading exposition. This is an important skill needed to effectively
interpret scientific text of various forms and to ensure students are capable of life-long
learning. Junior high science textbooks, however, do not present an accurate view of the
texture and structure of scientific knowledge. They fail to portray the argumentative
nature of science and the nature of scientific reasoning. They also do not adequately
present the social activity of scientific research. If the goal of science education is to
promote life-long learning and scientific literacy, some aspects of junior high science

textbooks appear to aid this process, while others appear to hinder it.
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