
 
 

 
 
 
 
 
 

 
 
 

ABSTRACT 

 

The Effect of Annotation on Metacomprehension of Text 

 

Rachel Cliburn 

 

Director: Charles Weaver III, PhD 

 

 

 Metacomprehension refers to a person’s ability to monitor what information has 

been learned through reading. Good metacomprehension is important for efficient 

studying.  Prior research shows that most readers demonstrate quite poor 

metacomprehension. Ironically, making texts easier to read, for example, by underlining 

important ideas, impair metacognition. In the present experiment, we explored whether 

reading an underlined text or a plain text produces better pretest and posttest 

metacomprehension judgments. Consistent with prior research, although overall test 

accuracy was the same between conditions, the more difficult plain text condition 

improved the accuracy of metacomprehension judgments compared to the underline 

group. 
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CHAPTER ONE 

Introduction 

 

 

 What makes a memory? A number of events are markedly and irrevocably 

‘memorable.’ A first kiss, a national tragedy, or a personal victory are typical examples 

of strong memories. During such times, a people often remembers where they were, what 

they were doing, who they were with, perhaps even what they were wearing. Certainly, 

memorable events lead to a strong feeling of memory for that event (Weaver & Krug, 

2004). 

 However, life isn’t always memorable. What happened last weekend? It’s normal 

to take a couple minutes to think back and retrace the past couple days before answering 

that question. Not every day is an exciting experience. Perhaps during the drive of a 

familiar route, you find yourself at your destination without a clear feeling of memory for 

any event during the drive.  Familiar or repetitive events, then, seem to produce a less 

salient feeling of memory in humans (Ghetti, Lyons, Lazzarin, & Cornoldi, 2008). 

 In a parallel way, students often experience gradations of strength of the feeling of 

memory when learning. Perhaps a student attends class while sleep-deprived, and drifts in 

and out of wakefulness. That student will probably not have a strong feeling of memory 

for the class, except that their nap was punctuated with bits of a lecture.  Other times, a 

student may be paying attention, but still walk away from class wondering what it was 

that he or she just learned. The memory for the class may fade over the next few days, so 

that the student will have no memory of what exactly he or she learned in lecture the 

1 



 
 

week before (Bower, 1994). Taking notes will improve retention of memory for that 

student, and provides a reference for when the memory of the lecture inevitably fades. 

Thus, note taking in class serves as an effective memory tool and study method for 

students (Akinoglu & Yasar, 2007). 

 However, the role of the student is much greater than simply showing up for 

lectures. The burden of learning rests on the shoulders of the student. Students must work 

diligently outside of class in order to master difficult material successfully.  This most 

often takes the form of studying textbooks. Reading for comprehension and memory 

becomes an important aspect of students’ academic success. The strength and accuracy of 

text-derived memory can guide a student so that time is spent most effectively learning 

unknown material and retaining old material.  Thus, the memory of the content of text is 

of particular importance to effective learning and study habits (Pressley & Ghatala, 

1990). 

 Sme texts are hardr to rd than othrs, some moe enjoyble than others, some more 

inherently interestng than oters. For example, for mst people this researh paper mght be 

much more gripping tha an article about soil erosion, but less of a pge-turner than a Stieg 

Larsson novl. In the same way, this papr is at a higher readng level than th perennial 

chldren’s favorite “Goodnight Moon” but more comprhensible than Shakespeare’s 

“Othello”.    

 What are the differences between texts that affect the strength of the text 

memory? How does a reader accurately assess how well he has learned read material?  

Are these differences in memory strength and accuracy emergent solely from the content 
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of the text, or by the way that is was written? Can the reader change his reading habits to 

better improve memory for that text?  

 As you may have noticed, some changes have been made to the above paragraphs 

to modify the way that you, the reader, process the text material. These are examples of 

changes in the text that don’t alter the actual text content. This reflects students’ 

experience since students don’t have control over the learned material. These changes can 

modify the reader’s memory for that material. Of particular importance to this study is 

the way that these encoding differences in the text alter the metacognition for the text 

material.  

 Metacognition is how humans think about thinking.   Rene Descartes’s famous 

contribution to philosophy “I think therefore I am” is an admission of the importance of 

metacognition.  In this context, metacognition refers to how aware a student isof what he 

or she knows.  This metacognitive skill is critical for efficient allocation of study time. 

This study investigates what factors in a text increase students’ metacognitive accuracy. 

 

 

 

 

 

 

 

 

 

3 



 
 

 

 

CHAPTER TWO 

Review of the Literature  

 

 

Introduction to Metacognition 

 

Metacognition includes what humans know about what is learned, perceived, 

remembered, and thought.  This ability is important to many aspects of human behavior 

and learning.  Metacognition allows humans to access past actions, regulate current 

behaviors, and change them in future situations. Metacognition is particularly important 

in an educational setting. Students that can distinguish between material that is learned 

from that which requires further study can better allocate attention resources (Thomas & 

McDaniel, 2007). With accurate metacognition comes better time management, since a 

student can optimize time spent studying each to-be-remembered skill or item. 

 

Measuring Metacognition 

Feeling of knowing (FOK) is the judgment of how easily retrievable an item will 

be in the future, without knowing the answer at the time of judgment (L. M. Reder, 1987; 

L. M. Reder & Ritter, 1992). The FOK is analogous to the sensation elicited when 

someone asks you a question and you cannot retrieve the answer at present, but feel like 

you would be able to recognize the answer in the future.  This is especially important 

when the feeling of knowing concerns possible test items--i.e. a student can’t bring up the 

answer before a test, but is confident that once they see the item on the test, the answer 

will “come to them”. FOK judgments are often based on familiarity with the searched-for 
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information (Nelson, Gerler, & Narens, 1984). Consider the case of priming: if the 

information was primed at the sub-threshold level during priming, the memory 

performance will improve, but not FOK accuracy (Jameson, Narens, Goldfarb, & Nelson, 

1990). FOK is based on more than the simple strength of the memory trace, and does not 

seem to work the same way in different testing conditions (Nelson et al., 1984). The tip-

of-the-tongue (TOT) state is a byproduct of inaccurate feeling of knowing, the subject has 

high confidence for an as-yet unretrieved item.  The TOT state is a strongly 

uncomfortable, frustrating experience: one seems to have the word right at the ready, 

seemingly immediately available (a strong FOK), but in reality one cannot recall the 

missing item. Though FOK measurements may be applied to questions of general 

knowledge, in experiments, FOK measurements are usually made with word-pair 

associates. 

Text comprehension monitoring (TCM) is very much like FOK, except that it 

refers exclusively to how much will be remembered from recently read texts (Kelemen, 

Frost, & Weaver, 2000). This broadens the FOK paradigm from judgments about simple 

facts or associates to more complex material. 

Judgment of learning (JOL) is a prediction about future performance on currently 

recallable, recently studied items.  JOLs therefore study the confidence one has in his or 

her ability to retain the learned item until testing. A high JOL indicates an accurate 

assessment of what will be forgotten (Weaver, Terrell, Krug, & Keleman, 2008).  JOL 

measurements are particularly interesting to researchers because of the judgment of 

learning delay (JOL-d) effect.  This is a consistent phenomenon where JOL made 

immediately after the encoding process is not as accurate as a JOL made after a 3-5 
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minute delay (Nelson & Dunlosky, 1991). The postulated reason for the JOL-d effect is 

that the memory must move from short term to long term memory.  JOL’s are 

contaminated by information contained in short-term memory, but not from long-term 

memory. Thus, information from short-term memory affects an immediate JOL, but not 

in the delayed JOL, since delayed JOL’s access long-term memory (Nelson & Dunlosky, 

1991). Beyond the effects of simple delay, many factors influence JOL and JOL 

accuracy, such as encoding effects, practice, or study time (Koriat, 1997; Koriat & 

Ma'ayan, 2005). Koriat postulated that there are three sources of JOLs:  intrinsic factors 

(such as item difficulty), extrinsic factors (conditions at the time of learning or changes in 

processing), and mnemonic factors (internal cues such as the feeling or memory of 

learning). Of these, only mnemonic factors are reliable JOLs because both intrinsic and 

extrinsic factors contribute to internal cues (Koriat, 1997).  

 

adapted from Koriat, 1997 

 

Ease of learning (EOL) judgments measures the relative difficulty of to-be-

learned items before study. EOL judgments can be made about texts, word associates, or 

other testable material. For example, when a student glances at an upcoming chapter in a 

textbook and believes it to be difficult, that student has just made an EOL judgment. Note 

that the student doesn’t have to learn the material to make this judgment, but rather can 
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base an EOL on the basis of an impression. The correlation of EOL judgments and actual 

study time or test accuracy determines the accuracy of the EOL judgment. 

