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CHAPTER I

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, there is no 

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).  



2

While acknowledged as extremely beneficial, there are several reasons why 

comprehension strategies are not taught in content area classrooms. As referenced in

DiGisi (1992) many teachers are positive about reading in the content areas (Gillespie & 

Rasinski, 1989; Yore, 1991); however, most content area teachers are uncomfortable 

teaching reading (Gillespie & Rasinski, 1989; Shymansky, Yore & Good, 1991; Yore, 

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 

are in the first stage of learning and have little previous knowledge and only temporary 

interest in the subject (Alexander, 2000).  They are extrinsically motivated readers.  
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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 this is not 

always the case. Alexander (2000) states that greater interest in the subject results in 

more energy used for comprehension. Acclimated readers who are reading new material 

because of personal interest will have greater comprehension.  Their comprehension will 

more closely 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. 

This is 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.  This indicates that unskilled readers 

with little to no instruction in using comprehension strategies are likely to remain 

unskilled readers. DiGisi (1992) identified several strategies that are helpful for science 
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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 is vital.  In addition to legislation, the National 

Science Education Standards list scientific literacy as a primary 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 claiming a dislike 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 looked 

into reading comprehension and the use of strategies, very little research has been done in 

science education. It is fairly well recognized that science texts are often hard to read and 

understand.  It is also recognized that students frequently rank science as their 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.
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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 this study 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?

• Is there a relationship 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?

• Does explicit 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 



6

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 regulates 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 majors. Data analysis conducted to look at the 

differences between males and females, different majors, and differences between self-

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

analyzed to examine differences between male and female students, self-perceived good 

and fair/poor readers, and different majors. 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 a week for eight weeks for instruction in and 

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

LITERATURE REVIEW

Introduction

Literacy is taking a prominent role in education. The focus on literacy results 

from recent legislation and education reform aimed at increasing education achievement 

in the 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 21st 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 a complex 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, is to help Americans become scientifically literate. As an 

influence in science education reform , Project 2061 renewed momentum for reading in 
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1985 with an emphasis on communication and critical response (Vacca, 2002). The 

National Science Education Standards, written in 1996, also identify scientific literacy as 

a goal for science education (NRC, 1996). One underlying assumption of literacy policy 

is that 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 (Yore, 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 (Yore, 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, social and political impact of science and technology;

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

Language is an integral 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 development 
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is important 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, laboratory 

reports, and informative materials (textbooks) (Koch, 2001).  These comprise a repertoire 

of scientific documents; they are the basis for communication between scientists, 

popularizing information generated in the scientific community, and providing formal 

instruction (Yore, 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 (Yore, Bisanz & Hand, 2003). 

Popularizing scientific information to increase the public’s awareness or understanding 

typically consists of media reports or journal articles. Instructional materials comprise 

textbooks, lab workbooks, and educational websites (Yore, 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. This is 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 

helping 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 (Yore, 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 

(1983a, 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 is the 

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 a result, 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. This indicates students with comprehension difficulties will encounter problems 

after high school (Nist & Mealey, 1991). After high school, a student’s ability to 

comprehend becomes more important. When reading independently, students do not have 

a teacher 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. Yet critical 

reading confers the most promise for life- long learning (Yore, 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 a task 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 a time 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 (Yore, 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 a text, 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 al., 2001). As a result 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) (Yore, Bisanz & Hand, 2003). Using this model of 

comprehension construction, a reader’s inability to comprehend reading is a result of an 

inability to integrate new and old information. This inability makes reading meaningless 

(Rivard & Yore, 1992). The ability to resolve these conflicts is a result of prior 

knowledge, not skill (Yore, Bisanz & Hand, 2003), and differences in reader’s 

perceptions and engagement with meaning construction effect the outcome of conflict 

resolution (Slotte, Lonka & Lindblom-Ylanne, 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 (Yore, 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 & Yore, 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 there is 

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 a result good comprehension relies 

on reading fluency and vocabulary. Research has shown that improving fluency and 

vocabulary both improve comprehension. Yet skilled reading involves more than fluent 

word recognition (Pressley, 2002).

Metacognition

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 as its 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 

Metacognition as knowledge about cognition and self-regulation of cognition and 

cognitive resources (Baker & Brown, 1984; Nist & Mealey, 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 his/her abilities and 

limitations as a reader, what is required to complete a task and how to meet the 

requirements, and methods useful towards reaching the goal (Eriksson, 2000). Eriksson 

(2000) defines metacognitive skill as the reader’s knowledge of what he/she is 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 a problem, 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 a goal), monitoring, and evaluating strategy use 

while reading (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 is in your head to what you read), and conditional knowledge (when 

and why to use the information in your head while reading) (Craig & Yore, 1992). 

Reading researchers see metacognition as the “foundation upon which 

comprehension is built” (Nist & Mealey, 1991). Results of research in metacognition 

show a significant 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 a text is being understood. 

This is especially 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 & Mealey, 

1991). 

Metacognition is a process that gradually develops (Eriksson, 2000). Several 

studies indicate that comprehension evaluation improves with age (Jacobs, 1982; Otero & 

Campanario, 1990).  Jacobs and Paris (1984) found significant differences in 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 a lack of 

motivation, a lack of prior knowledge, and competing demands on time (Barnett, 1997). 

Research Background

Reading research has changed significantly over the last few decades. 

Behaviorists and logico-mathematical perspectives dominated much of the research 

before 1978 (Yore, 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 as a 

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 psychology 

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 a result, 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; Yore, Bisanz & Hand, 2003). 

Reading research recently refocused again, this time on interactions between the reader 

and the text, metacognition, and explicit instruction. Research on schema theory, text 

structure, metacognition, and strategic learning had major impacts on content area 

reading processes (Vacca, 2002; Yore, 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 

relationships 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 al, 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 students in 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 is this 

important? How does this information apply to me?) (Wandersee, 1988). Despite the 

findings of other researchers regarding the development of metacognition with age, 

Wandersee (1988) did not a find 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 culturally 

familiar passage (Nist & Mealey, 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 manipulative studies, 

participants read passages that have been manipulated to contain inconsistencies or 

contradictions. These studies measure readers’ ability to activate proper schema while 
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reading (Nist & Mealey, 1991). The results of these studies are based on individual 

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 inconsistencies 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 

altered 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 alternative 

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 inadequate 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 evaluation 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) also 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 & Yore, 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 & Mealey, 

1991). Text readability is determined by the number of syllables per word and number of 

words per sentence in a text passage. In 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). It is 

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 texts in 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 concepts in 

shorter, easier to read paragraphs reduced students’ ability to recall information (Kintsch 

et al. as cited in 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 

is based 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 & Yore, 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 & Yore, 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 others rely 

on a select 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 have to 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 a lively 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 &Yore, 1992) and the lack of prior knowledge can derail a reader. 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 a text. 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. situational interest directs readers’ attention from important information

