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CHAPTERI
INTRODUCTION
Background

Most science students agree that science texts are challenging to read (Harder,
1989). Research has shown that students receive little instruction on how to read their
science text (DiGisi, 1992) or how to use comprehension strategies (Alexander, 2000).
Without the use of these strategies, many students read their science texts but do not
understand what they read. This difficulty with comprehending science texts may cause
students to have trouble comprehending the nature of scientific discussion (Kurland,
1983) and thus increase the population’ s scientific illiteracy.

Reading instruction in grades 1-3 focuses mainly on decoding words. When
students enter fourth grade they are expected to “read to learn” however, thereisno
explicit instruction to bridge narrative and expository material (DiGisi, 1992). In
addition to the shift in reading purpose, science texts contain many new vocabulary
words. Without the necessary vocabulary knowledge, students cannot comprehend the
text (Pressley, 2000). Pressley found new vocabulary to be one of the greatest
challenges for readers (Pressley, 2000). While rapid decoding increases comprehension,
problems decoding occupy mental space that could be used for higher order processes
(Pressley, 2000). To resolve this problem, Pressley advises vocabulary instruction, which

is applicable to all grades (Pressley, 2000).



While acknowledged as extremely beneficial, there are severa reasons why
comprehension strategies are not taught in content area classrooms. Asreferenced in
DiGis (1992) many teachers are positive about reading in the content areas (Gillespie &
Rasinski, 1989; Y ore, 1991); however, most content area teachers are uncomfortable
teaching reading (Gillespie & Rasinski, 1989; Shymansky, Yore & Good, 1991; Y ore,
1991).

Content area teacher preparation programs focus little on reading and reading
instruction, leaving many teachers feeling unqualified. According to Bennett (2003),
teachers need instruction for teaching comprehension strategies. Teachers often use these
strategies when reading content material, but do not always recognize useful strategies
(Bennett, 2003). In addition, teachers are under pressure to teach content (Kurland,
1983) and according to DiGisi (1992) receive little support for integration and reading
instruction (Gillespie & Rasinski, 1989; Shymansky, Yore & Good, 1991; Yore, 1991).
In the end, students are not receiving strategy instruction in either reading or content area
classes.

Pressley (2000) defines reading as more than simply decoding. Comprehension
requires lower order (decoding) and higher order (metacognitive) thinking (Pressley,
2000). To perform higher order thinking, readers must interact with text (Pressley,
2000). Alexander (2000) states that interaction, in the form of previous knowledge
activation and subject interest positively influences comprehension. Alexander defines
two types of readers, acclimated and competent (Alexander, 2000). Acclimated readers
arein thefirst stage of learning and have little previous knowledge and only temporary

interest in the subject (Alexander, 2000). They are extrinsically motivated readers.



Competent readers are more experienced with the subject, have more subject knowledge
and usually have personal interest in the material. Alexander (2000) noted that the low or
temporary interest of acclimated readers can result in lower comprehension, yet thisis not
always the case. Alexander (2000) states that greater interest in the subject resultsin
more energy used for comprehension. Acclimated readers who are reading new materid
because of personal interest will have greater comprehension. Their comprehension will
more closaly equal students with increased subject knowledge. Therefore, high interest is
more beneficial than more subject knowledge (Alexander, 2000). The utilization of
reading comprehension strategies compels students to interact with text, and this
interaction subsequently increases interest (Alexander, 2000). For students entering
introductory science classes at either the secondary or college level with little previous
experience, igniting interest is necessary for students' reading achievement.

Using the Metacognitive Awareness of Reading Strategies Inventory (MARSI),
Bennett (2003) reports students rarely utilize comprehension strategies when reading
texts, if at all. Mokhtari and Reichard (2002) note that unskilled readers focus on
decoding, do not monitor their reading, and are unaware when they do not understand.
Thisis supported by responses Bennett (2000) received from her students. When students
encountered difficulties reading, they occasionally reread, asked friends or teachers for
help, or ignored the problem altogether. Students were largely limited in their strategy
use and awareness. DiGisi (1992) found that the use and awareness of metacognitive
strategies does not improve with age or grade level. Thisindicates that unskilled readers
with little to no instruction in using comprehension strategies are likely to remain

unskilled readers. DiGisi (1992) identified severa strategies that are helpful for science



students. Among the strategies addressed in the MARSI inventory, DiGisi (1992) states
that thinking about information visually, noting the organization of the reading, and
asking conceptual questions about the material are most beneficial to science students.
The Problem

With new legislation aimed at meeting standards in education, students’ critical
understanding of scientific information isvital. In addition to legislation, the National
Science Education Standards list scientific literacy as aprimary goal. Research has
shown that reading comprehension is directly linked to student learning and
understanding. Without information on comprehension strategies or practice using them,
many students rationalize their reading frustration by claming adislike for science. This
has led to many students dropping out of science as early as grade 6 and 7. With distaste
for science, many students will not continue reading scientific material and will not
become scientifically literate. Meanwhile, many will continue to universities and
encounter science classes again. In many cases, professors will assume students have
mastered scientific reading because the students can decode, unaware that little
comprehension of the text is taking place. While a number of researchers have |ooked
into reading comprehension and the use of strategies, very little research has been donein
science education. It isfairly well recognized that science texts are often hard to read and
understand. It isalso recognized that students frequently rank science astheir least
favorite or hardest class. However, little research has been done to determine whether
metacognitive strategies can improve comprehension of science texts and attitudes of

science students.



Purpose of the Study
This study is designed to assess the metacognitive strategies used by college
students enrolled in an introductory biology class. In addition to assessing the strategies
used, the study will focus on several specific strategies to assist students with
comprehending the text and try to determine if increased comprehension leads to
increased interest or change in attitude towards biology.
Objective of the Study
The hypothesis under investigation in thistudy was that many college students
are unaware of and do not use metacognitive strategies when reading science texts and
that the use of specific strategies can improve the students' comprehension and
understanding of the material while increasing their interest and improving their attitude
toward biology. The study was designed to answer these questions:
» Do students utilize metacognitive strategies and what strategies do students report
using while reading biology texts?
* Isthere arelationship between student’ s use of reading strategies and their
attitude toward reading biology?

» How does strategy use vary among good and poor readers, gender, and major?

* Doesexplicit instruction in using metacognitive strategies improve students’
attitude toward reading biology texts?
Significance of the Study
This study is significant because it examined the relationship between students
comprehension strategy use and their attitude toward reading biology texts. While many

biology classes rely on students to learn on their own from texts, science textbooks are



often cited as the most difficult and most unpleasant to read. This study looked at
strategies students use to manage these difficult readings and whether or not using
strategies contributed to a student’s increased likelihood of completing the reading and
understanding the material.
Conceptual Assumptions

Throughout this study, several assumptions were made. First, that comprehension
strategies are not explicitly taught. Second, that all students used some reading
comprehension strategies and were aware of their strategy use. Also, it was assumed that
none of the students participating in the small group study had a reading disability that
would affect their performance either practicing the reading strategies or completing the
post-reading questions.

Definition of Terms
Metacognition — First defined as “knowledge that takes as its object or regul ates any
aspect of cognitive behavior” (Flavell, 1978). Metacognition has been expanded to
include conscious awareness of task, topic and thinking, and conscious self-management
(Jacobs & Paris, 1987). Students with metacognitive skills possess knowledge about their
cognition and the regulation of their cognitive resources during cognitive activities.
Scope and Limitations

This study was conducted using students enrolled in a mixed-majors Introductory
Biology class and, therefore, the scope of the study can be extended to cover freshman
and sophomores across different mgjors. Data analysis conducted to ook at the
differences between males and females, different mgjors, and differences between self-

perceived good, fair, and poor readers presents several limitations. With a broad range of



majors present in the study, it was necessary to group them into categories of disciplines.
All student-reported majors were grouped into five different categories, Science,
Education, Humanities, Business, and Undecided. These categories were subjective and
based on the type of courses students would encounter fulfilling their degree, not
necessarily the type of career they would pursue after graduation. Gender differences
within each major were also analyzed. In most cases, there were relatively equal numbers
of males and females. However, in Education, there were significantly more females than
males.

Students in the study reported whether they perceived themselves as either good,
fair, or poor readers. The magjority of students reported that they were good readers. The
numbers of reported fair and poor readers were combined so their strategy use could be
compared to that of good readers.

Outline of Work

This study was conducted using students enrolled in an Introductory Biology
class. Students were asked to complete a survey, indicating the frequency with which
they used different reading comprehension strategies. The results of this survey were
anayzed to examine differences between male and femal e students, self-perceived good
and fair/poor readers, and different mgors. Students were also asked to complete a
survey measuring their attitude towards reading their biology text. The attitude survey
was analyzed to identify the relationship between strategy use/non-use and
positive/negative attitudes toward reading the biology text. Additionally, a small group of
students met with the researcher once aweek for eight weeks for instruction in and

practice with using reading strategies. The attitude of these students toward reading the



text was measured at the beginning of the study using the attitude survey. After four
weeks of practice, changes in the students’ attitudes were addressed during an interview
with the researcher. The results of the small group study were analyzed qualitatively to
determine the affect of practiced comprehension strategies on attitude toward reading

biology text.



CHAPTERII

LITERATURE REVIEW

Introduction

Literacy istaking a prominent role in education. The focus on literacy results
from recent legislation and education reform aimed at increasing education achievement
inthe US. In addition, rapid scientific advancement increases the need for students to
develop scientific literacy. The Commission on Adolescent Literacy of the International
Reading Association outlined this increased need for literacy. The Commission stated,

Adolescents entering the adult world in the 21% century will read

and write more than any time in human history. They will need

advanced levels of literacy to perform their jobs, run their households,

act as citizens, and conduct their personal lives. They will need literacy

to feed their imaginations so they can create the world of the future.

In acomplex and sometimes dangerous world, their ability to read

will be crucial. (Moore, Bean, Bidyshaw & Rycik, 1999, p.3)

The primary goal of Project 2061, an American Association for the Advancement
of Science funded program, isto help Americans become scientifically literate. Asan

influence in science education reform , Project 2061 renewed momentum for reading in



1985 with an emphasis on communication and critical response (Vacca, 2002). The
National Science Education Standards, written in 1996, also identify scientific literacy as
agoal for science education (NRC, 1996). One underlying assumption of literacy policy
isthat once students learn to read, they are capable of learning on their own for the rest of
their lives (Vacca, 2002). However, despite the emphasis on literacy in education,
institutions promoting scientific literacy are silent in regard to the role that reading and
writing have in the classroom (Y ore, Bisanz & Hand, 2003).

There are two aspects of scientific literacy, fundamental scientific literacy and
derived scientific literacy. Fundamental scientific literacy involves the ability to speak,
read and write as a scientist while derived scientific literacy refers to students' knowledge
of the body of scientific concepts (Y ore, Bisanz & Hand, 2003). Herd (1998) defined
scientific literacy as being capable of

distinguish[ing] experts from the uninformed, theory from dogma,

data from myth; recogniz[ing] the cumulative, tentative, skeptical nature

of science, limitations of scientific inquiry, need for sufficient evidence,

environmental, socia and political impact of science and technology;

know[ing] how to analyze and process data (Y ore, Bisanz & Hand, 2003).

Languageis anintegral part of science and scientific literacy. Through language,
scientists communicate inquiries, procedures, and understandings to other scientists and
the public. Through these communications people are able to make informed decisions
about social, environment, and health policies. However, to utilize written
communication, readers must be able to read, comprehend, and evaluate scientific forms

of writing (Yore, Bisanz & Hand, 2003). For this reason, continued literacy devel opment

10



isimportant for adolescent readers (Vacca, 2002). The instruction on making meaning
from text that adolescents receive influences the core strategies they use to negotiate
meaning and think critically (Vacca, 2002).

To communicate in science, students must be competent readers with a variety of
written forms. Students must be able to read and understand word problems, |aboratory
reports, and informative materials (textbooks) (Koch, 2001). These comprise arepertoire
of scientific documents; they are the basis for communication between scientists,
popularizing information generated in the scientific community, and providing formal
instruction (Y ore, Bisanz & Hand, 2003). Communicating with other scientists can take
two forms; it can be formative or integrative. Formative communication shapes a
scientist’s mind and consists of cutting edge information. Integrative communication is a
synthesis of what is already known or widely accepted (Y ore, Bisanz & Hand, 2003).
Popularizing scientific information to increase the public’s awareness or understanding
typically consists of mediareports or journal articles. Instructional materials comprise
textbooks, lab workbooks, and educational websites (Y ore, Bisanz & Hand, 2003). With
the exception of communicating among scientists, the majority of readers using scientific
writing are students.

While students make up the majority of readers for scientific text, instruction for
reading these texts is absent from most school curricula. Simpson and Nist (2000)
describe strategies used for scientific reading as part of a hidden curriculum. Students are
left to develop strategies for dealing with scientific reading on their own, with few
students becoming adept at using strategies. Thisis evidenced by the large number of

students unable to comprehend science texts. According to the National Association of
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Educational Progress, 30% of US students do not have the reading skills they need when
they leave the primary grades, although primary reading teachers are most capable of
hel ping these students. In addition, the NAEP states that 40% of seventh graders do not
read fluently enough to read their textbooks and this number increases to 60% by grade
12, with 17-year olds having few developed reading skills for examining ideas they take
from reading (Durley, Emlen, Knox, Meeker & Rhea, 2001; Wandersee, 1988). With
little evidence that reading comprehension instruction is taking place in elementary and
secondary classrooms (Y ore, Bisanz & Hand, 2003), there is ample evidence that reading
comprehension instruction is not finding its way into content area classrooms (Vacca,
2002). Greenewald and Wolf (1980) concluded that little reading is taking place in
secondary content area classrooms and that reading is not used as a primary means of
obtaining information. Through observations of reading in classrooms, Smith and Feather
(19833, 1983b) noted that content area class readings were taken directly from the text
without the use of other sources; teachers provided no pre-reading strategies, used
worksheets to focus student attention on relevant information, and discussions after
reading revolved around the worksheets (Rivard & Yore, 1992). This use of text does not
encourage higher level thinking in response to text reading and leaves little incentive for
students to actively engage in reading. Meanwhile, the renewed debate over phonics
versus whole language reading instruction resulted in policy-driven proposals to increase
research and development of early reading instruction, leaving adolescent readers behind.
There are several reasons why reading comprehension instruction is not finding
its way into content area classrooms. One reason is the content area teacher. With the

implementation of standards-based education, content area teachers feel increased
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pressure to teach content. They view their role in education as preparing students in
specific subject areas for high school and college (Vacca, 2002). A second reason isthe
limited focus on reading in teacher preparation programs and professional development
programs. Many content area teachers feel unprepared to teach comprehension
instruction (Spence, 1995). As aresult, content area teachers suffer from a* poor
understanding of science reading theory, make ill-informed instructional decisions,” and
provide little explicit instruction (Spence, 1995).

Despite the challenges facing content area teachers, students need science reading
instruction. According to Baker (1974), 85% of learning comes from independent
reading. Thisindicates students with comprehension difficulties will encounter problems
after high school (Nist & Medley, 1991). After high school, a student’ s ability to
comprehend becomes more important. When reading independently, students do not have
ateacher to guide them or assist them with constructing understanding (Koch, 2001).
This has serious implications for out-of school reading. Phillips and Norris (1999) found
that while reading newspapers or magazines, students are accepting of the information
presented in the text and are not critical; they do not measure the information in the text
against what they experience and when the find information that contradicts their
experience, they accept the new information and disregard what they know. Y et critica
reading confers the most promise for life long learning (Y ore, Bisanz & Hand, 2003).
Research also indicates that as reading becomes more difficult, students’ desire to read
and enjoyment of reading becomes minimal and is viewed as atask or burden (Serran,
2002). If students are to continue reading after graduation, they must be equipped with

the skills they need to comprehend difficult expository texts. Otherwise, students risk
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becoming scientifically illiterate at atime when literacy is more critical than ever (Vacca,
2002).
Reading

The constructivist philosophy of education views learning as a construction of
knowledge taking place in children’s minds. Knowledge is constructed through the
integration of new experiences with previous experiences. This perspective on learning
influenced reading theories and redirected early beliefs about the role of textbooks and
reading in science education (Y ore, Bisanz & Hand, 2003). Current conceptions of
reading parallel constructivist perspectives with the social-constructivist and interactive-
constructivist models at the head of reading instruction research (Spence, 1995). The
Social-constructivist perspective on reading places the experiences of the student and
teacher at the forefront of learning and teaching. Research in this area focuses on beliefs
of students and teachers toward learning and teaching, the role of literature in content
area classrooms, and the connections between reading, writing, and talking to learn
(Vacca, 2002). The interactive-constructivist perspective emphasizes the readers as they
construct meaning. This model looks at the interaction between “what is known,
concurrent sensory experience, and information accessed from print in a specific context
that is directed at constructing meaning” (Rivard & Yore, 1992). The focus of the
Interactive-constructivist model is on how previous knowledge interacts with text to
make meaning. The emphasis of this model is on the creation of meaning, and not the
acquisition of meaning. Both perspectives believe comprehension goes beyond textual
information to making logical assumptions, forming pragmatic inferences, and supplying

suppositions about the author’ s intentions (Anderson, 1982).
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To learn from atext, readers must facilitate a transaction between themselves and
the text. This transaction occurs through the integration of top-down and bottom-up
processing. Top-down processing refers to what is already in the readers’ heads, their
previous experiences and prior knowledge. Bottom-up processing refers to the act of
reading text. To create meaning, students create mental models using new information
(from bottom-up processing) and testing them against prior knowledge and shared social
standards (top-down processing). These models are then put into long-term memory
when readers incorporate the new model into their existing knowledge or reorganize
existing knowledge to accommodate the new model (Spence, 1995). Therefore, the
ability to understand what is read results from combining previous knowledge with new
information (Durley et a., 2001). As aresult of the interaction between top-down
processing and bottom-up processing, comprehension can be seen as negotiation and
conflict resolution. To create understanding, readers must solve problems between text,
the reader’ s episodic memory (recollections of concept), the reader’ s semantic memory
(reader’ s worldview of language structures), and the socio-cultural context (boundaries
for acceptable resolution) (Y ore, Bisanz & Hand, 2003). Using this model of
comprehension construction, areader’ sinability to comprehend reading is aresult of an
inability to integrate new and old information. This inability makes reading meaningless
(Rivard & Yore, 1992). The ability to resolve these conflicts is aresult of prior
knowledge, not skill (Yore, Bisanz & Hand, 2003), and differencesin reader’s
perceptions and engagement with meaning construction effect the outcome of conflict

resolution (Slotte, Lonka & Lindblom-Y lanne, 2001).
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There are two aspects of reading; cognitive and metacognitive. Decoding, or
reading the words on the page make up the cognitive, while thoughts about reading are
metacognitive (Eriksson, 2000). Comprehension, as the goal of reading requires mental
engagement with the process of reading. To successfully read, readers must utilize both
cognitive and metacognitive processes by switching back and forth between what is
known and what is presented in the text while simultaneously comparing the new
information and what is read with their worldview (Y ore, Bisanz & Hand, 2003). At the
same time readers are identifying main ideas by delineating supporting information,
details, and examples, sorting relevant from irrelevant information, and identifying
problems that need extra study (Eriksson, 2000). These processes take place in the short-
term memory. For this reason, the benefit of reading comprehension strategy instruction
may depend on individuals' short-term memory (Rivard & Y ore, 1992).

During meaning construction, the short-term memory acts as an interface between
the new information in text and the information stored in long-term memory (Osborne &
Wittrock, 1983). The long-term memory stores information in schema, or an abstract
framework where related pieces of information are kept together in a neurological
network or “slots’ containing related parts (Anderson & Pearson, 1984). Schema has six
functions in the reading process: organizing and retrieving (scaffolding), selective
attention, inference making (filling in gaps), orderly memory searches, editing and
summarizing, and inferential reconstruction (hypothesizing about missing information)
(Anderson, 1978).

The cognitive and metacognitive aspects of reading take place in the short-term

memory; however space in the short-term memory is limited. Kintsch and Van Dijk
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(1978) concluded that individuals can only process chunks of seven propositions at a
time. The space for working memory and the cognitive demands of processing limit the
amount of space for decoding and integrating text (Rivard & Yore, 1992). If readers are
not fluent decoders, the short-term memory space is taken up for decoding and thereis
not space for integrating information. However, if readers are fluent and reduce the
amount of short-term memory space used for decoding, the amount of short-term
memory used to integrate information increases. Fluent readers use most of their short-
term memory for comprehension (Pressley, 2002). As aresult good comprehension relies
on reading fluency and vocabulary. Research has shown that improving fluency and
vocabulary both improve comprehension. Y et skilled reading involves more than fluent
word recognition (Pressley, 2002).
M etacognition

The development of cognitive psychology redirected the focus of reading research
from reading skills to metacognition. Metacognition was first defined by Flavell in 1978
as “knowledge that takes asits object or regulates any aspect of any cognitive endeavor”
(Flavell, 1976). Since then, Flavell’ s definition was elaborated to include “conscious
awareness of one’'s own knowledge of task, topic and thinking, and conscious self-
management” (Jacobs & Paris, 1987). Reading researchers generally accept
M etacognition as knowledge about cognition and self-regulation of cognition and
cognitive resources (Baker & Brown, 1984; Nist & Medey, 1991, Pressley, 2002).
Brown (1980) specifically defined metacognition and its relationship to reading as
“evaluation of the comprehension process while reading and ability to take action when

comprehension fails.” Metacognition is composed of three factors: metacognitive
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knowledge, metacognitive skill, and metacognitive experience (Eriksson, 2000).
Metacognitive knowledge is also composed of three factors - the person, the task, and
the strategies. A reader with metacognitive knowledge is aware of hisher abilities and
limitations as areader, what is required to complete atask and how to meet the
reguirements, and methods useful towards reaching the goal (Eriksson, 2000). Eriksson
(2000) defines metacognitive skill as the reader’ s knowledge of what he/sheis currently
doing. Eriksson (2000) also defined metacognitive experience as “experience
accompanying an intellectual task,” such as knowing you do not understand, using
previous experience to solve aproblem, or feelings of success or failure. Regulation
during reading happens when a reader monitors his/her comprehension to detect errors
and separates important and unimportant information. Self-regulation involves planning
(selecting particular actions to reach agoal), monitoring, and evaluating strategy use
whilereading (Nist & Mealey, 1991; Paris & Jacobs, 1984; Baker & Brown, 1984). To
demonstrate metacognitive awareness, readers must have declarative knowledge
(knowing the information you need is in your head), procedural knowledge (knowing
how to connect what isin your head to what you read), and conditional knowledge (when
and why to use the information in your head while reading) (Craig & Y ore, 1992).
Reading researchers see metacognition as the “foundation upon which
comprehension is built” (Nist & Mealey, 1991). Results of research in metacognition
show asignificant positive relationship between metacognitive awareness and
comprehension ability (Spence, 1995). Simpson and Nist (2000) found that students who
practice deeper levels of processing perform better on assignments and tests. Students

who practice deeper levels of processing access and integrate old and new information to
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create understanding. In unstressful reading situations, metacognition proceeds without
the reader’ s awareness. It is when reading becomes difficult that metacognition becomes
overt and conscious (Jacobs & Paris, 1987).