Accuracy of metacognitive assessments is the most intuitive measurement in the 

study of metacognition, and also the most important to this study. Accuracy measures 

how well a person can predict actual performance. Accuracy can be further defined as 

relative or absolute. Relative accuracy refers to the individual—how well the learner can 

discriminate between items. For example, if a student claims to have answered correctly 

on one test item and incorrectly on another test item, and indeed that was the case, that is 

a measure of relative accuracy. Absolute accuracy is the accuracy measurement in 

reference to the item at hand (Mengelkamp & Bannert, 2010). If that same student 

predicted he scored 90% on his test, and he in fact got a 90%, that student has perfect 

absolute accuracy.  

Calibration of comprehension can be either forward or backward. Forward  

calibration of comprehension (pretest judgment) is when the assessment is made before 

the test. This pretest judgment can be made by asking “How many questions do you think 

you will answer correctly?” before the test is administered. Backward calibration of 

comprehension (posttest judgment) is when the assessment is made after the test. This 

posttest judgment is produced by asking “How many questions do you think you 

answered correctly” after the student has taken the test. In this study, the researcher is 

interested in the pretest and posttest metacognitive accuracy. This can be measured by 

comparing the pretest and posttest judgments with actual performance. 

These accuracy measurements can be quantified through a variety of analyses. In 

multiple choice testing, the number of possible answers should be high. As the number of 
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possible answers increase, the likelihood of guessing correctly is reduced. Therefore, 

performance on these tests is a more reliable estimate of true understanding.  The 

accuracy of the judgment should not quantified through a simple Pearson’s r correlation 

because the judgments of confidence are not always numerically countable data. R
2 

requires at least interval-level data, and thus cannot be used with Likert scale data. Even 

if such interval-level were obtained, R
2 

does not produce answers that differ from the 

more widely-used Kruskal-Goodman gamma. In order to account for accuracy 

measurements at both high and low end of the confidence spectrum, investigators use a 

non-parametric Kruskal-Goodman gamma correlation. The gamma correlation measures 

the degree to which items that differ in confidence show the same pattern with respect to 

accuracy. That is, in a pair of observations, gamma reflects the probability that the pair 

with high confidence had  higher performance. Thus, in confidence scales when an 

outcome variable can be “really confident” versus “not so sure”, a gamma correlation is 

ideal. This statistic can range from -1 to +1, with 0 indicating no predictive value. It is 

computed by 

 

Γ = (C – D) / (C + D) 

 

Where C is the number of concordant pairs (the judgment and test performance variables 

shifted in the same direction) and D is the number of discordant pairs (the judgment and 

performance variables changed in opposing directions) across all trials. The gamma 

statistic is ideal for this type of measurement because it ignores differences in 

individuals’ confidence and accuracy. For example, some students tend to rank their 
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confidence on the high end of spectrum, while others tend to be habitually under-

confident. Similarly, some students have better overall accuracy while some will perform 

poorly on the test (A students vs. C students, for example). The gamma correlation allows 

one to ignore this individual variation, instead asking “For this person did the items given 

higher confidence judgments tend to be answered more accurately?” 

 Bias of metacognitive judgment is the direction of error. Bias is calculated by 

subtracting actual performance from predicted performance. In this way, a positive bias 

reflects overconfidence and a negative bias reflects underconfidence. 

 

Theories of Metacognition 

Several theories about how metacognitive processes work have been postulated. 

The direct-access theory was one of the first models proposed to explain metacognitive 

function. In the direct-access model the memory stores are investigated for an exact 

match to the queried information. If this information is available, the information is 

accessed. If not, further processing is required to make inferences.  In this way, the 

direct-access model attempts to account for the first line of memory retrieval.  However, 

this model has its pitfalls. It does not accurately account for the TOT state, when 

metacognitive processes reflect high memory strength despite current memory failure.  

The “Moses illusion” also provides evidence against the direct-access model. In this 

situation, a researcher will ask a question such as “How many of each kind of animal did 

Moses take on the ark?” Respondents almost always answer “two,” even though they 

know that Noah, not Moses, took animals on the ark (Reder, 1992). If the direct access 

model was correct, only a perfect match to the searched information would return an 

affirmative response.  
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In the trace-access model, information about the nature of the information 

contributes to metacognitive judgments about the accessibility of that item. In this way, 

the information itself is not being ‘scanned’ for as in the direct-access model, but rather 

information associated with the target answer (such as partial recall or related 

information) produces higher confidence judgments.   

The cue-familiarity hypothesis postulates that metacognitive judgments are based 

solely on how recognizable the cues in the question are, rather than the answer. In other 

words, if the question was posed in a way very similar to the way the information was 

learned during encoding, a subject may feel more strongly that he or she knows the 

answer (Reder & Ritter, 1992). This hypothesis is supported by experiments where the 

subjects had higher confidence judgments for questions that contained primed items. 

Also, higher confidence judgments have been correlated to higher number of cue 

presentations, supporting this hypothesis (Metcalfe, Schwartz, & Joaquim, 1993; 

Schwartz & Metcalfe, 1992).  

The composite holographic associative recall/recognition model (CHARM) of 

metacognition is perhaps the most comprehensive and mathematical model for memory 

maintenance. CHARM, unlike the other models, attempts to account for more than the 

results of confidence judgments by incorporating a model for novelty monitoring and 

control.  In this model, information is represented as vectors in the neural network. 

Vectors—or information—can be summed into a composite memory trace.  However, 

since memory trace is a literal neural pathway and neurons can have limited connectivity 

and speed of firing, there is limited room vector storage. Instead, vectors that are similar 

to each other have low pooled variability in the composite memory trace and can thus be 
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summed together efficiently.  Alternately, vectors dissimilar to each other increase the 

pooled variability of the composite memory trace so that less information can be stored in 

a single neural pathway.  To account for this problem, a ‘novelty detector’ quickly does a 

cursory familiarity measurement of new information as a predictor of how much 

variability information will add to a single trace. This process happens before storage of 

the new information and is not an exhaustive comparison of the new information to 

known information—simply a brief measurement based on short exposure. The novelty 

detector is the metacognitive control for stored information (Metcalfe, 1990). CHARM 

can account for the effects explained by the cue-familiarity and trace-access model. Two 

well-studied memory effects, the cue-overload effect and the Von Restorff effect can 

shed light on CHARM’s advantages as an explanatory theory. In the cue-overload effect, 

a list of words is given to a subject to remember. The list contains many similar types of 

items (for example: hot, burn, fry, sizzle, warm, sun, etc.), some of which are considered 

exemplars for that particular category. As the number of exemplars in the list increases, 

memory for list items degenerates, and subjects add similar words of their own making. 

According to CHARM, this is because the exemplars activate the memory trace for that 

group of word associates. The Von Restorff effect can be shown by giving a list of 

similar words to a subject with one clearly unique item (for example: hot, burn, fry, 

pregnant, sizzle, warm, sun). The memory for the unique items is invariably much higher 

than the other items.  CHARM accounts for this effect by its novelty-detector, which 

flags the unique item as highly unfamiliar compared to the other vectors (for a more 

complete description see Metcalfe, 1995). 
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It should be noted that there can be multiple strategies for retrieving information. 

Retrieval strategies (such as going from searching for an exact match in memory to trying 

to make inferences about the answer from known material) can be rapidly switched at 

will (L. M. Reder, 1987). The direct-access, trace-access, cue-familiarity, and CHARM 

models are considered theories of metacognition because they are proposing a rule of 

how metacognition works. The possibility of multiple search strategies is coherent within 

the cue-familiarity model and CHARM. 

 

Brain Function 

The frontal lobe is responsible for many cognitive processes, including attention 

and movement of memory from short-term to long-term storage.  Thus, it makes sense 

that the frontal lobe is the brain area most involved in metacognitive processes. Damage 

to this area impairs judgments about self-regulatory ability, including how much time to 

spend on a variety of tasks (Shallice & Burgess, 1991). FOK judgments are impaired in 

people with frontal lobe lesions (Janowsky, Shimamura, & Squire, 1989).  Brain activity 

shifts from external processes to internal processes during metacognitive judgments. This 

means that activity is directed away from sensory processing. Activity decreases in the 

occipital regions lateral inferior frontal, dorsal medial, and prefrontal regions—which are 

all actively involved in visual processing. Instead the medial prefrontal, medial parietal, 

and lateral parietal regions show more activity (Chua, Schacter, & Sperling, 2009). 

Patients with brain damage can show metacognitive deficits. For example, Korsakoff 

patients show metacognitive deficits different from general amnesia patients, who don’t 

necessarily show metamemory deficits (Shimamura & Squire, 1986). It’s been postulated 
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that the amnesia typical of Korsakoff patients—where there is no release from proactive 

inhibition and significant FOK deficits—results from damage to the novelty monitoring 

system described in CHARM (Metcalfe, 1993). However, widespread damage to the 

cortex also results in metacognitive deficits, such as those seen in Alzheimer patients 

(McGlynn & Kaszniak, 1991). 