6. individual perspective alters 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 is a major 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 a text’s structure helps 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% decrease in 

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 gain in 

application questions and a lesser gain for literal questions. Untrained students 

demonstrated a loss in application questions and a slight gain in 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). 
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Cook and Mayer (1988) suggest that when students are unaware of text structure 

they treat reading as a list of facts. Yore, Bisanz, and Hand (2003) support this idea, 

stating difficulties with comprehension reduce reading to memorization of expected exam 

material. If this is 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 Yore (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 his interview 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 also 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 a different 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 (DeLisi, 2001; Koch, 2001; Rinehart & Platt, 2003). As a result, 

strategy instruction is also crucial. Many students view reading as happening 

automatically, without the need for active intervention (Saumell et al  as cited by Taraban 

et al, 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 Yore 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

dual conceptions (Rivard and Yore, 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 (Vacca, 2002). 

The use of explicit instruction and well-planned literacy lessons teaches children 

declarative (what), procedural (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, schema theory, and text structure (Nist & Mealey, 1991). Pressley, 

Johnson, Symons, McGoldrick, and Kurita (1989) and Duffy, Roehler, and Pearson 

(1991) identified underdeveloped 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 a goal 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 also 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 completing an anticipation guide, students respond to true/false 

questions before reading and after reading, students check to see if 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 already 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). 
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As important as the use of prior knowledge is to comprehension, it alone 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. Several 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 

maintaining 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 there is little research on the use 

of guides, they are determined to modestly affect comprehension (Nist & Mealey, 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 process is repeated through the end of the text (Nist & Mealey, 

1991).

Once students have read, it is important 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 goal 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 

questions 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 & Mealey, 1991).  Reader 

generated questions are most effective for increasing reading comprehension (Rivard & 

Yore, 1992); however, the nature and the placement of the question is important (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 is implied 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 questions is ReQuest. Developed by Manzo in 
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1969, ReQuest is a method of reciprocal questioning between teachers and students (Nist 

& Mealey, 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 a commonly used strategy to connect ideas within a text and are 

most effective with expository texts (Simpson & Nist, 2000). Organizers include advance 

organizers and graphic organizers. These are tied to schema theory and text structure 

theory (Nist & Mealey, 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 visually 

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 & Mealey, 1991). 

Summaries are another popular method of assessing students’ comprehension of 

reading material. Defined by Harris and Hodges (1981), a summary is “a brief statement 
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which contains the essential ideas of a longer 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 students in fifth grade through college. They found that 

most students encountered problems when they needed to invent topic sentences 

(Rinehart & Platt, 2003). Yet, 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 idea if one is 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 as cited 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, developed 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 is independent practice by students. 

At this point, the teacher re-demonstrates the strategy if necessary (Nist & Mealey, 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 is important 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 as the use of efficient reading strategies in a variety 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 are in 

the minority (Nist & Mealey, 1991). 

Younger 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 Yore (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. Their approach to using strategies was formulaic, 

and they did not adjust their use of strategies according to their purpose. Craig and Yore 

(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 a form 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. This indicates that 

younger students have a strictly text-based view of reading (Craig & Yore, 1992). They 

believe that information is in 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 Yore (1992) found that poor readers are more passive readers, not 

integrating new and prior knowledge or constructing understanding. Poor readers do not 

identify a goal or purpose for reading, have inefficient use of visual aids, and are unaware 

of text structure differences between narrative and expository texts (Craig & Yore, 1992). 

With a text-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 

slowly (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). This is supported by the tendency Craig 

and Yore (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) also 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 
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“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 Yore 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 labels 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 readers is their inability to monitor 

comprehension. They do not have problems just comprehending, but also recognizing 
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when they do not comprehend (Otero & Campanario, 1990). Younger 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 Yore (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 Level

Since the 1930’s there have been an increased number of reports on college 

reading. This is due to a constant revision of understanding about reading. The beginning 

of college reading programs is attributed to a combination of factors resulting from 

World War II. At this time, significant numbers of draftees were deemed unfit for 

service, due to illiteracy. At the same time, the GI bill made it possible for large numbers 

of soldiers to attend college. As a result, college reading programs were initiated to assist 

these reading deficient students (Kingston, 2003). At the time, there were few experts 

knowledgeable about college or adult reading and most professors were uninterested in 

teaching reading. Professors knowledgeable about reading instruction were training 

primary reading teachers and did not understand adult reading issues (Kingston, 2003). 

As a result, 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 
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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 is a series 

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 Journal of Reading Development (later renamed the Journal of 

Reading) (Kingston, 2003). Subsequently, during the 1960’s, college-reading programs 

underwent a major 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 altered their traditional 

acceptance policies and began admitting nontraditional students. Recognizing that special 

students often need additional help, college reading programs have flourished (Kingston, 

2003).

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

level, print is the primary source of information (Orlando, Caverly, Swetnam & Flippo, 
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2003), with 85% of all learning coming from text (Baker, 1974). In college, students are 

required to read and study texts on their own (DeLisi, 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 complete 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” (Yore, 

Bisanz & Hand, 2003). This is 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 notes in 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, 

she didn’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). This is evident 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 as little 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 use is 

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, this is 

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 developed 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 

sensitivity 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 III

METHODOLOGY

Subjects

The participants in this study were 430 college students enrolled in Introductory 

Biology, a mixed-majors freshman biology course at a large 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 less than 100.  The

mean age of the students was 19.6 years old with 252 female (58.6%) and 136 male 

(31.6%) students in 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 majors, 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 schedule 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 majors related to science (five students), with two education majors, two 

humanities majors, and one undecided. To maintain confidentiality, all case study 

participants were given fictitious names.

Instrument

The data for this study were collected using the Metacognitive Awareness of 

Reading Strategies Inventory (MARSI). This instrument was designed to measure 6th

through 12th 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 a five-point Likert 

scale ranging from 1 (I never or almost never do this) to 5 (I always or almost 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 “I have a purpose in mind when I 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, I read aloud to help me understand 



53

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 calculating the mean. The overall MARSI 

inventory score was determined by summing responses from all 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 population (n=825) representing 

students with reading abilities ranging from middle school to college (Mokhtari & 

Reichard, 2002).  The internal consistency reliability coefficients for the three subscales 

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). The reliability for the overall scale is 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 completed 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 calculated 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. 

There is no 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 

questions composed of multiple-choice questions taken from previous biology exams. 