Pressley (2002) defined metacognition as “knowledge of the thinking process,
thinking in the here and now, and thinking in the long-term.” According to Pressley, the
most important thinking in the here and now is whether or not atext is being understood.
Thisis especialy true in science reading. Without metacognition, many science
misconceptions go unnoticed. Long-term metacognition pertains to knowledge of reading
strategies; however, without knowledge of the thinking process or thinking in the here
and now, comprehension strategies are useless. If students are not aware when
comprehension breaks down, the comprehension strategies will not work (Nist& Medey,
1991).

Metacognition is a process that gradually develops (Eriksson, 2000). Several
studies indicate that comprehension eval uation improves with age (Jacobs, 1982; Otero &
Campanario, 1990). Jacobs and Paris (1984) found significant differencesin the
metacognitive abilities of eight and ten-year olds. Nist and Mealey (1991) agree that
metacognitive skills increase with age, but suggest that as students become older, their
reasons for not using metacognitive skills change. Among these reasons are alack of
motivation, alack of prior knowledge, and competing demands on time (Barnett, 1997).

Resear ch Background

Reading research has changed significantly over the last few decades.

Behaviorists and logico-mathematical perspectives dominated much of the research

before 1978 (Y ore, Bisanz & Hand, 2003). These researchers viewed reading as
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unidirectional, from the text to the reader. Most research studies were bottom-up studies,
focusing on decoding skills and increasing reading rate (Rivard & Yore, 1992). These
studies disregarded reader’ s prior knowledge and experience, viewing the reader asa
passive participant in the reading process.

By the 1960’ s there was increasing awareness that comprehension was more than
simply the percent correct on a comprehension test (Kingston, 2003). Researchers began
to look at reading as a more complex process. In the 1970’ s cognitive psychol ogy
recognized reading as a process, not a product, and research was redirected (Nist &
Mealey, 1991). Cognition and learning research replaced research on reading and study
skills (Vacca, 2002). Between 1980 and 1990, the cognitive constructivist vision of
learning emerged and readers were seen as active participants in the reading process
(Simpson & Nist, 2000).

After the science education reform of the 1960’s, explicit science reading
instruction was unpopular, the criticism resting on the split between active and passive
learning experiences. Science learning needed to be active learning and science reading
did not fall into the model of hands-on science (Spence, 1995). As aresult, many of the
studies in science reading attempted to identify one specific strategy that would improve
reading comprehension, the style and content of textbooks, student reading skills, and
teachers' use of textbooks in the classroom (Pressley, 2002; Y ore, Bisanz & Hand, 2003).
Reading research recently refocused again, this time on interactions between the reader
and the text, metacognition, and explicit instruction. Research on schematheory, text
structure, metacognition, and strategic learning had major impacts on content area

reading processes (Vacca, 2002; Y ore, Bisanz & Hand, 2003).
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Recent research focused on classroom application of metacognition and strategy
use. Results of research on strategy use demonstrate that children with high awareness of
reading strategies score higher on comprehension tests than children with low awareness
(Jacobs and Paris, 1984). Taraban, Rynearson, and Kerr (2000) found strong, consistent
rel ationships between reading goals, strategy use and GPA. Students with higher GPAs
knew more strategies and had more reading goals than students with lower GPAS. In
addition to knowing more strategies, these students used more strategies than students
with low GPAs (Taraban et a, 2000). Garner and Alexander (1982) surveyed college
students about their use of questioning while reading. Half of the participating students
used questioning and those who did outperformed their non-questioning peers (Rinehart
& Kingston, 2003). Wandersee (1988) studied the strategy use of freshmen reading
textbooks and found that students alter their strategies more in response to the expected
method of evaluation than the type of text content (Wandersee, 1988). Wandersee also
found that increasing the attempts at a passage correlated with higher GPAS, only six
percent of studentsin the study tried to connect new information to prior knowledge, and
that only 30% of women and 17% of men focused on the value of reading (why isthis
important? How does this information apply to me?) (Wandersee, 1988). Despite the
findings of other researchers regarding the devel opment of metacognition with age,
Wandersee (1988) did not afind relationship between college level and specific strategy
use.

Studies on metacognition can be grouped into three different categories: cross-
cultural, expert-novice, and manipulation studies (Nist & Mealey, 1991). Cross-cultural

studies look at the effect of socio-cultural perspectives on reading comprehension. During
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these studies, participants read several passages that contain familiar and unfamiliar
cultural references. Researchers then compare the participant’ s reading processes. Results
of these studies show that participants spend more time on passages that contain
unfamiliar references and made more distortions when recalling the unfamiliar passage.
In contrast, readers were able to recall more important propositions from the culturaly
familiar passage (Nist & Medey, 1991).

Expert/novice studies look at the differences in metacognition between readers
with knowledge about a subject and readers without content-specific knowledge. Results
of these studies show that readers with content-specific prior knowledge were able to
remember more and synthesize more than “novice” readers (Nist & Mealey, 1991).
Schema theory contributes to the explanation of these results. “Expert” readers were able
to learn more because they already possessed the necessary knowledge structures. To
learn from the text, experts' knowledge structures needed to be organized and expanded,
while the novice readers needed to create new knowledge structures.

Most of the research in science education focuses on methods of teaching subject
matter and problem solving skills with little attention to reading comprehension. The
limited research on science text, science reading, and science reading strategies suggest
limited strategy use by students, differences between expert and novice readers, domain
specific influences, text/structure influences, conceptual change difficulties, and
interpretive framework influences (Spence, 1995). The most prominent type of research
on science reading comprehension is manipulative studies. During manipul ative studies,
participants read passages that have been manipulated to contain inconsistencies or

contradictions. These studies measure readers’ ability to activate proper schemawhile

22



reading (Nist & Mealey, 1991). The results of these studies are based on individua
abilities to identify the inconsistencies or contradictions. An inability to identify
inconsistencies or contradictions indicates a lack of control over comprehension (Otero &
Campanario, 1990). In many of these studies students failed to identify the
inconsistencies or contradictions (Nist & Mealey, 1991). In one study, Baker (1979)
reported that 62% of the inconsi stencies were not reported and less than 25% of the
readers noticed inconsistencies while reading. Many of the unreported inconsistencies
were attributed to “fix-up” strategies. While reading, students deliberately omitted or
atered the inconsistencies or made inferences without being aware they had done so
(Baker, 1979). In another study, Baker and Anderson (1982) introduced main point
inconsistencies, detail inconsistencies, or no inconsistencies to reading passages. They
found that students spent more time on sentences that were inconsistent with prior
knowledge and looked back at inconsistent sentences more often. Explanations for this
include regulation failures or the construction of an explanation that satisfied prior
knowledge (Rinehart & Platt, 2003). Anderson (1982) concluded that during these
studies, large numbers of readers failed to identify inconsistencies or contradictions due
to “fixing” the problem with regard to prior knowledge or creating aternative
interpretations. Otero and Campanario (1990) conducted a similar manipulation study
with science reading. They introduced contradictions into a science text and then asked
students to rate the text’s comprehensibility. They found four categories of responses:
adequate evaluation and regulation, basic difficulties, absence of evaluation, and
adequate evaluation with inadeguate regulation. Students with adequate evaluation

identified text inconsistencies and rejected the text as incomprehensible. Students with
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basic difficulties did not identify the inconsistencies, but were aware of a problem while
reading; however, they did not reject the text. Students with an absence of evaluation did
not detect the inconsistencies and possessed an “illusion of knowing.” Students with an
illusion of knowing believed they had a good understanding of the text and were unaware
of any incomprehension. Students with adequate eval uation and inadequate regulation
identified inconsistencies, but attributed them to advances in science or exceptions to the
rule and did not reject the text (Otero & Campanario, 1990). Otero and Campanario
(1990) aso found that students with more prior knowledge about the content of the
passage gave the text higher comprehensibility scores (even though it was
incomprehensible) than students without prior knowledge.
Science Texts

Although science education has moved toward hands-on and inquiry-based
learning, Ratekin, Simpson, Alvermann, and Dishner (1985) found that science classes
are still dominated by science texts (Rivard & Y ore, 1992). Textbooks are used to
determine and organize content material in science classes, but students are not expected
to learn from independent reading. Instead they are used as safety nets to supplement
lectures (Rivard & Yore, 1992).

Until recently schools relied heavily on textbook readability (Nist & Meadey,
1991). Text readability is determined by the number of syllables per word and number of
words per sentence in atext passage. |n attempts to decrease readability, textbook
publishers use shorter words and shorter sentences, inadvertently increasing the difficulty
of the text by disregarding connectiveness and elaboration (Rivard & Yore, 1992). Itis

currently recognized that text readability is only part of the problem, with other issues
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including style, interest level, inconsiderate texts, and the utilization of textsin the
classroom (Rivard & Yore, 1992).

Text coherence refers to the relationships between ideas in the text. There are two
levels of text coherence. Global coherence refers to the arrangement of concepts
throughout the text. Tierney and Mosenthal (1982) described local coherence as the
“linguistic mortar that holds the ideas together” (Nist & Mealey, 1991). In a coherent
text, relationships are explicitly stated; they are not missing or implied. When publishers
focus solely on readability, text coherence can be lost. Discussing more conceptsin
shorter, easier to read paragraphs reduced students' ability to recall information (Kintsch
et a. ascitedin Nist & Mealey, 1991).

Unfamiliarity with text structure is one of the most difficult problems readers
encounter when reading science texts. Most of students’ information about text structure
isbased on narrative text (Rivard & Yore, 1992). Cook and Mayer (1988) found that
many skilled readers are not aware of common science text structures and that college
readers do not have fully developed category concepts for expository text structures
commonly found in science texts (Cook & Mayer, 1988). Scientific texts differ from
narrative with their use of content-specific language, visual aids (graphs, diagrams, and
charts), and mathematical symbols (Rivard & Y ore, 1992). Because science texts are
different from narratives, the strategies students are taught for narrative texts do not
transfer effectively to expository text reading.

Most students are not aware that science texts have an underlying structure (Cook
& Mayer, 1988). Scientific texts utilize five different structures. description, listing,

compare/contrast, problem/solution, and cause/effect (Rivard & Y ore, 1992). Textbooks
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often include cues to help readers focus their attention on important information.
Textbooks are unique in the cues they include; some include a variety while othersrely
on aselect few (Goetz, Alexander & Schallert, 1987). In addition to unfamiliarity with
common text structure, students are not necessarily aware of what aids textbooks offer.
Students often skim chapters without noticing organizational aids such as charts,
diagrams, tables, pictures, summaries, etc. (Tomlinson, 1987). Tomlinson (1987)
suggests that all students should be aware of aids texts offer. The presence or absence of
text cues helps students select comprehension strategies.

While cues can help students, authors provide few cues that encourage
meaningful processing of information (Goetz, Alexander & Schallert 1987). Cues
provided generally require minimal effort; pictures and summaries are provided, students
are never asked to imagine or construct their own image or write their own summary
(Goetz, Alexander & Schallert, 1987). Through cues, textbook authors and publishers
attempt to mark important information for students, but offer no suggestion for studying
the information (Goetz, Alexander & Schallert, 1987). Goetz, Alexander and Schallert
(1987) conclude that although text cues are provided, they are ineffective and that if
students are to learn from texts they will haveto do it on their own.

Although they are skilled narrative readers, many science and technology students
have trouble reading science texts (Koch, 2001). Wandersee (1988) stated

Teachers think that if science content is accurate, up to date,

and presented in alively manner, learning will occur. Researchers, however,

disagree, saying the assumption that students will
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comprehend fully an attractive and accurate text just by starting at the beginning

and reading through to the end needs to be challenged. (p. 69)
Different types of texts and different writing styles require different reading processes
and therefore different strategies (Koch, 2001). The reading skills students acquire using
narrative texts in early grades are ineffective when transitioning to expository texts
(Spring, 1985). The limited research in science reading results in the science reading
process being poorly understood (Spring, 1985). It is known, however, that science
reading by scientists is an active process. The scientist “sits down with pencil and paper
and slowly works through the article, making notes along the way. Unclear points are
pondered over, references are looked up, calculations are checked” (Mallow as cited by
Spence, 1995). While the process is poorly understood, it is acknowledged that science
reading involves more cognitive demand than narrative text. When reading science text,
students must have knowledge of “scientific enterprise, concepts under consideration,
scientific language, patterns of argumentation, canons of evidence, science text, and
science reading strategies’ (Spence, 1995; Koch, 2001). Due to the unique nature of
scientific texts, the interaction of prior knowledge while reading is more important
(Rivard &Y ore, 1992) and the lack of prior knowledge can derail areader. Students with
limited prior knowledge need to construct their own interpretation or may have
misconceptions that impede learning (Alexander& Kulikowich, 1994). Alexander and
Kulikowich (1994) identified ten assertions about learning physics from atext. They
found:

1. limited knowledge negatively impacts understanding

2. out-of-school knowledge may impede understanding
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3. individual interest linked to understanding

4. bilingual character of text increases processing demands

5. dituational interest directs readers’ attention from important information

6. individua perspective aters comprehension

7. analogies do not always help comprehension

8. instructional importance has greater impact than structural importance

9. teacher explanations can help or hinder student learning

10. technological advances can introduce greater complexity to processes of learning
While their assertions are specific to physics, they may be generalizable to include all
scientific learning from texts.

Learning to read isamajor goal of the primary grades. Much of the instruction
that young students receive is based on narrative. Part of the difficulty students have with
science texts is the lack of instruction and their lack of experience (Armbruster as cited
by Rivard & Yore, 1992). Cook and Mayer (1988) found that even skilled readers lack a
complete awareness of expository text structure and benefit from even modest
instruction. Knowledge of text structure benefits student comprehension in a number of
ways. Structure awareness guides students and assists them in creating mental
representations of information in text (Cook & Mayer, 1988). Structure awareness also
helps readers identify important information in a passage (Cook & Mayer, 1988). Both
strategies, identifying important information and creating mental representations, engage
students in the reading process and increase comprehension.

Awareness of atext’s structure hel ps readers determine which strategies would be

beneficial. Barnett (1984) conducted a study investigating the effect of text structure
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identification on student performance. Barnett found that students who received
instruction performed better than students who did not receive instruction. A study by
Tomlinson (1987) instructed students in text structure identification. Results of this study
show that students who receive instruction in text structure increase their use of active
reading strategies and decrease their use of passive strategies.

In a second study conducted by Cook and Mayer (1988), students were trained to
identify text structure and pre-test and post test scores of trained and untrained students
were compared. Cook and Mayer (1988) found that trained students gained 30% between
pre-test and post test for high conceptual information and experienced a 14% decreasein
low conceptual information. Untrained students gained 12% between pre-test and post-
test for low conceptual information and experienced no change for high conceptual
information. The trained students showed substantial pre-test to post-test gainin
application questions and alesser gain for literal questions. Untrained students
demonstrated aloss in application questions and a slight gainin literal questions.

When students are unaware of text structure they experience comprehension
difficulties. In an interview study by Smith (1992), college students reported several
problems related to text structure. One student said that “large amounts of information
under the headings and subheadings made it difficult for her to know what to focus on”
and that “multiple perspectives under each heading and subheading confused her to the
point where she understood nothing” (Smith, 1992). Another student said that the
“excessive amount of dates, examples and name references distracted her from

identifying main ideas’ (Smith, 1992).

29



Cook and Mayer (1988) suggest that when students are unaware of text structure
they treat reading as alist of facts. Y ore, Bisanz, and Hand (2003) support thisidea,
stating difficulties with comprehension reduce reading to memorization of expected exam
materia. If thisis the case, students unaware of text structure are blindly accepting
information in texts without critical examination and not integrating the textual
information into their long-term memory. With six thousand years of science history
stored in scientific and sometimes inconsiderate print, Rivard and Y ore (1992) believe it
is much more productive to focus on readers and what they can do to help themselves.

Strategies

The methods used to teach reading convey attitudes about reading that influence
student beliefs. In hisinterview study Smith (1992) found that many students approach
reading half-heartedly because they view reading as a transmission of information that is
regulated by the teacher. Smith aso found that many students related reading with
correctness (Smith, 1992). These two views minimize the role individual learners play in
the reading process and stress the accumulation of information. As emphasized by the
interactive-constructivist model, learners should play the primary role in getting meaning
from text (Smith, 1992).

Despite the prevalence of the interactive-constructivist model, students are not
taught how to create meaning from expository text and the development of reading
comprehension in content areas is neglected (Koch, 2001). It is recognized that there are
many skills common to different subject areas; however, many of these skills have
special relationships with achievement in specific subject areas (Vacca, 2003). In this

vein, Yore (1986) stated “few inferences from content area reading research utilizing
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social studies or language arts can be comfortably applied to science and mathematics
reading” (Rivard & Yore, 1992). Science, as adifferent specialty, requires the use of
specific reading strategies.

Pressley (2002) observed fourth and fifth grade classrooms and found that
comprehension strategies for expository texts were not being taught. Instead of teaching
comprehension, teachers were simply testing it (Pressley, 2002). Tests taken after reading
asked students to summarize, identify difficult parts of the reading, generate questions,
and make predictions. These tests were attempting to initiate active processing; however,
processing was stimulated after students finished reading and provided little evidence that
students were becoming self-regulated readers (Pressley, 2002). The use of the tests
suggest that students were expected to become self-regulating, yet the teachers were not
instructing students to come to that level of regulation on their own while reading.

It is recognized among researchers that strategy knowledge and use are crucial for
science students' success (DeL.isi, 2001; Koch, 2001; Rinehart & Platt, 2003). As aresullt,
strategy instruction is aso crucia. Many students view reading as happening
automatically, without the need for active intervention (Saumell et al as cited by Taraban
et a, 2000) and these students often cannot differentiate between what they know and
what they don’t or what they do or do not comprehend (Koch, 2001). While Simpson and
Nist (2000) argue that the process underlying strategy use is more important than the
actual strategy, Eriksson (2000) claims that metacognitive consideration effects behavior.
That is, if students are asked to do something they are unfamiliar with, like
comprehending science texts, they will be uncomfortable completing the task. This has

implications for in- and out-of class reading.
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Anderson, Spior, and Anderson (1978) identify schemata as the primary
determinant of what will be learned while reading (Anderson, 1982). As such, teacher
scaffolding is extremely important. Rivard and Y ore warn that without teacher guided
scaffolding that without teacher guided scaffolding that

confronts conceptual differences and encourages integration

of old and new information, students will selectively process

new information to support their present conceptions or develop

dua conceptions (Rivard and Y ore, 2003).

Vacca (2002) promotes the use of visible and invisible dimensions of reading
instruction. Visible aspects of teaching emphasize explicit development of strategies that
enable students to think and learn with texts. During visible instruction, teachers engage
in explicit instruction of reading comprehension strategies. At the other end, the use of
reading strategies should be the “invisible dynamic underlying subject matter learning”
(Vacca, 2002).

Explicit strategy teaching involves several factors; explanation, demonstration,
practice, and application (Vacca, 2002). During the first phase of explicit instruction
teachers provide students with a direct explanation of the strategy —what it is, how it is
used, when it is used, and why it is used. During the second phase, teachers demonstrate
the strategy. Demonstration often involves think-alouds or read-alouds so students can
witness what is happening in the teacher’ s head. The third phase is strategy practice. This
is when students practice using the strategy while receiving guidance and feedback from
the teacher. The final phase, strategy application, comes when students use the strategy as

a component of self-regulation. Invisible instruction occurs during well-planned literacy
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lessons. Strategy use takes place during three points of invisible instruction: before
reading, while reading, and after reading (V acca, 2002).

The use of explicit instruction and well-planned literacy lessons teaches children
declarative (what), procedura (how), and conditional (when) knowledge that increases
their comprehension and their motivation to read (Paris & Jacobs, 1984). Research on
strategy instruction shows that explicit instruction reduces gaps between high and low
ability readers and between male and female readers, and increases self-confidence of
low-ability readers. Comprehension strategies were assigned to one of three theoretical
bases, metacognition, schematheory, and text structure (Nist & Mealey, 1991). Pressley,
Johnson, Symons, McGoldrick, and Kurita (1989) and Duffy, Roehler, and Pearson
(1991) identified underdevel oped reading strategies that responded to instruction:
assessing the importance of text-based information and prior knowledge, questioning to
Set purpose, summarizing, inferring meaning, monitoring comprehension, utilizing text
structure, reading and reasoning critically, self-regulating to fix comprehension problems,
skimming, elaborating, and sequencing (Spence, 1995). These strategies are teachable
and if used appropriately before, while, or after reading, they increase reading
comprehension.

Before students read, they must prepare themselves for the task of reading.
Preparation involves identifying the task, setting agoal or purpose, skimming the text to
determine length and organization, and activating prior knowledge (Pressley, 2002).
Students begin with task identification, this allows students to assess which strategies are
useful and which strategies will help them meet their goal. Noting text organization and

length aso helps students select useful strategies. Activating prior knowledge is essential
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and provides that framework for creating comprehension. While some readers bring rich
experiences to their reading, some students do not (Spence, 1995). For this reason,
teachers are instrumental in providing scaffolding for students. This can be done using
previews, anticipation guides, or K-W-L charts.

Previews are similar to class discussions in which teachers stimulate previous
experience, offer information about the topic, and ask purpose-setting questions (Nist &
Mealey, 1991). Anticipation guides were designed in the late 1970’ s to assess students
prior knowledge. When compl eting an anticipation guide, students respond to true/false
guestions before reading and after reading, students check to seeif their predictions are
correct (Nist & Mealey, 1991). Anticipation guides are useful tools to help teachers
determine the level of knowledge students have about specific topics and identify where
students may run into trouble. The K-W-L chart activates students' prior knowledge,
creates questions to set purpose, and allows students to reflect on comprehension
(Spence, 1995). The K-W-L- chart consists of three columns. Before reading, students list
what they aready know (K) about the topic in the first column. In the second column,
they identify what they want (W) to know. The final column is completed after reading
and students list what they learned (L) during reading.

Regardless of which method content teachers use to prepare their students to read,
they must scaffold using a variety of cognitive and metacognitive strategies (Vacca,
2002). In addition to using previews, anticipation guides, and K-W-L charts, teachers
might also scaffold pre-reading by having students brainstorm, create questions, study

pictures, or survey titles and subheadings (Vacca, 2002).