 

Improving Metacognition 

Some metacognitive judgments can be widely inaccurate across different kinds of 

tests and conditions, in many cases close to zero (Benjamin, Bjork, & Schwartz, 1998; 

Glenberg & Epstein, 1985; Glenberg, Sanocki, Epstein, & Morris, 1987; Maki, 1998). 

Test item difficulty is a better predictor of memory performance than FOK judgments 

(Nelson, Leonesio, Landwehr, & Narens, 1986).  In general, students are not very good at 

assessing what has been learned. In a study where students could choose between 

studying unmatched word pairs and word associates, they chose to look at unmatched 

work pairs despite (wrongly) thinking that word associates would be more helpful to 

memory performance (Kornell & Son, 2009). In general, confidence judgments are based 

off of a general familiarity with domain knowledge instead of knowledge gained from the 

particular encoding task (Glenberg et al., 1987; Schraw & Dennison, 1994).  This is 

consistent with CHARM, since confidence will be based on the strength of the 

summative memory trace for that domain of knowledge.   

Thus, there is a need for better understanding of what influences accurate 

metacognition so that study habits can be more effectively refined. As it is, students often 

allocate study time to reviewing easier material, particularly in high pressure situations 
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(Metcalfe & Son, 2000). However, higher metacognitive accuracy is associated with high 

test performance (Schraw & Dennison, 1994) and can also lead to better allocation of 

resources while studying (Pressley & Ghatala, 1990; Thomas & McDaniel, 2007). What 

factors, then, contribute to metacognitive accuracy? There are three categories of factors 

which affect metacognition: human factors, changes in testing conditions, and differences 

in encoding conditions. 

Human factors include the variability in metacognitive accuracy due to individual 

differences.  Though there has been a search for a ‘general metacognitive ability,’ a study 

testing JOL, TCM, FOK, and EOL found very little stability across metacognitive 

judgments in individuals (Keleman, Frost, & Weaver, 2000). Only in groups did 

variability show any predictive stability. Besides inherent natural variability, some state-

based changes can influence metacognitive judgments. For example, high altitudes 

(tested at around 20,000 feet) produce no change in memory performance, but decrease 

metamemory performance (Nelson et al., 1990).  Depression can also affect 

metacognitive judgments. Severely depressed individuals displayed both memory and 

metamemory losses compared to control individuals, and mildly depressed subjects had 

only metacognitive deficits (Slife & Weaver, 1992). Alternately, intoxicated individuals 

show memory performance deficits and make errors of overconfidence (Nelson, 

McSpadden, Fromme, & Marlatt, 1986). Students with high test anxiety have decreased 

performance but higher metacognitive accuracy than their non-stressed peers (Miesner & 

Maki, 2007). Simply increasing the incentive for an accurate metacognitive judgment 

increases metacognitive accuracy (Schraw, Potenza, & Nebelsickgullet, 1993).  Since 

many of these factors are state-based or a product of individual variability, they are 
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generally outside of the control of the educational system, and therefore not the most 

useful factors to analyze how to increase metacognition in a learning environment. 

The second category of factors which can affect metacognitive accuracy is 

changes in the testing environement. These may include changing the type of questions 

asked and test difficulty. If questions asked in the testing condition are very similar to the 

items learned in the encoding condition (high congruency), metacognitive accuracy 

increases (Thomas & McDaniel, 2007). Alternately, if inferential processes are needed, 

metacognitive accuracy is relatively low. This is particularly true in essay-response type 

or open-endend questions, where students have been hugely ineffective in predicting 

performance (Miesner & Maki, 2007). More difficult tests result in lower test scores 

overall, but have higher accuracy of metacognitive performance than their higher-scoring, 

easier tests (Keleman et al, 2000).  These factors are important for those administering 

the test, but since the learners themselves have no control over the nature of the test, these 

factors again are not as useful to students in a learning environment. 

Most significantly for the purposes of this study are the improvements in 

metacognition that result from the third category: changes in the encoding setting. 

Feedback during encoding improves calibration of comprehension, and can guide further 

study (Glenberg & Epstein, 1985; Glenberg et al., 1987; Metcalfe & Kornell, 2007; 

Thomas & McDaniel, 2007). ‘Desirable difficulties’ are challenges during the encoding 

condition that result in higher metacognitive accuracy. Elaborate processing increases 

metacognitive accuracy (Lupker, Harbluk, & Patrick, 1991). An example of a desirable 

difficulty is letter deletion. In this experiment, a group of subjects was given a test on a 

written text while another group was given the same text with letters omitted from it.  
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The group that read from the letter-deleted text had higher memory and metacognitive 

performance (Maki, Foley, Kajer, Thompson, & Willert, 1990). Low text readability is a 

desirable difficulty. It’s also been demonstrated that reading texts with low sentence 

coherence led to increased metacognition (Rawson & Dunlosky, 2002).  Another 

desirable difficulty is summarizing a just-read text.  Summarizing a text after a delay of 

3-5 minutes increased both memory and metacognitive performance (summarizing 

immediately after reading had little effect) (Thiede & Anderson, 2003).  Desirable 

difficulties during the encoding phase only help metacognitive accuracy when the nature 

of the difficulty and the nature of the testing condition are congruent. For example, letter 

deletion leads to better metacognitive accuracy for detail-oriented tests, though it had no 

effect on metacognitive performance about conceptual questions (Thomas & McDaniel, 

2007).   

There are two theories explaining why desirable difficulties aid metacognitive 

performance (Thiede & Anderson, 2003). One is that these difficulties focus the person’s 

attention on pertinent material. For example, if a person is forced to summarize a text, 

they would necessarily spend the most time and thought on the most relevant text 

material. The other theory is that these difficulties promote self-testing, which is itself a 

measure of accuracy (Maki et al., 1990). Using the same example, if a person had to 

summarize a text, they must ask themselves “What was important about this text?,” 

“What do I remember the most from this text?”, and other such metamemory-type 

questions. This study investigates the viability of these two theories. 
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CHAPTER THREE 

 

Hypothesis 

 

 

Research Question 

 

Does reading an underlined or annotated text improve students’ metacognitive accuracy 

on a test of text comprehension compared to reading an unmarked text? 

 

Specific Hypotheses  

 

With the general objective of investigating metacognitive accuracy, this study proposes to 

test on a sample of college students whether text annotations improve metacognitive 

accuracy and test performance. 

H01 Underlined and plain texts conditions produce similar test performance 

scores. 

H02 Underlined and plain text conditions produce similar pretest metacognitive 

accuracy.  

H03 Underlined and plain text conditions produce similar posttest 

metacognitive accuracy. 

HA1 The plain text condition produces higher test performance than the 

underlined text condition. 

HA2 The plain text condition produces higher pretest metacognitive accuracy 

than the underlined text condition. 
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HA3 The plain text condition produces higher posttest metacognitive accuracy 

than the underlined text condition. 
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CHAPTER FOUR 

 

Methods 

 

 

Design 

 

A bivariate between-subjects design was employed, which compared 

metacognitive accuracy of a group reading a plain text to a group reading an underlined 

text. Each subject received eight short passages that had been either underlined or left 

plain. The study was bivariate in that it had one categorical explanatory variable (plain 

text vs. underlined text) and one continuous outcome variable (metacognitive accuracy, 

as measured by the gamma correlation). 

 

Subjects 

 

 Thirty-two male and female Baylor students (Mean age = 18.97 years, SD = 1.03 

years) received course credit for an Introduction to Psychology course for participation. 

Subjects were randomly assigned to plain text or underlined conditions.  

 

Materials 

 

Each subject read eight passages that were expository in nature. Expository texts 

are texts that explain, inform, or describe a subject. The texts were “The Martian 

Atmosphere” and “Symbiosis” (from Considine & Considine, 1983), “The Beginnings of 

Pharmacology” (adapted from Levine, 1990), “Euripides” (from the World Book 

encyclopedia, 1976), “The Stock Market” (Weaver, 1988), “Neutrinos and the Expanding 

Universe” (Glenberg et al., 1987), “Recorded History”, and “Rules for Setting Bail”. 
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Each text had an associated eight-question multiple choice question quiz about the text 

content. The texts can be found in Appendix A, while the associated questions for each 

text are listed in Appendix B. For the plain text group, texts read the passages without 

any underlines or extra markings and were told they were welcome to make their own. 

For the underline group, subjects read passages that had been marked as shown in 

Appendix A. The answer to every test question was underlined in the text, along with 

some material important to understanding. In this way, the underlined passages resemble 

a well-annotated passage of notes. 

The average number of words in each passage was 500, ranging from 205 to 660. 