Selected text readings were typically three to four pages in 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 

questions 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-squares to determine the use of reading strategies 

of all individuals and the difference in strategy usage between groups: students with self-

perceived good and fair reading ability, male and female, and different majors.
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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 I know to help me understand what I 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 I read), Problem- Solving 21 (I try to picture or 

visualize information to help me remember what I read), and Support 24 (I go back and 

forth in the text to find relationships among ideas in 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 
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meeting with the researcher, practicing the strategies, and completing the reading and 

questions.

During the second week, students received instruction in and practiced using 

strategies Global 3 (I think about what I know to help me understand what I read) and 

Global 10 (I skim the text first by noting characteristics like length and organization). 

Before reading the selected 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 I read) and 

Problem-Solving 21 (I try to picture or visualize information to help me remember what I 

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 a reading 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 completed 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 changes in 

student attitude toward reading the biology text and using reading strategies. This 

analysis 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 all three subscales of the MARSI inventory and the 

MARSI inventory as a whole. 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. 



59

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 all 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 strategies was 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 I have a purpose in mind when I read. 3.70 1.009
SUP 2 I take notes while reading to help me understand what I read. 2.5 1.188
GLOB 3 I think about what I know to help me understand what I read. 3.47 1.013
GLOB 4 I preview the text to see what it's about before reading it. 2.61 1.218
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 3.1 1.395
SUP 6 I summarize what I read to reflect on important information in the text. 2.77 1.094
 GLOB 7 I think about whether the content of the text fits my reading purpose. 2.93 1.151
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.55 1.066
SUP 9 I discuss what I read with others to check my understanding. 2.31 1.083
GLOB 10 I skim the text first by noting characteristics like length and organization. 2.67 1.297
PROB 11 I try to get back on track when I lose concentration.] 4.02 0.906
SUP 12 I underline or circle information in the text to help me remember it. 3.3 1.309
PROB 13 I adjust my reading speed according to what I'm reading. 3.59 1.077
GLOB 14 I decide what to read closely and what to ignore. 3.21 1.131
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.38 1.233
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.86 1.05
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.53 1.147
PROB 18 I stop from time to time and think about what I'm reading. 3.04 0.987
GLOB 19 I use context clues to help me better understand what I'm reading. 3.18 1.077
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 2.88 1.164
PROB 21 I try to picture or visualize information to help remember what I read. 3.57 1.085
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.73 1.182
GLOB 23 I critically analyze and evaluate the information presented in the text. 2.79 0.978
SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.51 1.064
GLOB 25 I check my understanding when I come across conflicting information. 3.25 1.071
GLOB 26 I try to guess what the material is about when I read. 2.71 1.115
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 3.94 0.981
SUP 28 I ask myself questions I like to have answered in the text. 2.41 1.097
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.53 1.143
PROB 30 I 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 I 

lose concentration), Problem-Solving 27 (When the text becomes difficult, I re-

read to increase my understanding), Problem Solving 16 (When the text becomes 

difficult, I 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 I read). 

The least commonly used strategies in order of disuse are items Support 9 

(I discuss what I read with others to check my understanding), Support 15 (I use 

reference materials such as dictionaries to help understand what I read), Support 

28 (I ask myself questions I like to have answered in the text), Support 2 (I take 

notes while reading to help me understand what I read), and Support 24 (I go back 

and forth in the text to find relationships among ideas in 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 I try to get back on track when I lose concentration. 4.02 0.906
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 3.99 0.981
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.86 1.05
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.73 1.182
GLOB 1 I have a purpose in mind when I 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 I take notes while reading to help me understand what I read. 2.50 1.188
SUP 28 I ask myself questions I like to have answered in the text. 2.41 1.097
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.38 1.233
SUP 9 I discuss what I read with others to check my understanding. 2.31 1.083
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Question 2: Is there a relationship 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 I know to help me understand what I read), 7 (I 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, I 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 I come across 

conflicting information), 27 (When text becomes difficult, I re-read to increase 

my understanding), and 28 (I ask myself questions I 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 S.D. M S.D. Sig.
GLOB 1 I have a purpose in mind when I read. 3.84 0.860 3.55 1.038 0.054
SUP 2 I take notes while reading to help me understand what I read. 2.56 1.200 2.39 1.163 0.396
GLOB 3 I think about what I know to help me understand what I read. 3.69 0.895 3.14 1.014 0.001
GLOB 4 I preview the text to see what it's about before reading it. 2.71 1.154 2.43 1.292 0.158
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 3.09 1.466 3.25 1.321 0.485
SUP 6 I summarize what I read to reflect on important information in the text. 2.82 1.223 2.67 0.927 0.409
 GLOB 7 I think about whether the content of the text fits my reading purpose. 3.07 1.159 2.61 1.317 0.024
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.36 1.084 3.58 1.036 0.203
SUP 9 I discuss what I read with others to check my understanding. 2.31 1.098 2.06 1.037 0.159
GLOB 10 I skim the text first by noting characteristics like length and organization. 3.07 1.243 2.75 1.309 0.130
PROB 11 I try to get back on track when I lose concentration. 4.11 0.800 4.02 0.864 0.481
SUP 12 I underline or circle information in the text to help me remember it. 3.27 1.364 3.41 1.256 0.519
PROB 13 I adjust my reading speed according to what I'm reading. 3.81 1.016 3.31 1.052 0.004
GLOB 14 I decide what to read closely and what to ignore. 3.47 1.163 3.14 1.207 0.093
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.39 1.330 2.19 1.242 0.352
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 4.08 0.874 3.45 1.246 0.000
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.62 1.167 3.40 1.212 0.249
PROB 18 I stop from time to time and think about what I'm reading. 3.07 1.042 2.81 1.022 0.134
GLOB 19 I use context clues to help me better understand what I'm reading. 3.37 1.043 2.80 1.086 0.001
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 2.96 1.208 2.61 1.063 0.068
PROB 21 I try to picture or visualize information to help remember what I read. 3.68 1.130 3.44 1.104 0.206
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.80 1.192 3.72 1.188 0.677
GLOB 23 I critically analyze and evaluate the information presented in the text. 2.88 1.037 2.64 0.897 0.142
SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.52 1.169 2.27 0.913 0.154
GLOB 25 I check my understanding when I come across conflicting information. 3.44 1.040 2.92 1.044 0.003
GLOB 26 I try to guess what is about when I read. 2.86 1.137 2.55 1.097 0.094
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 4.15 0.806 3.73 1.102 0.008
SUP 28 I ask myself questions I like to have answered in the text. 2.53 1.173 2.14 1.037 0.033
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.68 1.216 2.31 1.022 0.052
PROB 30 I try to guess the meaning of unknown words or phrases. 3.13 1.192 2.86 1.052 0.142
GLOBAL Overall Global Reading Strategies 3.2684 0.49762 2.9256 0.61490 0.000
SUP Overall Support Reading Strategies 2.7203 0.71069 2.5556 0.60497 0.137
PROB OverallProblem Solving Reading Strategies 3.6624 0.56229 3.4048 0.66475 0.011
OVERALL Overall MARSI score 3.2222 0.49197 2.9395 0.53725 0.001