Asimportant as the use of prior knowledge isto comprehension, it aone does not
guarantee improved comprehension (Rivard & Yore, 1992). To improve comprehension,
students must remain active readers by employing strategies while reading. The strategies
students use while reading help monitor comprehension, calling to attention areas where
comprehension drops. Severa strategies used during reading include rereading, taking
notes, making predictions, identifying important information, identifying topic sentences
and topic paragraphs, integrating ideas to get main ideas, paraphrasing, evaluating, and
mai ntai ning metacognitive awareness by asking questions such as “Is the text relevant to
my goals?’ and “How are different parts of the text related to each other?” (Pressley,
2002). Students can use reading guides, pattern guides, or a Directed Reading Thinking
Activity (DRTA) to remain active while reading. While thereis little research on the use
of guides, they are determined to modestly affect comprehension (Nist & Medey, 1991).
Reading guides pose questions aimed at different levels of thinking and provide students
with warnings about sections that may contain comprehension problems. Pattern guides
focus on the structure of the text. Commonly, students identify the text structure and fill
in missing parts of the text. The DRTA is most effective with students having trouble
learning from text. When using the DRTA, students survey the reading and make
predictions. Students then read a section of the material and refine their predictions and
define unknown vocabulary. Students continue to read another passage and stop to refine
and define again. This processis repeated through the end of the text (Nist & Mealey,
1991).

Once students have read, it isimportant that they reflect back on their

comprehension. There are several strategies students can use to do this. Among them are
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selective re-reading, thinking about how to use the information, and questioning
(Pressley, 2002). Through selective re-reading, students go over difficult and important
sections of text again. Thinking about how they will use the information in the text relates
the information back to their purpose or goa for reading. Questions, however, are the
most popular method of reflection in content classrooms.

The use of questions and the type of questions affect reading comprehension.
Teaching students to generate main idea questions increases their retention of information
(DeLisi, 2001) and the use of pre-reading questions activate schemata, while the use of
guestions during reading help students focus their attention on important information
(Nist & Mealey, 1991). The use of questioning after reading facilitates information
retrieval and checks comprehension of the material (Nist & Meaey, 1991). Reader
generated gquestions are most effective for increasing reading comprehension (Rivard &

Y ore, 1992); however, the nature and the placement of the question isimportant (Nist &
Mealey, 1991).

There are three types of questions: textually explicit, in which the answer is stated
in the text; textually implicit, in which the answer isimplied in the text but not explicitly
stated; and scriptually implicit, in which the reader must relate text information to
previous experience (Nist & Mealey, 1991). Textually explicit questions require lower
level thinking, while textually implicit and scriptually implicit questions require higher
levels of thinking. Higher-level questions are more effective in increasing
comprehension. Nist and Mealey (1991) found that unless students are trained to ask
higher-level questions, they tend to ask literal or textually explicit questions. One method

of teaching students to ask higher-level questionsis ReQuest. Developed by Manzo in
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1969, ReQuest is amethod of reciprocal questioning between teachers and students (Nist
& Medey, 1991). During ReQuest, students ask the teacher questions about the text and
then the teacher asks the students questions and then the students predict what is next in
the text. During this process the teacher is able to model higher-level questions.

Organizers are acommonly used strategy to connect ideas within atext and are
most effective with expository texts (Simpson & Nist, 2000). Organizers include advance
organizers and graphic organizers. These are tied to schematheory and text structure
theory (Nist & Meadey, 1991). Through using organizers, students activate knowledge,
cue awareness of knowledge, and focus attention on important information (Nist &
Mealey, 1991) while identifying main ideas, making connections, and visualy
representing information (Simpson & Nist, 2000). This helps students make predictions
and draw conclusions about text (Durley et al., 2001). Berkowitz (1986) investigated the
effectiveness of graphic organizers and found that the construction of organizers, such as
concept maps, increased the recall of expository texts (Rivard & Yore, 1992). Nist and
Mealey (1991) found that organizers created by students are the most effective. Although
advance organizers are widely used as a pre-reading strategy to activate prior knowledge
and provide teacher directed scaffolding, Nist and Mealey (1991) found that graphic
organizers are more effective than advance organizers. Graphic organizers hierarchically
arrange concepts and illustrate relationships between concepts (Nist & Mealey, 1991).
Graphic organizers are most effective and relevant when created by students in content
area classes as a post-reading activity (Nist & Meaey, 1991).

Summaries are another popular method of assessing students’ comprehension of

reading material. Defined by Harris and Hodges (1981), asummary is “abrief statement

37



which contains the essential ideas of alonger passage or selection” (Spence, 1995). Often
students have trouble writing summaries of scientific text because they have difficulty
identifying important information and many paragraphs in texts do not include
traditional, specific topic sentences (Spence, 1995). Brown and Day (1983) investigated
the use of summary writing of studentsin fifth grade through college. They found that
most students encountered problems when they needed to invent topic sentences
(Rinehart & Platt, 2003). Y et, explicit instruction on identifying important information
and writing summaries improves comprehension (Spence, 1995). In their study, Brown
and Day (1983) identified the rules of summarizing: selection, inventing, and
superordination. To write an effective summary, student must find the main idea of the
passage, infer the main ideaif oneis not stated, and put details into larger categories
(Henrichs, 2003). Hare and Borchard (1984) found that students taught to write
summaries through direct instruction improved their summary writing (Nist & Mealey,
1991) and the effective use of summarizing enhanced the recall of unfamiliar text (Taylor
& Beach ascited by Rivard & Yore, 1992). Most importantly, Simpson and Nist (2000)
state that for summaries to be most effective, students must use their own words, connect
concepts, and relate their previous knowledge to the text.

To effectively use strategies before, during, and after reading, teachers must
explicitly teach procedural and conditional knowledge (Simpson & Nist, 2000). Explicit
instruction involves students' using strategies and receiving feedback while under the
guidance and supervision of the teacher (Spence, 1995). Explicit instruction is half of the

process; students make up the other half by practicing strategies while they read and
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study (Simpson & Nist, 2000). There are two models of direct instruction, the self-control
model and the teacher-to-learner model (Nist & Mealey, 1991).

The self-control model, devel oped by Campione and Day (1981) consists of four
overlapping and interacting components; characteristics of the learner, tasks, nature of the
material, and the learning activities used (Nist & Mealey, 1991). When using the teacher-
to-student model developed by Nist and Kirby (1986) the teacher demonstrates and
guides students, slowly turning responsibility over to them (Nist & Mealey, 1991). The
teacher-to-student model begins with the teacher’ s focusing students' attention on the
topic, then giving students a general overview of the material and introducing new
vocabulary. The teacher then describes the procedure, telling students what, how, and
when the strategy is used. The teacher models the strategy and guides students as they
practice the strategy. The last step of the procedure isindependent practice by students.
At this point, the teacher re-demonstrates the strategy if necessary (Nist & Medey, 1991).
Durley et al. (2001) emphasizes the importance of prior knowledge activation and
vocabulary introduction during direct instruction. This instruction model gradually shifts
responsibility from the teacher to the students.

Within the two models of direct instruction, there are two different instructional
methods; direct instruction and functional instruction (Vacca, 2002). In direct instruction,
strategies are taught separately from content, in perhaps a language arts class, and
strategy transfer to content material is assumed. In functional instruction, students are
taught to use strategies using content material in content classrooms. Due to the difficulty
of transferring strategies from different content areas and the specificity of successful

strategies to content areas, strategy instruction should take place in authentic situations
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(Vacca, 2002), or within the content area classroom. Regardless of method, researchers
conclude that strategy instruction should be explicit and intensive, while the most
important role of the teacher is encouraging students to monitor their own comprehension
(Koch, 2001).

Good and Poor Readers

For students to become scientifically literate, it isimportant for students to
become proficient and mature readers. Gray and Rogers (1956) defined the proficient and
mature reader as one who is competent, has a knowledge of purpose, an ability to
comprehend, a positive attitude, good reader judgment, a breadth of interest, and
continues to read beyond school (Henrichs, 2003). Henrichs (2003) defined reading
proficiency asthe use of efficient reading strategiesin avariety of texts.

To create proficient and mature readers, research indicates a need to incorporate
explicit comprehension strategy instruction into school curriculum. However, the
effectiveness of explicit instruction may vary with the grade level, reading level, and
ability of the students (Spence, 1995). Spence (1995) adds that explicit instruction may
differentially impact younger, low prior knowledge, low reading ability, male students
more than older, high prior knowledge, high reading ability, female students. While
Eriksson (2000) suggests that metacognition is a skill that gradually develops with age,
Nist and Mealey (1991) identified metacognitive differences between younger and older
readers and skilled and unskilled readers. Among those differences, mature readers
recognize when comprehension fails. Henrichs (2003) states that mature readers are
aware when comprehension fails because they engage in comprehension monitoring. This

suggests that older students may need less instruction than younger students to develop
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metacognitive awareness (Spence, 1995). Henrichs (2003) recognizes that readers may
be proficient, but not mature and this supports the suggestion that mature readers arein
the minority (Nist & Mealey, 1991).

Y ounger and poor readers view reading differently than more experienced
readers. While older, mature readers read for comprehension, Garner and Kraus (1981)
found that younger and poor readers are less aware of the need to make sense of what
they read and instead focus on decoding the words on the page (Rinehart & Platt, 2003).
Craig and Y ore (1992) investigated the strategy use of elementary and secondary
students. They found that younger students see reading as an active process, in that it
requires physical activity, such as reading, re-reading, or taking notes, but do not view
reading as an interactive process; in other words, they do not connect their prior
knowledge to the text. The students described themselves as technical strategy users, as
opposed to spontaneous strategy users. Thelr approach to using strategies was formulaic,
and they did not adjust their use of strategies according to their purpose. Craig and Y ore
(1992) found the strategy use of these students as purposeful; they used strategies for
finding out words, learning, remembering, or understanding, but at the same time did not
differentiate between remembering and understanding (Craig & Yore, 1992). These
students viewed reading as aform of problem solving, but again, did not understand the
role of prior knowledge in solving problems. While the students understood that the text
represented someone else' s ideas, when confronted with discrepancies between their
experience and the text, they assumed the text’ s position was correct. Thisindicates that
younger students have a strictly text-based view of reading (Craig & Yore, 1992). They

believe that information isin the book and they merely transfer it to themselves. Instead
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of constructing knowledge, they are consuming it (Craig & Yore, 1992). Viewing the text
as the source of information places the responsibility for learning, or the problems with
learning, upon the text.

Rivard and Y ore (1992) found that poor readers are more passive readers, not
integrating new and prior knowledge or constructing understanding. Poor readers do not
identify agoal or purpose for reading, have inefficient use of visua aids, and are unaware
of text structure differences between narrative and expository texts (Craig & Yore, 1992).
With atext-based view of reading, when poor readers have comprehension difficulties,
they look to the text to resolve the problems. They rely on re-reading or reading more
sowly (Craig & Yore, 1992). The use of ineffective strategies results in frequent self-
regulation failures among poor readers.

Poor comprehenders may also be poor decoders, using more short-term memory
space for decoding (Kaufman & Randlett, 1983). Thisis supported by the tendency Craig
and Y ore (1992) found among poor readers to emphasize word identification over word
meaning. With text-focused views on reading, for younger and poor readers, planning
must be deliberate, while more experienced readers perform strategies without reflection
(Paris & Jacobs, 1984).

Wittrock (1974) found that good readers are more active in their reading than
poor readers. Paris and Jacobs (1984) a so found that skilled readers engage in more
deliberate activities that require planful thinking, flexible strategies and periodic self-
monitoring. Taraban (2000) determined that behaviors related to setting and monitoring
reading goals discriminate between good and poor readers. Kaufman and Randlett (1983)

divided strategies into one of three groups: setting the tone, aiding performance, and

42



“inside the head.” In their study of student strategy use, good readers reported using 1/3
more strategies than poor comprehenders. Also, good readers reported using more “inside
the head” strategies (Kaufman & Randlett, 1983). While Rivard and Y ore found that
good readers use more types of strategies than poor readers, Spring (1995) reported
instead that good readers differed in their reported understanding of strategies, not their
reported use of strategies. This would suggest that poor readers may be relying on
strategies to aid comprehension, but without the interaction of prior knowledge, the
strategies are useless. Smith (1982, 1984) found that experienced readers proceed on a
trial and error basis, shifting their use of strategies as necessary, and are not confined to
their text, but search out other sources as needed (Henrichs, 2003). In regard to text
structure, Nist and Mealey (1991) found that even skilled readers were inconsistent with
their use of text structure strategies. Spence (1995) defined the efficient science reader.
This reader knows that reading is interactive, has the abilities necessary for reading as
task and pleasure, can shift from automatic to conscious strategy use when reading
becomes difficult, knows that words are |abels for ideas, knows science text is not
absolute truth, evaluates science text, identifies purpose, uses retrieval strategies, uses
specific knowledge input strategies, uses knowledge construction strategies, applies
critical thinking strategies, uses monitoring strategies, and uses strategies to regulate
effort (Spence, 1995).

The major difference between good and poor readers is their approach to reading.
While good readers understand that reading is a process of creating understanding, poor
readers focus on decoding. A major weakness of poor readersistheir inability to monitor

comprehension. They do not have problems just comprehending, but aso recognizing
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when they do not comprehend (Otero & Campanario, 1990). Y ounger and poor readers
are less able to select appropriate reading strategies and correct comprehension problems
when they arise (Rivard & Yore, 1992; Rinehart & Platt, 2003). Craig and Y ore (1992)
speculate that the limited experience younger students have with expository text delays
their metacognitive development. Based on these differences between younger, poor
readers and older, mature readers, Pressley (2002) suggests that reading comprehension
strategies should be taught in the primary grades.
Reading at the College L evel

Since the 1930’ s there have been an increased number of reports on college
reading. Thisis due to a constant revision of understanding about reading. The beginning
of college reading programsis attributed to a combination of factors resulting from
World War 1. At this time, significant numbers of draftees were deemed unfit for
service, dueto illiteracy. At the same time, the Gl bill made it possible for large numbers
of soldiersto attend college. As aresult, college reading programs were initiated to assist
these reading deficient students (Kingston, 2003). At the time, there were few experts
knowl edgeabl e about college or adult reading and most professors were uninterested in
teaching reading. Professors knowledgeabl e about reading instruction were training
primary reading teachers and did not understand adult reading issues (Kingston, 2003).
As aresult, the college reading programs of the 1940s and 1950s were highly varied
among universities and shallow in their focus. Most programs identified increased
reading rate as the goal and emphasized vocabulary instruction. These programs
employed a number of mechanical methods and machines to achieve these goals

(Kingston, 2003). The use of motion pictures and tachistoscopes were common in an



attempt to provide perceptual training and reduce eye movements, both of which were
believed to increase reading rate. When reading and study skills were taught in these
programs, it was primarily through blind instruction (Kingston, 2003). During blind
instruction, students are instructed to use strategies, but are not taught how to use them.
Many programs used the SQ3R to increase memory while reading. The SQ3R isaseries
of steps, Survey, Question, Read, Recite, and Review that was developed in 1946
(Kingston, 2003). As personnel services at many universities expanded between 1950 and
1960, reading programs became more individualized. During the 1950’ s, the number of
college reading programs mushroomed and several organizations dedicated to college
reading were formed as a result of the need to share information. During this time the
Southwest Reading Conference (renamed National Reading Conference), the College
Reading Association, and the International Reading Association were formed, and Purdue
began publishing the Journa of Reading Development (later renamed the Journal of
Reading) (Kingston, 2003). Subsequently, during the 1960’s, college-reading programs
underwent amajor change. Realizing that vocabulary instruction was not enough and the
recognition that reading was more than decoding, the new college-reading programs
included more individualization, no emphasis on reading rate, and identified active
readers as their goal. During the 1970's and 1980’ s, universities atered their traditional
acceptance policies and began admitting nontraditional students. Recognizing that specia
students often need additional help, college reading programs have flourished (Kingston,
2003).

Reading at the college level isdemanding (Taraban et al., 2000). At the college

level, print is the primary source of information (Orlando, Caverly, Swetham & Flippo,
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2003), with 85% of al learning coming from text (Baker, 1974). In college, students are
required to read and study texts on their own (DeL.isi, 2001), yet the purpose and
demands of reading in college are different from those in high school (Orlando et al.,
2003). College presents many challenges for reading, among them material must be
processed to be remembered, students must understand what they read, students must
identify important information and organize that information to facilitate retrieval, and
students must maintain their effort to do these things for extended periods of time (Goetz,
Alexander & Schallert, 2003). Success in college demands that students meet these
challenges to learn from textbooks to compl ete assignments, understand material, and
prepare for exams (Goetz, Alexander & Schallert, 1987). Yet, Hallowell and Holland
(1998) claim, “scientific illiteracy among college students is a persistent problem” (Y ore,
Bisanz & Hand, 2003). Thisis supported by research that demonstrates that college
students lack metacognitive skills (Baker, 1974; Rinehart & Platt, 2003). According to
Simpson and Nist (2000) and Pressley (2002) found that high school graduates and
college freshmen are immature with respect to reading.

Most college freshmen are passive readers with ineffective high school reading
strategies (Simpson & Nist, 2000). In a study by Smith (1992), college students were
interviewed about their college reading experiences. One student said he skipped over or
skimmed the material and took good notesin class, “It worked in high school, but it
doesn’'t work in college.” Another student said she “read college textbooks slowly, and
sometimes twice, whereas in high school she read everything once and if she didn’t get it,
shedidn’t care.” Smith also found that students did not understand textual aids. They “did

not see the point of having diagrams, charts, pictures, etc...Students normally skipped
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these clues, especially tables of contents and guide questions’ (Smith, 1992). Rothkopf
(1988) found that motivation was one explanation for students' lack of strategy use
(Barnett, 1997). Thisisevident in Smith’s study (1992) when one student states “reading
was boring because much of what he read didn’t appear on tests.” Another student said
“the job was to finish as quickly as possible and with aslittle effort as possible.” These
students view reading as the transmission of facts, and because reading is not viewed as
interactive, they are not motivated to do it. Barnett (1997) found that demands on student
time were another factor in student non-strategy use. Again, Smith’s study (1992)
reaffirms this, as one student responds he “didn’t like reading because it took up too
much time.” Research on college student strategy use has found that most strategy useis
limited to text-based strategies, like re-reading (Wandersee, 1988).

With high demands on reading, most proficient and ineffective college readers
share the common goal of increased reading speed (Henrichs, 2003). However, thisis
where most of the similarities between good and poor college readers end. Like younger
readers, differences between good and poor college readers encompass comprehension of
expository and narrative text, attitude, motivation, knowledge of purpose, breadth of
reading, interest in reading, personal control over the reading process, and confidence in
their reading abilities (Henrichs, 2003). Proficient college readers, in contrast to their
peers, are able to clearly describe in detail the relationship between reading and their
thought processes. Proficient college readers describe science and math reading as a
“slow, focused, step-by step procedure through the text examples — a continuous building

on prior knowledge” (Henrichs, 2003).
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Like all other students, to be successful college readers, students must understand
the characteristics of text and use appropriate strategies when reading (Simpson & Nist,
2000). To determine the scope of the college reading problem, Barnett (1997) studied
college students and surveyed how much they read and how they studied. Barnett (1997)
reports that students attempted to use strategies they learned in other classes, but were
unsuccessful. Simpson and Nist (2000) report that recent research pinpoints identifying a
purpose for reading as one common problem among college readers. Orlando et al.
(2003) supports this finding. In the Orlando study it became apparent that differences
exist between student-perceived instructor goals and actual instructor goals. While
college students focused on recall, professors indicated interpretation and application as
reading goals (Orlando et al., 2003). Simpson and Nist (2000) found that students earning
high grades shared an understanding of the task with the professor, or were flexible in
their reading and studying to change focus when they devel oped a better understanding of
the task. Students who performed poorly did not understand the task or were inflexible in
their reading and studying strategies. Intervention studies with college students support
the teaching of strategies. According to Nist and Mealey (1991) using strategies helps
students prepare for tests and monitor their text comprehension.

Despite the idea that metacognitive skills gradually increase with age, adult
readers, like college readers, may also lack metacognitive knowledge (Rinehart & Platt,
2003). While college and adult readers may regulate their comprehension, poor readers
may be deficient with awareness of task variables and strategy variables. Gambrell and
Heath (1981) conducted a study on adult readers and found that adult poor readers lacked

sengitivity to both task and strategy aspects of reading. They reported using fewer
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strategies, had more misconceptions about using strategies, and were not aware of how
and when to use strategies (Rinehart & Platt, 2003). In the study, Gambrell and Heath
(1981) found that adult poor readers also lacked knowledge about text structure. When
asked about text structure, 43% could not relate that paragraphs or stories had order,
compared to 96% of good readers. When asked what they did when encountering
comprehension problems, only one-third of adult poor readers could answer (Rinehart &
Platt, 2003). Like younger readers, adult poor readers view reading as decoding. When
asked which was easier, reading for general meaning or reading word-for-word, 57% of
adult poor readers said reading word-for-word. Despite the social and political
implications of adult reading deficiencies, these readers offer the most promise to reading
research (Rinehart & Platt, 2003). Their ability to communicate about their mental
processes while reading exceed that of children and for that reason, adult readers are

valued participants in reading research.
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CHAPTER 111

METHODOLOGY

Subjects

The participants in this study were 430 college students enrolled in Introductory
Biology, a mixed-majors freshman biology course at alarge land-grant state university
during the spring semester of 2004. Introductory Biology is an inquiry-based biology
class with an emphasis on concept attainment and knowledge application. The class
utilizes specific text readings for student reference, but text readings are performed at the
student’ s discretion. Student assessment in Introductory Biology is performed using
multiple-choice exams with questions aimed at demonstrating student understanding and
correct application of information. To achieve this, exam questions are based on “real
life” scenarios described in the exam’ s reading material. Due to the focus on
understanding biological concepts, as opposed to memorizing information, the nature of
this class lends itself well to the study of student reading practices. To meet the demands
of the course, it is essential that students utilizing the text do more than decode words. To
use their text effectively, students must actively engage with the reading and comprehend
the material.

Participants were volunteers selected from three sections of the class taught at

different times during the week by three different professors. Data collected included age,
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major, sex, and perceived reading ability. However, not all students supplied all of the
requested data, causing the tables to include percentages that equal lessthan 100. The
mean age of the students was 19.6 years old with 252 female (58.6%) and 136 male
(31.6%) studentsin the sample. Students' classification ranged from freshman to senior
with the majority of students being freshmen (33.7%) and sophomores (15.6%). Student
majors were assigned to one of five categories, Undecided, Science, Humanities,
Education, and Business. The majority of students, 51.6%, reported having a major that
was science-related while 11.2% declared Education-related mgjors, 12.6% Business-
related, 12.6% Humanities related, and 12.1% were undecided (see Appendix A).
Students self-reported their reading ability as either “Good,” “Fair,” or “Poor” with 90
students (20.9%) reporting their reading ability as “Good,” 60 students (14.0%) reporting
“Fair,” and 7 students (1.6%) reporting their ability as “Poor.” These students were asked
to complete the Metacognitive Awareness of Reading Strategies Inventory (MARSI).