Passages of this length were chosen so that the appropriate number of questions could be 

asked about each passage without redundancy. Additionally, the length of the passage 

allowed for realistic underlining. In this way, in each text the subject had multiple 

sentences per paragraph that might be suitable for annotation or summarization, just as if 

he or she were reading a textbook. In the underline condition, the phrases that contained 

an answer to a quiz question were underlined. 

Readability is a quantitative measure of a text's ease of comprehension. Low 

readability indicates the text is more difficult to read, while high readability indicates a 

text is easily comprehensible.  The average readability score for the texts was 61.2, 

ranging from 30.6 to 87.1 (Weaver & Bryant, 1995).  Thus, these passages were within 

the range of comprehension of the subjects, and mirror the level of difficult of textbooks 

that a typical college student may encounter. Appendix C lists readability scores and 

word counts for each passage. 

Subjects completed tasks by hand in a classroom on Baylor University’s campus. 
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Procedure 

 

Subjects in the underline condition were told simply to read the eight underlined 

passages while subjects in the plain text condition were told to read and annotate the 

eight passages as if they were annotating a text book. All subjects were told that they 

would be quizzed over material in the texts. Subjects read all eight passages in random 

order. After each passage, the student rated confidence for that text by answering the 

question “You’ll be asked eight questions about this text. How many questions do you 

think you will answer correctly?” on a scale of zero to eight. After reading and rating 

each of the eight passages, subjects were presented with the multiple choice questions. 

Each passage has eight questions testing for comprehension of the text content. The eight 

questions associated with a passage were presented as a set. The order of set presentation 

was random. After all eight multiple choice questions for each of the eight texts had been 

completed, subjects were asked to rate their confidence for that quiz by answering the 

question “Out of the past eight questions, how many do you think you answered 

correctly?” on a scale of zero to eight. There was no time limit set for either reading the 

texts or answering the quiz questions. 

 

Analysis 

 

Data was analyzed using SPSS Version 13 and JMP 8.0.  Pretest and posttest 

gamma correlations were calculated for each subject. The pretest gamma correlated the 

pretest confidence rating with test performance. The posttest gamma correlated the 

posttest confidence with test performance. Pretest and posttest nonparametric gamma 

correlations were compared in a two sample t-test between the underline and plain text 
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groups. For this test of significance, alpha was set at 0.10. No significant difference in 

gamma correlations between the two groups means that no conclusions can be drawn 

about the influence of text underlining on metacognitive accuracy.  
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CHAPTER FIVE 

Results 

Table 1: Descriptive Statistics for Quiz Accuracy 

 Mean Accuracy (out 

of 8 questions) 

N SD 

Underlined 5.33 16 1.22 

Plain 5.41 16 0.95 

 

 
Figure 1: Mean accuracy scores for the plain text and underline condition 

 

Table 2: Descriptive Statistics for Metacognitive Judgments 

 Mean Gamma 

Correlation 

N Standard Deviation 

Pre underlined 0.1473 15 0.3264 

Post underlined 0.3631 15 0.3523 

Pre plain text 0.2819 16 0.3949 

Post plain text 0.5169 16 0.3990 

 

0

1

2

3

4

5

6

7

8

plain underline

A
cc

u
ra

cy
 (

# 
co

rr
e

ct
) 

Accuracy 

24 



 
 

 
Graph 2: The difference in pretest gamma correlations between underlined and plain text 

conditions. 

 

 
Graph 3: The difference in posttest gamma correlations between underlined and plain text 

conditions. 

 

 

 

 
Graph 4: The difference in pretest and posttest gamma correlations in the underline 

condition. 
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Graph 5: The difference in pretest and posttest gamma correlations in the plain text 

condition. 

 

Table 3: Descriptive Statistics for Mean Bias 

 Mean bias SD T-value (df=15) P-value 

Underline 

pretest 

-0.0234 0.833 -0.1125 0.91 

Underline 

posttest 

-0.0938 0.6479 -0.5788 0.57 

Plain pretest 0.1085 1.2117 0.3582 0.73 

Plain posttest -0.1903 1.0707 -0.7109 0.49 

  

 

 Given the nature of this study, the probability of Type I error (α) has been set at 

0.10. In most studies of this nature, the alpha is set to 0.05. However, because of the 

inherent limitations of this study, an increased risk of a Type I error has been accepted. 

Thus, the probability of concluding that there is an effect when there is no real effect is 

10%.  

 

Hypothesis 1: Test Performance 

 

 On average, the underline group answered 5.33 questions out of 8 correctly. The 

plain text group answered 5.41 questions out of 8 correctly, on average. Thus, the plain 

group scored 0.08 higher than the underline group. There was no significant difference 
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between the quiz accuracy between the underlined and plain text group (t(28.26
1
) = 0.20,  

P > 0.10, CI: (0.5849, ∞)
2
). Mean accuracy scores are listed in Table 1. 

 

Hypothesis 2: Comparing Pretest Accuracy across Conditions 

 

 The gamma correlation for the underlined pretest was 0.1473 while the gamma 

correlation for the plain text pretest was 0.2819. Thus the plain text group had a gamma 

correlation that was, on average, 0.1346 higher than that of the underline group ((t(26.69) 

= -1.01, P > 0.1, CI: (-0.3048, ∞)). Mean gamma correlations are listed in Table 2, Figure 

2 displays the data graphically.  

 

Hypothesis 3: Comparing Posttest Accuracy across Conditions 

The gamma correlation for the underlined posttest was 0.3631 while the gamma 

correlation for the plain text posttest was 0.5169. Thus the plain text group had a gamma 

correlation that was, on average, 0.1538 higher than that of the underline group (t(29.55
1
) 

= -1.15, P > 0.1, CI: (-0.3282, ∞
2
)). Mean gamma correlations are listed in Table 2, 

Figure 3 displays the data graphically. 

  

Bias  

 

 The bias for the underline group during the pre and posttest were -0.0234 and       

-0.0938, respectively. The bias for the plain group during the pretest and posttest were 

                                                           
1
 This test uses Satterthwaite’s degrees of freedom. This is a test between independent samples which does 

not require the assumptions of equal sample variances. The formula for Satterthwaite’s degrees of freedom 

 
 

2
 Since this is a one-sided hypothesis test where Ho: Γplain = Γunderline vs. HA: Γplain > Γunderline, the upper limit 

of the confidence interval is unbound. 
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0.1085 and -0.1903. None of these biases were statistically significant (p > 0.1 for all 

comparisons). In other words, there was no consistent trend towards overconfidence or 

underconfidence between conditions. Mean biases are listed in Table 3. 

 

 Further Analysis  

 

 Furthermore, data was analyzed in a 2x2 mixed ANOVA in order to take into 

account the added inherent variability of the individual test-takers. In this test, consistent 

with the analysis above, there was a trend towards an increased gamma correlation for the 

plain text group (F(1,29) = 2.3, p = 0.142).  

 In a comparison of the pre- and posttest gammas for the plain condition, the 

posttest condition had a gamma 0.2350 higher than the pretest (t(15) = 1.66, p = 0.11, CI: 

(.4829,0.0129) In a comparison of the pre- and posttest gamma correlations in the 

underline condition, the posttest gamma was 0.2158 higher than the pretest gamma (t(14) 

= -1.76, p < 0.1, CI: (-0.4279,-0.0001)).

 

 

 

 

 

 

 

 

 

 

28 



29 

 

 

 

CHAPTER SIX 

Discussion 

 

Summary of results 

 

 The results of this study showed a consistent trend towards improved 

metacomprehension for the plain text group over the underline group. This effect was 

present in both the pretest judgments and the posttest judgments. Additionally, there was 

no difference in the overall test accuracy between the plain text group and the underline 

group. 

 

Implications of Results 

 

 The results of this study supported the hypothesis that producing annotations 

creates better metacomprehension for the learned material. In other words, the subjects 

that were given the text material with all of the answers already underlined were not able 

to predict their score on a test over text material as well as subjects that had to produce 

their own annotations. Likewise, subjects that were given underlined texts could not 

judge their score on a recently taken test over text material as well as subjects that had 

produced their own annotations.  

 These findings are consistent with previous studies. Previous research has shown 

that making the encoding condition more difficult improves metacomprehension for that 

material. Other studies included a plain text group and some experimental group that had 

additional desirable difficulties. This study is among the first to have an experimental 



30 

 

group (the underline group) that was designed to have a comparatively easier read (since 

all the answers were underlined).  

 This study reiterates what has been known for some time regarding 

metacomprehension: the active process of synthesizing material during encoding leads to 

improved metacomprehension. This is important to improve education from the 

perspective of students and on the part of educators. 