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

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

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. Several 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 S.D M  S.D. Sig.
GLOB 1 I have a purpose in mind when I read. 3.60 1.00 3.72 1.03 0.272
SUP 2 I take notes while reading to help me understand what I read. 2.04 1.07 2.77 1.15 0.000
GLOB 3 I think about what I know to help me understand what I read. 3.57 1.03 3.40 1.01 0.122
GLOB 4 I preview the text to see what it's about before reading it. 2.57 1.22 2.64 1.21 0.567
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 2.83 1.38 3.24 1.38 0.005
SUP 6 I summarize what I read to reflect on important information in the text. 2.82 1.14 2.75 1.08 0.534
 GLOB 7 I think about whether the content of the text fits my reading purpose. 2.84 1.25 2.95 1.11 0.401
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.38 1.17 3.61 1.02 0.045
SUP 9 I discuss what I read with others to check my understanding. 2.16 1.07 2.39 1.08 0.049
GLOB 10 I skim the text first by noting characteristics like length and organization. 2.59 1.26 2.76 1.33 0.224
PROB 11 I try to get back on track when I 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. 2.71 1.31 3.68 1.16 0.000
PROB 13 I adjust my reading speed according to what I'm reading. 3.53 1.14 3.64 1.04 0.339
GLOB 14 I decide what to read closely and what to ignore. 3.16 1.17 3.25 1.11 0.453
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.22 1.13 2.45 1.26 0.071
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.77 1.14 3.89 1.02 0.296
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.52 1.20 3.53 1.12 0.975
PROB 18 I stop from time to time and think about what I'm reading. 3.09 0.95 3.04 1.01 0.641
GLOB 19 I use context clues to help me better understand what I'm reading. 3.10 1.14 3.21 1.04 0.300
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 2.85 1.19 2.90 1.15 0.670
PROB 21 I try to picture or visualize information to help remember what I read. 3.70 1.04 3.50 1.12 0.083
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.52 1.25 3.85 1.12 0.009
GLOB 23 I 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. 2.61 1.17 2.44 1.00 0.116
GLOB 25 I check my understanding when I come across conflicting information. 3.27 1.14 3.27 1.04 0.957
GLOB 26 I try to guess what is about when I read. 2.75 1.14 2.70 1.11 0.665
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 3.90 1.00 3.95 0.97 0.673
SUP 28 I ask myself questions I like to have answered in the text. 2.48 1.08 2.37 1.10 0.332
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.61 1.18 2.47 1.11 0.239
PROB 30 I try to guess the meaning of unknown words or phrases. 3.03 1.25 2.90 1.17 0.313
GLOBAL Overall Global Reading Strategies 3.07 0.60 3.13 0.61 0.374
SUP Overall Support Reading Strategies 2.52 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 0.52 3.15 0.53 0.073

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

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

Table 3.3.
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Table 3.3 (n = 430)
Descriptive statistics for each of five major categories

Science n=222
Sex Age Frequency ClassificationFrequency 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 ClassificationFrequency 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 ClassificationFrequency 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 ClassificationFrequency 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 ClassificationFrequency 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 differences in 

low, medium, and high MARSI inventory scores between different majors.  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 -1.5
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 ANOVAs 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 overall MARSI inventory score or among any 

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

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

difficult, I 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 I have a purpose in mind when I read. 3.71 1.025 3.87 0.968 3.70 0.839 3.80 1.040 3.53 1.082 0.546
SUP 2 I take notes while reading to help me understand what I read. 2.47 1.238 2.64 1.090 2.52 1.147 2.63 1.232 2.31 1.122 0.615
GLOB 3 I think about what I know to help me understand what I read. 3.56 1.017 3.44 0.841 3.16 1.037 3.55 0.986 3.39 1.096 0.144
GLOB 4 I preview the text to see what it's about before reading it. 2.55 1.237 2.69 1.083 2.78 1.250 2.61 1.150 2.71 1.208 0.735
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 3.03 1.441 3.44 1.099 3.18 1.380 3.02 1.476 2.94 1.345 0.379
SUP 6 I summarize what I read to reflect on important information in the text. 2.84 1.129 2.56 1.078 2.80 0.969 2.86 1.059 2.71 1.080 0.573
 GLOB 7 I think about whether the content of the text fits my reading purpose. 3.01 1.219 2.82 0.960 2.86 1.088 3.00 1.020 2.88 1.092 0.782
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.54 1.113 3.60 0.939 3.46 1.164 3.80 0.960 3.37 1.014 0.316
SUP 9 I discuss what I read with others to check my understanding. 2.23 1.072 2.58 1.118 2.32 1.077 2.31 1.029 2.16 1.179 0.348
GLOB 10 I skim the text first by noting characteristics like length and organization. 2.69 1.345 2.91 1.240 2.64 1.102 2.45 1.331 2.80 1.338 0.493
PROB 11 I try to get back on track when I lose concentration. 4.14 0.856 3.91 0.848 3.88 1.043 4.02 0.927 3.98 0.878 0.253
SUP 12 I underline or circle information in the text to help me remember it. 3.26 1.371 3.78 0.927 3.32 1.347 3.51 1.377 3.06 1.107 0.060
PROB 13 I adjust my reading speed according to what I'm reading. 3.61 1.104 3.60 0.939 3.44 1.163 3.71 0.986 3.65 0.991 0.779
GLOB 14 I decide what to read closely and what to ignore. 3.14 1.195 3.22 1.020 3.34 1.062 3.18 1.034 3.41 1.059 0.534
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.34 1.227 2.24 1.111 2.36 1.208 2.75 1.278 2.24 1.182 0.200
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 4.01 1.029 3.80 0.869 3.48 1.199 3.86 1.040 3.84 0.850 0.023
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.59 1.190 3.53 0.968 3.48 1.165 3.37 1.038 3.53 1.192 0.792
PROB 18 I stop from time to time and think about what I'm reading. 3.03 0.970 3.22 1.020 2.96 1.049 3.20 0.960 2.86 1.021 0.309
GLOB 19 I use context clues to help me better understand what I'm reading. 3.24 1.119 3.24 0.908 3.14 1.107 3.33 0.973 2.90 1.085 0.269
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 2.82 1.187 3.07 1.116 2.90 1.199 3.16 1.065 2.63 1.185 0.151
PROB 21 I try to picture or visualize information to help remember what I read. 3.58 1.133 3.69 1.041 3.34 1.002 3.71 1.006 3.55 0.980 0.451
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.72 1.205 3.84 1.127 3.54 1.073 3.75 1.129 3.92 1.205 0.561
GLOB 23 I critically analyze and evaluate the information presented in the text. 2.78 1.013 2.80 0.757 2.68 0.891 3.63 1.016 2.73 0.974 0.032
SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.48 1.153 2.73 0.915 2.54 0.952 2.51 1.027 2.41 0.911 0.625
GLOB 25 I check my understanding when I come across conflicting information. 3.30 1.174 3.27 0.751 3.04 1.049 3.33 0.952 3.31 1.004 0.601
GLOB 26 I try to guess what is about when I read. 2.61 1.156 2.78 1.106 2.78 1.036 2.96 1.076 2.61 1.017 0.290
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 4.04 0.992 4.07 0.751 3.60 1.107 3.94 0.925 3.90 0.797 0.051
SUP 28 I ask myself questions I like to have answered in the text. 2.45 1.131 2.40 1.156 2.48 1.092 2.39 1.021 2.27 1.016 0.851
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.56 1.233 2.44 0.967 2.64 1.191 2.55 1.064 2.45 1.042 0.906
PROB 30 I try to guess the meaning of unknown words or phrases. 2.87 1.286 3.11 1.191 3.04 1.049 3.04 1.076 2.90 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