In addition to completing the MARSI inventory, ten student volunteers from the
three Biology classes met with the researcher outside of class to receive instruction and
practice using selected reading strategies taken from MARSI inventory. Students
participating in the case studies were volunteers solicited from four biology lab sections.
Students were approached during their scheduled lab time. The study was explained to
the students and those interested in participating submitted their contact information.
These students were contacted and received a schedul e indicating times they could meet
with the researcher. Students met individually with the researcher and the meeting times
were based on student availability. The smaller group of students comprising the case

studies consisted of eight females and two males, ranging in age from 18-25. The group
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included six freshmen, two sophomores, one junior, and one senior. The majority of
student mgjors related to science (five students), with two education majors, two
humanities mgjors, and one undecided. To maintain confidentiality, all case study
participants were given fictitious names.

I nstrument

The data for this study were collected using the M etacognitive Awareness of
Reading Strategies Inventory (MARSI). Thisinstrument was designed to measure 6™
through 12" grade readers’ perceived use of reading strategies while reading academic
texts or school-related materials (Mokhtari & Reichard, 2002). The intent of the survey
was to assess the reader’ s awareness of processes involved in reading and learn about the
reader’ s intentions when approaching school-related texts (Mokhtari & Reichard, 2002).

The MARSI inventory consists of thirty statements comprising afive-point Likert
scale ranging from 1 (I never or amost never do this) to 5 (I always or aimost always do
this). Students are asked to read through the statements and circle the number that best
described the frequency they use the strategy.

The statements on the MARSI inventory represent different strategies that fall
into one of three categories; Global, Problem Solving, and Support. The MARSI
inventory contains 13 items corresponding to a global analysis of text. These Global
Reading Strategies are generalized, intentional reading strategies aimed at preparing the
reader for the act of reading, such as“| have a purposein mind when | read.” The
MARSI inventory contains 8 items corresponding to problem solving. Problem Solving
Reading Strategies are localized strategies that focus on solving problems that arise

during reading, such as “When text becomes difficult, | read aloud to help me understand
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what I’'m reading.” The MARSI inventory contains 9 items corresponding to Support
Reading Strategies, or strategies that involve outside reference materials or taking notes,
such as“I underline or circle information in the text to help me understand it.”

The MARSI inventory data provided a score for each subscale by summing the
responses to each item in the subscale and cal culating the mean. The overall MARSI
inventory score was determined by summing responses from al three subscales and
calculating the mean. Scores below 2.4 are considered low scores, between 2.5-3.4 are
medium, and 3.5 and higher are high.

The MARSI inventory was validated with a popul ation (n=825) representing
students with reading abilities ranging from middle school to college (Mokhtari &
Reichard, 2002). Theinternal consistency reliability coefficients for the three subscal es
were determined by Cronbach’s alpha and based on the results of factor analysis. The
reliabilities are as follows: Global (0.92), Problem-Solving (0.79), and Support strategies
(0.87). Thereliability for the overall scaleis 0.93 (Mokhtari and Reichard, 2002) (see
Appendix B).

Attitude was measured using a scale adapted from work by Shaw and Wright
(1967). The bipolar scale consists of ten statements. Students compl eted the statements
by circling the word that best represented how they felt about reading their biology text.
Topics addressed included opinions on reading science, comparison of science with non-
science, ability to attend to reading, and response to not understanding a passage. The
score was cal culated by summing the number of positive responses out of 10. Scores
between 1 and 4 were considered negative, 4.1- 6 were neutral, and 6.1-10 were positive.

Thereisno available reliability for this scale (see Appendix C).
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The reading comprehension of students participating in the case studies was
evaluated using text readings taken from the Introductory Biology class and post-reading
guestions composed of multiple-choice questions taken from previous biology exams.
Selected text readings were typically three to four pagesin length and consisted of
passages from several different chapters (see Appendix D). Post-reading questions were
selected based on their relevance to the assigned text reading for each week and were
commonly compilations of items from 2-3 different exams. Students received these
guestions before beginning the reading and their text was available to them as they
answered the questions. Post-reading questions were scored by calculating the percent
correct each week. The Biology exams used were common exams written by the
professors teaching the class during each given semester. There are no reported
reliabilities for these exams, or the questions contained within (see Appendix E).

Data Collection

The MARSI inventory was administered at the beginning of individual classes
with the help of the instructor and teaching assistants. Students were informed of the
purpose of the survey and were told there were no right or wrong answers and were asked
to complete the survey with their honest responses. All students finished the survey
within ten minutes.

The analyses performed on the data included factor analysis, descriptive statistical
procedures, t-tests, ANOVAs, and chi-sgquares to determine the use of reading strategies
of al individuals and the difference in strategy usage between groups: students with self-

perceived good and fair reading ability, male and female, and different mgjors.



The students participating were randomly assigned either to receive instruction or
not receive instruction using the comprehension strategies. Students in both groups
completed the attitude survey and the MARSI inventory. Six reading strategies identified
as “infrequently used” by these students were selected for instruction. These strategies
were Global 3 (I think about what | know to help me understand what | read), Global 10
(I skim the text first by noting characteristics like length and organization), Problem-
Solving 18 (I stop from time to time and think about what I’ m reading), Support 20 (I
paraphrase to better understand what | read), Problem Solving 21 (I try to picture or
visualize information to help me remember what | read), and Support 24 (I go back and
forth in the text to find relationships among ideasin it).

Strategy instruction complied with the four factors outlined by Vacca (2002):
explanation, demonstration, practice, and application. Instruction began with an
explanation of the strategy, what it was, how it was practiced, and when it should be
used. The researcher then demonstrated the strategy for the student and observed the
student practicing the strategy. At this point, students were given the selected section of
text and asked to practice the strategy as they read. Strategy use application occurred
during weeks five through eight, when students were asked to choose a strategy and
practice it as they completed the readings.

During the first week of the study, all students read a passage from their text and
completed post-reading questions to identify the differences already existing between the
two groups. For the next three weeks, students receiving instruction observed
demonstrations of and received instruction in using the different reading strategies (two

strategies per week for three weeks). Students spent approximately 30-45 minutes a week

55



meeting with the researcher, practicing the strategies, and completing the reading and
guestions.

During the second week, students received instruction in and practiced using
strategies Global 3 (I think about what | know to help me understand what | read) and
Global 10 (I skim the text first by noting characteristics like length and organization).
Before reading the sel ected passages from their text over photosynthesis, students
previewed the reading, taking note of the length and described the organization of the
section. Students individually completed a Know-Want to know-Learned (KWL) chart to
help them identify what they knew and what they wanted to learn about photosynthesis.

During week three, students received instruction in and practiced using strategies
Problem-Solving 18 (I stop from time to time and think about what I’ m reading) and
Support 24 (I go back and forth in the text to find relationships among ideas in it).
Students received a study sheet containing questions to answer as they moved through the
text. At pre-determined points throughout the text, students stopped their reading and
answered specific questions on their study sheet that related to what they had read.

During week 4, students received instruction in and practiced using Support 20 (I
paraphrase (restate ideas in my own words) to better understand what | read) and
Problem-Solving 21 (I try to picture or visualize information to help me remember what |
read). Students were instructed to stop at various points throughout the text and
paraphrase what they had read. After they completed the reading, students received
instruction on making a concept map and were asked to make their own map
demonstrating the similarities between mitosis and meiosis, the subject of their selected

text reading.
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Each week, after instruction, students who received instruction practiced using the
strategies while reading selected sections of their biology text. Students who did not
receive instruction read the selected text without using any instructed reading strategies.
After reading, all students answered post-reading questions over the material they read.

During weeks 5-8, all students revisited the quizzes from weeks 1-4. For new
readings, students who received instruction were asked to choose areading strategy they
had practiced and apply it to the selected text reading. As they used the strategy, the
students were asked to take notes outlining what they did. Students not receiving
instruction compl eted the reading and questions without using any formalized instructed
reading strategies.

During the fifth week, students who received instruction were briefly interviewed
about their feelings toward using the reading strategies, whether they felt the strategies
were useful, which they liked using the most, and whether they would use the strategies
in other classes. Students who did not receive instruction were interviewed about their
feelings toward reading the sections of the text and how their feelings about reading the
text had changed (see Appendix F)

The analysis performed on these data was qualitative. Due to the small sample
Size, statistical analysis was not possible. Qualitative analysis focused on changesin
student attitude toward reading the biology text and using reading strategies. This
anaysis was taken primarily from the attitude survey completed by each of the students

and their interview during week five.
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CHAPTER IV

RESULTS

The purpose of this study was to investigate the strategy use of college biology students
reading their biology textbooks. The study attempts to answer four questions:
* Do students utilize metacognitive strategies and what strategies do students report
using while reading biology texts?
* Is there a relationship between students' use of reading strategies and their
attitude toward reading biology?
» How does strategy use vary among good and poor readers, gender, and major?
» Does explicit instruction in using metacognitive strategies improve students
attitude toward reading biology texts?
A factor analysis was performed on al three subscales of the MARSI inventory and the
MARSI inventory as awhole. The reliabilities were determined for Global (0.78),
Problem Solving (0.75) and Support (0.70). The reliability for the overall scale was
(0.88). While these reliabilities are lower than those reported by Mokhtari and Reichard
(2002), these reliabilities determine the MARSI inventory a suitable instrument for use

with college level students.
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Question 1: Do college biology students use metacognitive reading strategies when
reading their biology textbook?

Descriptive analysis was performed to determine the mean and standard deviation

of al students completing the MARSI inventory for each subscale and the overall

scale (see Table 1.1). The mean score for the overall scale was 3.11 (S.D. = .53).

The mean score for Global strategieswas 3.11 (S.D. = .61). The mean score for
Support strategies was 2.68 (S.D. = .64). The mean score for Problem Solving

strategies was 3.56 (S.D. = .63).

Table 1.1 (n = 430)
Reported reading strategy use of college biolgy students

Name Strategy M S.D

GLOB 1 | have a purpose in mind when | read. 3.70 1.009
SUP 2 | take notes while reading to help me understand what | read. 2.5 1.188
GLOB 3 | think about what | know to help me understand what | read. 3.47 1.013
GLOB 4 | preview the text to see what it's about before reading it. 2.61 1.218
SUP 5 When the text becomes difficult, | read aloud to help me understand what | read. 3.1 1.395
SUP 6 | summarize what | read to reflect on important information in the text. 2.77 1.094
GLOB 7 | think about whether the content of the text fits my reading purpose. 2.93 1.151
PROB 8 | read slowly but carefully to be sure | understand what I'm reading. 3.55 1.066
SUP 9 | discuss what | read with others to check my understanding. 231 1.083
GLOB 10 | skim the text first by noting characteristics like length and organization. 2.67 1.297
PROB 11 | try to get back on track when | lose concentration.] 4.02 0.906
SUP 12 | underline or circle information in the text to help me remember it. 3.3 1.309
PROB 13 | adjust my reading speed according to what I'm reading. 3.59 1.077
GLOB 14 | decide what to read closely and what to ignore. 3.21 1.131
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 2.38 1.233
PROB 16 When text becomes difficult, | pay closer attention to what I'm reading. 3.86 1.05
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 3.53 1.147
PROB 18 | stop from time to time and think about what I'm reading. 3.04 0.987
GLOB 19 | use context clues to help me better understand what I'm reading. 3.18 1.077
SUP 20 | paraphrase (restate ideas in my own words) to better understand what | read. 2.88 1.164
PROB 21 | try to picture or visualize information to help remember what | read. 3.57 1.085
GLOB 22 | use typographical aids like bold face and italics to identify key information. 3.73 1.182
GLOB 23 | critically analyze and evaluate the information presented in the text. 2.79 0.978
SUP 24 | go back and forth in the text to find relationships among ideas in it. 251 1.064
GLOB 25 I check my understanding when | come across conflicting information. 3.25 1.071
GLOB 26 | try to guess what the material is about when | read. 2.71 1.115
PROB 27 When the text becomes difficult, | re-read to increase my understanding. 3.94 0.981
SUP 28 | ask myself questions | like to have answered in the text. 241 1.097
GLOB 29 | check to see if my guesses about the text are right or wrong. 2.53 1.143
PROB 30 | try to guess the meaning of unknown words or phrases. 2.93 1.202
GLOBAL Overall Global Reading Strategies 3.1111 0.60964
SUP Overall Support Reading Strategies 2.6817 0.63519
PROB OverallProblem Solving Reading Strategies 3.5643 0.62638
OVERALL Overall MARSI score 3.1095 0.52597
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Descriptive analysis was used to identify the five most commonly and
least commonly used strategies (see Table 1.2). The most commonly used
strategies in order of use are Problem-solving 11 (I try to get back on track when |
lose concentration), Problem-Solving 27 (When the text becomes difficult, | re-
read to increase my understanding), Problem Solving 16 (When the text becomes
difficult, | pay closer attention to what I’'m reading), Global 22 (I use
typographical aids like bold face and italics to identify key information), and
Global 1 (I have a purpose in mind when | read).

The least commonly used strategiesin order of disuse are items Support 9
(I discuss what | read with others to check my understanding), Support 15 (I use
reference materials such as dictionaries to help understand what | read), Support
28 (I ask myself questions | like to have answered in the text), Support 2 (I take
notes while reading to help me understand what | read), and Support 24 (I go back

and forth in the text to find relationships among ideasin it).

Table 1.2 (n = 430)
Reported reading strategies used most and least by college biology students

Top five used

Name Strategy M S.D
PROB 11 Itry to get back on track when | lose concentration. 4.02 0.906
PROB 27 When the text becomes difficult, | re-read to increase my understanding. 3.99 0.981
PROB 16 When text becomes difficult, | pay closer attention to what I'm reading. 3.86 1.05
GLOB 22 | use typographical aids like bold face and italics to identify key information. 3.73 1.182
GLOB 1 |have apurposein mind when | read. 3.70 1.009
Bottom five used

Name Strategy

SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.51 1.064
SUP 2 | take notes while reading to help me understand what | read. 2.50 1.188
SUP 28 | ask myself questions | like to have answered in the text. 2.41 1.097
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 2.38 1.233
SUP 9 | discuss what | read with others to check my understanding. 2.31 1.083
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Question 2: Istherearelationship between students' use of reading strategies and
their attitude toward reading biology?

A correlation and chi-square test of significance was done between overall
MARSI inventory score and attitude (see Table 2.1). The correlation matrix
shows a positive relationship between overall MARSI inventory score and
attitude. The chi-square results indicate that students who scored low on the
MARSI inventory were most likely to have a negative attitude and least likely to
have a positive attitude toward reading the text. Students who scored medium on
the MARSI inventory were most likely to have a neutral attitude and least likely
to have a negative attitude. Students who scored high on the MARSI inventory
were most likely to have a positive attitude and least likely to have a neutral
attitude.

Table 2.1 (n =137)
Correlation between MARSI score and attitude toward reading biology

MARSI score Negative Neutral Positive

low (1-2.4) Count 11.0 2.0 3.0
Adjusted Residual 2.7 -0.5 -2.3

medium (2.5-3.4) Count 30.0 19.0 37.0
Adjusted Residual -1.0 2.2 -0.7

high (3.5-5) Count 11.0 2.0 22.0
Adjusted Residual -0.9 -2.0 2.4

total 52.0 23.0 62.0

Question 3: How does strategy use vary among good and poor readers, gender, and
major?
A t-test was performed to identify the differences between self-perceived

“good” and “fair” ability readers (see Table 3.1). Due to the small number of self-
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perceived “low” ability readers, these individuals were included in the group of
fair readers. Significant differences were found in the overall MARSI inventory
score, the overall Problem-Solving subscale, and the overall Global subscale.
Good readers scored higher overall and in both subscales. There was no
significant difference in the overall Problem-Solving subscale. Significant
differences were found in several of the individual items on the scale; items 3 (I
think about what | know to help me understand what | read), 7 (1 think about
whether the content of the text fits my reading purpose), 13 (I adjust my reading
speed according to what I'm reading), 16 (When the text becomes difficult, | pay
closer attention to what I'm reading), 19 (I use content clues to help me better
understand what I’'m reading), 25 (I check my understanding when | come across
conflicting information), 27 (When text becomes difficult, | re-read to increase
my understanding), and 28 (I ask myself questions | like to have answered in the

text). Good readers scored higher on each item.
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Table 3.1 (n=154)
Differences in strategy use by self-perceived good and fair readers

Good Fair

Name Strategy M SD. M SD. Sig.

GLOB1 | have a purpose in mind when | read. 384 0.860 355 1.038 004
SUP 2 | take notes while reading to help me understand what | read. 2.56 1.200 239 1163 0.3%
GLOB3 | think about what | know to help me understand what | read. 3.69 0.895 314 1014  0.001
GLOB4 | preview the text to see what it's about before reading it. 271 1154 243 1292 0158
SUP5 When the text becomes difficult, | read aloud to help me understand what | read. 3.09 1.466 325 1321 0485
SUP 6 | summarize what | read to reflect on important information in the text. 2.82 1.223 267 0927 0409
GLOB7 1 think about whether the content of the text fits my reading purpose. 3.07 1.159 261 1317 0024
PROB 8 | read sloMy but carefully to be sure | understand what I'm reading. 336 1.084 358 1036  0.203
SUP9 | discuss what | read with others to check my understanding. 231 1.098 2.06 1.037 0159
GLOB10 |skimthe text first by noting characteristics like length and organization. 3.07 1.243 275 1309 0130
PROB11  Itryto get back on track when | lose concentration. 411 0.800 402 0864 0481
SUP 12 | underline or circle information in the text to help me remember it. 327 1.364 341 125 0519
PROB13 | adjust my reading speed according to what I'm reading. 381 1.016 331 1052 0.004
GLOB14  |decide what to read closely and what to ignore. 347 1.163 314 1207  0.093
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 239 1.330 219 1242 0352
PROB16  When text becomes difficult, | pay closer attention to what I'm reading. 4.08 0.874 345 1246  0.000
GLOB17  |usetables, figures, and pictures in text to increase my understanding. 3.62 1.167 340 1212 0249
PROB18 | stop fromtime to time and think about what I'm reading. 307 1.042 281 102 0134
GLOB19  |use context clues to help me better understand what I'm reading. 337 1.043 2.80 1086  0.001
SUP 20 | paraphrase (restate ideas in my own words) to better understand what | read. 2.96 1.208 261 1.063 0.068
PROB21  Itryto picture or visualize information to help remember what | read. 3.68 1.130 344 1104 0206
GLOB22 | use typographical aids like bold face and italics to identify key information. 3.80 1192 372 1188 0677
GLOB23 | critically analyze and evaluate the information presented in the text. 2.88 1.037 264 0897 0142
SUP 24 1 go back and forth in the text to find relationships among ideas in it. 252 1.169 227 0913 014
GLOB25 | check my understanding when | come across conflicting information. 344 1.040 2.92 1.044  0.003
GLOB26  |trytoguess what is about when | read. 2.86 1.137 255 1097 0.0%4
PROB27  When the text becomes difficult, | re-read to increase my understanding. 415 0.806 373 1102 0.008
SUP 28 | ask myself questions | like to have answered in the text. 253 1.173 214 1.037 0033
GLOB29 |checkto see if my guesses about the text are right or wrong. 2.68 1.216 231 1.022 0052
PROB30 |trytoguess the meaning of unknown words or phrases. 313 1.192 2.86 1.052 0142
GLOBAL  Overall Global Reading Strategies 32684 049762 29256 0.61490  0.000
SUP Overall Support Reading Strategies 27203 071069 25556 0.60497  0.137
PROB OverallProblem Solving Reading Strategies 36624 056229 34048 0.66475 0011
OVERALL  Overall MARSI score 32222 049197 29395 053725 0.001

males and females (see Table 3.2). No significant difference was seen in the

A t-test was performed to identify differences in strategy usage between

overall MARSI inventory score, Global or Problem-Solving subscales. There was

significant difference in the Support subscale. Females scored higher in overall

use of Support strategies. Severa significant differences were also found for

individual items with females consistently scoring higher than males.
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Table 3.2 (n = 366)
Differences in reading strategy use by male and female college biology students

Male Female

Name Strategy M SD M S.D. Sig.

GLOB 1 | have a purpose in mind when | read. 3.60 1.00 3.72 1.03 0.272
SUP 2 | take notes while reading to help me understand what | read. 2.04 1.07 2.77 1.15 0.000
GLOB 3 | think about what | know to help me understand what | read. 3.57 1.03 3.40 1.01 0.122
GLOB 4 | preview the text to see what it's about before reading it. 257 122 264 121 0.567
SUP 5 When the text becomes difficult, | read aloud to help me understand what | read. 2.83 1.38 3.24 1.38 0.005
SUP 6 | summarize what | read to reflect on important information in the text. 282 114 275 1.08 0.534
GLOB 7 | think about whether the content of the text fits my reading purpose. 2.84 125 295 1.11 o0.401
PROB 8 | read slowly but carefully to be sure | understand what I'm reading. 3.38 1.17 3.61 1.02 0.045
SUP 9 | discuss what | read with others to check my understanding. 2.16 1.07 2.39 1.08 0.049
GLOB 10 | skim the text first by noting characteristics like length and organization. 259 126 276 1.33 0.224
PROB 11 | try to get back on track when | lose concentration.] 3.90 0.98 4.09 0.88 0.051
SUP 12 I underline or circle information in the text to help me remember it. 271 131 3.68 1.16 0.000
PROB 13 | adjust my reading speed according to what I'm reading. 3.53 1.14 3.64 1.04 0.339
GLOB 14 | decide what to read closely and what to ignore. 3.16 1.17 3.25 1.11 0.453
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 222 113 245 126 0.071
PROB 16  When text becomes difficult, | pay closer attention to what I'm reading. 3.77 114 3.89 1.02 0.296
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 3.52 120 353 1.12 0.975
PROB 18 | stop from time to time and think about what I'm reading. 3.09 0.95 3.04 1.01 0.641
GLOB 19 | use context clues to help me better understand what I'm reading. 3.10 1.14 3.21 1.04 0.300
SUP 20 | paraphrase (restate ideas in my own words) to better understand what | read. 2.85 119 290 1.15 0.670
PROB 21 | try to picture or visualize information to help remember what | read. 3.70 1.04 3.50 1.12 0.083
GLOB 22 | use typographical aids like bold face and italics to identify key information. 3.52 1.25 3.85 1.12 0.009
GLOB 23 | critically analyze and evaluate the information presented in the text. 2.86 0.96 2.86 2.15 0.999
SUP 24 I go back and forth in the text to find relationships among ideas in it. 261 117 2.44 1.00 0.116
GLOB 25 | check my understanding when | come across conflicting information. 3.27 114 3.27 1.04 0.957
GLOB 26 | try to guess what is about when | read. 275 114 270 111 0.665
PROB 27  When the text becomes difficult, | re-read to increase my understanding. 3.90 1.00 3.95 0.97 0.673
SUP 28 | ask myself questions | like to have answered in the text. 248 1.08 2.37 1.10 0.332
GLOB 29 | check to see if my guesses about the text are right or wrong. 261 118 247 111 0.239
PROB 30 | try to guess the meaning of unknown words or phrases. 3.03 125 290 1.17 0.313
GLOBAL  Overall Global Reading Strategies 3.07 0.60 3.13 0.61 0.374
SUP Overall Support Reading Strategies 252 0.64 2.77 0.62 0.000
PROB Overall Problem Solving ReadingStrategies 3.53 0.65 3.58 0.62 0.511
OVERALL Overall MARSI score 3.04 052 3.15 0.53 0.073

Descriptive statistics were performed on each group of magjors. Frequencies for

each major including sex, age, classification and perceived reading ability can be seenin

Table 3.3.