 Students could improve their study habits by studying in a way that is cognitively  

productive. Students could improve metacognition for text material by ‘self-inflicting’ 

desirable difficulties during study time. One of the easiest desirable difficulties that a 

student could arbitrarily produce is annotation, as seen in this study.  Annotation could 

consist of providing paragraph summaries, underlining important material, defining terms 

in the text, or producing summary questions at the end of a passage. This research, along 

with other studies, indicates that it is the active process of thinking that improves a 

subject’s understanding of how well they know the material. Additionally, this study does 

not indicate that the annotating group will perform better on the exam. Instead, the 

benefit of the annotations is improvement in study efficiency. Inefficient studiers spend 

their time studying material that is already known and reviewing material in a way that 

doesn’t lead to maximum learning. This results in too much time spent studying, or not 

enough spent studying the correct material. If the student has good metacomprehension, 

study time may be allotted so that maximum learning occurs efficiently. Good 

metacomprehension may also reduce stress, since so much of a student’s stressors come 

from the uncertainty of whether or not he or she is truly prepared for an exam.  
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 Similarly, educators can take advantage of the positive effects of annotation when 

designing course material. Particularly, books that ‘aid’ the reader by providing chapter 

or section summarizations, having special boxes for important points,  or highlighting 

important terms actually work against good metacomprehension. Somewhat counter 

intuitively, the best way to cultivate good assessment of learning is to force the student to 

read a difficult, dense passage. The student then must wrestle with the material and draw 

their own conclusions about what is important in the text. By forcing the students to make 

these connections, a difficult-to-read passage will ensure good metacomprehension. 

 At the risk of sounding colloquial, the conclusion is that ‘good learning is hard to 

come by.’ An accurate assessment of knowledge can only come at the expense of 

attention and energy at the time of encoding. 

 

Weaknesses and Future Directions 

 

 There are several weaknesses to this study. Obviously, a larger sample size would 

improve the confidence in these effects. Larger sample size would narrow the confidence 

interval containing the effect size, and thus produce more accurate results. However, this 

project is intended as a pilot study in an undergraduate research setting: while this small 

sample size points toward the need for a larger study, it does not undermine the results 

described here. 

 This study only used expository passages as text material. Thus, the results of this 

study can only be extended to this paradigm. Expository material may be the most useful 

to test over, since most educational material is in expository format and is originally 

unfamiliar to the student. However, a possible future direction would be to perform this 

same experiment with narrative texts. The main purpose of a narrative is to tell a story as 
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opposed to convey information, so the metacomprehension for facts of a narrative may be 

different than what this experiment shows.  

Likewise, the texts used in this experiment were in part chosen because they 

covered material that would be unfamiliar to almost all college undergraduates. In other 

words, we didn’t want the subjects to have strong prior knowledge of the topics in the 

text. As was mentioned, this simulates a natural classroom environment, where students 

are unfamiliar with the presented material. However, if the student already had some 

knowledge about the material, the improvement of metacomprehension due to original 

annotation may be different than the results shown here. This would be difficult to test, 

since prior knowledge is difficult to fully quantify.  If  this study were replicated at the 

end of the semester and contained texts from that semester, the researcher could use the 

students’ semester grades a surrogate measure of prior knowledge when evaluating the 

effects of annotation. 

 Also, the limited conditions of this study leads to a confused effect. There were 

two differences between the plain text group and underline group: 1.) the plain text group 

did not have annotations and 2.) the plain text group produced their own annotations. 

This study was designed this way in order to emphasize the difference in 

metacomprehension following original cognitive production (in the plain text group) and 

passive learning (in the underline group). However, for a truly comprehensive study of 

this effect, separate groups should be created for each condition. Specifically, an 

additional plain text group without annotations should be added. In this way, there would 

be three groups, a group that read a previously annotated text, a group that produced their 
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own annotations, and a group that neither saw nor produced annotations. In this 

experimental design the effect could be separated. 
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APPENDIX A 

Texts  

 

 

The following are the texts as they appeared in the underlined condition. The plain text 

condition had identical texts, without the underlined markings seen here. 

 

The Beginnings of Pharmacology 

 

 Man's use of medicinals is as old as man himself, since his need to combat 

sickness has always been as important to his survival as his need for food and shelter.  

Early man's efforts were to drive away evil spirits.  But scientific successes frequently are 

rooted in magical absurdity, and some important drugs were discovered through primitive 

experimentation.  Alcohol, opium to ease pain, cinchona bark, quinine's source, for 

malaria and ipecac for amebic dysentery can be cited as examples of early man's 

successes.  Some failures can be called valuable discoveries, since drugs like curare, 

veratrine and ouabain, known only as fatal poisons by primitive cultures have now 

become valuable therapeutic agents.  Thus the accumulation of primitive medical lore 

and its dissemination and use by midwives, priests, witch doctors, and other practitioners 

were the beginnings of materia medica. 

 The Egyptians are to be credited with handing down to us the oldest known 

records of medicine, even though the medical systems of Sumaria and India are probably 

of equal antiquity, in the Medical Papyrus of Smith.  It indicates that the Egyptians had 

developed a codified form of therapy and had differentiated between conditions that 

could and could not be treated.  The Egyptians not only advocated professional standards 
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of conduct that were to influence Hippocrates but also developed medical specialization, 

for example obstetrics.  The Ebers Papyrus (1550 B.C.), the largest of the Egyptian 

medical papyri, lists more than seven hundred remedies and describes in detail the 

procedures for preparation and administration.  Many prescriptions show their magical 

origins in the inclusion of incantations together with ingredients such as lizard's blood, an 

old book boiled in oil, or the thigh bone of a hanged man.  But there is also reference to 

liver as a remedy for anemia and to modern drugs, such as castor oil, squill, and opium. 

 In both the Greek and Indian cultures, the earliest records disclose that secular 

medicine was practiced but still had to compete with that of the priesthood.  In Greece, 

with its luxuriant mythology and plethora of deities, separate temples were built to 

Asclepios, the god of healing, and these became virtually sanatoria for the sick. The 

greatest of these temples was built atop a mountain peak at Epidaurus.  Near the present 

day ruins is a preserved theater built in the fourth century B.C. and paid for by the fees 

and largess of the temple's patients.  Sushruta (ca. 500 B.C.), one of the renowned names 

of Hindu science, described and laid down elaborate rules for many surgical procedures 

and was also probably the first to graft skin from one portion of the body to another and 

to attempt aseptic surgery by sterilization of wounds.  Sushruta also recommended 

diagnosis by inspection for the detection of the 1,120 diseases he described. 

 In the sixth century B.C. vaccination for smallpox was practiced in India.  Hindus 

could have contributed other advances to Europeans, had the latter had better 

transmission and acceptance of Indian culture.  It was Hippocrates (460-377 B.C.) who 

really freed medicine from mysticism and philosophy and made it reliant upon rational 

therapy.  Since Hippocrates believed that the body has ample natural resources for 
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recuperation and that the role of the physician was to remove impediments to this natural 

defense, he relied mainly on fresh air, good food, purgatives and enemas, massages and 

hydrotherapy, and used only sparingly a few of the four hundred drugs mentioned in his 

writings.  The emancipation from religious beliefs and the setting of high standards of 

ethics were the two most important contributions that the Greeks made directly to 

medicine; the art itself was not advanced to any degree beyond that achieved by the 

Egyptians of a millennium earlier. The age of Greece did contribute to some important 

progress, however, in pharmacy, anatomy, and physiology. 
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Stock Market 

 

 The stock market crash of October, 1987, caused concern over stability.  

America's financial system since 1867 was tottering.  The Committee on Domestic 

Economic Policies (CDEP) looked into factors triggering the collapse. They hope to 

prevent future collapses under similar circumstances.  Eleven months ago, officials 

identified the crashes three main causes. Our sagging nation's budget deficit has been 

ever-increasing. Since before F. Roosevelt, government agencies have spent more than 

they have taken in.  To pay bills, the government goes into debt.  But debts must be 

repaid, and money experts fear taxes will rise.  Bush's New Orleans campaign speech 

about 'reading lips' may not hold water.  Raising taxes generates revenue. 

Printing more paper money was a solution from the Nixon advisory counsel.  

People forced to pay more taxes have less to invest in stocks.  Then again, a larger paper 

money supply is a catalyst for inflation.  In no way will the main street investor benefit.  

The United States imports more than it exports.  We buy more cars, clothing, and JVC 

tuners from Japan than they buy beef and steel from us.  Money earned by US line-

workers is eventually ending up in the hands of foreign investors, especially the Japanese.  

Japanese corporations are less likely to invest in the US stock market, which leads to 

instability.  As Japanese companies grow, it is feared that American companies will be 

unable to compete. 

American jobs will be lost, and the profits of American corporations will dwindle.  