68

T-tests were performed to compare males and females within majors.  Within 

Science majors, several individual items were found to have significant differences 

between males and females. Females scored higher on Support 2 (I take notes while 

reading to help me understand what I read), Problem-Solving 11 (I try to get back on 

track when I lose concentration), Support 12 (I underline or circle information in the text 

to help me remember it), and Global 22 (I use typographical aids like bold face and italics 

to identify key information). Males scored higher on item Support 24 (I check my 

understanding when I 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 S.D. M S.D. Sig.
GLOB 1 I have a purpose in mind when I read. 3.67 1.001 3.71 1.091 0.827
SUP 2 I take notes while reading to help me understand what I read. 2.00 1.115 2.81 1.177 0.000
GLOB 3 I think about what I know to help me understand what I read. 3.69 1.023 3.46 0.995 0.129
GLOB 4 I preview the text to see what it's about before reading it. 2.54 1.255 2.60 1.250 0.748
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 2.84 1.384 3.19 1.449 0.097
SUP 6 I summarize what I read to reflect on important information in the text. 2.84 1.222 2.82 1.096 0.912
 GLOB 7 I think about whether the content of the text fits my reading purpose. 2.83 1.313 3.09 1.177 0.150
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.41 1.240 3.53 1.044 0.459
SUP 9 I discuss what I read with others to check my understanding. 2.12 1.137 2.34 1.027 0.166
GLOB 10 I skim the text first by noting characteristics like length and organization. 2.65 1.292 2.68 1.410 0.876
PROB 11 I try to get back on track when I lose concentration. 3.92 1.002 4.19 0.840 0.042
SUP 12 I underline or circle information in the text to help me remember it. 2.66 1.373 3.65 1.224 0.000
PROB 13 I adjust my reading speed according to what I'm reading. 3.55 1.150 3.63 1.104 0.649
GLOB 14 I decide what to read closely and what to ignore. 3.04 1.271 3.20 1.143 0.338
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.21 1.194 2.50 1.276 0.101
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.87 1.166 4.04 1.017 0.285
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.54 1.243 3.64 1.142 0.580
PROB 18 I stop from time to time and think about what I'm reading. 3.14 0.912 3.02 0.973 0.356
GLOB 19 I use context clues to help me better understand what I'm reading. 3.12 1.193 3.27 1.054 0.341
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 2.77 1.220 2.92 1.151 0.376
PROB 21 I try to picture or visualize information to help remember what I read. 3.74 1.142 3.45 1.126 0.077
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.46 1.281 3.88 1.151 0.018
GLOB 23 I critically analyze and evaluate the information presented in the text. 2.84 1.018 2.73 1.020 0.425
SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.70 1.302 2.33 1.030 0.029
GLOB 25 I check my understanding when I come across conflicting information. 3.35 1.234 3.30 1.125 0.775
GLOB 26 I try to guess what is about when I read. 2.64 1.143 2.62 1.160 0.909
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 3.90 1.078 4.06 1.011 0.294
SUP 28 I ask myself questions I like to have answered in the text. 2.52 1.141 2.38 1.113 0.399
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.53 1.262 2.55 1.180 0.916
PROB 30 I try to guess the meaning of unknown words or phrases. 2.98 1.325 2.75 1.257 0.230
GLOBAL Overall Global Reading Strategies 3.0682 0.64335 3.1429 0.63649 0.427
SUP Overall Support Reading Strategies 2.5171 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 majors, 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 S.D. M S.D. Sig.
GLOB 1 I have a purpose in mind when I read. 3.77 0.725 3.64 0.867 0.631
SUP 2 I take notes while reading to help me understand what I read. 2.08 0.954 2.72 1.137 0.074
GLOB 3 I think about what I know to help me understand what I read. 3.08 1.038 3.14 1.073 0.858
GLOB 4 I preview the text to see what it's about before reading it. 2.62 1.044 2.74 1.291 0.751
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 2.77 1.481 3.17 1.404 0.393
SUP 6 I summarize what I read to reflect on important information in the text. 3.08 0.954 2.61 0.994 0.150
 GLOB 7 I think about whether the content of the text fits my reading purpose. 2.85 1.144 2.81 1.142 0.913
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.31 1.251 3.50 1.134 0.612
SUP 9 I discuss what I read with others to check my understanding. 2.46 1.050 2.25 1.052 0.537
GLOB 10 I skim the text first by noting characteristics like length and organization. 2.46 1.050 2.80 1.132 0.353
PROB 11 I try to get back on track when I lose concentration. 3.69 1.109 4.06 0.984 0.276
SUP 12 I underline or circle information in the text to help me remember it. 2.77 1.166 3.64 1.313 0.041
PROB 13 I adjust my reading speed according to what I'm reading. 3.08 1.256 3.61 1.128 0.162
GLOB 14 I decide what to read closely and what to ignore. 2.77 1.013 3.61 1.050 0.016
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.38 1.193 2.31 1.215 0.841
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.31 1.316 3.50 1.207 0.633
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.62 1.193 3.25 1.251 0.366
PROB 18 I stop from time to time and think about what I'm reading. 3.08 1.038 2.89 1.116 0.599
GLOB 19 I use context clues to help me better understand what I'm reading. 3.23 1.301 3.06 1.120 0.645
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 3.23 1.301 2.69 1.117 0.162
PROB 21 I try to picture or visualize information to help remember what I read. 3.62 0.870 3.08 1.105 0.124
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.38 1.044 3.56 1.132 0.636
GLOB 23 I critically analyze and evaluate the information presented in the text. 2.92 0.760 2.49 0.951 0.144
SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.62 0.768 2.47 1.000 0.642
GLOB 25 I check my understanding when I come across conflicting information. 3.08 1.115 3.14 1.125 0.865
GLOB 26 I try to guess what is about when I read. 2.62 0.768 2.89 1.166 0.437
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 3.69 1.182 3.61 1.103 0.824
SUP 28 I ask myself questions I like to have answered in the text. 2.92 0.862 2.33 1.171 0.104
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.85 1.214 2.56 1.206 0.461
PROB 30 I try to guess the meaning of unknown words or phrases. 2.77 1.166 3.17 1.108 0.280
GLOBAL Overall Global Reading Strategies 3.01780 0.69741 3.07690 0.56559 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 0.50596 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 I read), and 