Table 3.3 (n =430)

Descriptive statistics for each of five major categories

Science n=222

Sex Age Frequency Classificatior Frequency Perception Frequency
Male 83 18-19 160 Freshman 76 Good 52
Female 113 20-21 46 Sophmore 25 Fair 24
total 222 22+ 16 Junior 14 Poor 6
total 222 Senior 3 total 82
total 164
Education n=48
Sex Age Frequency Classificatior Frequency Perception Frequency
Male 9 18-19 28 Freshman 10 Good 12
Female 37 20-21 17 Sophmore 13 Fair 8
total 48 22+ 3 Junior 6 Poor 0
total 48 Senior 1 total 20
total 30
Business n=54
Sex Age Frequency Classificatior Frequency Perception Frequency
Male 13 18-19 36 Freshman 18 Good 8
Female 36 20-21 15 Sophmore 13 Fair 11
total 54 22+ 3 Junior 3 Poor 1
total 54 Senior 2 total 20
total 36
Humanities n=54
Sex Age Frequency Classificatior Frequency Perception Frequency
Male 13 18-19 33 Freshman 17 Good 13
Female 39 20-21 10 Sophmore 8 Fair 8
total 51 22+ 11 Junior 7 Poor 0
total 54 Senior 1 total 21
total 33
Undecided n=52
Sex Age Frequency Classificatior Frequency Perception Frequency
Male 19 18-19 42 Freshman 24 Good 5
Female 27 20-21 6 Sophmore 8 Fair 9
total 46 22+ 3 Junior 0 Poor 0
total 51 Senior 0 total 14
total 32

A chi-square test of significance was performed to determine the differencesin

low, medium, and high MARSI inventory scores between different magjors. Significant

differences were found between education majors and undecided students. Education

majors were most likely to score within the medium range of the MARSI inventory and

undecided students were most likely to score within the low and high range. There were

no significant differences between the other three majors (see Table 3.4).
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Table 3.4 (n = 416)
Chi-Square of major and score on MARSI instrument (low, medium and high)

Major Low Medium  High M score S.D.

Science Count 25 123 67 3.11 0.5644
Adjusted Residual 0.7 -1.2 0.9

Education  Count 1 36 9 3.18 0.4014
Adjusted Residual -2 2.7 -15

Business Count 6 30 14 3.05 0.5226
Adjusted Residual 0.3 0 -0.2

Humanities Count 2 28 14 3.2 1.4872
Adjusted Residual -1.8 1.7 -0.6

Undecided Count 10 23 18 3.03 0.4975
Adjusted Residual 2.2 -2.3 1

total 44 250 122 3.11 0.526

One-way ANOV As were performed to compare the MARSI inventory means and

standard deviations of the five major categories. No significant differences were found

among the five different majors regarding overal MARSI inventory score or among any

of the subscales. There were significant differences found among 2 individual itemsin

the scale. Science mgjors scored higher on Problem-Solving 16 (When the text becomes

difficult, | pay closer attention to what I’ m reading), while humanities majors scored

higher on Global 23 (I critically analyze and evaluate the information presented in the

text) (see Table 3.5).
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Table 3.5 (n =402)
Differences in strategy use between different majors

Science Education Business Humanities Undecided

Name Strategy M S.D. M S.D. M S.D. M S.D. M S.D. Sig.

GLOB 1 | have a purpose in mind when | read. 371  1.025 387 0.968 3.70 0.839 3.80 1.040 353 1082 0.546
SUP 2 | take notes while reading to help me understand what | read. 247 1238 264 1.090 252 1147 263 1232 231 1122 0.615
GLOB 3 | think about what | know to help me understand what | read. 356 1.017 344 0841 316 1.037 355 0.986 339 109% 0.144
GLOB 4 | preview the text to see what it's about before reading it. 255 1237 269 1.083 278 1250 261 1150 271 1208 0.735
SUP5 When the text becomes difficult, | read aloud to help me understand what | read. 303 1441 344  1.099 318 1.380 3.02 1476 294 1345 0.379
SUP 6 | summarize what | read to reflect on important information in the text. 284 1129 256 1.078 280 0.969 286 1.059 271 1080 0573
GLOB7 | think about whether the content of the text fits my reading purpose. 301 1.219 282 0.960 286 1.088 3.00 1.020 288 1.092 0.782
PROB 8 | read slowly but carefully to be sure | understand what I'm reading. 354 1113 360 0.939 346 1164 3.80 0.960 337 1014 0.316
SUP 9 | discuss what | read with others to check my understanding. 223 1072 258 1118 232 1077 231  1.029 216 1179 0.348
GLOB 10 | skimthe text first by noting characteristics like length and organization. 269 1345 291 1.240 264 1.102 245 1331 280 1.338 0.493
PROB 11 | try to get back on track when | lose concentration. 414  0.856 391 0.848 3838 1.043 402 0927 398 0878 0.253
SUP 12 I underline or circle information in the text to help me remember it. 326 1371 3.78 0.927 332 1347 351 1377 3.06 1107 0.060
PROB 13 | adjust my reading speed according to what I'm reading. 361 1104 360 0.939 344 1163 371 0.986 365 0991 0.779
GLOB 14 | decide what to read closely and what to ignore. 314 1195 322 1.020 334 1.062 318 1.034 341 1059 0534
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 234 1.227 224 1111 236 1.208 275 1.278 224 1182 0.200
PROB 16  When text becomes difficult, | pay closer attention to what I'm reading. 401 1.029 380 0.869 348 1199 386 1.040 384 0850 0.023
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 359 1190 353 0.968 348 1165 337 1.038 353 1192 0.792
PROB 18 | stop from time to time and think about what I'm reading. 3.03 0.970 322 1.020 296 1.049 320 0.960 286 1.021 0.309
GLOB 19 | use context clues to help me better understand what I'm reading. 324 1119 324  0.908 314 1107 333 0973 290 1.085 0.269
SUP 20 | paraphrase (restate ideas in my own words) to better understand what | read. 282 1187 307 1116 290 1.199 316 1.065 263 1185 0.151
PROB 21 |ty to picture or visualize information to help remember what | read. 358 1133 369 1.041 334 1.002 371 1.006 355 0980 0451
GLOB 22 | use typographical aids like bold face and italics to identify key information. 372 1.205 384 1127 354 1.073 375 1129 392 1205 0.561
GLOB 23 | critically analyze and evaluate the information presented in the text. 278 1.013 280 0.757 268 0.891 3.63 1.016 273 0974 0.032
SUP 24 I go back and forth in the text to find relationships among ideas in it. 248 1153 273 0.915 254  0.952 251 1.027 241 0911 0.625
GLOB 25 | check my understanding when | come across conflicting information. 330 1174 327 0.751 3.04 1.049 333 0.952 331 1004 0.601
GLOB 26 | tryto guess what is about when | read. 261 1.156 278 1.106 278 1.036 296 1.076 261 1.017 0.290
PROB 27  When the text becomes difficult, | re-read to increase my understanding. 404 0.992 4,07 0.751 3.60 1.107 394 0925 390 0.797 0.051
SUP 28 | ask myself questions | like to have answered in the text. 245 1131 240 1.156 248  1.092 239 1021 227 1016 0.851
GLOB 29 | checkto see if my guesses about the text are right or wrong. 256 1.233 244  0.967 264 1191 255 1.064 245 1.042 0.906
PROB 30 Itry to guess the meaning of unknown words or phrases. 287 1286 311 1191 3.04 1.049 3.04 1076 290 1.065 0.683
GLOBAL  Overall Global Reading Strategies 3.11220 0.62858 3.14360 0.43718 3.06000 0.55867 3.19310 0.66178 3.09 0.63807 0.837
SUP Overall Support Reading Strategies 2.65750 0.67389 2.82720 0.61753 2.71330 0.58927 2.79300 0.56131 2.52610 0.60679 0.125
PROB Overall Problem Solving Reading Strategies 3.60390 0.65840 3.62500 0.43301 3.40000 0.71562 3.65930 0.60108 3.50510 0.49276 0.180
OVERALL Overall MARSI score 3.10690 0.56439 3.17700 0.40138 3.04670 0.52260 3.19740 0.48716 3.03130 0.49751 0.412
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T-tests were performed to compare males and females within mgjors. Within
Science majors, several individual items were found to have significant differences
between males and femal es. Femal es scored higher on Support 2 (I take notes while
reading to help me understand what | read), Problem-Solving 11 (I try to get back on
track when | lose concentration), Support 12 (I underline or circle information in the text
to help me remember it), and Global 22 (I use typographical aidslike bold face and italics
to identify key information). Males scored higher on item Support 24 (I check my

understanding when | come across conflicting information). (see Table 3.6)

Table 3.6 (n = 196)
Differences in strategy use by male and female science majors

Male Female

Name Strategy M SD. M S.D. Sig.

GLOB1 |have a purpose in mind when | read. 367 1001 371 1091 0.827
SUP 2 | take notes while reading to help me understand what | read. 200 1115 281 1177 0.000
GLOB 3 | think about what | know to help me understand what | read. 369 1023 346 0.99% 0.129
GLOB4 | preview the text to see what it's about before reading it. 254 1255 260 1250 0.748
SUP5 When the text becomes difficult, | read aloud to help me understand what | read. 284 1384 319 1449 0.097
SUP 6 | summarize what | read to reflect on important information in the text. 284 1222 282 1096 0.912
GLOB 7 | think about whether the content of the text fits my reading purpose. 283 1313 309 1177 0.150
PROB8 | read slowy but carefully to be sure | understand what I'm reading. 341 1240 353 1044 0459
SUP 9 | discuss what | read with others to check my understanding. 212 1137 234 1027 0.166
GLOB 10 | skim the text first by noting characteristics like length and organization. 265 1292 268 1410 0.876
PROB 11 | try to get back on track when | lose concentration. 392 1002 419 0.840 0.042
SUP 12 | underline or circle information in the text to help me remember it. 266 1373 365 1224 0.000
PROB 13 | adjust my reading speed according to what I'm reading. 355 1150 363 1104 0.649
GLOB 14 | decide what to read closely and what to ignore. 304 1271 320 1143 0.338
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 221 1194 250 1276 0.101
PROB 16 When text becomes difficult, | pay closer attention to what I'm reading. 387 1166 404 1017 0.285
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 354 1243 364 1142 0.580
PROB 18 | stop from time to time and think about what I'm reading. 314 0912 302 0973 0.356
GLOB 19 | use context clues to help me better understand what I'm reading. 312 1193 327 1054 0341
SUP 20 | paraphrase (restate ideas in my own words) to better understand what | read. 277 1220 292 1151 0.376
PROB 21 | try to picture or visualize information to help remember what | read. 374 1142 345 1126 0.077
GLOB 22 | use typographical aids like bold face and italics to identify key information. 346 1281 388 1151 0.018
GLOB 23 | critically analyze and evaluate the information presented in the text. 284 1018 273 1020 0425
SUP 24 | go back and forth in the text to find relationships among ideas in it. 270 1302 233 1030 0.029
GLOB 25 | check my understanding when | come across conflicting information. 335 1234 330 1125 0.775
GLOB 26 | try to guess what is about when | read. 264 1143 262 1160 0.909
PROB 27 When the text becomes difficult, | re-read to increase my understanding. 390 1078 406 1011 0.294
SUP 28 | ask myself questions I like to have answered in the text. 252 1141 238 1113 0.399
GLOB 29 | check to see if my guesses about the text are right or wrong. 253 1262 255 1180 0.916
PROB 30 | try to guess the meaning of unknown words or phrases. 298 1325 275 1257 0.230
GLOBAL Overall Global Reading Strategies 3.0682 0.64335 3.1429 0.63649 0.427
SUP Overall Support Reading Strategies 25171 0.66107 2.7679 0.65345 0.010
PROB Overall Problem Solving Reading Strategies 3.5716 0.68888 3.5830 0.66325 0.098
OVERALL Overall MARSI score 3.0466 0.55477 3.1486 0.56944 0.231
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Within Business mgjors, significant differences between males and females were
found on items Support 12 (I underline or circle information in the text to help me
remember it) and Global 14 (I decide what to read closely and what to ignore). On both

items, females scored higher. (see Table 3.7)

Table 3.7 (n=49)
Differences in strategy use by male and female business majors

Male Female

Name Strategy M SD. M S.D. Sig.

GLOB1 |have apurpose in mind when | read. 377 0725 364 0867 0631
SUP 2 | take notes while reading to help me understand what | read. 208 094 272 1137 0074
GLOB3 | think about what | know to help me understand what | read. 308 1038 314 1073 0.858
GLOB4 | preview the text to see what it's about before reading it. 262 1044 274 1291 0.751
SUP5  When the text becomes difficult, | read aloud to help me understand what | read. 277 1481 317 1404 0.393
SUP 6 | summarize what | read to reflect on important information in the text. 308 0954 261 0994 0.150
GLOB 7 I think about whether the content of the text fits my reading purpose. 285 1144 281 1142 0913
PROB8 | read slowy but carefully to be sure | understand what I'm reading. 331 1251 350 1134 0612
SUP9 | discuss what | read with others to check my understanding. 246 1050 225 1052 0.537
GLOB 10 | skimthe text first by noting characteristics like length and organization. 246 1050 280 1132 0.353
PROB 11 1| try to get back on track when | lose concentration. 369 1109 406 0984 0.276
SUP 12 | underline or circle information in the text to help me remember it. 277 1166 364 1313 0041
PROB 13 | adjust my reading speed according to what I'm reading. 308 1256 361 1128 0.162
GLOB 14 | decide what to read closely and what to ignore. 277 1013 361 1050 0.016
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 238 1193 231 1215 0841
PROB 16 When text becomes difficult, | pay closer attention to what I'm reading. 331 1316 350 1207 0.633
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 362 1193 325 1251 0.366
PROB 18 | stop fromtime to time and think about what I'm reading. 308 1038 289 1116 0.59
GLOB 19 | use context clues to help me better understand what I'm reading. 323 1301 306 1120 0.645
SUP20 | paraphrase (restate ideas in my own words) to better understand what | read. 323 1301 269 1117 0.162
PROB 21 | try to picture or visualize information to help remember what | read. 362 0870 308 1105 0124
GLOB 22 | use typographical aids like bold face and italics to identify key information. 338 1044 356 1132 0.636
GLOB 23 | critically analyze and evaluate the information presented in the text. 292 0760 249 0951 0.144
SUP 24 | go back and forth in the text to find relationships among ideas in it. 262 0768 247 1000 0.642
GLOB 25 | check my understanding when | come across conflicting information. 308 1115 314 1125 0.865
GLOB 26 | try to guess what is about when | read. 262 0768 289 1166 0.437
PROB 27 When the text becomes difficult, | re-read to increase my understanding. 369 1182 361 1103 0.824
SUP28 | ask myself questions | like to have answered in the text. 292 0862 233 1171 0104
GLOB 29 | check to see if my guesses about the text are right or wrong. 285 1214 256 1206 0.461
PROB 30 | try to guess the meaning of unknown words or phrases. 277 1166 317 1108 0.280
GLOBAL Overall Global Reading Strategies 3.01780 0.69741 3.07690 056559 0.758
SUP Overall Support Reading Strategies 2.70090 0.57267 2.68830 0.61137  0.949
PROB  Overall Problem Solving Reading Strategies 3.31730 0.84874 3.42710 0.72109  0.656
OVERALL Overall MARSI score 3.00260 0.62738 3.06360 050596 0.732

Significant differences between males and females within Humanities were found
on items Support 2 (I take notes while reading to help me understand what | read), and
Support 12 (I underline or circle information in the text to help me remember it) with

femal es scoring higher on both. (see Table 3.8)
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Table 3.8 (n=51)
Differences in strategy use by male and female humanities majors

Male Female

Name Strategy M S.D. M S.D. Sig.

GLOB1 |have apurpose in mind when | read. 325 1215 38 0961 0.084
SUP 2 | take notes while reading to help me understand what | read. 183 0937 285 1159 0.008
GLOB3 | think about what | know to help me understand what | read. 358 0900 362 1067 0.925
GLOB4 | previewthe text to see what it's about before reading it. 242 1165 264 1181 0.566
SUP5  When the text becomes difficult, | read aloud to help me understand what | read. 292 1505 315 1424 0621
SUP 6 | summarize what | read to reflect on important information in the text. 242 0669 300 1124 0.095
GLOB 7 | think about whether the content of the text fits my reading purpose. 275 0965 305 1025 0371
PROB8 | read slowy but carefully to be sure | understand what I'm reading. 383 1115 389 084 0.846
SUP9 | discuss what | read with others to check my understanding. 225 1055 244 1021 0587
GLOB 10 | skimthe text first by noting characteristics like length and organization. 192 09% 269 1341 0071
PROB 11 | try to get back on track when | lose concentration. 417 0718 403 0959 0.641
SUP 12 | underline or circle information in the text to help me remember it. 258 1443 377 1245 0.008
PROB 13 | adjust my reading speed according to what I'm reading. 383 1115 372 0972 0.730
GLOB 14 | decide what to read closely and what to ignore. 308 0793 313 1105 0.897
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 236 0924 287 1321 0.239
PROB 16 When text becomes difficult, | pay closer attention to what I'm reading. 375 1055 390 109 0.683
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 35 0905 341 1117 0.801
PROB 18 | stop fromtime to time and think about what I'm reading. 345 1036 318 0942 0.407
GLOB 19 | use context clues to help me better understand what I'm reading. 292 0793 344 1021 0113
SUP20 | paraphrase (restate ideas in my own words) to better understand what | read. 292 0900 321 1128 0423
PROB 21 | try to picture or visualize information to help remember what | read. 383 083% 369 1104 0.686
GLOB 22 | use typographical aids like bold face and italics to identify key information. 325 1055 390 1142 0.087
GLOB 23 | critically analyze and evaluate the information presented in the text. 292 1084 382 4909 0532
SUP24 | go back and forth in the text to find relationships among ideas in it. 225 0866 254 1072 0.400
GLOB 25 | check my understanding when | come across conflicting information. 317 0937 331 1004 0.668
GLOB 26 | try to guess what is about when | read. 35 1314 28 1040 0.080
PROB 27 When the text becomes difficult, | re-read to increase my understanding. 425 062 387 091 0.203
SUP28 | ask myself questions | like to have answered in the text. 208 099% 244 099 0.288
GLOB 29 | check to see if my guesses about the text are right or wrong. 267 088 244 1071 0502
PROB 30 | try to guess the meaning of unknown words or phrases. 325 1055 292 1061 0.355
GLOBAL Overall Global Reading Strategies 2.9936 0.41289 32406 0.71230 0.260
SUP Overall Support Strategies 2.3434 040202 29174 0.55656 0.003
PROB Overall Problem Solving Reading Strategies 3.7169 051262 3.6480 0.61777 0.741
OVERALL Overall MARSI score 3.0267 0.27253 32491 0.52823 0.207

Among undecided students, significant differences between males and females

were found on items Support 12 (I underline or circle information in the text to help me

remember it) with females scoring higher, and Global 14 (I decide what to read closely

and what to ignore) with males scoring higher. (see Table 3.9)

No significant differences were found between male and female Education students. (see

Table 3.10)
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Table 3.9 (N =46)
Differences in strategy use by male and female undecided majors

Male Female

Name Strategy M S.D. M S.D. Sig.

GLOB 1 | have a purpose in mind when | read. 337 1012 352 1156 0.651
SUP 2 | take notes while reading to help me understand what | read. 205 1.026 259 1152 0.109
GLOB 3 | think about what | know to help me understand what | read. 353 1219 311 0974 0.206
GLOB 4 | preview the text to see what it's about before reading it. 237 1300 274 1130 0.307
SUP 5 When the text becomes difficult, | read aloud to help me understand what | read. 258 1502 333 1301 0.076
SUP 6 | summarize what | read to reflect on important information in the text. 279 1182 262 1061 0.607
GLOB 7 | think about whether the content of the text fits my reading purpose. 289 1449 278 0892 0.736
PROB 8 | read slowly but carefully to be sure | understand what I'm reading. 311 0937 356 1.050 0.142
SUP9 | discuss what | read with others to check my understanding. 195 0.848 244 1340 0.161
GLOB 10 | skim the text first by noting characteristics like length and organization. 247 1429 293 1238 0.259
PROB 11 |try to get back on track when | lose concentration. 389 0994 400 0832 0.699
SUP 12 | underline or circle information in the text to help me remember it. 247 0905 359 0.844 0.000
PROB 13 | adjust my reading speed according to what I'm reading. 332 1057 381 0879 0.088
GLOB 14 | decide what to read closely and what to ignore. 389 0875 315 1064 0.016
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 200 1.106 219 1178 0.593
PROB 16 When text becomes difficult, | pay closer attention to what I'm reading. 372 1074 385 0.718 0.629
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 353 1172 352 1156 0.982
PROB 18 | stop from time to time and think about what I'm reading. 263 0.895 285 1099 0475
GLOB 19 | use context clues to help me better understand what I'm reading. 295 1.026 281 1075 0.677
SUP 20 | paraphrase (restate ideas in my own words) to better understand what | read. 258 1216 267 1177 0.807
PROB 21 | try to picture or visualize information to help remember what | read. 347 0964 370 1031 0.448
GLOB 22 | use typographical aids like bold face and italics to identify key information. 400 1.333 389 1013 0.749
GLOB 23 | critically analyze and evaluate the information presented in the text. 279 0918 267 1074 0.688
SUP 24 | go back and forth in the text to find relationships among ideas in it. 226 0991 241 0.888 0.608
GLOB 25 | check my understanding when | come across conflicting information. 316 1.068 330 0953 0.647
GLOB 26 | try to guess what is about when | read. 258 1.017 267 1000 0.773
PROB 27 When the text becomes difficult, | re-read to increase my understanding. 379 0855 396 0759 0472
SUP 28 | ask myself questions I like to have answered in the text. 226 0933 219 1039 0.795
GLOB 29 | check to see if my guesses about the text are right or wrong. 263 1012 226 0984 0.218
PROB 30 | try to guess the meaning of unknown words or phrases. 321 1316 289 0751 0.298
GLOBAL Overall Global Reading Strategies 3.0891 0.63859 3.0256 0.62529 0.739
SUP Overall Support Reading Strategies 2.3275 0.67125 2.6496 0.51992 0.077
PROB Overall Problem Solving Reading Strategies 3.3819 0.46271 3.3819 0.49656 0.188
OVERALL Overall MARSI score 2.9574 0.49663 2.9574 048559 0.492
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Table 3.10 (n =46)
Differences in strategy use by male and female education majors

Male Female

Name Strategy M SD. M SD. Sig.