This is the fear of many smaller investors, and has driven them rapidly away from the 

market.  At the same time this is happening, Japanese corporations' profits are growing 

from the trade imbalance.  Not having a stock market of their own large enough to 
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support their investments, many Japanese have responded by swallowing up shares of 

American companies.  Additions to these woes come from inside our own establishment 

not from the small investor but from the extremely wealthy investor and conglomerate.  

Many large investment firms now have huge stock portfolios controlled by computer 

programs.  Programs networked into the Wall Street system have been given instructions 

to buy certain stocks if the conditions are right, or to sell certain stocks in other 

conditions.  These programs can handle so much stock they become in themselves 

America's biggest investors. 

As prices fall, the programs begin an automatic, rapid series of sell-offs, which 

drives prices even lower.  This downward spiral contributed significantly to the massive 

decline in prices.  Prices declined in every sector, from pork bellies to superconducting 

isochips. Steps have been taken to control programmed trading. When a decline in the 

market registers forty points (or involves three tenths of the stocks traded), programmed 

trading goes on a sort of yellow alert.  This trading can be shut down entirely at the 

direction of K. Johnson, Chairman of the Board of the Stock Market.  As the government 

works to combat these main influences, declines have recently been avoided. 
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The Universe 

 

 The bigger they are the harder they fall, right?  Not really.  The world is full of 

things that weigh more than they look like they should.  Gold, which is the fourth densest 

metallic element, can fool the one who picks it up.  But it isn't true that if you put enough 

spin on it it will pass through the core of the Earth.  Gold does have its limits, limits that 

are easily detectable through simple means.  The limits of other things are not so easily 

measured.  Among the huge number of subatomic particles, neutrinos play a special role 

in theory and research work. As their name says, neutrinos are electrically neutral.  That 

is, they do not interact with charged particles.  What's more, they travel at close to the 

speed of light and have little, if any, mass.  The result is that they interact weakly with 

matter.  They pass through things as if they weren't there. 

Neutrinos are made in huge amounts in the nuclear ovens at the heart of the sun 

and other stars.  Even so, it is quite hard to detect them.  They can pass right through the 

earth and not lose a bit of energy.  But the neutrinos should not be completely massless.  

This is because things that exist must have some mass.  Then by virtue of their large 

numbers they should be able to influence the gravity of all of the matter in all of space. 

The universe is known, on the large scale, to be expanding. Each region of matter is 

moving away from all others.  Neutrinos should have some gravitational attraction due to 

their mass.  They may have enough pull to halt and even reverse expansion of the 

universe.  So theorists are quite interested in determining whether or not neutrinos 

contribute to this gravitational process.   

 Thus work has begun in finding out the mass of neutrinos.  Will the universe 

expand forever?  Will it collapse back in on itself?  These questions have sparked views 
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into the maybe cyclic nature of the evolution of the universe.  Do repeated 'big bangs' 

occur with fluctuations in gravity?  And how does this affect large bodies like planets? Or 

in term of gravity, the largest body of them all?  Of all the things in space the 'black hole' 

is the most intriguing.  It is the end product of the collapse of a large star.  If a collapsing 

star has enough mass, its gravity will be so strong that no light can escape from it. The 

star is then no longer visible.  What's more, since no energy in any form can elude the 

fierce gravity, we cannot detect other things, like radiation.  Then how did we learn of the 

existence of black holes?  We can learn not only from direct observation, but from an 

object's effects on other objects. 

 In the case of black holes, it is the very feature that prevents our seeing them that 

also shows us where they are. It is their huge gravitational pull that helps us find black 

holes.  We know the black hole by its effects.  Fortunately, some black holes are paired 

with visible stars. Cygnus X-1, for example, is a black hole.  Its partner is a blue giant 

star. The blue giant's center is about a hundred times the size of the black hole.  The 

members of the pair orbit about each other. The black hole steadily attracts gas falling 

away from the blue giant.  As the gas spirals in to the gravitational trap (but before it 

disappears), it collides with other gas, compresses, and heats up to enormous 

temperatures.  The resulting intense X-rays become the clue that signals the presence of 

the black hole.  In fact, X-ray telescopes on satellites have contributed the first definitive 

evidence of black holes. 
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Euripides 

 

 Euripides was born in 480 B.C. near Athens, Greece.  For most of his life he held 

the job of playwright.  He was the third in line of what are considered to be the great 

writers of Greek tragedy.  He dealt with the same mythological heroes as the other two, 

Aeschylus, and Sophocles, but he showed the heroes as ordinary Greek citizens.  This 

way be could be better understood by middle class people, his audience.  What's more, he 

was known to use his plays to express his own views on the political, social, and religious 

ideas of his peers.  He used much simpler language than his peers, though.  Also, his 

plots had more twists to them.  the ideas he expressed in his plays sometimes offended 

writers and politicians of his time.  Aristophanes satirized him in several comedies, but 

Euripides' plays have been revived more frequently than those of his rivals. 

In the span of his life he wrote ninety or so plays.  Of this huge number of works, 

only a fraction survive.  These include just eighteen tragedies and one satyr play.  A satyr 

play was a popular kind of play form of the time.  It was a type of short comedy 

presented at the end of a trilogy.  That is, it came at the end of a set of three plays.    

These are the only works of Euripides to survive all the way into modern days.  The rest 

of his plays were lost with the fall of the great classic Greek period.  Others just fell into 

the deep cracks of time.  The satyr play mentioned above is called Cyclops.  This is, of 

course, after the often told of one-eyed giant.  A few of his tragedies are called The 

Trojan Women, Electra, The Phoenician Women, Ion, and Aulis.  As you can see from 

this list, women were common and popular figures in classical plays such as these.  Some 

of these tragedies have also served as script and also idea models for later playwrights.  
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Not only later Greeks read these plays.  Modern playwrights have also felt compelled to 

resurrect some of the classical Greek ideas. 

 Euripides was not born in Athens proper, but on the island of Salamis.  He did 

grow up in Athens, though.  As a young man he was trained at first to be an athlete.  But 

all this time he had a scholastic career.  He read for the most part philosophy and 

literature.  Among his teachers there were some other great Greek minds.  They included 

the philosophers Anaxagoras and Protagoras.  These minds must have had a great 

influence on the future turns the playwright's life would take.  Euripides, like many 

writers, did not write as a child or even feel that he had 'big ideas' to share with the world.  

He did, though, begin to write plays before the age of twenty.  He worked up the nerve to 

enter a contest for playwrights when he was twenty-five.  From this time on, he wrote 

plays steadily.  He wrote an average of two to three plays every year for the rest of his 

life.  During this time Euripides became a close friend of the great philosopher Socrates, 

and some critics believe that Socrates had an influence on his writings. 

 When he was about seventy-one years old, Euripides left Athens.  This was to be 

the last time he would see the city of his youth.  He went to Thessaly, a town in northern 

Greece.  He then went to Macedonia.  He wrote his last two plays, Bacchae and Aulis, 

while staying at the court of the king of Macedonia.  This was the court of king 

Archelaus.  The playwright stayed in the company of this king for the last three years of 

his life.  He was still writing plays when he died.  Sophocles was a playwright and a peer 

and rival of Euripides.  Even so, at the news of Euripides' death Sophocles instructed the 

actors to wear mourning dress in a play he was presenting. 
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Recorded History 

 

 When considering the history of recorded music, most of us want to begin at the 

time when recordings were made on scratchy, low-fidelity disks or wax cylinders, and in 

fact these wax cylinders were invented by the earliest recorder, Thomas Edison.  With the 

development of magnetic tape, however, longer lasting recordings of much higher fidelity 

were possible.  And longer lasting and more resistant to wear and tear master tapes made 

the task of editing (cutting pieces from one recording and putting them together with 

pieces of other recordings) technologically possible.  Sections of music could be changed 

or blended together, even if not originally recorded that way. 

 Then in the late 1950s came the invention of stereophonic recording.  While the 

previous recording medium of magnetic tape provided quite accurate reproductions of the 

notes, it did not provide a three dimensional sound field.  The tape was essentially 

'monophonic,' meaning that everything sounded as if it were coming from the same 

source (and in fact was often coming from only one loudspeaker).  Stereo recordings used 

two microphones, and were played back on two loudspeakers.  The resulting sound now 

appeared to come not directly from the loudspeaker, but from various points between the 

two speakers.  If you think about it, you'll realize that your stereo records make it sound 

as if the band's lead singing is coming from the middle of the room and not from either 

speaker. 

 The latest technological leap has been the use of digital recording.  Until recently 

all recordings used analog techniques; sounds went from the microphones to magnetic 

tape, where the sound was stored as a series of changes in the magnetic field of the tape.  