Support 12 (I underline or circle information in the text to help me remember it) with

females 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.
GLOB 1 I have a purpose in mind when I read. 3.25 1.215 3.85 0.961 0.084
SUP 2 I take notes while reading to help me understand what I read. 1.83 0.937 2.85 1.159 0.008
GLOB 3 I think about what I know to help me understand what I read. 3.58 0.900 3.62 1.067 0.925
GLOB 4 I preview the text to see what it's about before reading it. 2.42 1.165 2.64 1.181 0.566
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 2.92 1.505 3.15 1.424 0.621
SUP 6 I summarize what I read to reflect on important information in the text. 2.42 0.669 3.00 1.124 0.095
 GLOB 7 I think about whether the content of the text fits my reading purpose. 2.75 0.965 3.05 1.025 0.371
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.83 1.115 3.89 0.894 0.846
SUP 9 I discuss what I read with others to check my understanding. 2.25 1.055 2.44 1.021 0.587
GLOB 10 I skim the text first by noting characteristics like length and organization. 1.92 0.996 2.69 1.341 0.071
PROB 11 I try to get back on track when I lose concentration. 4.17 0.718 4.03 0.959 0.641
SUP 12 I underline or circle information in the text to help me remember it. 2.58 1.443 3.77 1.245 0.008
PROB 13 I adjust my reading speed according to what I'm reading. 3.83 1.115 3.72 0.972 0.730
GLOB 14 I decide what to read closely and what to ignore. 3.08 0.793 3.13 1.105 0.897
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.36 0.924 2.87 1.321 0.239
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.75 1.055 3.90 1.095 0.683
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.5 0.905 3.41 1.117 0.801
PROB 18 I stop from time to time and think about what I'm reading. 3.45 1.036 3.18 0.942 0.407
GLOB 19 I use context clues to help me better understand what I'm reading. 2.92 0.793 3.44 1.021 0.113
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 2.92 0.900 3.21 1.128 0.423
PROB 21 I try to picture or visualize information to help remember what I read. 3.83 0.835 3.69 1.104 0.686
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.25 1.055 3.90 1.142 0.087
GLOB 23 I critically analyze and evaluate the information presented in the text. 2.92 1.084 3.82 4.909 0.532
SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.25 0.866 2.54 1.072 0.400
GLOB 25 I check my understanding when I come across conflicting information. 3.17 0.937 3.31 1.004 0.668
GLOB 26 I try to guess what is about when I read. 3.5 1.314 2.85 1.040 0.080
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 4.25 0.622 3.87 0.951 0.203
SUP 28 I ask myself questions I like to have answered in the text. 2.08 0.996 2.44 0.995 0.288
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.67 0.888 2.44 1.071 0.502
PROB 30 I try to guess the meaning of unknown words or phrases. 3.25 1.055 2.92 1.061 0.355
GLOBAL Overall Global Reading Strategies 2.9936 0.41289 3.2406 0.71230 0.260
SUP Overall Support Strategies 2.3434 0.40202 2.9174 0.55656 0.003
PROB Overall Problem Solving Reading Strategies 3.7169 0.51262 3.6480 0.61777 0.741
OVERALL Overall MARSI score 3.0267 0.27253 3.2491 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 I have a purpose in mind when I read. 3.37 1.012 3.52 1.156 0.651
SUP 2 I take notes while reading to help me understand what I read. 2.05 1.026 2.59 1.152 0.109
GLOB 3 I think about what I know to help me understand what I read. 3.53 1.219 3.11 0.974 0.206
GLOB 4 I preview the text to see what it's about before reading it. 2.37 1.300 2.74 1.130 0.307
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 2.58 1.502 3.33 1.301 0.076
SUP 6 I summarize what I read to reflect on important information in the text. 2.79 1.182 2.62 1.061 0.607
 GLOB 7 I think about whether the content of the text fits my reading purpose. 2.89 1.449 2.78 0.892 0.736
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.11 0.937 3.56 1.050 0.142
SUP 9 I discuss what I read with others to check my understanding. 1.95 0.848 2.44 1.340 0.161
GLOB 10 I skim the text first by noting characteristics like length and organization. 2.47 1.429 2.93 1.238 0.259
PROB 11 I try to get back on track when I lose concentration. 3.89 0.994 4.00 0.832 0.699
SUP 12 I underline or circle information in the text to help me remember it. 2.47 0.905 3.59 0.844 0.000
PROB 13 I adjust my reading speed according to what I'm reading. 3.32 1.057 3.81 0.879 0.088
GLOB 14 I decide what to read closely and what to ignore. 3.89 0.875 3.15 1.064 0.016
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.00 1.106 2.19 1.178 0.593
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.72 1.074 3.85 0.718 0.629
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.53 1.172 3.52 1.156 0.982
PROB 18 I stop from time to time and think about what I'm reading. 2.63 0.895 2.85 1.099 0.475
GLOB 19 I use context clues to help me better understand what I'm reading. 2.95 1.026 2.81 1.075 0.677
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 2.58 1.216 2.67 1.177 0.807
PROB 21 I try to picture or visualize information to help remember what I read. 3.47 0.964 3.70 1.031 0.448
GLOB 22 I use typographical aids like bold face and italics to identify key information. 4.00 1.333 3.89 1.013 0.749
GLOB 23 I critically analyze and evaluate the information presented in the text. 2.79 0.918 2.67 1.074 0.688
SUP 24 I go back and forth in the text to find relationships among ideas in it. 2.26 0.991 2.41 0.888 0.608
GLOB 25 I check my understanding when I come across conflicting information. 3.16 1.068 3.30 0.953 0.647
GLOB 26 I try to guess what is about when I read. 2.58 1.017 2.67 1.000 0.773
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 3.79 0.855 3.96 0.759 0.472
SUP 28 I ask myself questions I like to have answered in the text. 2.26 0.933 2.19 1.039 0.795
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.63 1.012 2.26 0.984 0.218
PROB 30 I try to guess the meaning of unknown words or phrases. 3.21 1.316 2.89 0.751 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 0.48559 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 S.D. M S.D. Sig.
GLOB 1 I have a purpose in mind when I read. 3.67 1.000 3.86 0.976 0.589
SUP 2 I take notes while reading to help me understand what I read. 2.67 1.000 2.70 1.127 0.930
GLOB 3 I think about what I know to help me understand what I read. 3.22 0.667 3.43 0.899 0.515
GLOB 4 I preview the text to see what it's about before reading it. 3.33 0.866 2.59 1.142 0.077
SUP 5 When the text becomes difficult, I read aloud to help me understand what I read. 3.22 0.833 3.51 1.146 0.478
SUP 6 I summarize what I read to reflect on important information in the text. 2.89 1.054 2.49 1.070 0.316
 GLOB 7 I think about whether the content of the text fits my reading purpose. 3.00 0.707 2.68 1.082 0.399
PROB 8 I read slowly but carefully to be sure I understand what I'm reading. 3.11 0.928 3.68 0.915 0.105
SUP 9 I discuss what I read with others to check my understanding. 2.44 1.014 2.59 1.166 0.725
GLOB 10 I skim the text first by noting characteristics like length and organization. 3.33 0.707 2.89 1.329 0.343
PROB 11 I try to get back on track when I lose concentration. 3.67 1.000 3.95 0.815 0.382
SUP 12 I underline or circle information in the text to help me remember it. 3.78 1.093 3.78 0.917 0.987
PROB 13 I adjust my reading speed according to what I'm reading. 4.00 0.866 3.49 0.961 0.151
GLOB 14 I decide what to read closely and what to ignore. 3.33 0.866 3.22 1.058 0.760
SUP 15 I use reference materials such as dictionaries to help me understand what I read. 2.33 0.866 2.19 1.175 0.732
PROB 16 When text becomes difficult, I pay closer attention to what I'm reading. 3.67 0.866 3.84 0.866 0.598
GLOB 17 I use tables, figures, and pictures in text to increase my understanding. 3.22 1.394 3.58 0.841 0.323
PROB 18 I stop from time to time and think about what I'm reading. 3.11 1.054 3.24 1.011 0.729
GLOB 19 I use context clues to help me better understand what I'm reading. 3.22 1.202 3.24 0.830 0.951
SUP 20 I paraphrase (restate ideas in my own words) to better understand what I read. 3.56 0.726 2.92 1.164 0.126
PROB 21 I try to picture or visualize information to help remember what I read. 3.78 0.667 3.72 1.085 0.885
GLOB 22 I use typographical aids like bold face and italics to identify key information. 3.67 1.225 3.95 1.053 0.493
GLOB 23 I critically analyze and evaluate the information presented in the text. 3.00 0.707 2.76 0.760 0.388
SUP 24 I go back and forth in the text to find relationships among ideas in it. 3.11 0.782 2.65 0.919 0.172
GLOB 25 I check my understanding when I come across conflicting information. 3.22 0.667 3.22 0.821 0.984
GLOB 26 I try to guess what is about when I read. 3.33 1.225 2.62 1.037 0.081
PROB 27 When the text becomes difficult, I re-read to increase my understanding. 4.00 0.707 4.00 0.782 1.000
SUP 28 I ask myself questions I like to have answered in the text. 2.44 1.130 2.41 1.166 0.928
GLOB 29 I check to see if my guesses about the text are right or wrong. 2.89 1.054 2.32 0.915 0.114
PROB 30 I try to guess the meaning of unknown words or phrases. 3.22 0.833 3.08 1.256 0.751
GLOBAL Overall Global Reading Strategies 3.2650 0.34425 3.1068 0.46091 0.342
SUP Overall Support Reading Strategies 2.9383 0.48785 2.8048 0.64492 0.565
PROB Overall Problem Solving Reading Strategies 3.5694 0.41510 3.6354 0.44358 0.688
OVERALL Overall MARSI score 3.2481 0.31540 3.1676 0.42522 0.599