GLOB1 |haveapurpose in mind when | read. 367 1000 38 0976 0589
SUP 2 | take notes while reading to help me understand what | read. 267 1000 270 1127 0930
GLOB3 | think about what | know to help me understand what | read. 322 0667 343 0899 0515
GLOB4 | preview the text to see what it's about before reading it. 333 0866 259 1142 0.077
SUP5  When the text becomes difficult, | read aloud to help me understand what | read. 322 0833 351 1146 0478
SUP 6 | summarize what | read to reflect on important information in the text. 289 104 249 1070 0.316
GLOB 7 I think about whether the content of the text fits my reading purpose. 300 0707 268 1082 0.39
PROB8 | read slowly but carefully to be sure | understand what I'm reading. 311 0928 368 0915 0.105
SUP9 | discuss what | read with others to check my understanding. 244 1014 259 1166 0.725
GLOB 10 | skimthe text first by noting characteristics like length and organization. 333 0707 289 1329 0343
PROB 11 | try to get back on track when | lose concentration. 367 1000 39 0815 0.382
SUP 12 | underline or circle information in the text to help me remember it. 378 1093 378 0917 0.987
PROB 13 | adjust my reading speed according to what I'm reading. 400 0866 349 0961 0.151
GLOB 14 | decide what to read closely and what to ignore. 333 086 322 1058 0.760
SUP 15 | use reference materials such as dictionaries to help me understand what | read. 233 086 219 1175 0.732
PROB 16 When text becomes difficult, | pay closer attention to what I'm reading. 367 086 384 0866 0.598
GLOB 17 | use tables, figures, and pictures in text to increase my understanding. 322 1394 358 0841 0.323
PROB 18 | stop fromtime to time and think about what I'm reading. 311 104 324 1011 0.729
GLOB 19 | use context clues to help me better understand what I'm reading. 322 1202 324 0830 0951
SUP20 | paraphrase (restate ideas in my own words) to better understand what | read. 356 0726 292 1164 0.126
PROB 21 | try to picture or visualize information to help remember what | read. 378 0667 372 108 0.885
GLOB 22 | use typographical aids like bold face and italics to identify key information. 367 1225 395 1053 0.493
GLOB 23 | critically analyze and evaluate the information presented in the text. 300 0707 276 0760 0.388
SUP 24 | go back and forth in the text to find relationships among ideas in it. 311 0782 265 0919 0172
GLOB 25 | check my understanding when | come across conflicting information. 322 0667 322 0821 0934
GLOB 26 | try to guess what is about when | read. 333 1225 262 1037 0.081
PROB 27 When the text becomes difficult, | re-read to increase my understanding. 400 0707 400 0782 1.000
SUP28 | ask myself questions | like to have answered in the text. 244 1130 241 1166 0928
GLOB 29 | check to see if my guesses about the text are right or wrong. 289 104 232 0915 0114
PROB 30 | try to guess the meaning of unknown words or phrases. 322 0833 308 125 0.751
GLOBAL Overall Global Reading Strategies 3.2650 0.34425 31068 046091 0.342
SUP Overall Support Reading Strategies 2.9383 048785 2.8048 0.64492 0.565
PROB Overall Problem Solving Reading Strategies 35694 041510 3.6354 044358 0.688
OVERALL Overall MARSI score 3.2481 0.31540 31676 042522 0.599

A chi-sguare test of significance was performed to determine the relationship
between major and attitude (see Table 3.11). There was a significant differencein
attitude among the different majors. The chi-square identifies science majors as |east
likely to have a negative attitude and most likely to have a positive attitude. Education
majors are most likely to have a negative attitude and least likely to have a neutral or

positive attitude, while undecided are most likely to have a neutral attitude.
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Table 3.11 (n = 162)
Chi-square of major and attitude toward reading biology

Major Negative  Neutral Positive |M attitude S.D.

Science Count 25 15 45 6.25 2.760
Adjusted Residual -3.1 0.6 2.6

Education Count 14 1 5 3.90 2.594
Adjusted Residual 2.8 -14 -1.8

Business  Count 10 4 6 4.40 2.945
Adjusted Residual 0.9 0.5 -1.3

Humanities Count 10 1 10 5.38 2.854
Adjusted Residual 0.7 -15 0.4

Undecided Count 7 5 4 5.06 2.294
Adjusted Residual 0.3 1.7 -1.5

total 66 26 70 5.50 2.842

Question 4: Does explicit instruction in using metacognitive strategiesimprove
student attitude toward reading their biology text?

Three students not receiving instruction had sight variationsin their initial
attitude toward reading the biology text. Becky, a 19-year old student, scored in the
medium range on all subscales of the MARSI inventory and demonstrated a negative
attitude toward reading at the outset of the study. On the attitude survey she stated that
reading her biology text made her feel bad. She reported that while reading her attention
would drift and after re-reading a section more than once she became frustrated if she did
not understand. At this point Becky would try again, but her difficulties with reading the
text resulted in her equating reading the biology text with torture.

Sarah, an18-year old freshman Athletic training mgjor, scored in the medium
range on all three subscales of the MARSI inventory. On the attitude survey, she reported
having a neutral attitude toward reading her biology text. She did not like reading, but
was comfortable with the text. Despite this, Sarah did not feel like she was learning from

the text. Her attention also drifted while reading and not understanding after re-reading a
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section would aso frustrate her. However, overall Sarah stated that the reading was
informative.

Emma, an 18-year old freshman biochemistry and molecular biology major,
scored high on the Global subscale, but medium on the other subscales. On the attitude
survey she also demonstrated a negative attitude. Reading her biology textbook aso
made her feel bad and when confronted with reading problems she would quit reading
instead of trying again or trying another approach. Emma also indicated that she avoided
reading her textbook whenever possible.

After four weeks of reading, Becky and Emmareported a change in their attitude
toward reading the text, while Sarah reported no change in her attitude. When asked
“How do you feel about reading every week?’ Becky said “1 don’t dread the reading
anymore, but don’t necessarily look forward to it either.” She aso reported a new feeling
of satisfaction. She said “[After reading] | feel better. Like I’ ve done something.” She
added “1 think | try to go back and understand things more now.” When asked the same
guestion, Emma reported that she felt differently about the readings and said “| feel
different now...l understand what | read better.” She suggested that the post-reading
guestions influenced her attitude shift, “the questions after reading help me figure out
what | don’t understand.”

Students receiving instruction began the study with awider range of attitudes and
demonstrated different levels of engagement with the strategies. Jessica, a 19-year old
Applied Health freshman, scored within the medium range overall and on the Global and
Problem-Solving subscal es, but scored low on the Support subscale. On the attitude

survey, Jessicaindicated that she did not like reading her biology textbook and that it
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took more time than the texts for her other classes. Additionally, when she read she felt
frustrated and like she was not learning. Overall she equated reading her text as torture.
Jessica was selectively engaged during the reading strategy instruction and practice. She
did not like the KWL charts and did not complete them. When stopping periodically
during the reading, Jessica answered the provided questions, but did not generate any
guestions of her own. When asked to diagram the information in the text, Jessicadrew a
diagram that illustrated multiple relationships between ideas. During the fifth week,
Jessica chose to use summary writing as her strategy of choice. Her strategies, however,
consisted of terms, definitions, and single statements. She did not identify amain idea or
connect any idess.

Roy, an older student, also began the study with a negative attitude. Roy scored
within the low range overall and on the Support subscale, and scored within the medium
range on the Global and Problem-Solving subscales of the MARSI inventory. On the
attitude survey he indicated that knowing he has to read for biology makes him feel bad
and that while heis reading he feels miserable. Roy avoided reading when he could.
Although he felt like he learned, his attention drifted while he was reading and when he
encountered problems reading he would quit reading. Roy remained fairly unengaged
during the strategy instruction and practice. When stopping periodically to think about
what he read, he answered the provided questions with incompl ete sentences and did not
generate any questions on his own. He also preferred to summarize what he had read, but
like Jessica, his summaries lacked main ideas and consisted of nothing more than

definitions.
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Renee, an 18-year old student, reported a neutral attitude on the attitude survey.
Renee scored within the high range on the MARSI inventory overall and the Global and
Problem-Solving subscales and in the medium range on the Support subscale. In regards
to reading for her biology class, Renee said it took alot longer than her other classes and
she avoided doing it when she could. At the same time, she feels like she learns from
reading and after two readings of her text feels encouraged, not frustrated. Overal, she
finds the reading informative. Renee remained engaged with the reading strategies during
instruction and practice. She completed the KWL, and when stopping periodically during
the reading she answered the questions in compl ete sentences. Her answers illustrated
connections between different ideas and generated several questions on her own. She
generated both low level (What isaB cell?) and high thinking level questions (How do B
and T cells correspond to one another?).

Vicky, a 19-year old elementary education major, scored low on the MARSI
inventory overall, and the Global and Support subscales. She scored in the medium range
on the Problem-Solving subscale. On the attitude survey Vicky demonstrated a neutral
attitude toward reading her text. She indicated that reading the text made her feel
miserable and frustrated. Her attention drifted while she read, but she would try
confusing passages again. Although she did not like to read the text, overall she found it
informative. Vicky also remained engaged during instruction and practice. When Vicky
stopped periodically to think about the reading, she answered the questions in complete
sentences and generated severa low level questions. She also attempted to create her own

concept map showing the similarities and differences of mitosis and meiosis.
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Amy, a19-year old pre-veterinary freshman, scored in the medium range overall
and the Global subscale and low on the Support subscale, and high on the Problem-
Solving subscale. On the attitude survey Amy indicates a positive attitude toward reading
the text. Although knowing she had to read for the class made her feel bad, she was
comfortable with the text and felt that she learned from it. Even though her attention
drifted, she tried confusing passages more than once. Amy was relatively unengaged
during instruction and practice. She did not complete the KWL or create a concept map.
When answering questions during the reading, she used incomplete sentences, and did
not generate any of her own questions.

Phillip, a 22-year old physical therapy sophomore, scored high on all aspects of
the MARSI inventory. Phillip also demonstrated a positive attitude on the attitude survey.
Knowing he needed to read for class |eft him feeling good and he was comfortable with
the text. Occasionally he felt slowed down, but overall he felt he learned and that the text
was informative. Phillip was slightly more engaged than Amy. He completed the KWL,
but did not generate any of his own questions during the reading. He created a concept
map illustrating the processes of mitosis and meiosis.

Kelly, a22-year old psychology junior, also scored high on all aspects of the
MARSI inventory. Unlike Phillip, Kelly demonstrated a negative attitude toward reading
the text. She indicated that the biology text took alot longer compared to her other texts
and that she avoided reading when she could. While reading, her attention would drift
and she would fed frustrated. Kelly remained engaged during the instruction and
practice. She completed the KWL and answered questions in compl ete sentences. She

generated several low-level questions and attempted a concept map.
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During the Week Five interview, students expressed a variety of responses to
using the reading strategies. Amy and Phillip, the two students with initially positive
attitudes, maintained their positive attitudes throughout the instruction and practice.
Phillip, referring to the questions after each reading stated that he understood “alot better
when | read the questions, then do the reading and answer the questions.” Amy felt the
guestions provided during the reading were most helpful. She said “ Questions during
reading definitely help...I usually just read to get through, but the [questions] help me to
go back and make sure | understand.” When asked if she would use these strategies for
other classes Amy responded that she would “if it isclasswhere | really had to read the
stuff to know it.”

Renee and Vicky both expressed neutral attitudes at the study outset. After four
weeks of strategy practice they both felt the strategies were helpful. At the beginning of
the study, Vicky felt that the post-reading questions were unrelated to the readings.
During the fifth week interview, Vicky acknowledged that the readings and questions
seemed more aligned. In regard to using the strategies Vicky said “1 fed like | learned
something. [ The strategies make me use the information right away ...| feel better about
reading ...| am more aware of what | read.” Renee said “| know [the strategies] are
helping me to read, but | don’'t enjoy it...Sometimes | read and don’t understand, this
helps me get the information... Sometimes [when | read] | assume that | know, now | re-
read.”

Kelly, Roy, and Jessicaall began the study with negative attitudes toward reading
their text. After four weeks, Roy and Jessica still had their negative attitudes, but Kelly

experienced a positive shift. During the interview Roy stated “1 just don’t figure stuff out
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reading. [The strategies] are just more work.” However, Roy did say that he would use
the strategies for his physics and chemistry classes — ones he enjoyed more than biology.
When asked how she felt about reading the text, Jessica said that she didn’t get anything
out of it, “they talk in almost aforeign language.” Jessica did say that she practiced the
strategies with her chemistry text and “it helps... [the strategies|] make me stop and think
about what I’'ve read.” Kelly was the only student with a negative attitude that
experienced a positive shift in attitude. During the interview she said “1 like [using the
strategies]. It gives me alot of waysto look at books | don’t understand...l don't feel so
overwhelmed.”

Many of the students reported the use of questions throughout the reading as the
strategy they liked most and found most helpful, yet during weeks five through eight
when students could choose the strategy they would use while they read, students
primarily chose to summarize the readings. All of the students had problems writing
summaries of the material. None of the students identified main ideas in the text or
connected ideas from different parts of the reading. Five of the seven students using
paraphrasing as their strategy of choice listed definitions and/or incompl ete phrases. Only
two students organized their thoughts into compl ete sentences and addressed the entire

reading.
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CHAPTER YV

DISCUSSION

Summary
The purpose of this study was to identify the reading strategies used by college
biology students when reading their biology text for information. Four hundred-thirty
students enrolled in Introductory Biology completed the Metacognitive Awareness of
Reading Strategies Inventory (MARSI) to measure their reported use of reading
strategies. Ten students participated in the el ght-week, qualitative portion of the study
and were assigned to either receive instruction or not receive instruction. Students
assigned to receive instruction were taught six reading strategies over the course of three
weeks. Instruction consisted of an explanation of the strategy, demonstration of the
strategy, guided practice, and application of the strategy. Both groups read sections of
their biology text and answered gquestions based on the readings. After five weeks,
students in both groups were interviewed about their feelings towards reading biology
and whether their feelings changed. Students in both groups reported a positive changein
attitude, but this change was associated with a prior value placed on reading.
Findings
The results of this study revealed six findings that are worthy of discussion. These

findings are summarized below.
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1 Introductory Biology students combined average score fell within the medium
range on the Overall MARSI inventory (3.11), Overall Global subscale (3.11), and
Overal Support subscale (2.68), and these students scored within the high range on the
Problem-Solving subscale (3.56). The five most used strategies were either Global or
Problem-Solving strategies and the five least used strategies were al Support strategies.
As MARSI inventory score increased, attitude toward reading biology became more
positive.

2. Good readers scored significantly higher than Fair/Poor readers on Overall
MARSI inventory (P<0.001), Global subscale (P<0.000), and Problem-Solving subscale
(P<0.011). Good and Fair/Poor readers did not have significantly different scores on the
Support subscale. Males and females did not have significantly different scores on the
Overal MARSI inventory, Overal Global, or Overall Problem-Solving subscales, but
females scored significantly higher than males on the Overall Support subscale (P<.000).
3. When looked at by major, science majors were most likely to have positive
attitudes toward reading the biology text, while education majors were most likely to
have negative attitudes. Undecided majors were most likely to have neutral attitudes.

4, Education majors were most likely to score within the Medium range of the
Overal MARSI inventory, while Undecided majors were most likely to score either high
or low. Other majors were distributed across the low, medium, and high ranges. No
significant differencesin strategy use were found among different mgors; however,
science students were more likely to pay more attention to reading when comprehension
becomes difficult and humanities students were more likely to critically examine and

anayze information in the text.
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5. Students both receiving and not receiving strategy instruction reported a positive
change in attitude toward reading biology; however, students with a neutral attitude were
more likely to have positive shiftsin attitude than students with negative attitudes.

6. When asked which strategy they found most helpful, students receiving
instruction identified “asking questions throughout the reading” as the most useful
strategy; however, when left to choose a reading strategy, none of the students generated
their own questions during reading.

The results of the MARSI inventory suggest that among Introductory Biology
students, college freshmen are somewhat skilled in using reading strategies. The students
rely primarily on Problem-Solving strategies and less so on Global strategies and least on
Support strategies. The Problem-Solving strategies are actions that the reader engagesin
when comprehension difficulties arise during reading. Global strategies are actions the
reader engages in before reading to prepare for reading. Support strategies are actions
readers take to monitor their comprehension and resolve comprehension problems before
comprehension fails. The reliance on Problem-Solving strategies suggests that students
possess an awareness of comprehension difficulties and use avariety of methods to
resolve these problems. The lower Global score suggests that students do not put as much
thought into reading before they read as they do into problems that arise while reading.
The low Support score suggests that students do not consistently use reference materials
to assist in reading comprehension. The result is that students spend the majority of their
time correcting comprehension problems without taking measures to prevent them. This
is supported by the five most and least used strategies. Of the five most used strategies,

the top three were all Problem-Solving strategies and the other two were Global
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strategies. The five least used were Support strategies. Of the top fifteen strategies used,
only two were Support strategies.

A weak positive correlation was found between reading strategy usage and
attitude toward reading biology texts. Due to the difficult nature of science texts, many
students have negative attitudes about reading science texts. Their attitudes may result
from repeated difficulties reading science text. Many students in the study reported
trouble maintaining focus on the text and relating what they read to what they know. This
leads students to view reading science text asirrelevant and unproductive. The studentsin
this study averaged a neutral to slightly positive attitude toward reading their text. Their
attitudes correspond to the medium scores on the MARSI inventory. This relationship
indicates that as students use more strategies to monitor and improve their comprehension
their attitude toward reading science material improves. Considering that most science
classes currently rely heavily on text reading, the use of reading strategies is an important
tool to increase the amount of time students are willing to spend reading their text.

When comparing Good and Fair/Poor readers use of strategies, it is not
surprising that Good readers score higher than Fair/Poor readers, suggesting they use
more strategies while reading. Good readers scored higher overall and on each subscae
than Fair/Poor readers. Their scores mirrored those of the entire sample. The Overall
MARSI inventory score, Global score, and Support score fell within the medium range
(2.5-3.4). Only the score on the Problem-Solving subscal e was within the high range (>
3.5). Thisindicates that Good readers use awider variety of strategies more frequently
than their Fair/Poor counterparts. It is surprising, however, that they are not out-

strategizing Fair/Poor readers completely. The Overall MARSI inventory, Global,
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Problem-Solving, and Support scores of Fair/Poor readers also fell within the average
range (2.4 — 3.4). While the differences between the Good and Fair/Poor readers were
significantly different, they were not differences between high and low scores, but instead
the higher and lower ends of the average range. It is also surprising that thereis no
statistically significant difference between the Support scale scores of Good and
Fair/Poor readers. This suggests that while Good readers are using more strategies, they
are using Global and Problem-Solving strategies more and not Support strategies. Among
Good readers, there are differences between subscal e scores indicating a preference For
Problem-Solving, followed by Globa and Support strategies. This distinction between
strategies also appears in the scores of Fair/Poor readers. Poor readers also rely heavily
on Problem-Solving strategies, while using Global and Support strategies infrequently.

The only statistically significant difference found between male and female
students was in the use of Support strategies. Females scored higher on the Support
subscal e than males, indicating that they use more Support strategies than males. This
finding issimilar to that of Virpi (2001). In that study, female students indicated using
different types of reading and study strategies than males. The finding that females use
more Support strategies than males contributes to current research that indicates females
have better reading comprehension than males (Slotte, Lonka & Lindblom-Ylanne, 2001,
Spence, 1995). Their increased use of Support strategies suggests that they would not
benefit as much from text structure instruction or metacognitive strategy instruction that
focuses on using outside references or textual aids.

When comparing the MARSI inventory scores of different majors, no significant

differences were found. However, differences between the different magjors did become



apparent when scores within each major were grouped as high, medium, or low. When
examining the strategy use of different majors, most majors had large score variations.
Students identifying themselves within a specific major had MARSI inventory scores that
ranged from low to high. The exception to this was Education. The mgjority of these
students scored within the average range. Thisindicates that Education majors as a group
are more consistently using reading strategies than other maors. One reason for this may
be related to their choice of major. Students with positive reading experiences may be
more likely to become teachers than students who do not have positive reading
experiences. Another possible reason for this might be the type of classes they take.
Education majors are more likely than other majors to focus on how learning takes place
and how to foster good reading and study skillsin their future students. This knowledge
may translate into their studies. Other majors without this focus would experience a
larger range of scores. At the other end of the spectrum, Undecided majors were grouped
within the low and high ranges with fewer students falling in the middle. This could be
due to awider range of interest and ability among students who have not yet declared a
major.

While there were no significant differences between different magjors, there were
significant differences between the uses of individual strategies. When text becomes
difficult, science students, more than other mgjors, pay closer attention to what they are
reading. Thisisinteresting, but not entirely surprising since science texts are often poorly
written, making them difficult to read and comprehend. Their increased exposure to
difficult texts gives science students more opportunity to identify and practice using this

strategy. It is surprising that thisis the only strategy that science students use more
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frequently, ssmply because of the recognized difficulty of science texts. It would be
expected that students who are exposed to difficult reading material would develop a
variety of strategiesto cope with comprehension problems. This lack of strategy
development could be aresult of not explicitly teaching reading strategies during reading
instruction and implies that reading strategy skills are not innately developed in response
to difficult texts. Another surprising find was that Humanities students were more likely
to critically analyze and evaluate information in the text. One possible explanation for
this may be the perceived subjective nature of humanities. Students magjoringin a
humanities discipline investigate areas of interest with smaller bodies of perceived
objective knowledge. In opposition, many students perceive science through a lens of
objectivity. Viewing science with this perspective would tempt students to accept
scientific information as fact, without critically examining it. Thisfinding is particularly
interesting due to the increased emphasis on critical thinking skills outlined in the
National Science Education Standards. This result suggests that despite the push for
scientific literacy, many science classrooms still perpetuate the student belief that science
isacollection of facts to be memorized, not questioned. This could be explained by the
gap between instructor and student goals, however the results of this study suggests that
students need instruction on how to critically analyze what they read. Without critical
analysis, science students will not met the national goal of scientific literacy.

Science students were found to have the most positive attitude toward
reading biology texts, while Education students had the most negative attitude. The
positive attitude reported by science students is expected simply because they chose to

pursue an education in science. Thisimplies that they have an increased interest in the
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material and are more likely to enjoy this type of reading. The negative attitude reported
by education studentsis surprising based on their MARSI inventory scores. As the group
most likely to score average on the MARSI inventory, it would be expected that these
students would be likely to have aneutral attitude. However, their negative attitude
combined with their medium score on the MARSI inventory suggests that unlike most
students with negative attitudes, education students place a value on reading and will
practice using strategies that will help them understand what they read even if they do not
enjoy the material. This can be credited to the current emphasis on reading in public
school curriculum, and subsequently, in teacher preparation programs. While many
students view reading as merely decoding words, perhaps education mgors, as future
teachers, see the role reading playsin learning and hold different expectations regarding
what reading involves. From this, it can be speculated that education students are aware
of reading as an active process rather than a passive experience.