The very high frequency tones tended to be lost, as they are hard to accurately store on 
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analog tape.  Also, because some background noise is associated with even the best 

analog tapes, a hiss always appears in the background of the music.  Digital recordings 

convert the sound coming from microphones into 'bits' and store the bits digitally, the 

way a computer stores a file, for example.  When the tapes are played back, these digital 

bits are converted back into the musical signal; a signal that is virtually noise free.  And 

because high frequencies are recorded easily, there is no high frequency drop-off.  Digital 

technology is best known as what is used in today's compact discs, a development you 

can be sure would have left Thomas Edison reeling. 
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Rules For Setting Bail 

 

 The Supreme Court is charged with the responsibility of determining that 

constitutional rights are not curtailed.  The Court must be particularly alert to detect 

instances in which a legislative body acting to assure one constitutional right 

inadvertently denies or limits another right.  Consider the following example:  The Eighth 

Amendment of the constitution forbids the setting of excessive money bail.  But by what 

standard should a money bail be judged to be excessive? 

 In setting a standard we must take care not to infringe on other rights of 

defendants.  Suppose that we were to adopt as a standard that the size of bail would be 

proportional to the seriousness of the charge.  While this is a plausible rule, strict 

application of the rule would have consequences that run counter to the constitutional 

right of equal protection under the law. 

 If this rule were consistently applied, the frequency of pretrial detention, for lack 

of bail, would plainly be greater for the poor than for the rich.  Moreover, the discrepancy 

between the poor and the rich with respect to the frequency of pretrial detention would be 

greater the more serious the charge.  Given the constitutional commitment to equal 

protection, the proportionality standard would be questioned by the Court. 
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The Martian Atmosphere 

 As pointed out by Anders and Owen (1977), the thinness of the martian 

atmosphere has been one of the great disappointments of the space age.  At one time, 

Lowell, Dollfus, and others had suggested a surface pressure of near 80 millibars (1 

standard atmosphere on earth is 1013 millibars).  Even with an atmosphere only about 

one-tenth the value of earth's, it was envisioned that Mars possibly could sustain some 

forms of life.  Viking 1 established a figure of 7.65 millibars.  Substantiation of this 

relatively low pressure, indicating that Mars had only about 3% of the volatiles found on 

earth, revised immediate scientific thinking in terms of the development of Mars. 

 Anders and Owen suggested five processes which in combination may have been 

responsible for the thin martian atmosphere.  A small initial endowment of volatiles, 

incomplete outgassing from the interior, recondensation or trapping of water in surface 

regions, catastrophic loss of an early atmosphere, and gradual escape of the lighter  

constituents all might be contributing processes.  Although these investigators do not 

describe a detailed model for how the martian atmosphere passed from an early, dense 

state to its present condition, they offer a schematic scenario. 

 This scenario is based in part on pictures taken a half-hour apart by Viking 1 

Orbiter showing the development on Mars of early morning fog in low spots, such as 

crater and channel bottoms.  The scene was photographed shortly after martian dawn on 

July 24, 1976 from 12,400 kilometers (7700 miles) and again from 9800 kilometers 

(6100 miles).  Slight warming of the sub-zero surface by the rising sun evidently drove 

off a small amount of water vapor which recondensed in the colder air just above the 

surface. Brightness measurements of the resulting fog patches indicated that a film of 
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water about one micrometer thick had condensed.  These fog patches were the first direct, 

visible evidence of where the exchange of water between the martian surface and 

atmosphere may occur. 

The basic notion is that the atmosphere gradually decreased in density as a result of 

the deposition of carbon dioxide in the form of carbonates and the escape of nitrogen 

from the upper atmosphere.  While the latter process was critical for the ultimate nitrogen 

abundance and isotope ratio, it should have played a small role in determining the total 

atmospheric pressure, since carbon dioxide was probably the most abundant gas.  The 

depositional process, which may have included the formation of nitrates or nitrites was 

most active during the time when liquid water was most abundant-the cutting of the 

sinuous channels was thus a premonition of the end of the dense atmosphere.  The 

apparent absence of an active martian biota has prevented the recycling of volatiles 

through biologic processes.  Moreover, there is evidence that carbonates may form even 

under the present arid conditions on Mars.  Anders and Owen continue to make 

comparisons between the large and small planets, with earth and Mars as paradigms. 
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Symbiosis 

 

 Symbiosis can be a mutualism, as in the condition where both of the symbionts 

benefit from the association.  A lichen, for example, is a composite plant formed in 

actuality from two different plants.  One, a fungus, gains nutrients from the alga, and the 

other, an alga, gains protection and an increased supply of water from the fungus.  The 

result is a highly efficient plant structure which can grow in places where either type of 

plant alone could not exist.  The nitrogen-fixed bacterium Rhizobus leguminosum lives in 

the roots of the legumes.  The bacteria are protected in the nodules which form on the 

roots and the legumes benefit by an increased supply of nitrates fixed by the bacteria.  

The pollination of flowers by insects is an example of a more loosely knit mutualistic 

association involving plants and animals. 

 A symbiosis involving two animals can be parasitic, when one symbiont benefits 

and the other is harmed.  A tapeworm living within the intestine of a vertebrate animal is 

a good example of a parasite, since the host animal is definitely harmed.  The tapeworm 

is an endoparasite, since it lives within the body of the other animal; ectoparasites, such 

as fleas, leeches, and ticks, live outside the body and have a more temporary association.  

The rhinoceros and the tick bird provide a good example of mutualism among two higher 

animals.  The tick bird picks picks off the rhino and gets food, and the rhino gets rid of its 

parasites.  Also, the tick bird has much keener eyesight and gives warning in times of 

danger by jumping up and down and uttering shrill cries. 

 In some cases, mutualism is facilitative-either organism can exist without the 

other; but in other cases, the association is obligatory-neither organism can live without 

the other, such as in the case of termites and certain protozoa that live in their intestines.  
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The termites eat wood, but have no enzymes for digesting wood.  Protozoa have such 

enzymes, but cannot live on wood unless it is first chewed to a pulp by the termites.  The 

Smyrna fig and a tiny wasp are also entirely dependent upon one another.  The fig can 

produce neither fruit nor seeds unless this species of wasp enters the young flower and 

accomplishes cross-fertilization.  The wasps die without the fig because the eggs are laid 

within some of the figs. 

 When one symbiont benefits and the other is neither harmed nor benefited, the 

association is a commensalism.  The shark sucker, Remora, which attaches itself to 

sharks and gets a free ride as well as some share of the food killed by the shark, benefits 

from the association, but the shark is not affected one way or another.  Many of the 

bacteria living in the human mouth and intestine are also classed as commensals.  The 

green hydra, Chlorhydra viridisima, is green in color because there are small one-celled 

algae in its gastrodermal cells.  The hydra neither benefits nor is harmed by the presence 

of these plants; it gets along just as well without them 
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APPENDIX B 

Quiz Questions 

 

Please note that the correct answers have been marked with an asterisk. When subjects 

took the quiz, these asterisks were not present. 

 

The Beginnings of Pharmacology 

1. What did primitive man use to ease pain? 

a. Aspirin 

b. Ibuprofen 

c. Opium* 

d. Coca leaves 

 

2. What became as important to man as food and shelter? 

a. Combating sickness* 

b. Contributing to medical knowledge 

c. Helping out the priests 

d. Driving away evil spirits 

 

3. Blood is to be used from what? 

a. Lizard* 

b. Hanged man 

c. Barnyard animal 

d. Turnip 

 

4. Egyptian medical lore includes references to… 

a. Modern drugs* 

b. Colloquial drugs 

c. Plants that no longer exist 

d. Music therapy 

 

5. What became sanatoria for the sick? 
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a. Baths 

b. Mountains 

c. Theaters 

d. Temples* 

 

6. What kind of medicine was practiced in Greek culture? 

a. Priest 

b. Temple 

c. Aseptic 

d. Secular* 

 

7. What did Greece contribute to? 

a. Physiology* 

b. Purgatives 

c. Quinine 

d. Hospital building 

 

8. Who could the Greeks not contribute beyond? 

a. Egyptians* 

b. Hindus 

c. Romans  

d. Early man 
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Stock Market 

1. What month was the stock market crash? 

a. November 

b. October* 

c. September 

d. May 

 

2. How did Americans react to the stock market crash? 

a. With glee 

b. With concern* 

c. With skepticism 

d. By repaying the government 

 

3. Where do we buy JVC tuners? 

a. Wall Street 

b. US 

c. Nixon 

d. Japan* 

 

4. What is the US trading situation? 

a. It is in deficit* 

b. It is in surplus 

c. It’s balanced 

d. It’s in foreign hands 

 

5. Who swallows up shares of American companies? 

a. Japan* 

b.  Russia 

c. The small investor 

d. The CDEP 

 

6. How is stock trading often controlled today? 

a. By computer* 

b. By courier 

c. By messenger pigeon 

d. Through the Japanese 

 

7. What is one thing prices have declined in? 
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a. Pork bellies* 

b. Pigs feet 

c. Head cheese 

d. Chairmen 

 