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

between major and attitude (see Table 3.11).  There was a significant difference in 

attitude among the different majors. The chi-square identifies science majors as least 

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 -1.4 -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 -1.5 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 strategies improve 

student attitude toward reading their biology text?

Three students not receiving instruction had slight variations in 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 major, 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 also 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 also 

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 Emma reported 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 “I don’t dread the reading 

anymore, but don’t necessarily look forward to it either.” She also reported a new feeling 

of satisfaction. She said “[After reading] I feel better. Like I’ve done something.” She 

added “I think I try to go back and understand things more now.” When asked the same 

question, Emma reported that she felt differently about the readings and said “I feel 

different now…I understand what I read better.” She suggested that the post-reading 

questions influenced her attitude shift, “the questions after reading help me figure out 

what I don’t understand.”

Students receiving instruction began the study with a wider 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 subscales, but scored low on the Support subscale. On the attitude 

survey, Jessica indicated 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 

questions of her own. When asked to diagram the information in the text, Jessica drew 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 a main idea or 

connect any ideas.

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 he is 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 incomplete 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 a lot 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. Overall, 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 complete sentences. Her answers illustrated 

connections between different ideas and generated several questions on her own. She 

generated both low level (What is a B 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 several 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, a 19-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 left 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, a 22-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 a lot longer compared to her other texts 

and that she avoided reading when she could. While reading, her attention would drift 

and she would feel frustrated.  Kelly remained engaged during the instruction and 

practice. She completed the KWL and answered questions in complete 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 “a lot better 

when I read the questions, then do the reading and answer the questions.” Amy felt the 

questions 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 I understand.” When asked if she would use these strategies for 

other classes Amy responded that she would “if it is class where I 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 “I feel like I learned 

something. [The strategies make me use the information right away …I feel better about 

reading …I am more aware of what I read.” Renee said “I know [the strategies] are 

helping me to read, but I don’t enjoy it…Sometimes I read and don’t understand, this 

helps me get the information…Sometimes [when I read] I assume that I know, now I re-

read.”

Kelly, Roy, and Jessica all 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 “I 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 a foreign 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 “I like [using the 

strategies]. It gives me a lot of ways to look at books I don’t understand…I 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 incomplete phrases. Only 

two students organized their thoughts into complete sentences and addressed the entire 

reading. 
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CHAPTER V

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 eight-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 questions 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 change in 

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 

Overall 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 all 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 

Overall MARSI inventory, Overall 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 

Overall 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 differences in strategy use were found among different majors; 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 

analyze 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 shifts in 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 engages in 

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 a variety 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 as irrelevant and unproductive. The students in 

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 subscale 

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 subscale was within the high range (> 

3.5). This indicates that Good readers use a wider 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 there is 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 subscale scores indicating a preference For 

Problem-Solving, followed by Global 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 

subscale than males, indicating that they use more Support strategies than males. This 

finding is similar 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 majors did become 
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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 majority of these 

students scored within the average range. This indicates that Education majors as a group 

are more consistently using reading strategies than other majors. 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 skills in 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 a wider range of interest and ability among students who have not yet declared a 

major. 