While reading strategy use improves attitude toward reading biology, results from
the case studies suggest that reading itself can improve attitude. Two of the three students
not receiving instruction reported a positive shift in attitude. This indicates that ssimply
practicing reading science text will have an effect on students’ approach to reading.
However, just practicing does not seem to be as effective in changing student attitudes
toward reading as using reading strategies. Of the seven students receiving instruction,
two students maintained a positive attitude toward reading, three students reported a
positive shift in attitude, and two students reported no change in attitude. 1n addition, the
study’ s drop-out rate demonstrates that practice is not enough. When the study began,

both groups consisted of ten students. During the first five weeks of the study, the
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instruction group lost three students, whereas the non-instruction group lost seven. This
would indicate that students in the instruction group were receiving a benefit that
encouraged their continued participation, while students in the non-instruction group
were not.

Differences in attitude shift between the two groups and among students within
those groups can be attributed to students' perception of the value of reading. Further
examination of the responses on the attitude survey, revealed that all three studentsin the
non-instruction group appeared to disregard reading as a means of obtaining information
about biology. The description of their feelings about reading included “bad,”
“miserable,” “frustrated,” and “torture.” All three students indicated that they did not feel
reading their text was informative and indicated that when confronted with difficult
passages in the text, they felt frustrated and would quit reading instead of trying to read
the passage again.

Students in the instruction group initialy reported awider range of attitude
toward reading and students fell into one of four groups; Positive attitude, Neutral
attitude/Vaues reading, Negative attitude/Vaues reading, and Negative attitude/No
Value reading. The positive group consisted of Phillip and Amy. They both felt
comfortable reading, saw reading their text as informative, and when confronted with
difficult passages were willing to try to read them again. Renee and Vicky made up the
Neutral/Value group and reported a neutral score on the attitude survey. They did not
enjoy or look forward to reading, but when they did, they felt they had learned. They saw
their text readings as informative and when confronted with difficult passages were

willing to try again. Kelly demonstrated a Negative-V alue approach to reading. She
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scored negatively on the attitude survey, reporting that she did not like reading for
biology and when she read they felt she did not learn, but reported that her textbook
readings were informative and when confronted with difficult passages, she would try to
read the passage again. Jessica and Roy composed the Negative/No Value group and
scored negatively on the attitude survey, indicating that they did not like to read and
when they did read they felt that they did not learn. They also reported that their text
reading was not informative and when faced with a difficult passage they would quit
reading.

Of the students in the experimental group, only the students demonstrating avalue
for reading reported positive shiftsin attitude. Students that were identified as No Vaue
did not experience an attitude change. When practicing strategies there were differences
in the level of engagement between students who believed reading was valuable and
those who did not. Students who valued reading answered questions more thoroughly,
providing more than one word answers. They also attempted to design the concept map,
and create questions from the reading. Students who felt that reading is not valuable are
not likely to expend much time practicing the strategies. These studentstypically
supplied one word answers to questions, did not attempt the concept map, and did not
create questions from the reading. With minimal engagement, students continue to
experience reading as a passive activity and do not benefit from strategy usage. This
suggests that attitude toward reading can be improved using strategies as long as students
feel that reading is worthwhile. This also suggests that motivation and student interest

plays alarge rolein reading comprehension.
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During the last four weeks of the study, students in the experimental group were
asked to choose the strategy / strategies they liked using most and practice them with the
new readings. All studentsin the experimental group identified the use of questions
throughout the reading as the strategy they liked most during the Week Five interview.
However, none of the students in the experimenta group chose to use this strategy during
the last four weeks. Instead, al students indicated that they would paraphrase the reading.
When paraphrasing, most students only wrote definitions to unknown or bolded words.
Only two students wrote compl ete sentences and addressed each section of the reading.
These students also included terms and definitions. This suggests two things, first that
they placed importance on unfamiliar words or words that were identified by the
publisher as important, and second, when left to practice summarizing on their own most
students fell back into familiar student roles, relying on bolded words and definitions.
Both support the results of studies on student problems with summary writing.

Implications

The results of this study provide several implications for reading instruction and
teaching science. Students participating in the study used a narrow range of reading
strategies while reading their biology text. While students overall scored in the medium
range on the MARSI inventory (2.5-3.4), they scored lower on the Support subscale than
the Global or Problem-Solving subscale. Thisimplies that college freshmen and
sophomores are using some strategies to help them understand what they read, but need
more instruction using Support strategies that will help them avoid comprehension
problems. To correct this, reading instruction should include reading comprehension

strategies, especially Support strategies. Since repeated experiences with comprehension
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difficultieslead to a diminished value of reading, reading strategies should be taught
during elementary reading instruction and reinforced in content area classes through
secondary and post-secondary education programs.

The results also indicate that reading comprehension strategies should not be
confined to reading classes. Students in science classes need guidance in using their
textbook. This study indicates that even minimal instruction in using reading strategies
results in a positive attitude shift. These students also found that reading became easier
after practicing the strategies and the students using the strategies had alower drop-out
rate than the group of students not using strategies. This implies that science classes that
emphasize learning from texts need to spend time practicing comprehension strategies.
Thiswould assist students in using their text more easily and efficiently. Discussing
strategies in science classes would also help prevent students from becoming too
frustrated by text readings and disregarding them all together.

The decision of students participating in the study not to use questions as a
reading strategy for the last four weeksisintriguing and hints at alarger problem in
science education. When receiving guided instruction using questions, many students
were unable to design their own questions and perhaps as a result chose not to practice
this strategy on their own during the last four weeks. One aspect of critical thinking that
should be encouraged in science education is the formulation of questions. Familiarity
with generating and posing questions might help students engage in what they read,

rather than passively taking in the words on the page.
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Conclusions

College freshmen and sophomores practice reading comprehension strategies
while reading their biology text, but not as frequently as expected, and they rely primarily
on problem-solving strategies. Thisis problematic for students in science classes that rely
heavily on learning from textbooks. As aresult, science texts are generally viewed as
difficult to read. To help students use their texts effectively, science classes must also
become reading classes and teach reading comprehension strategies that assist students
reading science texts. Helping students manage comprehension problems while reading
science texts results in a more positive attitude toward reading science text. With a
positive attitude toward reading, these students are more likely to attempt readings than
students not using comprehension strategies.

Recommendations for Future Research

The limitations of this study leave severa areas open to future research. Of
highest interest is the relationship between reading comprehension strategies and
conceptual understanding and application. Due to the high drop-out rate among students
in the control group, this study was unable to determine whether practicing
comprehension strategies improves student understanding of material and subsequently
their ability to apply the information to novel circumstances.

The qualitative portion of this study was limited in the number of students
participating and the amount of time each student received instruction. Studentsin this
study received minimal instruction, 30-45 minutes aweek, using the reading strategies. It
would be interesting to explore the outcome of more frequent strategy practice and its

affect on student attitude and achievement.
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Also, the differences between majors and class rank could be investigated in more
detail. It would be helpful to know whether students approach reading for other classes
the same way they approach reading for biology. In addition, college juniors and seniors
may use different strategies for monitoring comprehension than freshmen and
sophomores. As more experienced students, upperclassmen may use more strategies than
freshmen and sophomores, who may still be adjusting to the increased demands of
college and learning the most effective ways to tackle their studies.

The effect of teaching reading comprehension to middle school science students
would be of interest to science educators. According to Yore, Craig, and Maguire (1993),
teaching strategy use is most effective with students at this level. Teaching these students
to monitor their comprehension and solve comprehension problems could help maintain

their interest in science.
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APPENDIX B

Strategies Included in the MARSI inventory

Global Strategies

1 I have a purpose in mind when | read.

3 | think about what | know to help me understand what | read.

4 | preview the text to see what it's about before reading it.

7 1 think about whether the content of the text fits my reading purpose.
10 I skim the text first by noting characteristics like length and organization.
14 | decide what to read closely and what to ignore.
17 1 use tables, figures, and pictures in text to to increase my understanding.
19 | use context clues to help me better understand what I'm reading.
22 | typographical aids like bold face and italics to identify key information.
23 | critically analyze and evaluate the information presented in the text.
25 | check my understanding when | come across conflicting information.
26 | try to guess what the material is about when | read.
29 | check to see if my guesses about the text are right or wrong.

Problem-Solving Strategies
8 | read slowly but carefully to be sure | understand what I'm reading.
11 Itry to get back on track when | lose concentration.
13 I adjust my reading speed according to what I'm reading.
16 When the text becomes difficult, | pay closer attention to what I'm reading.
18 | stop from time to time and think about what I'm reading.
21 1 try to picture or visualize information to help remember what | read.
27 When the text becomes difficult, | re-read to increase my understanding.
30 I try to guess the meaning of unknown words or phrases.

Support Strategies
2 | take notes while reading to help me understand what | read.
5 When text becomes difficult, | read aloud to help me understand what | read.
6 | summarize what | read to reflect on important information in the text.
9 | discuss what | read with others to check my understanding.
12 I underline or circle information in the text to help me remember it.
15 | use reference materials such as dictionaries to help me understand what | read.
20 | paraphrase (restate ideas in my own words) to better understand what | read.
24 1 go back and forth in the text to find relationships among ideas in it.
28 | ask myself questions | like to have answered in the text.

Taken from the M etacognitive Awareness of Reading Strategies Inventory (Mokhtari &
Reichard, 2002)
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APPENDIX C

Attitude Survey

| consider myself a GOOD READER  FAIR READER POOR READER

1. When | havereading for INTRODUCTORY BIOLOGY | fed:
GOOD BAD

2. Compared with reading in my non-science courses, thetime that | allow for
reading INTRODUCTORY BIOLOGY is:
A LOT LONGER ABOUT THE SAME

3. When | read for INTRODUCTORY BIOLOGY, | fed!:
COMFORTABLE MISERABLE

4. If I'mreading INTRODUCTORY BIOLOGY and another INTRODUCTORY
BIOLOGY student calls, I'm eager to talk so that | can:
AVOID READING SHARE NEW INFO

5. Reading for INTRODUCTORY BIOLOGY leaves mefedling like a have:
LEARNED NOT LEARNED

6. If | don't understand a passage when reading INTRODUCTORY BIOLOGY, |
fed:
SLOWED DOWN ANGRY

7. Whilereading INTRODUCTORY BIOLOGY, my attention:
DRIFTSFROM TEXTS STICKSTO TASKS

8. After two readings of asectionin my INTRODUCTORY BIOLOGY text, | feel:

FRUSTRATED ENCOURAGED

9. If I didn’'t understand a passage, I:
TRY AGAIN QUIT READINGIT

10. My idea of reading INTRODUCTORY BIOLOGY isaprocessthat’s:
TORTURE INFORMATIVE
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APPENDIX D

Sample Text Passage Taken From Life, 4" Ed. (L ewis, 2002)
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nher s of prremick describe other aspecis of soosvs
terns A prysamid of nissbers chiees the mpankser of organisms ai
cach trphs I:--r| Th: shaps of this type of gyramid refleas the
size and L 2| anid The pyramid ol
e ina !_um:r-'d aarrrerity has 3 brosd base bacauss the
pendiscer—prass—ine sl aml numercus {fgure 430240 In

it

ool 1 Kookt
e n popie
iy
e o e
e '
ol .
[ 00 Kioabenion
e ety ngan
m

A They oot spta She b tht entn G DEchs DR 2 605 Cha Coman st The merprsd

o rvallasd in thas fgers, [ Hamana who decve energy by eatiog imesit. aw gettig only g s oo
erapfarly proment in gremn. The @eamain Shown SEGe o s ge of IR of the: srergy In by brophen kel i avoilabas ot
Ry T e i O Gk & W A0, dopering o sho food poeroo gnd e Do e
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FIFURE 43.12 ©yramids of Mumbors. |8 & pramid of sumbes Dl
oreamtan bas o brosed baee: [H) Poresie: dnaemems Susdebe an et pyram of
A Tl vrmaisn ey cary
chne haspann |Bonnshd fippiteled] Tha batera csiss Lyra demaen n bomns

Pinsars men erltal o beth pera mads

i, o B i

sl deer boks in o5 oor, whecR, insurn, ech Tdrber many

¥
=l

ik
PR

i o,

T P

i Ferest, i contras), the pvrmsd of numbers siands oa a very
ey Yerss, Tescause i dingde treg <an feed many hedsvores, Sudh
sy v prrpmidd an alee srpreent o vinghe sinead thal sup-
[rrts lilH;: number of parasites, such as the Geld mous and iis
tcks deprmadin byure 43,1 IR

A preamid af biomss whan inin ot the werght of
argamisms ar different wophic levds, Biomas &t anial dry
welghs of orgambims in wh dres Al § gven time, Many prramids of
biomass are wide i the Bt asd nurrew 3t the 1op beomse
ENETEy 15 lowet s bear areachy Irl'qh'-lr. liwel In N I ey
tems, hoesver, the Pivdisad is inveriecd becanss the biomass of
the premary producers ¢ phiveeplerkioni & emaller than ghat of
ihe primary coaumers (enoplankios | Thit is etaimr bocroes s
mragsurad gk e time Phyteplardnen sprliee guddy i
wenylankion i them almos: immodidesly o fow e prosent ot
anmy g b, In fmtr.'b’-l:.:-:l.l'lllpllllhlm [ lemger, v meone of
Nkt are presend o one ime Fue copsider the Bnmass ol all ihe
pvEgfnkion thal rooplankion cozsame during ke life span,
e poramid woald be nprght.

433 Mul.tring Concepls

I Howwe dn eormeetamis range w skaef

2. [denrify the tepes of trganiima that form brophic e ls

3, Dristinguisl beveven gress and aes pramary prosductcss,

4. Howw eftlchesn b energy transker befween teophac lowel=in
e weesf

%, List chiree types of prramids than are wad o describe:
SOOI
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43.4 How Chemiculs Cycle
Within Ecosystems—
Biogeochemical Cycles

Hoprackimbcal ook ik e ribar hesr dlopieats mivse =g o
aned i phywical evvirarrmeni Elrrane from the coms e =
Fisd wreben el reivam s dbe plpskcal eosbroasm sy when o orga
dhecarrgprser, Some dhemicals am carcmrasd o= they ascenid !
il rod el

Al lify, thresgh all sims, mioet @ the dements prosan
Earth formssd. These clememis comtinuousdy recycle diong
intrrastions of organims and ther envionmess, 1F oo o
servdan) namzling, tham elements wonld have baan degl
they bedaree bound = the bodies of organisms dhan lved
agr Because recpdding chemicals essential oo lile mwolyves
gowdogicnl and bilopical proceses. these pathwaps o
Eiogrochemical cyclis.

Each chemical irseni in on ecomvsiom has a chan
hingeosiemizal gwcle, ol all evclin have stepa in commaon,
crally, i i ganic faom ol the clement & Laken from fhe
sanmEnt aml indoepeeaisd inle the onganic mokes
weroroplic organismi, sachy 4z plants Wan animal et he
thee ez finay beviie pict of agieul e, ¥ acastlics
s this animal, the dement mioy be imecporated inlo the
uril anbimals body. All crganisme die. amd decompassrs
thedr chsues dovn, which reksises the cements bk B
CNVITHITICNE & |0 orgari foim.
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ﬂ'h Water Cycle

waner comere much of Earib urface, prmarily as ooene b
s Lukcs, riven, strcama; ponids, mommgs, snme ol soc Weker
e Peforw the Reead sanfice as grounidmater, The ability of waber
o it in all three stotes of mater—solid Sice), liquid, and gas
*wapos b—in the emperaturs range of the hicephere llose il b
wre alliciently from Eorh's surface b the aimosphens and Lk
wain | figre 43,13,

The aws heat evaporaies waier. Planis ahsorb water from
sl e i, and eelesse some ol it from thele loeves oo franspir-
e Antiniak relurn water o the environmant ibmngh capora-
el escrciod WIET VPO FTOY Fise BN wam air curnenis,
| =oaling and formieg choads, [f air curnents carry this nistane
- hagher o over ol water, o oooling oo, and the Vapar
aundenses i waler droplets. Depending on the it
sl atmplieric pressuse, the droplets fall as i, anrw, Bail,
Jog. ezt of freezing rain. = transpiration, p 542

M preapitation eniers norass ar uthe bedas of wali,
- Jrat oo ke s ol wehemy o ithir ks (880 O groesad
| porons mck b mslong il medlure s gronndwater, o i
s adong the surfacs T lkeirg (he suatirdl Contoarsof the land
Enules inin aml form st e unile ot civers Most rivers
wvmiualy kad beck in the neean, where the sun'’s ey agidn
g the marcr, evaparaling ke water sl conbinulag e cpcle.
e erappad i peuus ek bevween e pround sariice mwd

Comeuithies and Toompurma CHAPTER 43 BeT

“FIGURE 43.13  Tha Water Cycla,  “elebar- fids b Eirihs o (wocqeeaion . O eiEsiie Lo S Waon end the rmander ioporias. ris .ol
Wi A, & TS e groend. Anirais recum mebes bothe erercnmens by respenng snd sorabing, Bnd piais df B Dy [Penspieeeg.

immgperrion: muck far behine creates. an ageter, This undergranosl
veater sapplios wills and feeds springs that manp spicim use.
HFH-I'I:F. widar may wppurale or Bow inEa sbreame, |inl:irg [
praurduse g r e meral e sl

The Carbon Cycle

I 1ke carhon o, molropls such e plants caprone the sun's
iy il ws iC wirh atminsphioric carhon divecice (00, 6o syn-
PRy anganic eomgensds thal ane incorporsted inms their tis-
sy (g 43 140, Celhalar respiration redeasss carfbon bo the
wtmiphen: as 00 Dead urganiams aned exceement also reurn
caurlon tu soril or valer Invertebates el on and fragneni dhe
tenel and bacteril and funged decomposers complete the break-
dicsans aaf thews prganic compnunds oo releass simple carbom com-
il ik ahe gl ad, and warer.

Crrlain geakogical deposizs contain carban Tiem pase 1ife.
Limesne, for counple, coasists mostly of exotkelens and
shills of mmcient s inhabiane, Fossd fods, such as coal aesd il
Gz (v e peamninis of Inng-desd organksme. When thee furls
Lwrnt, czirdset reltiens Go tese wrmosphene as OO

The Mitrogen Cycle
Pelitingen b di et component of proteling and nuches: wed,
i well o octier purn. o living celbe Akbough cie aonesphere is
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Carben goal iy (00 {rair

far kerg penma of fee

T9% niumgen gas (M), moal argasisms cannot use this nirsgn
o manulacure hinchemicals They depend an Froe-livrg, er
symbiodic pitropen-fivimg hacterma that coneert Mo inin aisries-
mia: MH ; {presen as ammwcne inn, NHS b which can be ivgar-
porated inte plast tisme Pepompoeon als ndess some
ammaonia: Werifring beciori oomverd ammoenia e nilrin
IHCTT weed evanigally 40 mitrale (WO G which planie can
inoorpoanse and fen pass to amimals (fome nitrats is dse pre-
tuced when lightning fmes aimospheric nitrogit. ) Finallg, Mo
returns b e almosphen: when dienitgilving lerda Comvert
nitrites and mitrates oonitvogem . g (figane 43150

The erayme nitroperss Ao nitrogen-faing besecia w
conrert N o other nitrogen-containing axpeoueds, Becore
nsrgen inactivaes this g nven, nitrogen- ﬁ:i:!_l:'l:iaﬂl.lﬂ ErCTYp
ically amaeroiic or shicld nitmgeroes: Smin oovgen. B esample,
Klimodsnm hacieria live in moshiles on B meots of kgumes s
12 heans, pean aewd clover dleee fgure HUE) Fensers potie
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FUBURE 43,94  The Carbon Cyche,  Carson ibioxke 11 & - and Wil @i’ EOCSeems
toond cuaire. Pl natian o 0omiienon seurn oartion to the phitiy mrerenreens. Carton i b retsred n geod ogpenl ket and loosd

TR FERT s o

thaoigh photomwchess and then paemrs

begpaseen with seenkeguiminmis ceops, such e oom, wn iBe
eomntinually cmched with hiokogicaly fixed mtrogen,

The Phosphorus Cycle

Phinsjreerus 5 a vitdl comnpoasnt of nucds acds, ATF and me
brane ghosphokpads, and 0 is a siruciural comgoners ni =
arganz s, Unlike e other biogeochemical croles, that e pl
phors & based moghy in sedimenis and mcks, raiher dhe
armeephere ifigmre 43,081, As they emsle, thees geokigs
SORITCES ;!;ndl.uiv releese phosphorus, in the lorm of
phuosplate [P0y 'L bo orosysteoms. Orgamism assinsibiee s
this phosphorus, buk much of & akimatady refurm 1o Ii'lc S
amadl pither hoclies ol walir: wihern it Bocoires part of sedimes
Cecdogical uplift ovordtually setsns undensiner sedime
pisck b thee L Drppmposers rsuen plicsphorasa

livimg oompraninms to woil and water



st il fich Communiics and Eonyysams LHAIPTER 43 Ba9

ROURE 93,15  Tho Neropan Gyl Meropendeng bactars gomeert srmosphens ribmagen gas P4l b prgens forme and pmmansm oo,
ohErm can e Phacdy sl nerdiee L enETeetd mnng ode, inchic acol, end chiroell They peas theee boctamicals abng o
Ftresaen etrr (0 ths Al FrsOnmEnt in iring and keoep and by deoomgneition ol desd organic matter. Soeafio prouss of haoneds
ETTEeRE kon B ek el fmrerther hote pden s i aae) rdrﬁ-ﬂldll"h'bplllgﬂ_:urph'lphwh

Chemicals Become Concentrated y th:d G Wil "-ﬂ:‘;" - im:ﬂPﬂ“ by if

- st Ther deersos bpienis, but i soon proved o kaom sany

They Ascend Food Webs other gpecies. oo The United States hanned use of DDT in 1971,

sectes celle admit scame chemmicaly hul nat others, ceriain duem: afier muchy evidience shored im0 canse cancer, disrogd walidlile,

Beonme more concentroted witkin cells ¢han i the sur: Iioacceerdare, and boooime linmagnified {Ggse 23,17}, DT =

o ronment This process, temmed biosocamulation, still used i snme coentries, pasricalaly W conipd e mdgui-

eoncrsaTie partoniar elemenis or componnds i oelk po o=t thal transinil madlasia, and b has bosches] neaaly all e on

s or milions of times dheir conceniraiions in the envi Eua@h. DOT and it hbakekerwm prosiincis have coen boen foumd in

Somd sabwlercey, insliding covtain symihie coms- e it ol Antactic penguirs, wke live whene TIDT wan mwver

peot psrmsally fund in emig, | : wargly usail. Mt of the DHIOT e s g an sesmal remaing in jbs b amd

teed In capnimE b secoemively hiﬂhrr irophic lrvels i pagbs Through succesoe Impiec loveh, The |1.|l.a1irir||l

o e, clle] Biamagrification, aocore hecavsr the chems- becomis concentzaead with ech Trarfihic Tl ol oot sy

- Tir the negl chiamres pather than being metabaolized oo affers crganism & the wp of the energy prramid. By the fourth

v Tt glaskic gxamples of Banegndication concem the trophic keved, 10T conoenbrations oy be 2000 (ime preaier
Seids DDT ared sty asrlamination of fsh, thas iz ogassima ai the hass of the food wib [figure 43,081,
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Phrbewrion gamal Eqid iz

FIGUPE 43.18 T Phasghona Byeln,  Phoopnorus comes tom reck. sfech piowdy aroren. Solcbie phgrtaies o Laken op by
(e, itk thi heip of irrpoorehiand tungp| @nd DerkSod up foad chisng. DMOOTPIEon: FOm PHOGRR0MG 10 e DEFOEED Drrera nmere. Phoaphonus
g mngd ctrditen of the plemant in ki [net shoen) hee e phompbomm marntdty bo hoth Sermeieae and sausbs or gremd

FAGURE 4317 00T Amumulsten n Top Predetom Trm
oorpen of Hs sboubeethanh pemgnng SEoon, deoowerd amake bro
sy, sy g b Seamlend in 1071, i 4o Ebmi ulicn
of [OT =t the top-off i food seah, 8 posticn the o OOOLCET 55 O
ey Dl Thes paslsdie crnimeal Bns Bearss L asnin et st
e they harrrmomsss oo Enes] G0 socrets B frm, colcaamnon egonhed

By i p npgurally ccoopmineg derenit {hat hinacois

acten el s hiceragrafec. lanb growing near volcazeses or s
wrnl wperings, such e B parts of Calioeniz, Haeaii, aed el
similaby aidbirne murciiy aetckss thaug lewes and m
cury in The sl thsugh rests Fhytoplankion Binacoemul |
mrercery Do Tt wakid aF occean waldt. Meroany cin akn 5
pedlisrant. Riosagaafcation of mercary kg 00l Chalns m

orcale leveds in fshes den e hatardois to huifd and q

warnivires sich s hinds of geey amd nsirise mammals. He
430 dibcuetsss some oty off the boscomulation of mentury

434 Mastering Concepis

L. What are the Badc sieps of a bingeochomical epcle?

2. Describee the abeps of theweker, carbon, nitrogen, and
pheaphors Dy,

1, What s himccumeaistion?