8. What has been the recent response to programmed trading? 

a. To let it run unchecked 

b. To control it* 

c. To ban it 

d. To watch it decline 
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The Universe 

1. Neutrinos are electrically… 

a. Neutral*  

b. Positive 

c. Negative 

d. No one knows 

 

2. Why are neutrinos important? 

a. They play a special role in research* 

b. They are more valuable than gold 

c. There aren’t very many of them 

d. They aren’t important 

 

3. What has a nuclear oven? 

a. Neutrinos  

b. The moon 

c. The earth 

d. The sun* 

 

4. How are the universe and neutrinos behaving? 

a. They are contracting 

b. They are not interacting 

c. They are neutral 

d. They are expanding* 

 

5. What collapses and becomes invisible? 

a. Neutrinos 

b. Stars* 

c. Planets 

d. Gravity 

 

6. Why are black holes intriguing? 

a. They aren’t intriguing 

b. They are gravitationally huge bodies* 

c. They produce neutrinos 

d. They repel neutrinos 
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7. What is the name of one black hole? 

a. Earth 

b. Cygnus X-1* 

c. Neutrino 

d. X-ray 

 

8. What is the tie-in between gravity and black holes? 

a. Gravity moves them closer to us 

b. Gravity helps us find them* 

c. Black holes do not have gravity 

d. Gravity hides them from us 
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Euripides 

1. What nationality was Eurippides? 

a. Greek* 

b. Roman 

c. Hindu 

d. Egyptian 

 

2. What did Euripides do to bring him fame? 

a. Wrote plays* 

b. Wrote essayes 

c. Wrote novels 

d. Directed theater 

 

3. How many plays did Euripides write? 

a. Seventy 

b. Eighty 

c. Ninety* 

d. Eighteen 

 

4. Euripides wrote mostly what kind of plays? 

a. Comedies 

b. Satires 

c. Tragedies* 

d. Trilogies 

 

5. Euripides studied… 

a. Literature* 

b. Physiology 

c. Mathematics 

d. Astronomy 

 

6. How was Euripides influenced? 

a. Hed had great minds for teachers* 

b. He was self-taught 

c. Divine intervention 

d. Through his big ideas 
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7. Where did Euripides leave? 

a. Sumaria 

b. Macedonia 

c. Athens* 

d. Phonecia 

  

8. Euripides left Athens… 

a. In his youth 

b. In his middle age 

c. In his later years* 

d. He never left Athens 
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Recorded History 

1. What did Edison invent on which to record sound? 

a. Wax discs* 

b. Magnetic tape 

c. Scratchy plastic 

d. Hissing cylinders 

 

2. What era of sound recording did the advent of magnetic tape improve upon? 

a. The age of digital recording 

b. The age of stereo recording 

c. The age of wax disc and cylinder recording* 

d. The age of compact disc recording 

 

3. What is one disadvantage of tape? 

a. The loss of very low tones 

b. The loss of very high tones* 

c. The sometimes occurring hissing 

d. The limited digital range 

 

4. What shortcoming(s) of magnetic recording were solved by recent technology? 

a. Hissing and certain frequency loss* 

b. Hissing but no frequency loss 

c. The technological impossibility of editing 

d. Hissing and computer bit loss 

 

5. How do digital recorders store music? 

a. As a magnetic field 

b. As very high frequency tones 

c. As computer bits* 

d. As an analog field 

 

6. Analog techniques… 

a. Made editing possible 

b. Were the precursor of digital techniques* 

c. Were invented after digital techniques 

d. Were the next direct step after Edison’s discs 
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7. Compact disc technology stores music the same way as… 

a. Analog mastering 

b. Magnetic tapes store files 

c. Earlier stereophonic equipment 

d. Computers store files* 

 

8. The major advantage in digital recording lies in… 

a. It’s ability to store music as changes in a magnetic field 

b. Its new and improved wax storage 

c. Its ability to record in stereo and allow editing 

d. Its ties to computer-based storage techniques* 
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Rules for Setting Bail 

1. The Supreme Court is alert to constitutional inconsistencies within… 

a. Racially imbalanced areas 

b. Legislative bodies* 

c. Impoverished areas 

d. The legislative branch 

 

2. According to the passage, what is the frequently occurring instance of denying 

one right to enforce another? 

a. Setting bail proportional to the seriousness of the crime* 

b. Having a preset bail amount no matter what the crime 

c. Denying bail to mass murderers 

d. Denying bail to only poor mass murderers 

 

3. How does the government forbid the setting of excessive bail? 

a. Through the Eighth Amendment* 

b. Through the Twelfth Amendment 

c. In the Bill of Rights 

d. Through the Supreme Court 

 

4. What should be the main concern in setting bail? 

a. Setting it proportional to the seriousness of the crime 

b. Setting it proportional to the defendant’s income 

c. Setting the same bail no matter what the crime 

d. Setting bail so as not to infringe on other constitutional rights* 

 

5. Setting bail proportional to the crime compromises… 

a. The powers of the Supreme court 

b. The rights of wealthy defendants 

c. Equal protection under the law* 

d. Pretrial incarceration 

 

6. How does the proportionality standard upset the notion of equal protection under 

the law? 

a. The rich would suffer more pretrial detention 

b. The poor would suffer more pretrial detention* 

c. No offenders would be forced to serve pretrial detention 

d. The Supreme Court would no longer be allowed to set bail 
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7. Under the proportionality standard who would suffer greater pretrial detention? 

a. Wealthy defendants 

b. Repeat offenders 

c. First time offenders 

d. Poor defendants* 

 

8. What is likely to happen to proportionality standard? 

a. It will be rebelled against by the poor 

b. It will be vetoed by the president 

c. It will be questioned by the court* 

d. It will be incorporated into the Eighth Amendement 
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The Martian Atmosphere 

1. Who, besides Lowell, suggested that Mars had a high surface pressure? 

a. Anders 

b. Owen 

c. Viking 

d. Dollfus* 

 

2. What measure is used to determine atmospheric density? 

a. Kilobars 

b. Air pressure 

c. Water vapor 

d. Surface pressure* 

 

3. What was Mars endowed with? 

a. A large amount of volatiles 

b. A small amount of volatiles* 

c. A large amount of carbon dioxide 

d. A small amount of carbon dioxide 

 

4. Anders and Owen’s processes contribute toward what? 

a. A dense atmosphere 

b. A thin atmosphere* 

c. No atmosphere 

d. Liquid water 

 

5. In what month were fog pictures taken? 

a. July* 

b. June 

c. May 

d. April 

 

6. What caused the fog on Mars? 

a. The sun rising* 

b. The sun setting 

c. Outgassing 

d. Visibility 
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7. What kind of channels does Mars have? 

a. Watery 

b. Sinuous* 

c. Man-made 

d. Frozen 

 

8. Mars is presently generally what? 

a. Pleasant 

b. Arid* 

c. Frozen  

d. Wet 
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Symbiosis 

1. One form of symbiosis is… 

a. Polypism 

b. Mutualism* 

c. Cannibalism 

d. Freeism 

 

2. How do insects benefit plants? 

a. Through nitration 

b. Through pollination* 

c. Through breathing 

d. Through contributing fertilizer 

 

3. A tick is… 

a. An endoparasite 

b. An ectoparasite* 

c. Harmed by endoparasites 

d. Harmed by ectoparasites 

 

4. What best describes an ectoparasitic association? 

a. Permanent 

b. Temporary* 

c. Mutualisitic 

d. Commensalistic 

 

5. What do termites eat? 

a. Cars 

b. Wood* 

c. Figs 

d. Enzymes 

 

6. What is it wasps do for figs? 

a. Lay the fig’s eggs 

b. Pollinate the plant* 

c. Digest the figs fibers 

d. Simply exist along with it 
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7. What color is the hydra? 

a. Red 

b. Blue 

c. Green* 

d. White 

 

8. Where do bacteria live in humans? 

a. Stomach 

b. Eyes 

c. Mouth* 

d. toenails 
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APPENDIX C 

 

Readability Score and Number of Words for each passage 

 

 

 

Passage Title Readability Score Number of Words Source 

The Universe 

 

87.1 625 Glenberg et al., 

1987 

Euripides 

 

82.3 660 World Book 

encyclopedia, 1976 

The Martian 

Atmosphere 

70.3 486 Considine & 

Considine, 1983 

Symbiosis 

 

55.9 504 Considine & 

Considine, 1983 

Stock Market 

 

40.9 485 Weaver, 1988 

The Heritage of 

Pharmacology 

30.6 628 adapted from 

Levine, 1990 

Recorded History 

 

** 404 ** 

Rules for Setting 

Bail 

 

** 205 ** 

AVERAGE 61.2* 500 -- 

** data not available  

* does not include missing data 
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