While there were no significant differences between different majors, there were 

significant differences between the uses of individual strategies. When text becomes 

difficult, science students, more than other majors, pay closer attention to what they are 

reading. This is interesting, 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 this is the only strategy that science students use more 
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frequently, simply 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 strategies to cope with comprehension problems. This lack of strategy 

development could be a result 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 majoring in 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. This finding 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 

is a collection 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. This implies 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 students is 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 a neutral 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 majors, as future 

teachers, see the role reading plays in 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 simply 

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.  In 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 students in 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 initially reported a wider range of attitude 

toward reading and students fell into one of four groups; Positive attitude, Neutral 

attitude/Values reading, Negative attitude/Values 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-Value 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 a value 

for reading reported positive shifts in attitude. Students that were identified as No Value 

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 students typically 

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 a large role in 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 students in 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 experimental group chose to use this strategy during 

the last four weeks. Instead, all students indicated that they would paraphrase the reading. 

When paraphrasing, most students only wrote definitions to unknown or bolded words. 

Only two students wrote complete 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. This implies 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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difficulties lead 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 a lower 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. 

This would 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 weeks is intriguing and hints at a larger 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. This is problematic for students in science classes that rely 

heavily on learning from textbooks. As a result, 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 several 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. Students in this 

study received minimal instruction, 30-45 minutes a week, 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 A

 Student Majors by Category

Science Humanities
Allied Health Speech Pathology
Animal Science Sociology
Athletic Training Art
Biochemistry English
Biology Human Development and Family Science
Biomechanical Engineering Journalism 
Botany Psychology
Cell Biology Broadcast Journalism
Chemical Engineering Theater
Chemistry Leisure Services
Civil Engineering Graphic Design
Dentistry Music
Engineering History
Entomology Political Science
Environmental Science Foreign Languages
Forestry Interior Design
Geology Education
Health Promotions Elementary Education
Horticulture Early Childhood Education
Math Secondary Education
Mechanical Engineering Physical Education
Microbiology Agriculture Education
Nursing Business
Nutritional Science Agricuture Communications
Physics Accounting
Physiology Public Relations
Pre Medical Computer Science
Pre Pharmacy Business
Pre Veterinary Agriculture Business
Radiology Marketing
Turf Mangement Advertising
Wildlife Ecology Economics
Zoology Hotel/Resteraunt Administration
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Strategies Included in the MARSI inventory

Global Strategies
1 I have a purpose in mind when I read.
3 I think about what I know to help me understand what I read.
4 I preview the text to see what it's about before reading it.
7 I 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 I decide what to read closely and what to ignore.
17 I use tables, figures, and pictures in text to to increase my understanding.
19 I use context clues to help me better understand what I'm reading.
22 I typographical aids like bold face and italics to identify key information.
23 I critically analyze and evaluate the information presented in the text.
25 I check my understanding when I come across conflicting information.
26 I try to guess what the material is about when I read.
29 I check to see if my guesses about the text are right or wrong.

Problem-Solving Strategies
8 I read slowly but carefully to be sure I understand what I'm reading.

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

Support Strategies
2 I take notes while reading to help me understand what I read.
5 When text becomes difficult, I read aloud to help me understand what I read.
6 I summarize what I read to reflect on important information in the text.
9 I discuss what I read with others to check my understanding.

12 I underline or circle information in the text to help me remember it.
15 I use reference materials such as dictionaries to help me understand what I read.
20 I paraphrase (restate ideas in my own words) to better understand what I read.
24 I go back and forth in the text to find relationships among ideas in it.
28 I ask myself questions I like to have answered in the text.

Taken from the Metacognitive Awareness of Reading Strategies Inventory (Mokhtari & 
Reichard, 2002)
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 Attitude Survey

I consider myself a GOOD READER FAIR READER POOR READER

1. When I have reading for INTRODUCTORY BIOLOGY I feel:
GOOD BAD

2. Compared with reading in my non-science courses, the time that I allow for 
reading INTRODUCTORY BIOLOGY is :

A LOT LONGER ABOUT THE SAME

3. When I read for INTRODUCTORY BIOLOGY, I feel:
COMFORTABLE MISERABLE

4. If I’m reading INTRODUCTORY BIOLOGY and another INTRODUCTORY 
BIOLOGY student calls, I’m eager to talk so that I can:

AVOID READING SHARE NEW INFO

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

6. If I don’t understand a passage when reading INTRODUCTORY BIOLOGY, I 
feel:

SLOWED DOWN ANGRY

7. While reading INTRODUCTORY BIOLOGY, my attention:
DRIFTS FROM TEXTS STICKS TO TASKS

8. After two readings of a section in my INTRODUCTORY BIOLOGY text, I feel:
FRUSTRATED ENCOURAGED

9. If I didn’t understand a passage, I:
TRY AGAIN QUIT READING IT

10. My idea of reading INTRODUCTORY BIOLOGY is a process that’s:
TORTURE INFORMATIVE
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 Sample Text Passage Taken From Life, 4th Ed. (Lewis, 2002)
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APPENDIX E

 Sample Reading Questions

There is a small pond in my backyard and once, while mowing the grass, I let a lot of grass 
clippings blow from the lawn mower into the pond. Several days later, a few of my goldfish died 
and the others were swimming near the surface. 
Which one of the following hypotheses is 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 a windy day and some of the fertilizer blew 
into the pond. A week later we noticed a lot 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. zebra mussels
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
c. 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 decrease in CO2 levels in the pond.
b. An increase in O2 levels in the pond.
c. A lack of decomposers in the water and a subsequent increase in O2 levels.
d. A lethal level of toxin produced by the green scum.
e. Both (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 6th grade class design an experiment to study the carbon and nitrogen biogeochemical cycles. 
You 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. You mix soil taken from a pasture with some dried, ground up alfalfa that contains N-15 
nitrogen. You 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
c. amino acid pool
d. NAD+
e. All of the above. 

You 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 soil, 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. You 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.
You 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 soil, the grass and the bugs only
e. the soil, the grass, the bugs and the air
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Although rain is 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 
concentration 
in water 

Phosphorus 
concentration 
in water 

O2

concentration 
% absorption of red light (630 nm) as 
measured in a Hach DR2000 
spectrophotometer as an indicator of 
Chlorophyll content. 

1997 Low Low High Low 

1998 High High 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 a scientist 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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 Week Five Interview

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? Yes/No

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