4. What & blomagnificarion®

S———"
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Incraaeing Goncanizafon of CIFT

g ! Fpole: 2 6

FIGURE 43,18 Bomagrificetion in 5 Semping of Wetlind Drgarama.  The ooncordranon af DOT i ofgirsmes Sidee idnses i Ue
ol ey Widvama rupremed concentratorm of DOT pee it of tmin, maseced i parke e el [ppm
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Like plants, the animak of the tundra kave adapind 1o s
(harih dimaze. Both the humiers and the bomed benef@ Traom
Leamouflage. White winter colors mabe the arctic fox., plameigan,
ek, and arctic hare & inconepiconus againt ok s Eheir
hoen saremir sodors meake them apaind the ssow-eee lanil-
| weape. These amimork oftem havwe shioet sdnemilics, 2 fean
| Bzl o arserar heal. The siomeshine becs big fi) are satural
| pmennsbons, The shalkw well, sharl groisiisg scasnii, diud 2loi
P drporegaailing ol the uedes inike ita veey leagike environmenl,

| 441 Masiering Concepls

e

L What are the majce climabs regioas of the world?
L Herw dor climane send soll compasition Saermine
chagaaterisics af blomes?

A [leszrilse the eainfall snd remperaiues moliems, puiriens
cvgtimg, il inhobatants o wach of the majur st
inme,

Blinrnes ol Jupesdic Boperpain rea CHAPTER 44 Hi%

44,2 Freshwater Evosystems

Lifa in Sakne, vivers, s i rowdn Aast bo achpiod be mater shocsii,
changing rartrian s ard wopgen wvns, g chvrasghi ard il
camduma

4

Eanih's waers houss diverss specis ddapied ur e 1empesaoa,
lEght, cusreny, s mutelent availabdivy of ther surroucdinge
Aquatk socsyshores are disisguished by physieal and chemical
lactors swdn as conment paremn and degree of saliniy, Teo trpes
ouf freshwater ecoaysterns are standing warer, such as lakec
seaamips, and ponds. and running watee such as mvens and
SIS

Lakes and Ponds

Laght peatrates. the regions of a lake o diffenirg degros, These
iffcrences devermine the types of orgacizms. that live in partioe-
lar presa. [figpane #4147

Limtaral aonm

i s richsd mewn o & Dk Walar ia
hwalbrey et foe roofod plan b algad: .
o CpEmtaci e, which suppor
tharren onarnl e

EIFETES ] GEEONEE TS

;mﬂ.‘]ﬁ Borwsu o o Loke,  Tha Hlwdl, | neoDs, probundol, snd Bemed e of o ok desorbes v ng ciliesit. S of organsese
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The literal xone & da shalksw’ reginn along the shore whiere
light reaches. the batiom aufficisnly ke phososynibeds o oocur.
Boime photosymdenc arganiim in this region are free-foating: ngh-
er=are ronedd o e botoi and have submenged, loating, or emer-
gent e The Bl eone & ko nchest area of g laike o |,h-|'|d_
Frmlmess e inuluce fee-flommy aned ansched oaaahsseria
EreeT I]FE aned diakone, Fleoring panis aich as waier Wies amd
emengent plansauch is catals, seeds, il rishes are alws pat of the
flora. Amimal B b diverse el indudes damsdfy and drapon fiy
myrophs, aaytish, resdzn, fuviems, Hidm, maibs scekes, ks,
ﬁn@,s.mdm: o sl savme wpwcis el deppwaber fshes

Tie liittsetic 2one is the Layer off orpan waler wheare |@1r pen
etraies. Plnkion [mastly peatisti such = Saboma cliates. and
algaed and fishes inhahit this arca, The profmdsl mee & the
deep reglon beneeth the linnetic sne whieee light does not pen-
ehrode. Organsms here, which rely on falling organic maiersn|
from above, ek moatly sorengen and decomposen such 35
inzaci larvee and baoterid. The mdireni st the lake hotiom comn-
prises the bemahic 2one.

Choygen wnd oolneral wErisats in A4 lake are distributed
uneventy, The concemration of saympes 5 wnally preaier = the
nppar livers, where i oo frons the stimesphere and frem
phetrmymthesis. As desd organk maner sinks o i botiom,
ArcampoarTs. coasume arel sediee: phosphates arnd
ffrabey inbo the kever kpers of the ke, In a shalos Iske, wind
Bliawing across the axface miees the warer, redistribetes nubm-
exrdn, and restores copgen v bpo waters,

Lheeper Bakes in feneperate reglons aften devekigp brpors wiih
vrp diferan water tempenitures and dessitis. Ten thermal
s ification provents the free circulaton of cutrents sl cecr-
pen in the Lake, The degre: of thermal sircihoaon vigie wigh
thse seds .

In the summer, the sz heazs the surface layer of the ki, b
thae deepst layes renwming cold, Betwecn these oo laers i thim
ragion, the thermmcling, where water tooperature doops guickly.
In the fall, the tempsramun: in the surface faper diogs as the air
coabs. Liradually, water tesgerrature beoomes the same chicugh-
oui the bake. Wind then misae the mpper and lower lapres, cresd-
ing a lall twrerer chat mdisiribits nuedenes and oxsen
throsghoit the ik Dusing wister, surface water cook. When
waley cocds in 3FF {9, the semperatare at which it e e
e i1 sinks, Water coldir than this foois abaove the 39F lypee
andl may freeve, giving the ldt an for coven, B the spring, when
the sirince bayer warms w 35°F, o spring furmover oocurs, agaiin
modisribating nurient and cargen Afier the spring tumaver,
agae thrive in the warining. nuirieas-rich srfaoe waler.

Lakes ape. ‘Bouinger kikes wre oftens clazp, steep-sidecl. and ke bn
nuirient comienl. The deep anne of biilean waber stores a kege
apentity of cogrgen, which bs ranedy depletedd, Thess bkes are 2 rmed
uligoirophic, which mears they are fow in Eriifty and producie
ity, They are dear and sparklng Mue, ez physopankion arent
abnndont enoigh o coud the wates Labe: ireoi sed giher argaTr
s dn chrive in mH,.l:l&.TH,m-nﬁ s o e I TR ETET

A ke ages. omganic maerial frvm decryping nrgani ems and
sdiment begies o 84 it in, and ninrients seaneiee, Thisr bikes
ane temed ewtrophdc, which ingars ey are mericnt-rich anail

111
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Sagh in prsdustiviey. The rich akzal grovth ramnis the wser
and ek, Difempanng orpanisus in the desper watkers dep
catgen duting the summer. Fish and plinkion communi
clispe, arnil finkes that can wolorase [ ooygen conditinns
spair:-wl.h.u bk trvve. In girna, thie Fake bevomies & I'.Il:\hur 1 E
i, evenlually, drp land. Dscharge of nuicieni-rich wrban wasie-
witer aid runcdl arrping phosphate-rich &reilzers fmm culti-
vated lands can spesd cotversiin of obgnoprhis lakes fo cuteopiae
lakess. Thiz transfosistion is ieimal miropliction In exdeme
s, Ui nuitrients prsmie eroseive abkol prowth, When the akar
d'H.L:h‘."_r sel o che bk Bt mhen cenpusen dipkie tha
Wi lET l!ll-lll:rH,:u. Fiaht bl anal unpleasrd ndon cien revalt

Rivers and Streanms

The rivers aml sireiens that ey acnes e ternsimnl binckaape
carry ranvaten groundswaees, soomoorell, snd adment from dll
portions of the lamd soowand the ccean ar an inierior ein (we
it the Grear Salt Lake), Tl fhow is act mnstant, hisever, Whare
the hudsupe- Hlaciens, che wearer may sk 30 9 virtual sandsoiil
ﬁ:a|111|ng poob. Elumwherne, the waker feres ist shalloas runy of
beads called nifles lhph.‘k- e - osind, furbmlkend paris
Alorg ahe way, rivers peovide mnisun: imd halsita) o o wriety of |
J.q'.ll':'h: ind stpsamaids orgaiemi, whad ane adapiod o boih
finnding and drying

fivers change, phindcally amd hiokgically, a5 ey mme
tmaard the coean (lgnre 44.15). A the heaschvabers, the waber &
retatively clear, and the dhanne & darmoe. Where the curreni' &
wwi, urbulence mixes gir wlth wanes, w e water i rich. in npy-
g [= fasi-minving streams, some arganiaw ding in sy avail-
able sabonary sorfice, ety as necks ar Algae, distcens,
mewsze, amdl snails than graoe on thev, live here. Larval and aduk

FIGURE 4218  FRhers Charge Slosy Thar Gaursa. 0 nee-
Frw, s ptrnem m Eha mourening BECOMSE § BETW-TETANYD TGS 35
#§ BoCUTLSEDS WD M GedhTENIE ST Myached Uk oo
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insects barrme into sediments or adhere to the undersides of
ks wiil lwods o sockers, Ylowy of (e oo obyates pai
dezaving plani maierial that drops in rom stamide vegetation,
which ofters prosidics the balk of the cnergy thes fucls the heast-
waber sircam el chain,

As the mver Eloavs bevard the sooan, f conlinues by prck gy
el ditd sarsiiree frcen the chigittd, TrBuitieio oonmribos oo
sl Ehsae, s thie o vir wiicka e, etad i e land Saftgiin, the Cairint
sosics. The river s murky, resteicing phetcsyntiesis o the hinks
il ‘waner surface. A i reualr, the eapgen comient b Lo selative oo
the dhver upatreamn. Sack dover-mnsling fivers aned sirsams sup-
ot e divere N1, inchading cropfich, enaik, s, e cntfish
Winreys basrmoee in chee iwsdidy homtom, and plices Do the hank

Evers and streams depend heavily on the focaf S vater and
it reenes, Dead kaves aad odher orgamic matertal dhan fal Beo g
rrver add 1o g nuirkenis that reddem organisms recvde. Ravers
alus return mutrients 1o the lind. Many dvees oo eack vaar,
wetlting with melasser and sprivg runnff and spreading nuiment-
st ltonbe their Baadploims. When & river approaches the scean,
e crrreni chmireshes, which depostss fine, noh sl thas formes new
el bmal s, The epener 1o chapier 45 describes the incredibie da-
raption o ecosystems thar ccomrmed when people awred @ river’s
iocarrse in snothern Flonda

44,2 Mastering Concepts

1. Desiribe the rypes of orgorndsims thar live in each doneod a
lake or pomd.

L Herwr are amyvpen and natrients chetibubed Cand
redistriased] in lakes!

3, What |s eetrophication?

A What adeptatinns crable cepanisem (o suEvive inmnming
bt

5 Ihescribe the wavs a siver chisges fom s bailsaiens
ily resal h.

- =

44.3 Marine Ecosystemns

% . dreaki Wi i wader e s Sk wrer, srgammrn are sbeisd
.H_I.I.1III.II,|.I_I.I].Hr|'|'. I ik srviertatal 2oew, Lher cbsh arsd Hewe o the hide
shallergm prgaei o, Lifeen the occaed i abirabin o divene, bid wi
baverr itk nbndt & boounc vorm are vt and oo By i etk

Thee o, oovering 71Ma of Eanh’s surface and munning 7 mifes
102 Wlometers) deep in places, is the lirped and moet siable
aquatic ecosrstem, Spoadc regions ane hased on prostmity m laed.

Coasts

Several ypea ol adeolic eaosyalems beader shorelres, Figure
44,04 iluetrwtes e Coaska apeas,

Manires dnid Mhapldtic Eoossitenis  CHAFTER 44 Ba

[Esfarics At il ereargin al thie liisad, wehere the Trody watsr of a
rlver mes the saliy e, s an esomey. LE i sy mis
b adapied 1 g pasge of chemicsd and plnsical coadinias. The
svater |s hrackish, which means thit it 4 mixhire of Tresd wiler
deaf e wdbir, however, the salinity Mucieanes, When the ticks is
wiil, e waker itiay nol b ek salier than water in the river,
Thes retuening ticks, i, muy srmbe the waber mearly as ualiy
iz the den. A the nde elilis assd s, nearvhone arvas of threstn-
ary are dtersaely exposal 1 drping air aind tien Dol
Organisms thie o withsiand thes esvimnmeneal caemes
Enloy l\.'l'.l.l]'l' deliveries of prairiess (oo the shrergg mvisr s wadl as
Fromn the ndes. Photosynihiesis occirs i shallov witer. fon estuery
b @ very productive eoosystem, i eucks slipgeery with o,
its shores Jush with salt raarsh wegetation, and ity water tesming
srith plankion. Alweer ball of an sy photosmbetic peod-
nicis 2o our wirk the ride and noorsh comzal comimunize
Estuanies ape nursezies for muamny see animabe SMoce T hall
the commercially reaportant fish and selfuh species ipend
some part of their life cvce in an esiuary, Migranory wtenkwd
fired and nedt here el Human scotivices can threates thise
imporant ecosysiems, s endangened sstuarkes, p.909

Mangrove Swamps Another type of aquatic coosysens whee
=AlaFy varies 13 a mangrove swamp, which & dslngoished by
aharacteristic salt-tolermed plants, The general e “mangrose”
wefers 4o plaes ot are adapied (o sarvive in shallme, saliy wanar,
svpicaly with aerial roote. Ahoui #0 species of bros: ae cossid-
erod o b mangane, Masgrove saamps mack the transsticmal
= berhrern forest aed oxvan and sav locmied in maswy argas of
ehw tropics. Within them, salinity varies from the sality oocan, o
whe beackish estamry niginn, to the fresh water of the fores

A mangrove pamp s home noa deene assemblyge of
species because ik prvides a variety of micmosyineorsents, fom
rizirecinps bo deeply sobmerged oot = it owen vorion of verii-
cal siratfcatom, L & keast abumbint in the tretops, whae sim
wxparure in greaiest and waber availsbilisy the lomest, Soakos,
Liza=da, hinds, sl masy srdecs live here. & Bollone elevated sn-
gerarbranch may ligues 3 g cominiuissy of aoerpinne e
ks, sgtders, miles, codchies, haitles, awihs, ainl diis

Arrial sodrts of mangroves presiks the sdle nigiom af tke
meamp's veriical simbificrion, Here, mors see alicrnste by enprosx]
mead suhmergol as the tide goes 2 end ol Baenachs, sisten,
erabs, ancl red algae cling b Hhe nowsti Lirver dhowwrs bk bl et
regaca of the margrevd sy, populaed by s ansimonis,
s, b oaslirs, dlpes, and becterie. The afgal alime thar
Coals o i apes higngry animais,

Submerpal reeds form the et pigion of the mangross
wwamp, Here lire s groasses, poalycharie wormy, crastaceans,
jelhfmhes, the evwr-present algar, aead an cxcasonal manabes,
Ecologisls cslissali thal up s M6 ol the nsddinl specia hereane
pinkndrein.

ThrFinafely, i diangron dwamge ae In pome -
Fiont, sl Tor homane—swiich means habstan destrocinm, When
peupks cul dhrwen masggrores o, sl sbrabe. thad can wleraie
wht grow in the ave amd frees cnned grow back, The diverse
Trdsg R eesslies shrinke and may vanich
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APPENDIX E

Sample Reading Questions

Thereisasmall pond in my backyard and once, while mowing the grass, | let alot of grass
clippings blow from the lawn mower into the pond. Several days later, afew of my goldfish died
and the others were swimming near the surface.

Which one of the following hypothesesis the most likely explanation for the situation indicated
above?

a. Chlorophyll from the grass clippings acted as a neurotoxin blocking signaling from dendrite
bulbs to axons within the fish.

b. Most of the oxygen in the pond was consumed as aerobic bacteria decomposed the grass
clippings.

c¢. Too much oxygen was produced by the grass clippings, therefore poisoning the fish.

d. The grass clippings blocked the sunlight so the fish started having head on crashes with one
another.

e. Chlorophyll from the grass clippings stimulated the sodium pump in the fish resulting in
paralysis.

One day, we put fertilizer on our back lawn. It was awindy day and some of the fertilizer blew
into the pond. A week later we noticed alot of green scum floating on top of the pond on the side
that is not shaded by trees. This green scum was probably made mostly of

a. frog snot

b. moss

c. lichen

d. zebramussels

e. algae

The green scum on top of our pond probably grew because of what substances from the fertilizer
that blew into the pond?

a. glucose and other simple sugars

b. phosphorous-containing compounds

. compounds rich in oxygen

d. compounds containing sulfates and sulfites

e. both (a) and (c)

Just prior to the fertilizer incident my daughter was planning a class project in which she needed to
monitor population growth for a single population of the organism of her choice. She had chosen
to monitor a common microscopic animal found in our pond. She had sampled the water two days
prior to the application of the fertilizer and estimated the population size. Her experimental design
included taking water samples every 2 days for 4 weeks. A week after the green scum appeared on
the surface of the pond, she measured a sharp decline in the population size of her study animal.
Given the situation described above, which one or more of the following would be the most
reasonable hypothesis(es) for the decline in the microscopic organism my daughter was studying?
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a. A decreasein CO2 levelsin the pond.

b. Anincreasein O2 levelsin the pond.

c. A lack of decomposersin the water and a subsequent increase in O2 levels.
d. A lethal level of toxin produced by the green scum.

e. Bath (b) and (d).

Within any one particular community, which one of the following would have the smallest total biomass ?

a. producers (autotrophs)

b. primary consumers (heterotrophs)
c. secondary consumers (heterotrophs)
d. tertiary consumers (heterotrophs)

You and a 6™ grade class design an experiment to study the carbon and nitrogen biogeochemical cycles.

Y ou explain to the class that they can safely use a, heavy-form of nitrogen (N-15) to follow or trace the fate
of the nitrogen. Y ou mix soil taken from a pasture with some dried, ground up alfalfathat contains N-15
nitrogen. Y ou place the pre-mixed soil (complete with decomposers and other soil microorganisms) into the
bottom of a 2 liter clear plastic soda pop bottle, plant some green grass and introduce a few grass-eating
bugs. Occasionally you water the soil when the grass appears to be wilting. After 6 months you sample the
soil, the grass and the air inside the bottle and measure the concentration of N-15 in each sample.

Where in the ground-up alfalfa plants would you find the N-15 nitrogen?
a. nucleic acids, e.g., DNA and RNA

b. proteins

¢. amino acid pool

d. NAD+

e. All of the above.

Y ou would predict that N-15 would be found in when you examine the samples from the
soda pop bottle.

a. the bugs only

b. the soil and bugs only

c. the grass and bugs only

d. the sail, the grass and the bugs

After sampling the bottle, you explain to the class that you are going to introduce some carbon
dioxide that contains a radioactive form of carbon (C-14) that can be followed or traced. Y ou keep
the bottle closed for another six months and then sample the soil, the grass and the air inside the
bottle and measure the concentration of C-14 carbon in each sample.

Y ou would predict that C-14 would be found in

a. the bugs only

b. the soil and bugs only

c. the grass and bugs only

d. the sail, the grass and the bugs only

e. the soil, the grass, the bugs and the air
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Although rainis rare on the Creosote Islands, the caves that the bats inhabit are periodically
subjected to heavy flooding in certain very rainy years and the waters carry the bat guano (bat
poop) out of the caves and into some of the low lying, deep ponds. The following data were
collected from a water sample taken from one of the ponds on the Creosote Islands.

Year | Nitrogen Phosphorus 0O, % absorption of red light (630 nm) as
concentration | concentration concentration | measured in a Hach DR2000
in water in water spectrophotometer as an indicator of

Chlorophyll content.

1997 Low Low High Low
1998 High Hgh Low Low
1999 High High Low high

In which year would you predict that the rainfall was low and insufficient to wash the guano out
of the cave into the pond?

a. 1997

b. 1998

c. 1999

The most reasonable hypothesis for the drop in oxygen concentration in 1998 is that

a. added rainfall diluted the oxygen

b. algae grew on the bat guano

c. aerobic bacteria decomposed the bat guano

d. algae decomposed the bats

e. nitrogen fixation occurred

The most reasonable hypothesis for the increase in chlorophyll content in 1999 is
a. added rainfall diluted the oxygen

b. algal growth resulting from an increase in bacteria

c. bacterial death resulting from excess bat guano

d. algal growth induced by the release of N and P from decomposition of bat guano
e. nitrogen fixation

If ascientist measured turbidity (how murky the water was), you would predict that it would be

a. highest in 1997
b. equal all three years
c. lowest in 1997
d. lowest in 1998
e. lowest in 1999
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APPENDIX F

Week Fivelnterview

How do you feel about doing these readings every week? Positive/negative

How do you like practicing the strategies? Useful/not useful

How has awareness of these strategies changed the way you read? Examples?

How have these strategies changed the way you feel about reading biology? Y es/No

Would you use these strategies in the future for other classes?
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